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Foreword

Many metropolitan areas throughout the world are susceptible to disasters
that seriously disrupt the process of economic development and cause unparal-
leled social upheaval. Although the Bhopal chemical explosion and the earth-
quakes in Armenia and Mexico graphically illustrate the devastation with
which disasters can strike in urban areas, less publicized catastrophic natural
hazards, such as landslides and mudflows, can be equally destructive and costly
over the long term.

This conference provided an opportunity for experts in the environment,
hazards, and urban development to gather and discuss issues concerning the
relationship between environmental degradation and disaster vulnerability in
cities, as well as effective, environment-based strategies for managing risk.

The topics discussed in the conference came to the forefront as a result
of the problems brought about by increased vulnerability in highly populated
cities in the developing world. The leading factors of the problems facing cities
today include population growth and industrial development in high-risk areas,
the lack of infrastructural maintenance, erosion and compaction of soils, and
the accumulation of solid and toxic waste deposits.

The timeliness of the conference and its goals are consistent with those of
a number of international efforts on risk reduction. Designation of the 1990s
by the United Nations (UN) as the International Decade for Natural Disaster
Reduction (IDNDR) constitutes the first coordinated international effort to
prevent unnecessary losses from disasters. The UN Conference on Environ-
ment and Development (UNCED) presents the international community with
the opportunity to deal broadly with the environmental consequences of
unsustainable development on both national and global scales.

Because both natural and human systems are affected by extreme events,
the Bank-as a development institution-must continue its support for improv-
ing the capacity of cities and for reducing the negative impacts of natural and
technological hazards through specific policies and operations. Efforts to im-
prove the resilience of member countries-specifically cities-to natural and
technological hazards, are being supported in the Bank's lending portfolio.
Between 1985 and 1991, the Bank directly contributed about 3 percent of its
total lending for recovery from emergencies (natural or human-caused).
Special attention is being devoted to the need for strengthening institutional
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frameworks and reforming policy. In cooperation with the United Nations
Development Programme (UNDP) and the United Nations Centre for Human
Settlements (UNCHS/Habitat), the Environment Department has begun work
on a project to establish adequate institutional frameworks for dealing with the
impacts of environmental degradation and natural or manmade disasters in
cities. The project, Disaster Prevention and Mitigation in Metropolitan Areas,
seeks to assist local authorities in assessing risk, preparing policy recommenda-
tions for disaster preparedness and mitigation, and helping identify areas of
priority for international financing.

Mohained T. El-Ashry
Director

Environment Department
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Editors' Overview

Experts in urban-environmental issues The purpose of this overview is threefold:
have very different perspectives on the outlook (a) to summarize the objectives and
for the future in the urban areas of developing background of the issue of vulnera-
countries. At the same time, a body of infor- bility in urban areas;
mation that will allow decision makers to (b) to group the different papers pre-
assess environmental degradation in urban sented and issues discussed by areas
areas objectively is only beginning to emerge. of concern; and
These uncertainties were discussed at a confer- (c) to summarize the points of view
ence sponsored jointly by the Policy and Re- expressed in the different papers
search Division, Environment Department, and and in the discussions that followed
the Training Division, Personnel Operations their presentation.
Department, of the World Bank.

The conference was part of the Bank's Background
continuing efforts to introduce measures to
prevent environmental degradation and to Rapid urbanization in developing coun-
include mitigation and preparedness into its tries is a given. The discussion indicated that
development work. The goals of the confer- city growth is in fact a natural phenomenon.
ence were consistent with those of a number However, to read most of the literature assess-
of international efforts to reduce risk, specifi- ing the environmental situation of developing
cally the designation of the 1990s by the Unit- countries, the outlook for the future appears
ed Nations as the International decade for bleak for reversing the disturbingly rapid pace
Natural Disaster Reduction (IDNDR), the toward deterioration in the urban environment
Conference on Environment and Development and the quality of life. Indeed, getting a grip
(UNCED) in Rio de Janeiro, and the Global on today's problems seems at times hopeless.
Environment Facility. The discussion indicated However, the consequences of inaction will be
that some of the impacts from global phenom- severe.
ena will require responses at the local level. In order to prevent and solve these
Disaster reduction and management must be serious environmental problems, we must
integrated with general development and must understand their complex causes and factors,
consider both the global and local dimensions. as well as the limitations posed by the natural
The conference was preceded by two major conditions themselves. In Mohamed El-Ashry's
events on the issue of environmental degrada- words, the recent, growing emphasis on "de-
tion, prevention, and mitigation, the Colloqui- signing with nature" is not a result of avid
um on Disaster Sustainability and Develop- environmentalism or "green" advocacy for its
ment: A Look to the 1990s, held in 1989, and own sake, rather it is a more practical result of
the Colloquium on Managing Natural Disaster the need for fitting design to the real urban
and the Environment, held in 1990. The con- and infrastructural limitations that exist. We
ference provided a forum to discuss relevant must explore trends in urban vulnerability, as
issues, since the project Disaster Prevention well as the mechanisms available for dealing
and Mitigation in Metropolitan Areas was with the problems, particularly on the preven-
launched in January 1992 jointly by the World tion side. We must identify the gaps in knowl-
Bank, the United Nations Development edge on the subject and establish the priority
Programme (UNDP), and the United Nations issues and corresponding agenda of work to be
Centre for Human Settlements (UNCHS or done.
Habitat).
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Is there any hope? Are there any viable upon the complementarity between economic
means of controlling the seemingly three- policies and environmentally sound strategies.
headed "monster" of uncontrolled urbaniza- An important role for the Bank is to assist
tion, environmental degradation, and disaster highly populated urban areas in reducing their
risk? In attempting to answer some of these vulnerability. Mechanisms for reducing vulner-
questions, participants in the conference ability include (a) encouraging city managers
discussed the following topics at varying levels to strengthen their disaster preparedness,
of depth: prevention, and mitigation organizations; (b)

(a) trends and patterns of urbanization; redirecting public spending; and (c) forging
(b) problems associated with massive cooperation among countries and regions that

urbanization in developing coun- share similar problems. Mobilizing scientific
tries; and technological expertise to support the

(c) likely causes and contributing fac- development of local resources and capacities
tors of the problems; in developing countries is of paramount impor-

(d) options for halting the present tance. Also of importance is to promote great-
deterioration of the environment er cooperation and linkage between govern-
and quality of life in cities; ments and the private sector. Many emerging

(e) options for mitigating disasters in technologies offer opportunities to implement
the short term; and new approaches to risk assessment, environ-

(f) options for linking global environ-- mental protection, and management of natural
mental issues (climate change) and hazards. Efforts to transfer appropriate tech-
local response (prevention ancl nologies could take into account new forms of
mitigation). contractual arrangements and alliances among

The conference examined the assump.- governments and firms.
tions and claims about relationships between
urban life and vulnerability to disasters. In Trends and patterns of urbanization
Mary Anderson's words, although metropolitan
areas are generally assumed to be highly History and causes of urbanization
vulnerable to catastrophe, urban life often
reduces risks in ways that are often not consid- Several papers touched on the history
ered. Because of the highly visible nature of and causes of urbanization in an effort to
disasters and damage in urban areas, along understand better the present-day problems
with the greater availability of statistics, the associated with it. Barclay Jones discussed
greater numbers of deaths and economic losses urbanization during the last few thousand
from disasters in rural areas often go unno- years. He cited that historically, cities have
ticed. Since urban areas do have an impact oni always been part of urban systems, rather than
the environment, social overhead costs, and isolated urban areas. The size and success of
vulnerability, the discussion focused on identi- large cities has always been tied to the stability
fying the distinct and special ways in which of national states and empires. For example,
urban life increases the risk to both "natural" China's urban system included Beijing and a
and "human-caused" disasters. There was series of other cities, which included some of
agreement that the complex nature of linkages the largest cities in the world between 800 and
between environmental degradation and natu- 1800. In the Middle East, Baghdad, Cairo, and
ral and technological hazards in urban areas Constantinople formed an urban system in the
requires a cross-sectoral and interdisciplinary region. Europe's states, however, were too
approach. Issues overlap many disciplines small to sustain extremely large cities until
because of the strong interaction between technological changes during the industrial
social, technical, economic, and cultural fac- revolution made it possible in the mid-1800s.
tors. Given past lessons, one key to developing Jones's model to explain the causes of
environmentally sustainable cities is to build urbanization says that technological change
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leads to an increase in productivity, which collapse of Mexico City, Sao Paulo, or any
leads to a rise in real incomes. Since the other major urban center around the world
income elasticity of demand for urban goods would have dramatic consequences for the
and services is greater than that for rural entire productive base of the economy as a
areas, resources (including labor) shift from whole. Cohen pointed out that people in the
rural to urban production. Chicago stock market noticed that the value of

E. L. Quarantelli pointed out that the many institutions that had invested in Mexico
same social factors experienced by the devel- City had plummeted the day after the earth-
oped nations of the world are playing a part in quake.
the evolution toward industrialization and He pointed out that the policy paper
urbanization in the developing world today. If argues that it is not simply that cities are
developing countries follow the same path as growing larger or that population and the
developed societies, they will produce the physical size of cities are expanding, but also
same kinds of problems, risks, hazards, and that the economic significance of these cities
disasters. Some differences in the process, has also expanded. He mentioned the need to
however, make the social outcomes more examine the vulnerability of cities not only in
negative for their societies. For example, the the context of population, but also in the
scale of urban growth and tremendous differ- context of the welfare of the people in general
ences in technology today magnify the poten- as a result of this vulnerability.
tial for disaster in cities of developing coun- He described a research project on
tries. Drought-previously thought of as pri- Lagos, Nigeria, to show how people survive in
marily a rural problem-is affecting cities more the absence of public water, sanitation, or
and more as they face water shortages from electricity. It was found that small firms drilled
tremendous increases in consumption. Some their own wells, generated their own electrici-
technological advances that reduce some ty, and were able to compensate for the failure
hazards add complexity to old threats. of public services through private investment

Michael Cohen discussed economic issues and infrastructure. The implication is that their
in their broader framework. He noted that the ability to generate income and profit, and
Bank has produced a new urban policy paper therefore jobs, is greatly reduced. These firms
that argues that the significance of urban were spending about 35 percent of fixed
phenomena is far beyond the issue of housing, investment on infrastructure themselves, and
infrastructure, and planning issues that have felt the absence of public services more seri-
traditionally dominated urban discussions. He ously than larger firms. He stressed that public
explained that the policy paper pointed out an services and infrastructure are important as
important fact-that at least half of gross intermediate inputs to any kind of production
domestic product (GDP) in most developing or wealth-generating process for the economy
countries is being generated in cities. In the as a whole. The urban policy paper states that
more developed countries, particularly in Latin we must go beyond thinking at the household
America and now in Eastern Europe, more level to thinking in terms of where wealth is
than half of future GDP will also be generated generated.
in urban areas. He noted that the stakes of Cohen pointed out that at the same time,
vulnerability have risen dramatically. If cities the issue of urban poverty has become much
are unable to maintain their productivity, the more severe. One quarter of the urban popu-
whole economic fortunes and futures of coun- lation (330 million people) are in absolute
tries will be at risk. Hence, he stressed that poverty, and the numbers are expected to
today's discussions are not simply about vulner- increase toward 600 million by the end of the
ability of cities, but indeed they are about century. He then explained that when the issue
vulnerability of the global economy and the of the urban environment is added, a triad of
success of development strategies. He illustrat- issues emerges in which natural resources,
ed this point by noting that the economic economic opportunities, and the distribution of
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wealth all have direct impacts on one another. Trends
This agenda of productivity, poverty, and
environment constitutes the major policy Alcira Kreimer, Mohan Munasinghe, and
problems for cities in the 1990s and beyond. Martha Preece mentioned that since 1950, the

He argued that this mutually reinforcing world's urban population has been increasing
triad of issues adds a whole new dimension of at the rate of 4 percent a year, compared with
vulnerability: the interdependence and inter- a 1.7-percent rate of increase for the world's
connectivity of problems are significant. He overall population. Anderson noted a current
went into some detail on the subject of infra- growth rate of 2.5 percent a year and an
structure. A major question is that of naturall annual urban growth rate of 3.5 percent (more
disasters versus manmade disasters as a result than triple that of the industrial world) in
of failure of the infrastructure. There are more developing countries.
and more cases of infrastructures absolutely According to Roberto Eibenschutz and
collapsing under the weight of the demand for Sergio Puente, a pattern of rapid urbanization
services. For example, when Buenos Aires is has emerged in many developing countries
flooded, one wonders why the drainage systern over the last 50 years. Typically, cities have
does not perform better. In Lima, one wonders developed with opposite characteristics: one a
if the outbreak of cholera is related to Peru's developed city-modern, well serviced, and well
economic fortunes of the previous ten years in equipped-and the other underdevel-
the absence of resources for operations and oped-without adequate housing and services,
maintenance. The heavy orientation on supply and poorly equipped; one a city of consumers
in providing infrastructure has contributed to and the other a city of producers; one a more
the lack of alternative mechanisms-community central city which grows vertically dense, and
or private sector-to deliver infrastructure. He the other a more peripheral city which grows
believes that the answer to some of the prob- horizontally. In these highly polarized cities,
lems in infrastructure lies in looking for some not only has the urban structure been pro-
alternatives, for policies to improve operation- foundly altered, but also the behavior of the
al efficiency and diminish risk. He stressed that people, since the large cities of developing
infrastructure is central to this debate and countries are primarily cities of country
warrants more attention because of its implica- people.
tions not only for cities in developing coun- According to Kreimer, Munasinghe, and
tries, but also for cities such as New York. For Preece, developing countries claim the highest
example, what would happen in the event of a rates of urbanization and the greatest concen-
failure of the subway or power outage? trations of population worldwide. Tremendous

Cohen noted that the very physical char- increases in population in urban areas contrib-
acteristics of cities themselves lead to inc- ute to worsening environmental degradation
reased vulnerability, such as spatial expansion. and greater vulnerability to natural disasters
Taking the example of the expansion of Mexi- because of the demands on governments to
co City over the last 20 years, he pointed out support the urban growth and yet balance it
that areas that used to be on the periphery of with natural systems. These same coun-
the city-and less at risk if something went tries-primarily in Africa, Asia, and Central and
wrong-are now surrounded by residential South America-are the very countries which
areas. The question of land use-zoning and are least able to manage the ever-growing
planning-is related to vulnerability. The over- pressures and costs of concurrently providing
all pace of growth-not just the density of more basic services and managing environmen-
population-has overcome any kind of sensible tal concerns.
system of zoning that may have been enforced Anderson enumerated three categories of
earlier. characteristics of urban areas that contribute

to their vulnerability to disaster:
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(a) concentrations and crowdedness of disasters, are found in cities because more
actors and activities in a defined investment resources are channeled there.
and limited space; Concentrations of medical personnel and

(b) numbers of actors and activities to facilities in cities reduce the vulnerability to
be served; and injury, illness, and death from disasters. Regu-

(c) proximity to human-caused hazards. lations can also help to reduce vulnerability.
According to Anderson, just because people, Governments pass laws and adopt regulations
buildings, infrastructure, and economic enter- and codes to govern construction, disposal of
prises are concentrated in a limited area does wastes, uses of water, and insurance require-
not mean that vulnerabilities to disaster are ments, all of which are important for mitigat-
higher. It means that more people, buildings, ing the impacts of disasters. Laws, regulations,
and businesses would be caught within the and codes are more effectively enforced in
vulnerable zone if a disaster were to occur. cities because proximity facilitates inspection

In view of the negative aspects of living and collection of fines.
in a city, Anderson considered why anyone
would ever choose to migrate to or live in a Problems of massive urbanization and likely
city: causes

(a) greater wealth and access to re-
sources and services; Kreimer, Munasinghe, and Preece noted

(b) high levels of education and exper- that along with an increase in population
tise; and comes (a) more transport and its related

(c) legal codes and enforcement. problems (such as more carbon dioxide in the
Greater wealth and access to resources atmosphere), (b) more waste to deal with, (c)

and services have traditionally come about worse living conditions for the poor, (d) more
because of political attentiveness to large basic services (water, sewerage) to provide, (e)
concentrations of people. Partly from econo- a higher level of technology and correspond-
mies of scale and partly from political visibility, ingly fewer jobs for unskilled labor, and (f)
more water and electricity have been provided worse economic conditions in general. Along
to urban neighborhoods, and more schools and with the demand for more urban space, greater
hospitals have been built in urban areas than demands are placed on forests for fuelwood,
in rural areas. A larger urban tax base has timber, raw materials, roads, and recreation.
traditionally made more resources available for Depletion of the forests increases the vulnera-
technological investments to be concentrated bility of urban areas to droughts, fires, floods,
in cities (although the recent exodus in devel- runoff, landslides, sedimentation of dams and
oped countries of wealthier taxpayers and reservoirs, pollutants, and diseases. Not only
industry from city centers has eroded the tax are governments unable to provide the same
base). For example, communications systems level of basic services, they are unable to
used for early warning and education greatly manage environmental concerns well enough
reduce personal vulnerability. Transportation to plan for and prevent natural disasters.
systems can evacuate the threatened or in- Human intervention can increase the
jured, and deliver emergency supplies or vulnerability of ecosystems and the natural
transport materials for reconstruction. Commu- resource base to natural forces. Martha Preece
nications and transportation links (airports, cited the example of Brazil to illustrate how
ports, and roads) with the outside world focus the rapid growth of low-income slums and
international attention rapidly and allow tech- squatter settlements around major urban
nical assistance and material aid to arrive more agglomerations is high enough to have become
quickly than in areas of poverty and remote- the major risk factor in areas exposed to the
ness. most serious natural hazards in the coun-

Higher levels of education and expertise, try-floods, landslides, and desertification. The
which can be used to prevent and manage mudslides and floods in Rio de Janeiro in
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1988, and the 1985 floods in the Northeast gas tank explosion can kill many people and
illustrate the devastating effects of natural damage property suddenly (for example, the
events when combined with poverty, environ- gas tank explosion in Mexico City in 1983 and
mental degradation, and mismanagement of the release of deadly gases in Bhopal, India, in
urban ecosystems. The greatest single damage 1984).
was inflicted on squatter settlements that have On the other hand, Sudhir Shetty empha-
developed along already environmentally sized that the very dynamics of the urban
fragile areas. Encroachment in narrow coastal situation provide some hope. Even though the
strips, riverbanks, steep hillsides and in unsta- population is growing, better and cheaper
ble soils susceptible to landslides and debris technologies are being developed, human
flows, coupled with faulty construction and the capital is being accumulated, and administra-
absence of basic infrastructure, created the tive capacities are growing. Urban areas are
conditions that devastated the city. Severe gaps the magnets for much of the talent that lies
in emergency response and preparedness plans, within developing countries. The key policy
compounded the crisis; rescue and salvage issue is how to manage the urban environment
equipment were inadequate and located far in a cost-effective manner.
from the emergency sites. Preventive measures Cohen responded that the risk side is not
and risk reduction were not on the list of- necessarily worse than the benefit side, and
regional priorities and local and regiona]l that the relationships are already changing. For
governments were notoriously lax in restricting example, Mexico fell short of predictions for
encroachment in flood hazard areas where its population to reach 20 million by 1990; it
basic needs for housing and services have not reached 17 million. The role of secondary
been met. cities is already becoming more important. The

Janis Bernstein explained that the un- dynamics of public and private sector relation-
precedented growth of cities in the developing ships are also changing. While he agreed
world has intensified the demand for urban wholeheartedly with Shetty, he stressed the
land. In most cities, the shortage of servicecl dangers in trickle-down theory of believing
land and the competition for that land have that these contextual changes will deal with
priced the urban poor out of the legal lancd the risk. Philippe Boulle stressed the need for
market. Many low-income populations are greater focus on urban issues. His view was
forced to occupy illegal settlements on low- that we should not be alarmed at urbanization,
lying lands, steep hillsides, floodplains, or other rather we should cope with it. Frederick
hazard-prone areas. These groups are vulnera- Krimgold emphasized that the right approach
ble to flooding, landslides, mudslides, or othe:r is not against urbanization, but rather for
natural hazards; their dwellings and infrastruc- appropriate urbanization. He mentioned the
ture are subject to accidents, massive damage, example of the variety of regulatory instru-
and collapse. ments in the United States that allows urban

According to Anderson, people who live strategies to move further into market mecha-
in metropolitan areas may be more vulnerable nisms.
than rural people to technological hazards, Ronald Parker discussed in greater tech-
social hazards, and economic (market) hazards, nical depth specific environmental problems
all of which arise from the activities and densi- and issues facing cities, such as threats to
ties of metropolitan life. Proximity to and urban water supply, coastal zones, and soil,
dependence on certain technologies introduces specifically the following:
risks to both slow-onset and sudden-onset (a) threats to the urban fresh water
disasters. For example, urban phenomena such supply
as air and water pollution (for example, from (i) depletion and water quality
petroleum fuels and products, and industrial (ii) industrial and municipal water
wastes) may take months and years to have (iii) biological threats in the ab-
their full impact, whereas an industrial fire or sence of municipal facilities
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(iv) agricultural runoff problems that they were experiencing cleaning
(b) ocean threats to coastal zones clogged pipes. And the plant worker who

(i) destruction of natural defenses removed the blockage with water was totally
(ii) beach pollution and floating out of the information loop.

debris How do people avert and buffer the
(iii) marine oil pollution impacts of disasters, as well as survive and
(iv) other hazardous chemicals in recover from these crises? Caroline Clarke

the sea Guarnizo examined adjustment mechanisms
(c) environmental threats and the soil that communities are developing in response

(i) land-based sources of pollution to recurring or periodic exposure to hazards,
(ii) siting and soil composition such as hurricanes or flooding. Adjustment
(iii) changes in land use mechanisms include a wide range of social,
(iv) pesticides and agricultural economic, cultural, and technological relation-

chemicals ships and arrangements. For example, risk
According to Asif Faiz, urban air quality sharing arrangements, such as savings societies,

is the prime casualty of motorization in devel- can buffer against the economic impact of a
oping countries where air pollution problems disaster. Traditional ways of monitoring the
are expected to intensify with increasing ur- onset of drought give people time to prepare
banization and the rapid pace of motorization. for food shortages. During an emergency, the
He discussed the local/urban, regional, and organization of emergency supplies along
global implications of motor vehicle emissions traditional social relationships saves people's
on air quality. He discussed both "convention- lives. Similarly, participation in mutual help
al" pollutants-i.e., carbon monoxide, nitrogen associations may provide capital to speed
oxides, non-methane hydrocarbons, sulfur recovery. Adjustment mechanisms fall into four
oxides, suspended particulate matter, and broad categories: social organization, economic
lead-and "greenhouse" pollutants: carbon relationships, technology use, and cultural
dioxide, methane, nitrous oxide, and chloro- arrangements. The adjustment mechanisms
fluorocarbons. Considering total world emis- play roles in prevention, coping with an emer-
sions of conventional pollutants from anthro- gency, and recovery.
pogenic sources, motor vehicles contribute as
much as 50 to 60 percent of carbon monoxide, Economic considerations
hydrocarbons, and lead emissions. The motor
vehicle share of particulate emissions is about According to Krimgold, the gross national
10 to 20 percent. The total contribution of product (GNP) becomes an obsolete measure
motor vehicles to the greenhouse effect is of progress in a society striving to meet
estimated at 12 percent. Without effective people's needs as efficiently as possible and
measures to control these pollutant emissions, with the least damage to the environment.
some 500 million urban dwellers will become What counts is not growth in output, but the
exposed to unhealthy and dangerous levels of quality of services rendered. Bicycles and light
air pollution by the year 2000. rail, for instance, are less resource-intensive

According to Parker, critical breakdowns forms of transportation than automobiles, yet
in communication are the primary cause of they contribute less to GNP. A shift to mass
technological disasters. Interruptions in flows transit would enhance urban life by eliminating
of information have often been identified in traffic jams, reducing exhaust emissions, and
follow-up studies of almost all major tech- making cities safer for pedestrians. The GNP
nological disasters. For example, the engineers would go down, but the overall well-being of
who designed the Union Carbide Bhopal plant the people would increase. Krimgold suggested
knew that methylisocyanate gas was highly using the Daly-Cobb Index of Sustainable
toxic and that it would react with water explo- Economic Welfare as a more comprehensive
sively. Maintenance staff did not report the indicator of well-being, which takes into ac-
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count not only average consumption, but also developing countries than in wealthier coun-
distribution and environmental degradation. tries for the following reasons:

Shetty emphasized that the relationships (a) Losses, as a percentage of national
between urban growth and disaster risk are not wealth, are higher.
immutable. The same factors that increase the (b) Disasters and poverty are mutually
likelihood of natural and manmade disasters in reinforcing.
urban areas are precisely the same ones that (c) Disasters undermine incentives for
reduce these risks, in particular the concentra- development.
tion in urban areas of human resources, im- (d) Disasters particularly hurt the non-
proved technologies, and higher incomes. formal sector.

Bernstein stressed the need for evaluat- According to Parker, the paradox that
ing the costs and benefits-to both the govern- confronts governments attempting to be better
ment and the poor-in formulating land man- prepared to deal with technological accidents
agement strategies for hazard-prone areas. in metropolitan areas is that they need to be
Such evaluation should involve national and ready to protect large numbers of people from
local actors and should take into account the a range of dangers that are statistically unlikely
nature, severity, and frequency of existing or to occur. Countries with limited resources find
potential hazards. For example, the benefits of it hard to justify the purchase of expensive
restricting occupation of hazard-prone areas equipment that may never be used. On the
can be measured in terms of the costs saved by other hand, with many manufacturers using
not having to provide protective infrastructure, hazardous materials and processes in urban
subsidize housing built to withstand natural areas, the results of unlikely accidents are too
hazards, or provide emergency relief and dangerous to leave emergency response to
alternative housing and supplies in the event chance: high population densities can result in
of a disaster. Allowing development in some high death tolls if the right actions are not
vulnerable areas may require public investment taken quickly.
in appropriate infrastructure to withstanid Given the rate at which new chemical
hazards (for example, appropriate drainage substances are being discovered, it should not
systems). If the local authorities allow develop- be surprising that planning for technological
ment in hazard-prone areas without the neces- hazards at the local level in developing coun-
sary mitigation measures, however, the govern- tries has tended to lag behind. It makes little
ment as well as the occupants, may be faced economic sense for each developing country to
with many lost lives, destroyed property and try to stay up-to-date with the recent develop-
infrastructure, as well as the necessary expen- ments in chemistry on their own. For this
ditures for providing alternative shelter, food, reason, developing country officials have
health care, and other services in the event of tended to rely on developed country experi-
a disaster. ences to inform public policy. Fortunately,

Anderson gave another side to the costs recent translations of computer databases and
of disaster. The immediate costs in urban areas the availability of complete preparedness
can be very high in terms of lives lost and systems have made catching up relatively easy,
property damaged. However, immediate direct inexpensive, and quick. No country in the
losses to property in developing countries world can afford to be totally prepared to
might be less because of lower investment in meet every possible disaster. On the other
construction materials, labor costs, and the hand, the price of no preparedness is demon-
like, which masks the real costs of disasters to strably too high. Each country needs to care-
development. Long-term costs of disasters can fully determine the amount of potential harm
also be high if they damage or destroy infra- and damage its local communities are willing
structure or places of employment, production, to .accept.
or commerce. Disasters are more costly in Parker looked beyond the immediate

damages of a disaster and discussed (a) fore-
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gone future economic prospects, (b) loss of communications systems have promoted the
employment, and (c) decreases in the produc- internationalization of production and distribu-
tion of goods and services. Even though pre- tion. While some countries have shown an
vention is cheaper than the cost of a disaster, increased capacity to absorb technological
he cited the human reality that prevention is innovation, other developing countries have
difficult to "sell" politically. According to remained at the periphery of those develop-
Krimgold's example of the Armenian catastro- ments. There is an increasing regional disparity
phe, the loss of employment and of productive promoted because industries based on high
facilities were the most serious problem result- technologies locate themselves in metropolitan
ing from the earthquake, not the loss of areas with infrastructure, services, and a pool
housing. of skilled labor available.

According to Anderson, large numbers of
Political considerations people and activities increase vulnerabilities

through their requirements for technologies
Andrew Natsios discussed the concept of and their requirements for social, economic,

political analysis and management. The poor and political management. For a large metrop-
are often not actors in policy change. One can olis to work well, technologies are developed
manage the politics so that they are protected. to handle either larger groups of people or
Political analysis can point out weaknesses and activities within the same period of time, or to
strengths of actors that can be used to the best handle more groups of people or activities at
advantage of project. Munasinghe commented a faster pace. Technological disasters come
that for reasons of survival, politicians know from increasing levels of complexity, especially
which projects they should put money into, in the numbers and types of human-machine
and they tend toward short-term projects. He interfaces required to increase the speed of
emphasized the need to make the pluralistic transport, communications, or production
approach work, such as community involve- processes. Disasters are often the result of a
ment, to encourage long-term, environmentally failure in human capacity to use or apply a
sound policies. technique to handle a crisis. For example, air

In citing the example of the earthquake traffic controllers manage increasing numbers
in Armenia, Krimgold stressed that science and of aircraft which carry more people at higher
engineering are not enough. Armenia was speeds. Although improvements in technolo-
predicted to have big earthquake, but, for gies help the controllers keep up with volume
political reasons, the report was suppressed and speed, mistakes do occur at points of
and no one implemented the scientific re- human-technical interface. Similar failures
search. Scientific research along faults is now occurred in nuclear power accidents at Three
being carried out, along with the reevaluation Mile Island and Chernobyl. Thus, as metropol-
of structures, corruption, and failed supervision itan areas increase in size, the corresponding
in construction. The buildings were not up to increased technological complexity augments
code, and the materials were inadequate. He the risks and likelihood of disaster.
emphasized the need to develop safe areas and Jones described the projected concentra-
focus on infrastructure. tion of more than 4 billion people on less than

Eduardo Somensatto queried whether we 2 million square miles as a staggering prospect.
should minimize the political-whether we Increased levels of production and consump-
should establish incentives at the individual tion will lead to greater environmental effects
level. per capita. Growing metropolitan areas also

place increasing demands on the management
Technology today capacities of political, social, and economic

structures. There may be an upper limit to
Kreimer, Munasinghe, and Preece noted human organizational capacities, and conges-

that in the last decade, new technologies and tion and density may overwhelm planning and
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coordination mechanisms in the mega-metroip- tion as a loser when there is nothing at all that
olises of tomorrow: witness the widespread they can do, not even remain at the site. The
crises in fiscal management; transport, housing, only response to a loser is to withdraw, some-
education, health, and infrastructural systemis; times isolating the accident with a corridor
and social and ethnic relations experienced in several miles in diameter. Another approach to
today's cities. hazardous incidents is known as the "defen-

According to Michel Pommier, another sive mode." Incidents such as fires involving
aspect of technological vulnerability results explosives require nonaggressive interventions.
from war. Pommier discussed post-war recov- Defensive approaches may also involve with-
ery, with a focus on various kinds of damage drawal. Other "defensive" actions might
and ways of preventing or mitigating damage involve trying to maintain the level of the
to bridges; pipelines; telecommunications; and problem at its current magnitude. One defen-
utilities. sive strategy is 'protection in place": leaving

According to Parker, technologies invent- people in buildings, sealing windows and
ed to improve the quality of human life in- preventing outside and inside air from mixing.
creasingly place people and their habitat in Fires involving pesticides are also best dealt
serious danger. Fifty years ago the first syn- with defensively. They involve letting the main
thetics had just been created. Today the use of incident run its course, but engaging in aggres-
hazardous substances in manufacturing, energy sive action to protect a nearby area from, say,
and the home is commonplace throughout the fire or toxic runoff. Offensive operations
world. This development has been so rapid attack the problem to minimize its impact.
that there has been no time to develop the Gasoline fires are sometimes dealt with offen-
necessary safeguards. As a consequence, indus- sively when there is ample fire fighting foam
tries and governments need to establish emer- present.
gency preparedness measures in an attempt to Governments should develop their own
limit the damage that the inevitable accidents disaster and emergency training capacity in-
pose to people's health and the environment. country. Intensive drills, exercises, or simula-

Technological hazards can result in both tions must be a part of keeping emergency
rapid-onset and slow-onset disasters. Some- preparedness plans up-to-date. They are also
times industrial processes fail dramatically in commonly used to improve the skills and
cataclysmic accidents. A series of devastating coordination of key personnel and teams.
and highly publicized industrial disasters-per- According to Parker, most of the work
haps foremost among them Bhopal and on emergency preparedness has concentrated
Chernobyl-have provided ample evidence that up to now on large complexes where the risks
the risks are enormous when technology runs of major spills have been greatest. He predict-
out of control. More commonly, chemical ed more work in the future to concentrate on
substances that were not believed to be patho- small and medium-size enterprises where the
genic are continuously released into the envi- risk of major events is lower and the likelihood
ronment until their unforeseen lethal impacts of minor spills is greater.
become slowly apparent. Tragically, the true Major accidents can cause disequilibria
extent of the risks presented by many modern that affect regional and even national ecosys-
technologies are often only apparent when tems and can have impacts that last for years.
accident or disaster strikes. In many well- Soils can be severely contaminated, sometimes
known cases such as Minamata and Love to such an extent that entire communities must
Canal, hazard identification occurred only after be relocated. Residents of the community,
many years had passed and irretrievable darn- workers at industrial sites, and even emergency
age had been done to people's lives and the responders can be killed or severely injured by
surrounding environment. relatively small spills. Direct property impacts

The worst types of incidents are known from one incident can easily climb to tens of
as "losers." Responders characterize a situa- millions of dollars.
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Local authorities often find themselves pollution, and the regional high-technology
unprepared when natural or technological industrial centers ("Technopolises") in Japan.
catastrophes strike. Until the risks involved in
the use of hazardous technologies are more Regulations: the formal and informal sectors
widely understood and compensated for,
national governments and major donors will The role of regulations and the impact of
need to help communities prepare for the regulations on the formal and informal sectors
results of the inevitable misuse of hazardous were issues discussed at length. For some years
technologies. environmental officials from developed coun-

When no community awareness or emer- tries have tried to provide technical advice to
gency preparedness work has been done, vul- developing countries on hazardous materials
nerable communities can, even today, be and other technological hazards on a bilateral
totally unaware of the risks that they run. As basis. Although these efforts were well inten-
metropolitan areas grow, the risks associated tioned, there are many reasons why this strate-
with high density environments, dangerous gy is not enough and might produce a less
technologies, and inadequate preparedness than ideal outcome: (a) the regulatory frame-
become compounded. For example, transporta- work is usually quite different, many developed
tion accidents involving hazardous cargos countries are only now modifying their legal
almost inevitably occur in heavily populated codes to deal with environmental issues; (b)
areas where traffic patterns are complex and the equipment which is available to emergency
distractions abound. In spite of the best prepa- responders in the two regions are not the same
ration, accidents will happen. in cost and complexity; (c) the general level of

Quarantelli predicted increasing numbers resources budgeted for emergency response
of more serious technological disasters in the tends to be limited in countries which have dif-
future. He discussed disasters that result from ficulty providing more basic services to their
accident, failure, mishap, and misuse of tech- populations; and (d) some developed nations
nology, some of which include (a) relatively had been slow to arrive at an all-hazards
sudden disaster agents (particularly chemical approach because they could afford several
and nuclear agents), (b) computer technology specialized response organizations. In contrast,
and biotechnology, and (c) more immediate responders in the developing world are usually
and proximate social factors. called upon to deal with a gamut of accidents,

Technology can assist in abating environ- emergencies, and disasters.
mental degradation. Quarantelli highlighted According to Eibenschutz and Puente,
the existence of data banks on environmental the functions of public institutions must be
emergencies that are available to only a hand- radically transformed to break away from the
ful of countries. He advocates support for pattern of erratic and confused government
linking organizations in developing countries action. Strategies must be encouraged which
to international informational networks. Carlo promote the efficient use of energy and in-
Pelanda mentioned the Expert System in Bari crease self-sufficiency (e.g., self-sufficiency in
(Italy) being used to organize an approach to food production and recycling of water and
eco-policy with emphasis on systematically waste products). Sectoral policy and action on
reducing the vulnerability of settlements. the part of the government are also needed.
Other impacts of communications technology Only by promoting a dynamic cross-sectoral
in abatement of environmental degradation in approach can the polarized cities diminish
developed countries is in the substitution of their internal differences and seriously con-
travel time and energy savings through the use front their problems and dysfunctions. The
of telecommunications, the "super computer national government has a primary role in
highway" proposed in the United States as a contributing to a city's stability and ability to
mechanism to reduce energy consumption and diminish its vulnerability; however, the national
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government's intervention is generally insuffi- Ignacio Armillas commented that the
cient and hesitant and late in coming. The most vulnerable people live outside the formal
government must give strategic planning the system and legal framework, and that regulato-
priority that it warrants, and must plan across ry codes would likely be irrelevant for them.
sectors and consider all aspects of urban and He queried how to encourage them to be
environmental phenomena. more aware of danger. Munasinghe responded

In short, to solve the problems of envi- that we need to focus on the appropriate
ronmental degradation, vulnerability, and policy instruments (controls and incentives).
urban development, we must learn about the We have to be aware of equity issues. He cited
problems and tailor regulations, technology, a recent Bank study that looked at environ-
and alternatives to the particular needs of the mental degradation concerning the impact on
city. For example, Mexico City's regulations for human beings of water problems (mostly
decreasing air pollution by promoting the intestinal) and air problems (mostly respirato-
policy of "one day without driving" had the ry). The poor were more affected by water
effect of causing some people to stop working pollution, since the wealthy could buy bottled
or forcing others to buy more vehicles. For water and filters. However, when it came to air
years, the mobility that the automobile offered problems, people were more equitably affected
was encouraged, then was suddenly penalized at all levels of wealth, and the wealthy were
without offering people an alternative to more likely to support air quality issues.
driving. We must concentrate on dealing with Armillas emphasized the need to enhance
the causes of the problems, and not just their the capacity of people and governments to
symptoms. reduce vulnerability levels. He proposed the

Communities are increasingly insisting on promotion of a "culture of safety" at the
their "right to know" if hazardous materials national and international levels. The popula-
that have an impact upon their safety, health, tion at large must be made more aware of
and environment are produced, used, or trans- their potential for reducing risk to themselves
ported through their community. Many coun- and their property from disasters that occur
tries have recognized this as a legal right with where they live. He suggested that more
specific right-to-know laws. Industrial spokes- attention be given to lower-income groups who
persons have also supported the right to know, are generally more vulnerable to disasters
in part because it can be impossible to mobi- because of the limitations of areas in which
lize the community in the event of an emer- they live, and the limitations of the types of
gency unless the population is cognizant of the productive activities in which they are engaged.
danger that it faces. Andrew Steer referred to the three sets

Safei El-Deen Hamed commented on the of issues discussed at the conference (all
pervasive disregard for standards and codes in relating to growth of urban areas): (a) chronic
many countries, not only by individuals but by problems that get worse (such as air pollution
technicians as well. He wondered how best to from emissions), (b) accidents, and (c) un-
intervene and bring back respect for the law so known disasters resulting from the massive
as to reduce vulnerability. Walter Lynn re- growth of cities. The second two are really the
sponded that a potential example is provideid focus here, since they deal with thresholds and
by U.S. legislation based on personal liabili- discrete events. We need to have a better
ty-one of the most effective mechanisms for understanding of thresholds.
making people comply. He stated that such Steer made four suggestions for future
regulation can only work in a market system. work. First of all, to deal with accidents and
Robin Bates underlined the importance of sudden events, we need citywide assessments
using more market-friendly approaches rather of risks and their probabilities and costs (for
than relying too much on zoning and regula- example, for earthquakes, industrial accidents,
tions. flooding, mudslides). To deal with unknown

events, we need to guess at the possible break-
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downs in the systems to come up with some balance between regulations and incentives.
sort of assessment (risk versus uncertainty Ideally, cities should deal with threats to the
here). Second, we need to clarify our beliefs resource base voluntarily. Without voluntary
on policies toward urban growth. We seem to compliance (via education), enforcement will
agree that we should not have quantitative not be effective. More active participation of
restrictions on urban growth, as many coun- vulnerable families must be encouraged. Chan-
tries and cities do, and that subsidies on urban nels of communication need to be opened with
life should be removed. Urban dwellers need vulnerable populations. Education will play a
to pay for the services they receive. Third, big part. Governments will have to change
enforcement of regulations (e.g., land taxes) is their modus operandi so as to base plans on
important, although Steer is unsure whether what needs to be done, not necessarily what
taxes should be levied on land to incorporate has been done in the past.
the costs of the additional investments that are
required to prevent disasters. According to Options
Steer, we need to clarify our view on subsidiz-
ing secondary cities, along with our thinking on Prevention, mitigation, and abatement
policy. We also need to study zoning (particu-
larly industrial zoning). Fourth, preventing Boulle presented some principles for
these adverse effects must be carried out at action, which include the development of
the sectoral level with more institutional technical committees in the following areas:
follow-up. For example, in its upcoming water assessment and awareness; cost-benefit analy-
strategy paper, the Bank should make sure it sis; monitoring and warning; and short- and
takes these hazards sufficiently into account. long-term measures for preparedness.
The question of who should be handling Parker noted that increasingly the hands
disaster preparedness and relief at the citywide of humans were everywhere apparer. iiu "ots
or countrywide level should be addressed. of God." Upon closer examination, examples

Carl Bartone touched on the emerging such as drought and famine, which at first
urban crisis in developing countries-character- appeared to be caused by natural phenomena,
ized by growing urban poverty, poor urban could be seen to be the result of overgrazing,
policy and management, and a deteriorating lowering the water table with too many pumps,
urban environment-that threatens to disrupt deforestation, and a myriad of inappropriate
economic growth. agricultural practices. Although it seems logical
Bartone described a program aimed at meeting at first to make a distinction between "natu-
this challenge: the joint Urban Management ral" and "man-caused" catastrophic events,
Program of the UNDP, UNCHS, and World this logic will misdirect our focus of attention
Bank, which aims to strengthen the capacity of and lead to analytic error.
urban management at the local level. The According to Anderson, some mitigation
program aims to develop and promote appro- options focus on slowing the growth of metro-
priate policies and tools for urban environmen- politan areas. Others are aimed at handling the
tal management, land management, infrastruc- people and activities already in crowded urban
ture development, municipal finance and centers better, or at getting them more cre-
administration, and poverty reduction. The atively and actively involved in handling pend-
program stresses capacity building through a ing crises. Well-known options, such as the
partnership with national, regional, and global following, for preventing or mitigating disasters
networks and with donors in applied research are already used in wealthy metropolitan areas:
and the dissemination of information and on (a) earthquake-resistant building tech-
the best practices and promising solutions from niques;
experience. (b) water purification and waste recy-

Richard Calkins and Jelena Pantelic cling systems;
stressed the importance of finding the right
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(c) public "life-lines" such as hospitals, to small city administrations, so as to stabilize
rescue squads and equipment, com- the pool of reliable funds and to ensure the
munications and distribution net- smaller cities' competitiveness for attracting
works; urban migrants. Others provide special incen-

(d) early warning systems; tive funds to cities which perform well in their
(e) water control and flood abatement efforts to maintain a desirable size and meet

systems; and pollution-reduction standards.
(f) zoning regulations and enforcement She also noted that the growth of cities

to govern land use patterns. is increasingly tied to surging urban birth rates
According to Anderson, some options are rather than to rural-urban migration. Hence,

affordable for all cities; others are beyond the stronger programs and policies to reduce birth
means of metropolitan areas in developing rates may provide an effective option that is
countries. All the options, however, ofler closely linked to improvements in people's
opportunities for investment by donor agen- lives. Such programs would focus on family
cies. Some options, such as those that curtail planning services and programs for young
pollution and conserve resources, have positive people in urban areas. Education and employ-
long-term outcomes which extend even beyond ment opportunities for girls and women and an
the boundaries of the urban areas. Though improved sense of security contribute to lower-
there have been few imaginative efforts to ing fertility in some areas, which would address
develop or study appropriate measures for other causes of vulnerability. However, stop-
these urban areas, Anderson identified sorne ping all new urban population growth would
of the more promising and cost-effective still leave the problem of catching up with the
approaches based on the special circumstances needs of the present population.
of these cities. Maritta Koch-Weser stated that more

Since risks in urban areas have increased investments should go into social organiza-
because of the concentration of people and tions, and should be proactive. She stressed
buildings in limited space, the sheer size and the virtues of working with families and com-
numbers involved, and the proximity to hu- munities on ethnic, gender, and other social
man-made hazards, some people have suggest- problems that impede preparedness and relief
ed that the best approach would be to "un- activities. Attention should be directed toward
do" big metropolises, especially those at high preserving and enhancing the cultural heritage
risk because of their location. However, gov- as a step toward preventing urban decay. She
ernment efforts to limit or reverse migration to emphasized that we should consider the macro
urban centers, along with efforts to induce or environment in dealing with micro environ-
forcibly move people back into rural areas, ment. For example, the education level of the
have failed, primarily because the countryside population as a whole should be considered
itself still offers little chance for survival. when dealing with the problem of homeless

Anderson wrote that another option for children. New systems should be set up, partic-
stopping or reversing the growth of urban ularly for legislation and policy. Institution-
areas is to promote secondary cities and toWIns, building and structuring should be regionally
which will provide manageable areas to absorb focused. Waste disposal systems need more
rural out-migration. Some national govern- serious, in-depth work. Oceans should be
ments directly subsidize housing, infrastructure, studied for the effects of urban coastal zones
2nd services in these areas to make them more on the marine environment.
attractive and viable as economic growth According to Faiz, city growth is natural,
centers. Others allow municipalities to levy not alarming. Urban residents have better
taxes to create the resource base for providing access to resources and services. He concluded
services without relying on central government that we should live with urbanization and not
funds and initiatives. Some governments redi- fight it. He emphasized that we should re-
rect a specified percentage of central monies search metropolitan areas rather than coun-
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tries as a whole. He believes that many com- encourage decentralization and citizens' in-
plex issues contribute to vulnerability in urban volvement in meeting needs and solving prob-
areas. lems. This is one option for addressing the

Shetty focused on three areas that are overuse of essential resources, the settlement
needed and warrant more attention: (a) gener- of marginal lands, the building of unsound
al and more targeted development policy; (b) structures, and overwhelmed urban manage-
investments in infrastructure; and (c) strength- ment capacities. If cities encourage communi-
ening institutions. Investment alone is not ty-based actions and provide access to financial
enough; it must be complemented by changes resources, people will be more responsible for
in policies and institutions. He cited the exam- improvements in their own environment. For
ple of water supply. Investment can be effec- example, when poor people are given title to
tive only if accompanied by complementary their plots and ownership of their houses
actions on pricing, cost recovery, expenditures, (even if they began as squatters' settlements),
and encouragement of private investment. they will invest money, however little, as well

Bernstein investigated the reasons for as effort in home and neighborhood improve-
people to settle in hazard-prone areas (such as ments. Informal groups in poor urban neigh-
on steep slopes or on flood plains): Rapid borhoods have often arranged water delivery,
urban growth leads to the demand for more waste removal, or other organizational ap-
land, high prices of land, inappropriate land proaches to their collective basic needs when
regulation, complex and lengthy land titling, no government services existed. Such actions
and incomplete and out-of-date land data. can make homes more resistant to hazards,
Inadequate regulatory framework also affects and crowded neighborhoods more sanitary,
land planning. She gave some possible ways of safe, and functional. Parker cited the political
preventing such settlement, based on land and human difficulties of motivating people to
management techniques. participate, and noted that the routine activi-

Any land management and strategies ties of countless citizens and public officials
must be part of a comprehensive land use need to be modified, even though it is not
plan. Implementing strategies for appropriate always clear specifically how.
land use must include alternatives for the poor Quarantelli emphasized that to plan
people who have no where else to go. effectively and efficiently for improved pre-
Bernstein presented alternative land manage- paredness and management of technological
ment approaches for addressing this problem disasters, we must first recognize the increase
in cities of the developing world. She empha- in such disasters and their more severe impacts
sized the need for adequate information on on the cities of developing societies in the first
land use and environmental practices, so that half of the twenty-first century. According to
appropriate legislation and regulation can be Parker, just as the need for timely action has
carried out. The pervasive lack of secure led to decision making and planning at the
tenure, poor titling and land registration sys- local level, local authorities should expect
tems, and inadequate tax policies and systems industrial facilities to be the initial responders.
in many developing countries must be correct- Sites that present significant risks of spills and
ed, in order for the poor to be able to acquire accidents are increasingly expected to have a
safe land for housing. Once land management facility emergency response plans. On-site
objectives and strategies are identified, the emergency plans are almost always required of
next challenge is to select locally appropriate nuclear and chemical facilities.
land management instruments that can achieve Over the last 20 years, mankind has been
a proper balance between land efficiency and learning how to cope with technological hazard
equity as well as the protection of urban effectively. Careful preparation has been
populations. shown to be one of the best ways of ensuring

Anderson and Parker both emphasized that when accidents do occur, the damage is
the need for developing creative systems to held to an absolute minimum. The importance
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of a good emergency plan and response was of automotive energy use in developing coun-
illustrated in 1979 in Mississauga, Canada, tries. With appropriate energy conservation
when a train carrying chlorine, butane, and and pricing policies, motor vehicle use could
other toxic and explosive materials derailed in conceivably double or even triple in develop-
an urban area. A quarter of a million people ing countries with no appreciable increase in
were evacuated according to a carefully de- greenhouse gas emissions over current levels.
signed emergency plan, with no loss of life and A wide variety of options is available for
little damage. Pommier emphasized the need controlling automotive emissions, varying from
to plan population evacuation routes and food direct mechanical control of 'emissions from
distribution, and stressed the need to decen- vehicles to broader demand and traffic man-
tralize decision making. He suggested that the agement measures aimed at curbing the use of
role of the private sector in recovery must be motor vehicles (mostly in urban areas) and
reassessed. ensuring smoother traffic flows. These options

Parker put forward the suggestion of may be grouped in the following categories:
reducing vulnerability in incremental steps. emissions standards, control measures based on
This serves to simplify the problem at hand by vehicle and fuel technology, traffic manage-
breaking it down into small, manageable seg- ment aimed at improving traffic circulation,
ments. He cited the example of steps Mexico transport demand management and techniques
City has taken toward eliminating its problems to reduce or limit the growth of vehicle traffic,
of contaminated airborne dust and water and economic incentives (prices or taxes). A
shortages. He discussed the concept of reduc- comprehensive approach is necessary in plan-
tion, that is, breaking a problem down into ning appropriate strategies to address air
smaller problems and dimensions, which in- pollution caused by motor vehicles. All the
clude (a) the conceptual dimension, (b) the control measures and economic policy instru-
technical dimension, (c) the political dimen- ments discussed above are interdependent in
sion, (d) educational dimension, (e) organiza- the way they influence automotive air pollu-
tional dimension, and (f) timing. Parker em- tion. Moreover, some of the measures become
phasized the need for methodically solving a necessary condition for other measures to
complex environmental problems, since often, have any effect. For instance, there is no case
when one problem is solved, another springs for introducing emission standards if an inspec-
up. For example, shutting off a pipe which is tion and maintenance program is not in place
dumping industrial wastes into a river solves to monitor and enforce compliance with the
the problem for the river, yet creates a new standards.
one for the factory. Natsios suggested that people's percep-

Anderson stated that governments should tions of suggested interventions affect the
consider the role of low energy-consuming, success or failure of measures, that is, if they
simple technologies that serve many human realize the disasters are often brought on by
needs and reduce metropolitan vulnerabilities humans, they can play a part in preventing or
in densely populated areas. For example, mitigating disasters that have an impact on
Mexico City's legal requirements for certain themselves.
types of establishments to use water-saving
shower heads and toilets have resulted in Community participation
impressive water savings. Technologies for
reducing the use of resources, reducing pollu- According to Guarnizo, the role of com-
tion, and recycling wastes can lower the pres- munities in building the national and local
sures on scarce sustaining resources. capacities needed to reduce the impact of

According to Faiz, since motor vehicles in environmental degradation, as well as natural
developing countries are about half as energy and technological hazards in megacities, must
efficient as in OECD countries, there is con- be an integral component of development
siderable potential for increasing the efficiency plans and programs. An important aspect of
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capacity-building is for countries and cities According to Parker, more community
facing similar risks and resource constraints to awareness is needed, along with some changes
share their experiences. Sharing such knowl- in traditional practices, for example, in the
edge would enhance their capacities for inno- areas of agriculture and pest management.
vation in mobilizing public and private initia- Along these lines, Natsios described a compre-
tives for risk assessment and management. hensive U.S. Agency for International Devel-

Guarnizo pointed out that the literature opment (USAID) project in the Caribbean
does a good job of exploring adjustment mech- that aims to influence the private sector to
anisms that mitigate disasters (risk aversion, deal with prevention and mitigation, particular-
risk sharing, economic buffering, damage ly in the event of storms and hurricanes, for
reduction) and facilitate recovery. However, it example, by helping insurance companies
does a poor job of covering how communities assess risk, by helping banks analyze the stan-
predict and prepare for an event, how they dards they use in giving loans, by helping
monitor hazards and warn of impending crises, contractors build structures resistant to wind,
and how they organize evacuation, rescue, and earthquakes, flooding, and such hazards.
emergency relief. She asserted that we need to Quarantelli stressed the need for imple-
understand why adjustment mechanisms fail in menting widely accepted and research-based
an extreme event. Is it because people cling to principles for disaster planning at the local
outmoded agricultural practices, customary community level. This can occur only if cer-
land tenure systems, and large families that are tain policies and programs are in place at the
out of step with current conditions? People national level. The Bank can encourage this
are neither changing nor changing fast enough process by helping to implement and strength-
to keep up with changing conditions. Or, is the en institutional frameworks. Some of the
changing development environment (including mechanisms include encouraging city managers
development policies) forcing people to adopt to strengthen their organization for disaster
short-term adjustment mechanisms (such as preparedness prevention and mitigation, redi-
settling in hazard-prone areas) that increase rect public spending, explore alternative uses
their vulnerability to disasters? of scarce resources,a nd forge cooperation

Concerning community participation, among countries and regions that share similar
Preece made the distinction between tradition- problems. A sustained flow of scientific and
al, rural societies and urban, metropolitan technological expertise is essential for the
areas. She addressed issues that urban areas development of local resources in developing
must consider in dealing with environmental countries.
management and vulnerability. First, the con- According to Parker, it is now common
figuration of problems in cities is very different for industry and the local community to work
from that in traditional, rural areas. Second, together. Some of the most innovative recent
since the profound changes brought by urban- emergency preparedness work in developing
ization have significantly altered the ecological countries has been sponsored by chemical
system, the traditional support system, and the companies. Communities increasingly insist on
adjustment mechanisms, alternatives for hazard being kept informed about the hazards which
reduction must be analyzed comprehensively. local industrial operations present. On the
Third, government involvement is key to other hand, workers prefer to be close to
developing workable solutions to the problems sources of employment to minimize transporta-
of vulnerability. Social, cultural, and technolog- tion costs and time spent commuting. Taken
ical patterns of group behavior play a central together these two tendencies imply a need for
role in disaster mitigation. There is a need to businesses to keep local government informed,
identify and understand people's perception of and a need for local governments to work with
risk, develop channels of communication, and industry in the event of accident.
to rely on local resources and the approach of
government.
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Increased resilience and sustainability Diego sewerage system that caused an outfall
of sewage along the coast.

Redundant systems, self-reliance, and
decentralization emerged as important issues Research
for increased resilience and sustainability.
According to Krimgold, development of urban The integration of ecological concepts in
technology (water purification and distribution; metropolitan development emerged as an
waste collection, treatment, and disposal; important topic for future research. Govern-
energy generation and distribution systems; ment intervention strategies, incentives in
transport systems for people and goods) has agricultural and industrial policies, improved
made possible ever greater concentrations of information, and communities' adjustment
population farther removed from the sources mechanisms were identified as topics that need
of their basic necessities. However, in the to be explored.
process of urbanization, vast numbers of An approach to resolving environmental
people have become totally dependent on problems should integrate the principles of
extended, nonredundant technologies for their ecology with the realities of urban-regional
immediate needs. Natural hazards, modern development. There is a need for researching
warfare, and deterioration from lack of mainte- the causes and explanations of behavior in the
nance have demonstrated the fragility of various sectors, in order to understand and
critical urban service systems. The elements of control the contributing factors.
urban infrastructure and the vulnerability of The pivotal point at which a natural
current urban technology must be examined to phenomenon becomes a natural catastrophe is
develop ways of reducing vulnerability, and when the city exceeds its ability to cope, mak-
hence improving sustainability and resource ing it vulnerable. The factors contributing to a
conservation. Sustainable settlement design city's vulnerability should be studied at various
must include the concepts local self-reliance, levels: (a) the internal processes of the city,
metropolitan food systems, and optimization of (b) the relationship of the city to its surround-
transport systems. ing environment, (c) the hierarchy and rela-

Krimgold warned of the vulnerability tionship of the city to other cities in the na-
caused by centralized systems and extended tion, and (d) the economic and political rela-
supply lines, and lost redundancy througlh tionship at the international level. The follow-
"sophistication" of design. He proposed an ing gradients of vulnerability should be used at
eco-city solution, whereby the population three different levels to define a city's vulnera-
density is managed through better urban land bility in different areas: (a) natural (from soil
use, reduced dependence on transportation, and topography to climatology), (b) material
and urban self-reliance. He stressed the nee(d base (infrastructure, services, etc.), (c) environ-
to build to accommodate rather than to resist ment (levels of contamination of air, water,
natural phenomena. Stephen Rattien highlight- and soil), (d) socioeconomics (from income
ed the fact that decentralized projects have and life expectancy to nutrition and educa-
"graceful failure," that is, if one component tion), (e) biopsychics (perception, tension, and
collapses, the entire system does not collapse. anxiety), and (f) complex (index of vulnerabili-
He suggested that decentralized small projects ty). The lack of knowledge and understanding
may be a viable strategy to consider for reduc- of the different levels of vulnerability contrib-
ing vulnerability. utes to a lack of control on the part of the

According to Lynn, backup, redundant government. For example, the government,
systems in case of disaster, such as for water realizing certain vulnerabilities, can plan better
and sewerage, are among the ways of insulat- and adopt appropriate policies for controlling
ing municipal systems from total collapse in a land use and migration.
natural disaster. As an example from a devel- According to Eibenschutz and Puente,
oped country, he cited the failure of the San because of the lack of information on periph-
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eral urbanization, little is known about how tens of millions of people and to incur un-
new types of behavior affect production and thinkable future suffering and insupportable
the functioning of the city. The internal condi- relief costs in the future.
tions of the city and urban system must be Guarnizo concluded that specific com-
considered in assessing their resistance to the munities' adjustment mechanisms should be
effects of natural phenomena, such as earth- studied. From such cases will come a better
quakes, hurricanes, floods, and landslides. The understanding of the patterns, failures, and
interdependence between city and environ- successes of coping with hazards. The experi-
ment must be analyzed at its different levels of ence of various communities and the effective-
complexity. ness of various adjustment mechanisms can

Kreimerj Munasinghe, and Preece assert- then be adapted to other vulnerable communi-
ed that distorted incentives in agricultural and ties. According to Koch-Weser, social analysis
industrial policy have contributed to or exacer- will facilitate organizational structure.
bated environmental problems in urban areas.
For example, incentives have encouraged a Challenge for the next decade
heavy concentration of industries-harmful and
otherwise-in urban areas. Distorted incentives The discussion outlined some of the
have led to large holdings and much mechani- historical trends and causes of environmental
zation in the agricultural sector and to an deterioration and increasing vulnerability to
uneven distribution of resources and growth in disaster. The discussion covered in depth the
the economy. Incentives must be set up to current characteristics and problems specific to
channel resources to the poorest groups. urban systems from a historical perspective in
Policies need to encourage efficient use of an effort to understand the dynamics of today's
natural resources, offset environmental damage rapid changes. The characteristics of cities can
by addressing prevention-related issues, in- both contribute to and reduce their risk and
crease support for research of preventive and vulnerability to disaster. The discussants exam-
mitigative options. In general, policies need to ined the cost implications of disasters and
be more targeted. analyzed some affordable mitigation options

Parker listed many long-term issues that available for developing countries.
should be addressed in upcoming case studies As mentioned in the introduction, the
on planning for degradation and vulnerability. consequences of inaction will be severe. With-
He also suggested three alternative foci for out intervention, the levels of energy consump-
such studies: tion, water consumption, garbage (solid

(a) particular environmental problems wastes), and waste waster will increase. Modifi-
and the way they evolve; cations to the landscape will continue to

(b) analysis of vulnerable populations' increase the social overhead costs and vulnera-
capacities and vulnerabilities; and/or bility of urban areas. Dependence on a single

(c) government intervention strategy technology or a major source of fuel represent
and its implications. a vulnerability because of the risk of disfunc-

Anderson noted that the increasing tion or cut-off. The social hazards of urban life
number of large cities which require initial include more stress and stress-related illnesses
expensive investments in research and develop- from crowding, crime, and pollution, which
ment of these options and technologies may contribute to social tensions among individuals
offer bright marketing opportunities in the as well as groups of people.
future. A combination of approaches is need- Since metropolitan centers are tied into
ed. Some options require sizable initial invest- international markets, prices, and policies,
ments; others are low-cost and designed to economic hazards of urban life may arise from
spread costs among many contributors. Not to a disturbance in some part of the system (such
pursue these options is to allow the continual as a rise in oil prices), which in turn wreaks
deterioration of the prospects for survival of economic havoc in other, distant, urban, manu-
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facturing, or industrial areas. Although it is mine the proper balance between economic,
often unclear just when hardship becomes a market-type incentives and command-and-
disaster, economic crises still represent a control-type incentives for each situation. We
vulnerability of urban life. need to consider the human factor. How do

Human societies have no historical or people perceive risk and how do they react?
practical experience for dealing with the new We need to understand human aspirations in
challenges to social, political, economic, and order to influence behavior to reduce vulnera-
ecological systems. In sum, rapid urbanization bility. We need to consider the role of educa-
is causing metropolitan areas of developing tion in raising literacy, training decision makers
countries to face all the disadvantages which better. We need to generate the right kinds of
increase their vulnerability to disaster and information at the community level. We should
enjoy few or none of the advantages of urban not neglect early warning systems. Investments
life which reduce their vulnerability. in infrastructure and choices of technology

Munasinghe concluded the conference by should be carefully selected. As for institution-
saying that comparing work programs and building and human resources, we need to
experience as a result of this meeting would lbe develop local and national capacities to study
useful in interpreting the conclusions. In the problems and implement solutions.
past, the consensus was that we should try to Munasinghe stressed the importance of
prevent rural to urban migration. Now, looking the UNDP-UNCHS-Bank research on disaster
at the effects of environmental degradation prevention and mitigation in large metropoli-
and efficiency of resource use, the question tan areas, with the Environment Department's
can be debated whether more urbanization is focus on the environment and natural resource
good or bad. This is not the relevant question. management complementing the efforts of
Rather, is there something we can do that will colleagues in other specialties. Plans include
make urbanization better? To be more specif- working with local teams and grounding our
ic, can we make the urban populations less work in practical case studies; several cities
vulnerable? Certain aspects of natural resource have been selected to represent different
management-the environment in particu- continents and circumstances.
lar-will help to reduce vulnerability. We need In view of the bleak prospects for sus-
an integrated framework in which to analyze taining life in large metropolises in developing
the nature of urban vulnerability and take countries, the conference examined both viable
preventive measures. In sum, we need to approaches for preventing and mitigating
identify the causes, and the social and physical potential hazards, and the costs and implica-
impacts arising from highly vulnerable urban tions for doing nothing. The question of deal-
systems. We need to identify the financial and ing with the environmental risks is when-not
social costs of disasters that could happen. if. Not to pursue these options is to allow the
After understanding the mechanisms and costs, continual deterioration of the prospects for
we can determine the priority of policy instru- survival of tens of millions of people and to
ments or technological options to apply. incur unthinkable suffering and insupportable

Munasinghe summarized a few points and relief costs in the future. Conference partici-
asked some questions that need to be an- pants emphasized the importance of a concep-
swered. On the analytical side, how can we tual framework for determining priorities in
factor in the political dimensions? What moti- future work on urban vulnerability, and the
vates decision makers? What are the con- idea that future efforts in this area should
straints in the system after decisions have been reflect the dynamic nature of the phenomenon
made? Cost-benefit analysis, with all its short- of metropolitan growth. According to
comings, is still important. We should work to Quarantelli, projecting current trends into the
make it better. Whatever the cost of taking future will help us plan for the future. If
nothing is more costly. Regarding policy op- forewarned is to be forearmed, we hope that
tions and implementation, we need to deter- we have provided some armor.
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1. Reducing Environmental Vulnerability and
Managing Disasters in Urban Areas

Alcira Kreimer, Mohan Munasinghe, and Martha Preece

introduction impact of recurrent environmental degrada-
tion, had major repercussions all over the

Throughout 5,000 years of development, world during the 1980s.
cities have fulfilled a variety of functions and The compounded phenomenon of envi-
opportunities. As centers of administration, ronmental degradation and vulnerability to
industry, business, and culture, they play a natural disasters is becoming increasingly
leading role in political, financial, economic, difficult to manage in populated areas. In
and social systems. Throughout the twentieth many instances, environmental degradation
century, and in response to government's results from inadequate economic develop-
macroeconomic decisions, cities have become ment, infrastructure and technology. During
the focus of economic organization and tech- the last decade, droughts, floods, cyclones, civil
nological change. The number and size of strife, and extreme environmental degradation
urban centers increased rapidly, particularly in have caused major population displacements
developing countries. Between 1925 and 1950, and had significant negative effects on metro-
at least 100 million people in developing politan areas. Existing strategies for preventing
countries migrated from the countryside to and/or adapting to those events may be inap-
towns and cities. During the next 25 years, propriate or obsolete. Retrofitting and reverse
another estimated 330 million migrated to engineering are expensive. TEnd-of-the-line"
urban areas. This was equivalent to almost a treatment to deal with both production and
quarter of the rural population of developing waste is less efficient than both preventive
countries in 1950 (World Bank 1984, p. 97). maintenance and pervasive concern for reduc-

During the past decade, a number of ing losses. Existing capacity to provide "quick
major events have changed the characteristics fixes' is inadequate and can be rapidly over-
of metropolitan areas in both developed and whelmed.
developing countries. On the one hand, explo- In developing countries, pervasive urban
sive urban growth and intercity and intracity environmental problems have been associated
population migration contributed to significant with skewed development patterns, inadequate
concentrations of population, industry, com- or nonexistent urban environmental policies,
mercial activities, and transport in urban areas. accelerated population growth, and widespread
On the other hand, structural innovations in poverty. Economic decline and increasing
industrial organization and development, urban concentrations of people in urban areas
particularly in developed and newly industrial- have forced a more intense use of an already
izing countries, led to shifts from heavy indus- shrinking natural resource base. Large govern-
try to urban service economies, and to rapid ment deficits, rampant open inflation, and
development in computers and communica- unsound economic policies have made it nearly
tions technology. In addition, major uncertain- impossible to promote sustainable develop-
ties, such as global climatic change, have posed ment. Millions of people have been forced to
questions concerning the management of live in areas of acute environmental degrada-
extreme events with weak or incomplete tion, which are vulnerable to disaster and
available data and potential variations in which have limited potential for growth. Poor
environmental parameters. In metropolitan farmers are being pushed onto ecologically
regions, a "flood of disasters" (Washington fragile urban land. As a result, the depletion of
Post, May 30, 1991), as well as the cumulative forests and the encroachment of population on
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erosion-prone hillsides have become common disaster prevention. See Box 1.3 for an exam-
phenomena. Issues that are of a transnational ple of an urban management project that
nature like pollution of the sea, destruction of incorporates disaster prevention and mitiga-
the ozone layer, persistent chemicals, and tion.
eutrophication compound the negative impacts
of sometimes relatively minor but recurrent Economic development and urbanization issues
events (e.g., waterlogging). in developing countries

A recent World Bank paper on urban
policies and economic development (1991) The costs of disasters
emphasizes the need to pay more attention to
reversing the deterioration of the urban envi- Vulnerability is a factor closely related to
ronment (see Box 1.1). As metropolitan areas human activities. Cities are becoming more
in vulnerable locations continue to grow, the and more susceptible to catastrophic events as
inherent risk associated with high-density concentration of population, industry, physical
environments, inappropriate technologies, and infrastructures and economic assets increase
inadequate infrastructure will be compounded. pressures on natural resources and on high-risk
However, despite worldwide awareness of the areas. Each year, millions of people in the
need to increase resilience to extreme events, world suffer from disasters, which have claimed
our understanding of the vulnerability of major high tolls in worldwide social and economic
metropolitan areas to hazards is limited, and systems. About 250,000 deaths and nearly
response by disaster-prone countries on this US$40 billion a year in physical damage are
issue has lagged behind. In recent years, the caused by hazards. But it is developing coun-
prediction of some natural disasters has im- tries that have always paid a heavier toll in
proved somewhat, making it possible to issue death and human suffering, with losses to
warnings and to evacuate threatened popula- GNP about 20 times greater than in developed
tions. Although improving the global, regional, countries (Anderson 1990). Using UNDRO's
and national capacities for long-term predic- (1976) data, Anderson estimated that 95
tion of natural disasters is a major step toward percent of deaths that are the result of disas-
mitigation of the impact of disasters, it is only ters occur among 66 percent of the world's
part of the comprehensive effort required. The population that live in the poorer countries.
most important element is having effectivo The relative impact of a natural hazard
disaster mitigation policies in place, which is a on urban areas depends on the city's size,
weak mechanism in developing countries. geographic location, population density, type
There is a clear need to raise awareness in of event, and vulnerability. Natural disasters
governments and donor agencies of the cost- have become more acute in recent decades as
effectiveness of predisaster planning an(d people have crowded into cities and because
vulnerability reduction. Consequently, addition- institutions are ill-prepared to reduce the
al efforts are required to achieve balanceld impact of and respond to disasters. In most
integration of natural hazard risks abatement cases, problems of financial inability and man-
policies and measures in development process- agement weaknesses in the cities of developing
es (see Box 1.2). countries have hampered the capacity of those

This paper explores issues of vulnerability cities to promote creative and efficient mecha-
to environmental degradation and extreme nisms to avoid the impacts of natural hazards.
events in the context of urban development, Government policies aimed at providing incen-
population growth, technological innovation, tives to prevent the concentration of popula-
labor issues, and economic policy instruments. tion in unsuitable land have in many cases
The paper emphasizes the two-way relation- been distorted by political considerations.
ship between environmental degradation and In Asia, Latin America, Africa, and
disaster-proneness, and mechanisms to link Eastern Europe, cities are overwhelmed by
sound urban environmental management and growing population and environmental degra-
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Box 1.1. Implementation of the World Bank's New Urban Agenda

Michael Cohen

Recent reviews of the international experience in urban development policy have suggested
that insufficient attention has been paid to the linkages between urban development and the
broader economy. A World Bank assessment of urban projects found that they tended to focus on
specific low-cost investment projects in housing, water, sanitation, and urban transport within a
city rather than on city-wide policies. While these projects were successful in meeting their
physical goals, their impact on city-wide problems and policy was minimal. Thus, in April 1991J
the World Bank presented a new framework and strategy for urban development in the policy
paper Urban Policy and Economic Development: An Agenda for the 1990s. This new strategy
identifies four key priorities of concern:

(a) The need to broaden the view of urban development beyond housing and residential
infrastructure to encompass the productivity of the urban economy. In particular, the
new agenda focuses on the need to alleviate constraints on productivity, such as defi-
ciencies in urban infrastructure; the rigidity of regulatory regimes imposed from both
the national and local levels; and the managerial and financial problems of municipal
institutions.

(b) The need to improve the productivity of the urban poor by increasing the demand for
labor and improving their access to basic infrastructure and social services.

(c) The need to reverse the deterioration of the urban environment.

(d) The need to expand research on urban issues to better comprehend the problems of
the city.

Significant work has already begun on the process of institutionalizing the new paradigm in
practice. Within the World Bank, urban lending will expand dramatically; the number of urban
projects requested by borrowing countries for the next five years is expected to equal the total
number completed in the last 20 years. The design of these projects will reflect a greater inte-
gration with research and policy analysis incorporating the new understanding of urban issues.
Work is also being conducted in coordination with country governments, both national and local,
and other development institutions such as the United Nations Centre for Human Settlements
(UNCHS or Habitat) and the United Nations Children's Fund (UNICEF) to explore the project
and policy implications of the new paradigm.

Productivity and Poverty

Research. New emphasis on the productivity of the city and its impact on urban poverty is
reflected in the World Bank's research agenda, with an emphasis on two basic issues: (a) the
recognition that the problem of poverty is ultimately a problem of low incomes resulting from low
productivity; (b) the recognition that poor regulatory environments and poor municipal manage-
ment tend to increase the costs of urban services such as housing, water, and sanitation, thereby
both decreasing the productivity of low-income households and increasing their costs. Research is
being conducted on deficiencies and reliability of infrastructure, the performance of housing and
land markets, the impact of regulatory environments on the behavior of markets, the management
and financing of municipal institutions, and the relationship between the city and the broader
economy. The impact of these factors on urban poverty through the access to urban services and
the affordability of housing and land as well as the nature of urban social policy in the context of
macroeconomicadjustment is also being explored. (continued)
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Box 1.2. The Urban Industry auster in the Eironment Department

' The World Bank

There has been almost a symbiotic relationship between the relentless growth of urban areas
:and of industrial concentration. This relationship has already reached a massive scale in cities such
as Mexico City, Sao Paulo, Jakarta, Calcutta, Beijing, Krakow, and Copsa Mica, and will evidently:
continue. According to estimates for the year 2020, more than 4 billion people will live concen-
trated on less than:2 million square miles. The urban-industry cluster is focusing on two particular
environmental effects arising from this phenomenon: (a) greater vulnerability to natural hazards:
:and (b) pollution of water and air. There is,: of course, a two-way link between the issues being
considered by this. cluster and groups of issues being dealt with in other clusters- notably global :
warming, which is aggravated by hydrocarbons emissions, and which in turn aggravates such
phenomena as floods, cyclones, droughts, and rising sea level.

The cluster is also pursuing the notion that community participation in dealing with these
effects is crucial. Urban-environmental issues are pervasive and affect large numbers of peo-
ple-especially' the poorest members of society who live in the least desirable urban areas because
of the vulnerability of these areas to. natural disasters and exposure to pollution. The community
has to find'its own, site-specific solutions and has to identify with the policies being adopted and
pursued.

In many instances,:environmental degradation results from inadequate economic develop-
ment, a weak institutional base, and a deficient infrastructure and technology. The general objec-:
tive of cluster activities is to help reduce environmental degradation in the context of urban-
industrial development. The specific objectives of cluster activities are to (a) develop policy instru-

' ments for sound environmental management, (b) identify the most appropriate mechanisms for.
-. policy implementation, and (c) strengthen Bank operations to ensure the upstream integration of

adequate:environmental management concerns.

Cluster. activities include (a) work on natural hazards and risk management, emphasizing the
- two-way relationship between natural hazards and environmental degradation, (b) urban and

industrial pollution, finding practical ways of involving the community in environmental manage-
ment, including the design of strategies for pollution abatement, and (c) assessment of policy
instruments for. pollution control, including subsidies, exchange rate policy, and pricing policy.
Special emphasis is being placed on' identifying methodologies and illustrative cases that could be
used in a variety of urban centers and in the Bank's country strategy, sectoral work, and opera-
tions. The work in this cluster- is complementary to efforts being undertaken in other operations
policy departments (i.e., industry and energy, infrastructure, and population and human resourc-
es).

dation, two factors that make them increasing- and size. As Jones discusses in his contribution
ly vulnerable to disasters. The problems of to this volume, by the year 2000, more than
industrial emissions, traffic congestion, vehicle two thirds of the 30 largest cities in the world
exhaust, contamination, and solid waste are in are expected to be in developing countries
many cases compounded by a high proneness where a significant number of high-risk metro-
to natural hazards (e.g., Addis Ababa, Algiers, politan areas will have a population of over 10
Antananarivo, Bangkok, Beijing, Caracas, million. As large cities in vulnerable locations
Dhaka, Jakarta, Khartoum, Mexico City, Rio continue to grow, the inherent risk associated
de Janeiro, and Santiago). Overall, the world's with high-density environments, inappropriate
megacities are growing rapidly in both number
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technologies and inadequate infrastructure will grew from 51 percent to 68 percent. It is
be compounded. expected to reach more than 24 million by the

Underlying trends indicate that since the year 2000. Similarly, greater Sao Paulo, the
mid-1970s, world population growth has been largest metropolitan area of Brazil, is estimat-
virtually constant at just over 1.7 percent ed to grow to 24 million by the same year
annually (World Resources Institute 1990). By (World Resources Institute 1990). Between
2025, the world's population is expected to 1970 and 1980, Sao Paulo grew at a rate of 4.4
reach about 8.5 billion. Much of this growth percent per year, and by 1980, it had a popula-
will be in developing countries which in 1990 tion of 12 million. In 1970, the city accounted
held 77 percent of the world's total population for 43 percent of value-added for all Brazilian
with an increasing concentration of people in iron, steel, and fabricated metals, 71 percent of
urban centers. According to the World Bank transport equipment and 35 percent of chemi-
(1984), since 1950 the world's urban popula- cals (Henderson 1987). The development of
tion has grown from under 300 million to 1.3 megacities in Latin America and the concen-
billion, with an annual growth rate of 4 per- tration of economic resources are components
cent, or an additional 45-50 million people of one and the same phenomenon: capital
each year. Nearly nine tenths of this expansion investment and changes in technology and
is explained by the annual urban growth rate productivity which explain the comparative
in developing countries, which is more than advantage developed in the urban sector. But
triple that of the industrial world (Salas 1986). rapid urbanization has created complex man-

The urbanization patterns of various agement and policy problems. As a result, both
regions of the developing world, however, Mexico City and Sao Paulo are among the
differ significantly. For instance, between 1960 urban areas now facing a severe and deepen-
and 1990, 94 percent of the total population ing environmental crisis. In addition to explo-
growth in Latin America took place in urban sive population growth, both share problems
areas. By comparison, urban growth in Asia derived from modalities of industrial develop-
and Africa has been slow. But these two ment, commercialization and transportation.
regions are currently urbanizing faster than Moreover, the cities' hazardous geographic
Latin America (United Nations 1988). characteristics compounded with unsound

The entire Latin American region, with development policies have intensified the
a population of 230 million in 1990, is expect- exposure of lives and property to natural
ed to be 85 percent urbanized by 2025 crises.
(CEPAL 1991). The most significant trend in In Africa, where just 31 percent of its
the region's recent urbanization process has 646 million people live in cities, urbanization
been the increasing share of people living in is accelerating as millions of Africans fleeing
megacities, where industrial production and drought, famine, environmental degradation,
trade are concentrated. Rapid urbanization has rural poverty, and civil wars migrate to cities-it
created complex management and policy is estimated that currently about 23 million
problems, broadened environmental crises and people are seriously affected by a combination
raised the potential for catastrophe in high- of drought and armed conflict in 11 African
hazard areas. The nations with the most rapid countries. The displaced population has mostly
growth in manufacturing output between 1960 settled in urban centers. By 2020, there will
and 1970-Mexico, Colombia, and Brazil-regis- probably be 30 African cities with more than
tered the largest increases in their levels of one million inhabitants and several others are
urbanization (World Resources Institute 1990). expected to exceed 10 million (McNamara
In 1983, an estimated 52 percent of Mexico's 1991). The extraordinary pressure of this
industrial production was concentrated in demographic surge will certainly surpass the
Mexico City, as was 22 percent of the coun- present capacity of cities to provide even the
try's total population. Between 1960 and 1982, most basic infrastructure and services and will
the urban share of total population in Mexico exacerbate disaster proneness. For example,
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flooding has become a major problem in the uncontrolled, high-risk developments. The
Accra (Ghana) metropolitan area where some problems are exacerbated by inadequate plan-
development projects have failed to fully ning and failed land use and housing policies
consider the city's vulnerability to natural of government agencies.
hazards. The general low lying nature of much In Eastern Europe and the Soviet Union,
of the city compounded with the lack of ade- recent political events including mass migra-
quate drainage systems and unplanned devel- tions from East to West, the economic unifica-
opment of built areas along water courses tion of Germany and progress toward econom-
results in severe flooding during the rainy ic unity in the European Community, are likely
season. Further, water courses and channels to affect the demographic future of these
have silted over due to the widespread dump.- regions in ways that are still unpredictable
ing of solid waste which has grown at an (Stephens et al. 1990, pp. xvii and xxxv). In the
alarming rate. Thus, nearly all streams have past two decades countries in Eastern Europe
lost their capacity to provide natural drainage have experienced economic crises and radical
to an ever growing urban population. The political changes which have affected the
failure to integrate risk and hazard manage-- pattern and trends of population distribution
ment into development planning perpetuates and growth. During 1960-80 these countries
the cycle of environmental degradation and underwent a more rapid urbanization-more
disaster vulnerability. Currently, Bank financed than twice the rate of the industrial countries
efforts are addressing the vulnerability to in the West. The extent of environmental
floods in Cotonou, Benin (see case study in degradation in highly populated areas of
this volume). Eastern Europe has been documented by

In Asia, recent estimates show a contin- Sebastian, Arterton, and Enache (1990). Ac-
ued expansion of cities. In the past 15 years, cording to these authors, development policies
the urban population has increased from 22 to favoring heavy, resource-intensive industry and
41 percent of the continent's 3.1 billion. By a substantial development of the fuel and
2025 Asia's urban population is expected to energy sector have generated some of the
rise to nearly 2.6 billion people-dust over 5C0 most serious environmental problems in the
percent of the world's total (World Resources, vicinity of traditional urban areas. In Poland,
Institute 1990). Indian cities grow by 600,000 for instance, overindustrialization in the fer-
people each month. Large cities such as Bom- rous and nonferrous metallurgy and overex-
bay, Calcutta, Delhi, and Madras are still ploitation of coal resources, compounded by
growing, and rural migration to smaller metro- congested urban development and obsolete
politan areas is rising (Brown and Jacobson infrastructure have had a major ecological
1987). Quite frequently, this trend toward impact on the southern regions. The continu-
urbanization is accompanied by a relentless ous growth of industry based on inefficient
growth of low-income squatters and slums. In production technologies has created what
some areas, densities may be as high as Wilczynsky (1990) describes as an 'ecological
100,000 persons per sq km (Morocco) and barrier" which has curtailed the ability of
150,000 persons per sq km (India). In many ecosystems to absorb and recycle the waste
cases up to 30 different families may occupy a products of economic activities. In the Soviet
single home. These people generally live in Union, for example, the nickel smelter on the
substandard subdivisions outside the adminis- Kola Peninsula is believed to be responsible
trative boundaries of municipal organizations, for serious health effects on 90 percent of the
occupying unserviced lands-public and pri- people living in the town of Nikel. According
vate-located in the least desirable and more to local health specialists' estimates, most
vulnerable parts of cities. High costs of suit- patients suffer from severe damage to both the
able alternative locations compounded with nervous system and the respiratory system.
unaffordable per capita costs of new infrastruc- Life expectancy in the peninsula is approxi-
ture and services are the main causes of these mately 42 years (Rich 1991). In several coun-
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tries, inadequate resource extraction and that has been exacerbated by clogged channels
inefficient processing technologies account for and poorly maintained piping subject to devas-
the large quantities of raw sewage and indus- tating dust storms in the dry season. This
trial waste that are dumped annually into unwise use of land seems to have affected
rivers and water sources. Given the strong increased risk factors in earthquake-related
linkages between disaster vulnerability and hazards. Likewise, in Lagos and Manila, filling
urban-environmental stress it is obvious that some swamp and coastal lands for construction
the conditions and development patterns of resulted in blocking the waters of an extensive
most Eastern European cities could trigger river system. As a consequence, large urban-
irreparable disasters or amplify the adverse ized areas in both cities are now periodically
impact of potential hazardous events. Econom- flooded. Metropolitan Manila lies in a flood-
ic and political reforms will need to address prone area located in the coastal margin of the
the future pattern of environmental degrada- Manila Bay between two large bodies of water,
tion and urbanization in these countries. Manila Bay and Laguna de Bay Lakes. Rapid

and uncontrolled urban development and a
The ecological transformation of urban areas population of about 7.35 million-which is

expected to exceed 10 million by the year
In most developing countries, the rapid 2020-4ias encouraged squatter encroachment

rate of urbanization has not been accompanied on waterways. In conjunction with this pattern
by a corresponding increase in the level of of urbanization, built-up areas have sprawled
economic growth. Increasing demands have over farmlands, forests, and grasslands with the
intensified conflicts over land use among consequent increase of water-impermeable
sectors and threatened to exhaust or degrade areas (Lee 1985). In addition to floods, envi-
soil, forests, water, air, and climate. Stringent ronmental degradation resulting from human
fiscal and financial conditions compound the intervention has increased the vulnerability _z
problem as governments are forced to cut back risks posed by natural hazards. For example,
on expenditures in basic infrastructure and shortage of appropriate drainage systems and
services. Moreover, as Bahl and Linn (1987) poor or nonexistent maintenance of facilities
explain, increased local government expenses compounded with squatter encroachment on
also result from the locational options of poor the waterways, indiscriminate disposal of solid
migrants which often squat on or purchase at waste on the roads, rivers and channels, and
cheap prices unsuitable land that is difficult to lack of understanding among decision makers
service owing to topography (unstable hill concerning the merits of planning and pre-
slopes, flood plains, swamps and coastal areas). paredness measures have exacerbated the city's

Cities have been unable to absorb the vulnerability to floods (UN 1990a). Further-
increasing pressures posed by poor people and more, groundwater demand has grown so
squatter settlements in highly vulnerable areas. rapidly that for the last thirty years natural
Eloquent examples of the devastating conse- recharge was far exceeded leading to problems
quences of environmental management are of land subsidence-which has been estimated
Jakarta, Lagos, Manila, and Mexico City. to be some 36 mm in the south harbor of the
Between 1940 and 1990, the Mexico City's city-and salinization (Munasinghe 1990).
area grew almost tenfold-from 130 to 1,250 sq Jakarta also illustrates the phenomenon
km (Harris and Puente 1990). This process of of rapid environmental degradation. In that
dispersal has implied considerable service city, rapid population expansion is seriouslyl
deficits and illegal occupation, placing the threatening the availability and quality of
urban population at danger from the potential groundwater resources. The unconstrained use
impact of natural disasters. Poorer families of wells to provide drinking water has caused
have settled on dried lake beds which, because salinization of the aquifer in the northern part
of insufficient drainage have become flood- of the city, and land subsidence has occurred
prone areas during the rainy season, a problem in the coastal area (UN 1990). Moreover,
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uncontrolled development in the south, corn- stormwater in steep terrains. An increasing
bined with deforestation and dumping of solid demand for urban shelter and services is
and liquid wastes into rivers and canals that placing further stress on aging buildings and
drain the city, have led to increased runoff and infrastructure, exacerbating their vulnerability
heavy flooding in the north, where most of the to breakdowns and potential catastrophic
city's poor live (Lee 1985). Illegal squatters events. Brown and Jacobson (1987) report on
have spread in the low-lying, flood-prone areas the vulnerability of Jakarta and Manila resi-
and along channels and coastal zones, resulting dents to epidemic outbursts and endemic
in the contamination of rivers and water sourc- diseases. In Jakarta, for example, less than 25
es. Large amounts of uncollected garbagre percent of the population's needs can be met
exacerbates the problems of flooding. Inade- by the current water supply system. Further-
quate and poorly maintained drainage systems more, many wells have been deteriorated by
results in drains clogged with debris, and water sewage contamination and saltwater intrusion.
weeds that proliferate in rivers and floodways The conditions for Manila residents are simi-
polluted by domestic wastes and chemicals. In lar. In a city of about 9 million, only 11 per-
addition, deforestation in the upstream hilly cent of the population is served by sewers.
areas has contributed to siltation problems in Road gutters, open ditches, and canals are
rivers and canals that provide natural drainage conduits for raw sewage.
to the metropolitan region. The urban growth pattern of the twenti-

The dramatic deterioration of economic eth century has failed to control the ways in
and social conditions of developing countries, which the environment is altered by human
has heightened the impact of natural hazards settlements. The continuous increase of energy
in populated areas of Latin America, Africa demand to meet urban needs has largely
and Asia. Lack of clean water in the poorest contributed to the degradation of natural
areas is threatening the health of low-incorme ecosystems, hazards and accidents, particularly
families. Water receives little or no purifica- in countries lacking environmental manage-
tion; thus it contains dangerous levels of toxic ment and energy strategies aimed at efficient
wastes, viruses, and bacteria. Contamination of resource use. Since the oil price hikes of the
water sources used for drinking and cooking early 1970s, developing countries have turned
has become widespread. In 1991, a cholera to renewable energy sources such as hydro-
epidemic affected more than 50,000 people i'n power, wood and geothermal energy. The
Peru. The first major outbreak appeared in the environmental impact of large-scale water
coastal city of Chimbote, north of Lima, quick'- works has become one of the most controver-
ly expanding in other port cities and in Lima, sial issues in several countries as hydro power
where more than 2 million people live i[n is increasingly seen as an effective way to
shantytowns that have no running water or accelerate the transition to renewable energy
sewage treatment facilities (Robinson 1991). Tn (Goodland, Juras, and Pachauri 1991). Despite
Sao Paulo, Brazil, water pollution has reached some major side benefits of hydropower pro-
alarming proportions. Recent studies have jects-such as providing cities with a clean
demonstrated the danger of stormwater runoff energy supply-their potential adverse impact
from cities and towns. Residues, such as street in terms of increasing disaster risks cannot be
refuse, garbage, asbestos, oil, and fuels, can be ignored. In some cases, irreversible loss of
washed into surface and groundwater sources, native forests have resulted from the construc-
becoming a major cause of freshwater polliu- tion of hydro reservoirs. Deforestation along
tion. Inadequate maintenance of drainage the perimeter of reservoirs have been known
networks, severely blocked by silt and uncol- to cause serious sedimentation problems in
lected solid wastes, can further compound the dams built around steep banks. Slope instabili-
problem. The situation becomes particularly ty can have disastrous consequences in land-
dangerous when natural phenomena and slide-prone areas where overtopping and
topography combine to create high volumes of failure of reservoirs might trigger downstream
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flash floods and massive avalanches affecting environmental impact of urban/industrial
densely populated areas. Moreover, the poten- civilization is the large-scale transfer of carbon
tial for dam-induced seismicity increases with dioxide (CO2), methane (CH4) and chloro-
natural stresses. Risk assessment concerning fluorocarbons (CFCs) into the atmosphere.
the location of hydropower projects in relation According to Norberg-Bohm (1991), human
to hazardous geographic areas and the vulner- activities in residential and commercial build-
ability of urban centers exposed to such haz- ings are among the largest contributors of
ards are essential development tools. greenhouse gas emissions, mostly C02 from

In addition to the potential adverse fuel combustion, for heating, cooling and
effects of growing energy demand cities have lighting. Currently, energy use in buildings
been subjected to many types of hazardous accounts for about 30 percent of all anthropo-
risks derived from poisonous waste as an end genic C02 emissions which depend on both
product. As one of the main generators of the energy source and the efficiency of energy
solid waste, industries in developing countries use (coal and fossil fuels are among the critical
dump their refuse in nearby rivers, open elements that determine current C02 emis-
grounds, or even in the streets. Uncollected sions). While industrialized nations are cur-
wastes accumulate, clogging drainage and rently the main contributors to all C02 dis-
contaminating water sources. In some cases, as charges, the share of developing countries has
a result of the combination of flawed impact- been growing, and it is expected to continue,
and-control measures for industrial location, particularly in urban areas (Sathaye, Ghirardi,
design, and operation, high-risk facilities-such and Schipper 1987). The view that increases in
as the petrochemical complex in Cubatao, energy retention by the earth due to green-
Brazil, the liquefied natural gas facility in house gases, and consequent global warming,
Mexico City, and the pesticides factory in would result in major environmental and social
Bhopal, India-4ocate in highly populated disruptions-including a great increase in the
areas. The accidents in Mexico City and number and severity of natural disasters-is
Bhopal indicate that there are gaps in regula- becoming more accepted by the scientific
tory structures and sitting decisions for pre- community. Among the most devastating
venting industrial accidents. Concomitantly, effects that may occur are flooding of densely
lack of appropriate and environmentally safe populated areas, increases in the severity and
production processes has increased the risk of frequency of tropical storms, sea surges, a rise
industrial hazards. The dissemination of tech- in sea level, and coastal line regression.
nological adaptation and innovation at the Urban populations are also threatened by
levels of overall sectors and firms encounter in obsolete technologies (e.g., Eastern Europe),
many cases financial difficulties. In most devel- as well as by the unexpected consequences of
oping countries, access by both public and hazardous waste. Energy conservation and fuel
private enterprises to environmentally ade- switching can help preventing the potential
quate information and technological alterna- perilous consequences of increased greenhouse
tives is still limited. Efforts to promote the gasses. Global and regional efforts need to be
dissemination of clean technologies are lagging mobilized to support appropriate technology
behind. transfer, training and coordinated policy op-

Urban pollutants are not confined to city tions. For example, reducing C02 emissions
limits. As Faiz (1991) points out, airborne from the building stock is a multifaceted
pollutants, such as sulphur and nitrogen oxides, problem that requires overcoming a variety of
contribute to acid rain, which can destroy barriers to investment in energy conservation
forests and eat slowly through buildings and and technology transfer (Norberg-Bohm 1991).
infrastructure. Some of these pollutants have This policy shift implies the use of a combina-
become important if not the main contributors tion of mechanisms, ranging from end-use
to greenhouse gases that are changing the taxes, as well as building codes and consumer
earth's chemistry. One of the most significant information and marketing. The integration of
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technical knowledge in decision making is a depends more on reliable communications,
key issue. According to Williams (1991), Ithe speedy and reliable delivery, high-quality
technical character of many contemporary production, and on the ability to expand the
public questions leads to the thought that range of products and services to fit customers'
nonexpert decision makers might with advan- changing needs than on lower production
tage aim to acquire and enhanced technical costs. Many countries, particularly in Africa
mindedness, a feel for technical questioins and Latin America, have not been able to
similar to what they would claim for non- integrate these industrial changes into their
technical ones." development strategies. Thus, in Dahlman's

words there is an I ... increasing polarization
Urbanization, technology, the labor market, between LDC's that can successfully adjust
and regional disparities those technical changes and those that can-

notw (1989).
In the last decade, new technologies and Regional and technological disparities

communications systems have promoted the have increased with new approaches in indus-
internationalization of production and distribu- trial development in recent years. A substantial
tion. New transportation modes and communi- structural change has occurred, particularly in
cations technologies now make possible the the industrial manufacturing sector with (a) a
spatial spread of productive activities that tradeoff between industry and services; and (b)
needed to be located in spatial clusters in the an accelerated rate of innovation in microelec-
past. Some countries-the newly industrializing tronics, biotechnology and new materials
countries (NICs)-have shown an increased (Dahlman 1989). The structural change is
capacity to absorb technological innovation, mostly based on a broader applicability of new
utilize new communications systems, integrate technologies, such as electronics and communi-
new concepts in products and processes and cations, and a reduction in the life cycle of
adapt to new performance and quality stan- technological processes and of products. The
dards. Other countries, developing countries, new technologies include new electronics-
have remained at the periphery of those devel- based technologies for computer-aided design
opments. According to Dahlman (1989), the (CAD), numerically controlled machine tools,
new technological development in the industri- industrial robots, computer-aided manufactur-
al sector tends to work against developiiig ing, and automated order and distribution
countries whose most abundant resource is systems. Dahlman points out that these inno-
cheap unskilled labor which will account for 95 vations permit a short period of time between
percent of labor force growth in the next two new product design and production, rapid
decades, as compared with less than 15 percent response, and flexibility in relation to the
of capital investments. Hence, harnessing labor specifications of different customers. He de-
markets to provide employment, not for a very scribes the resulting trend as a movement
small fraction of workers at very high wages, toward product diversification, more competi-
but for a much larger number of workers in tion in design, distribution, and service, in
labor-intensive industries is-in Summer's addition to actual production activities. Re-
words-a major challenge for the next years. gional disparities have increased with techno-
Since human capital is the principal asset of logical innovation. Industries based on high
the poor, raising its return has to be a central technologies tend to locate in those metropoli-
investment priority (Summers 1991, p. 6i). tan areas in which infrastructure and services
Consequently, prevalent industrialized trends available to support them are accessible. The
that privilege technology development and existence of a pool of skilled labor is another
production quality raise important issues factor in promoting the location of high tech-
concerning the abundant supply of unskilled nology industries.
labor in many developing countries. Currently Eastern Europe illustrates regional dis-
the competitive advantage in many sectors parities in technological development which
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reflects on environmental degradation. Most of location, and weak design and building tech-
Eastern European plants are not only severe niques were also among the critical issues in
polluters but are obsolete and unable to com- the Armenia earthquake. In Spitak and
pete in world markets (Alonso 1991). Al- Leninakan, located at about 50 km from the
though lack of industrial competitiveness is epicenter, tall buildings of about nine stories
due to political, economic and organizational built with prefabricated concrete had a high
factors, the impact of an inadequate physical rate of collapse (Kreimer 1991). 'Of more
plant is not trivial. In environmental terms, than 50 frame buildings with precast compo-
inefficient building stocks have a long life with nents attached to column and beam construc-
subsequently long-lasting environmental im- tion, less than a dozen remained standing and
pacts. As Jones explains in his paper in this even these were heavily damaged." (Kerr
volume, 'the built environment is the accumu- 1991). Contrary to what it could be expected,
lation of social overhead capital over time ... modern buildings performed worse than older
it is durable and can last for extraordinary ones. As Krimgold (1991) notes, 'the level of
periods of time.' Environmental impacts damage was almost inversely related to age';
brought about by an inappropriate building the new, high-rise, engineered structures
stock may be due among other factors, to tended to collapse while low-rise, unreinforced
energy inefficiency and to failures in design buildings were virtually unaffected.
and construction. Concerning energy, in the Consideration of the environmental
United States, the "building sector" accounts impact of an inappropriate building stock,
for 36 percent of primary energy use and 34 infrastructure and services are key issues in
percent of C02 emissions (Norberg-Bohm future investments by the Bank to manage risk
1991). Data on energy-efficient construction and to address the need to reduce environ-
indicate that new commercial buildings can mental degradation (see Box 1.4). Risk man-
achieve energy savings of about one-half the agement is among other factors, a function of
average energy used by existing buildings good location decisions and engineering prac-
without increases in initial costs. tice, which include risk assessment, regulation,

Pertaining to design and construction, and communication.
costly but avoidable losses from natural haz-
ards due to an inappropriate building stock are The impact of policies
commonplace. In the specific case of earth- on urban-environmental degradation
quakes, the damages sustained in Mexico
(1975) and Armenia (1989) indicate that The role of national economic policies in
building technology was a significant contribu- determining the pattern of resource utilization
tor to vulnerability. In Mexico, for instance, and urbanization cannot be ignored. It is the
significant damage was suffered by high-rise development policies of governments and their
buildings due to (a) design and construction regulation of economic activities which have a
based on codes formulated on dynamic charac- decisive influence on the effectiveness with
teristics of ground motions that were substan- which human and natural resources are allo-
tially exceeded during the earthquake; (b) cated and on the patterns of urban growth and
poor behavior of reinforced concrete struc- management. Most urban-environmental
tures with a dramatic pancaking of floor slabs; problems in developing countries have been
and (c) change in building occupancy that lead the result of inappropriate trade policies,
to the vertical overloading of structures and an credit allocations, public investment and subsi-
increase in the reactive mass to lateral acceler- dies which tend to intensify conflicts between
ations. Centralization of facilities was also a spatial and human settlement planning and
main factor in social services losses in Mexico. sound environmental management. In many
The earthquake caused disproportionately cases, protectionist policies tend to drive out
heavy damage to the health care facilities the output of agriculture and nontradeables
concentrated in the capital city center. Poor and to stimulate the output of manufacturing
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Box 1.4. Res ults of OECD Workshop on Emergency Preparedness and Response
and on Reach in Accident Prevention Preparedness, and Response

Organisation for Economic Co-operation and Development

In 1988, the Environment Committee of the Organisation for Economic Co-operation
*and Development (OECD) began a projecl. to improve the prevention of, and response to,
accidents involving hazardous substances. Monograph no. 31 comprises the conclusions from
the discussions at the workshop held in Boston in May 1990.

The planning process for' developing an emergency preparedness plan provides the basis
* for..a successful emergency response by examining (a) a range of accident scenarios, (b) the
* possible implications of such accidents; (c) the:response needs; and (d) existing capabilities. In
addition to responsible government officials, the groups who will be called on in an emergency
000000misi take part in the planning process. Among the many such groups are people from civl 

* defense agencies, fire departments, schools, and hospitals.

*0 0 Following are some important components of an emergency preparedness plan:

* training of all emergency respojnse personnel to ensure a continuous state of
readiness for a variety of emergencies.

* 0 testing of the plan to reveal its limitations and problems beforehand when they can
still be corrected.

* public knowledge of the plan sc) that they know what to do during anemergency,
where to find further information, and how to evacuate; most fatalities and injuries
occur because residents take inappropriate actions to protect themselves and others.

* identification of enterprises which use, transport, or store*potentially hazardous
chemicals.

* special training to enable responders to assess and act on each situation quickly
since there is no time to undertake a major analysis.

* appropriate human health protection if a toxic substance is released, i.e., decision
whether to shelter in place or evacuate.

* * involvement of media to provide crucial information to the public and to help avoid
confusion in the community.

* decontamination and clean-up, regulatory investigation and long-term effects
assessment and monitoring.

* documentation of actions and decisions taken during emergency response in order
to evaluate responses and improve them for the:future.

Research on accident prevention, preparedness, and response is invaluable if it has
practical objectives and considers the "users." Widely applicable results must be disseminated
in easily understood language. Better methods are needed for informing workers and subcon-
tractors of effective accident prevention and response measures.

industry. Moreover, tariffs and industrial energy resources, often biased in the manufac-
incentives have a differentiating effect on the turing sector have reinforced the system of
location of economic activities accentuating incentives for urban concentration. Unbal-
the concentration of people in major urban anced productivity developments favoring
regions. In addition, government regulation of modern sectors and distorted fiscal and mone-
economic activities such as the pricing of tary policies fostered accumulation in the
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urban modern sectors at the expense of agri- my by reducing investment, promoting capital
culture and encouraged rural migration to flight, and leaving workers worse off, but also
cities. affected the countries' ability to respond to

In many resource-poor regions, govern- social needs. The pattern of social expenditure
ment policies have had the perverse impact of became even more regressive in many develop-
encouraging a rapid and extensive resource ing countries, with fewer social services and
degradation by either artificially increasing the safety nets available for the urban poor. As a
profitability of or failing to tax adequately result, the demand for services within the cities
environmentally harmful activities. These quickly outweighed the capacity of govern-
phenomena have resulted in increased pres- ments to provide them. Most recent estimates
sures on both natural resources and the urban indicate that 23 percent of urban residents in
environment, which in turn have disturbed the developing countries have no potable water
balance within ecosystems, exacerbating their within 200 meters; the figure rises to 35 per-
vulnerability, and increasing.the risks associat- cent in Sub-Saharan Africa (World Bank
ed with natural hazards. 1990). Traffic congestion is spreading, and

Economic policies that favor modern escalating transport costs have reduced pro-
urban activities have been a powerful influence ductivity. Housing shortages are common in
in the distribution of population. Technological many cities. Spending does not always reach
change in agriculture and the accompanying the poor, who are forced to buy services
increase in productivity fostered out-migration usually water from private vendors at rates
of workers from traditional employment in from 4 to 100 times higher than those paid by
rural areas to modern urban activities. Domes- the better-off groups, who have access to
tic price distortions compounded with skewed piped water (World Bank 1988, p. 145). At the
credits and biases within the agricultural sector same time, basic services are neglected, and
have been a key determinant of rapid immigra- only a small portion of the urban population
tion and city growth. As national populations usually benefits from the cities' financial re-
have increased and severe distortions in prod- sources.
uct and labor markets have persisted, rural It can be argued whether macroeconomic
people have tended to migrate to cities in conditions are solely to blame for environmen-
search of employment and economic advance- tal degradation and increasing physical, social
ment. and economic risks in the cities of the devel-

The massive growth of cities in low- oping world. Current trends indicate that
income countries has not been accompanied by developing nations need to promote sustain-
a more efficient and effective pattern of urban able development through greater reliance on
and economic growth. Until the end of the market forces as well as through redirecting
1970s, gross domestic product (GDP) growth government incentives. In cases where disas-
in developing countries remained ters are prone to occur, failure to implement
strong-averaging 6.5 percent a year between policies directed at reducing the potential
1965 and 1973. After 1980, however, due in environmental impacts of macroeconomic
part to unforeseen changes in the world econ- disequilibria may increase the impact of natu-
omy (weak external demand, declining terms ral disasters both in human and economic
of trade, a diminishing supply of external terms. An integrated approach to enhance
finance, and increasing instability of interest environmental safety must address the cost-
rates), and to macroeconomic unreliability effectiveness of the provision of social services.
(distorted and inflexible markets, large fiscal Policies concerned with reducing hazard vul-
deficits, and high inflation) growth rates nerability may themselves provide a means for
plunged from an average of 5.4 percent a year sustainable development. They must show how
during 1973-80 to 3.9 percent for 1980-87 disaster prevention and mitigation is cost
(World Bank 1988, p. 23). These changes not beneficial to urban as well as to national
only had a direct adverse effect on the econo- economies.
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Cost-benefit calculations must incorpo- many developing countries are unable to
rate prevention and mitigation concerns in afford high environmental standards. Means
construction techniques, location decisions, the are required to create a setting for private
potential of certain projects to serve special sector innovation and initiative in the pursuit
emergency functions in times of disaster or of environmental quality and in the prevention
disaster threat, the need to maintain disaster and mitigation of negative consequences from
resource reserves, and other disaster vulnera- natural hazards. Sound economic management
bility factors not normally considered in such must be considered the one vital element of an
estimations. integrated approach to long-term commitment

for natural disaster reduction in urban areas.
Managing the urban environment Recent studies have demonstrated that

the dimension and characteristics of environ-
The role and functions of the public sector mental degradation and the vulnerability of

cities to natural disasters are the foremost
This section is concerned with the effi- result of allocative inefficiency and uneven

cient functioning of private and public sectors distribution of resources and growth (Mills
in developing countries. The main emphasis is 1991; Harris and Puente 1990; OAS 1990;
on identifying the responsibilities of govern- Kreimer 1989). Thus, there is a need for the
ments in creating the conditions that are more adoption of targeted policies that increase
closely related to people's interests and that market efficiency and private sector participa-
would help cities to function in more produc- tion focusing on economic instruments for
tive and environmentally safe circumstances. urban environmental management and hazard

Disaster severity impact and government prevention and mitigation. Economic incen-
effectiveness in environmental and risk man- tives, which operate through market mecha-
agement are closely linked. Vulnerability is not nisms along with cost-effective regulatory
only related to geophysical phenomena, but instruments, provide ways for achieving major
also to socioeconomic variables such as popu- improvements in the patterns of resource use
lation density, industrialization, technological and environmental protection. (For a detailed
change, and institutional development. The analysis of these mechanisms, see Tietenberg
poorest countries are confronted with scarce (1990) and Stavins (1990)). By channeling
resources, which often force governments to market mechanisms into environmental pro-
make difficult choices in their response to grams, economic incentive mechanisms can
environmental crises. Effective mitigation create a setting for private sector innovation
measures are needed on a wide variety of and initiative while strengthening the financial
problems which arise in conjunction with the capacity of local institutions. For instance,
progress of urbanization and environmental changing the citywide regulatory framework
degradation. In the short run, low-income governing markets for land use and housing in
countries face difficult tradeoffs between urban areas could meet two central objectives,
stimulating urban economic growth and reduc- namely to improve the efficiency of resource
ing environmental degradation. They are use and to increase government revenues to
severely constrained in their ability to act help finance hazard mitigation and emergency
because of limited financial and human re- preparedness planning. Emphasis should be
sources. As a result, failure to enforce existing placed on establishing conditions under which
regulations and policies is a common phenorn- consumers and producers take full responsibili-
enon. ty for the environmental effects of their activi-

The reduction of hazard-related losses ties. In other words, governments must ensure
may partly depend on government efficiency in that the different actors in the economy bear
promoting and implementing effective legisla- the true costs of their decisions (Stavins 1990).
tion and enforcement. However, regulatory
mechanisms are not always cost-effective, and
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Policy and research considerations: dissemina- oping countries to disseminate research find-
tion and training ings and to foster application of disaster reduc-

tion techniques. At the same time, government
The need to understand and define policies should encourage and ensure access to

natural disasters and environmental degrada- technology, information and efficient invest-
tion sources is critical to the design of preven- ment in education while providing incentives
tion and mitigation measures. Governments for private sector involvement in the develop-
need to review and assess policy options, as ment of and application of new technologies.
well as the costs and effectiveness of actions to Of particular interest is the transfer of preven-
prevent environmental degradation and reduce tive and mitigative technology from industrial-
vulnerability to extreme events. Policies should ized countries and sharing experiences hori-
be designed and executed so as to increase zontally between those likely to be affected by
people's understanding of the way human similar events either in terms of type of disas-
activities affect the environment. Incentives of ter, or in terms of the institutional and organi-
various kinds can influence them to act in ways zational efforts required.
that protect the environment and enhance Social, economic, or even political rea-
resilience. Taxes and regulations can discour- sons in developing countries may preclude
age or prevent resource mismanagement. The implementing measures which may be techni-
opportunity costs of disaster prevention and cally possible for developed countries. The
environmental management should be evaluat- obstacles to implementation, however, can be
ed in comparison with the cost of postponing overcome if explicitly defined, feasible strate-
action until after disasters occur. At the same gies are considered. For example, technical
time, past experience should help identify collvaboration through cooperative ventures
vulnerabilities and highlight areas for policy deserves further study as an option that could
action. Understanding the economic and social stimulate research and provide the ability to
consequences of failure to consider disaster- influence strategic choices and ensure a more
vulnerability in development programs can effective decision-making process, particularly
provide important guidance for policy choices. in disaster management. A major international

Innovation in social organization and effort is thus required to promote training and
financing as well as diffusion of technology are the exchange of experience to foster actions
indispensable for mobilizing private initiative, that reduce the risks in the urban centers
resources, and cooperative action among through coordinated scientific and technical
countries. Disaster management and control means. Priorities should be set, taking into
technologies are crucial in reducing the impact account not only the community as a whole,
of expected and predictable natural hazards. but the interests of individuals as well.
Yet, effective prevention and mitigation mea-
sures require an adequate understanding of Assessing costs and benefits of government
the fundamental causes of natural disasters, of responses
the nature of their effects, and of the tech-
niques for coping with the effects (Merani A key issue in dealing with strategies that
1991). International and national efforts integrate disaster awareness into development
should be mobilized in support of urban com- planning is identifying the major goals of
munities to create, share and reinforce scientif- hazard abatement. From an economic point of
ic and technological knowledge as well as to view, the primary aim of prevention and miti-
encourage local applied research and mecha- gation investment decisions should be to
nisms to analyze specific risks and to formulate reduce hazard vulnerability at the least possi-
targeted strategies. Building national and local ble cost. Thus, one necessary condition for an
capacities is thus, a fundamental task that optimal policy is that each course of action
developed nations should address to generate considered must consider the tradeoffs that
greater self-reliance of professionals in devel- minimize undesirable consequences at least
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cost. In weighing options, standard cost-effec- the economic analysis as a probability or as the
tiveness approaches that assess the actual potential threat posed by disasters to capital
outcomes of different altematives associated stock and productive assets (Vermeiren 1989).
with environmental degradation and potential Reducing unpredictability about future hazards
natural hazards need to be addressed. This will require sorting human activities and physi-
approach requires estimating both the antici- cal sites according to criteria of vulnerability to
pated damages and the cost-effectiveness of extreme events. Because various actors in-
alternative response options. Each alternative volved may have differing objectives as well as
should be regarded both in terms of the imme- diverging perceptions of risks, attempts to
diate effect and the impact on future economic determine the effects of natural disasters on a
prospects. The degree of sensitivity of affected local economy must be made considering prior
human and natural systems may influence the experiences with hazards. Changes in the
acceptable risks that accompany the different expectations-due to changes in resource
kind of responses and actions to increase availability because of a disaster occur-
resilience. The assessment of costs and bene- rence-will generate a corresponding shift in
fits may vary for each type of disaster and withl market allocation of capital and labor. Hence,
the associated regional sensitivity. For exam- a key issue in disaster management is the
ple, extremely adverse and unpredictable careful analysis of the expected economic and
events, such as earthquakes, would be accom- social losses of a given community in the event
panied by highly damaging effects and exces- of disasters. The convergence of public and
sive costs in densely populated areas where private interests should be pursued through
development strategies and the application of incentives and regulations, which by reducing
technologies have increased the likelihood of vulnerability, may also provide a means to
damage should an extreme event occur. From solve the financing problems of raising re-
a public policy point of view, an integrated sources for the implementation of policies.
approach to allocative efficiency and optimiza-
tion decisions must consider the expected A framework for prevention and mitigation
probability of disaster occurrence in particular responses
locations, the vulnerability of the social and
economic systems, and past market responses Bank's activities
to disaster experiences. Also, in considering The Bank can assist disaster-prone coun-
the allocation of public spending, priorities tries in efforts to reduce their vulnerability
must be set toward those activities in whic]h through the systemic integration of environ-
government participation is most critical. mental concerns and risk assessment into its

In order to identify innovative solutions development activities. Bank assistance could
to allocative efficiency and better application be particularly helpful in the case of smaller or
of resources to priority problems, new ap- poorest countries where disasters may bring
proaches to recognized difficulties must be about substantial destruction in relation to
developed. A crucial question regarding effi- country size and where the capabilities to take
ciency-oriented policies are the choices con- preventive measures are limited.
cerning resource allocation. Ways to identify At the sectoral level the means to mini-
priority investments in the context of long- mize the effects of disasters should be consid-
term disaster mitigation strategies remain key ered within a cross-sectoral framework. Natu-
issues. An important constraint on both the ral hazard reduction and environmental man-
public and private sector is how to deal with agement should be a major theme of the
uncertainty factors concerning their decisions Bank's dialogue in disaster-prone countries, as
in regard to natural disasters. To the extent well as an important element in its lending
that natural disaster risk is a function of the programs. In the specific context of policy-
likelihood of occurrence of a hazardous event, based operations, Bank's support for sectoral
the uncertainty factor could be incorporated in projects has had little success in evaluating
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these projects against disaster vulnerability. prevention/mitigation. In sector work and
Economic analysis often overlooks hazard regular investment projects attention should be
recurrence (for example, a country with recur- given to early warning systems and other
rent floods). In analyzing the recent economic technologies for emergency preparedness.
performance of the country, a recent economic Specific factors affecting risk or vulnerability
report stated that major floods last year con- such as seismic characteristics, topography and
tributed to and masked policy shortcomings, weather conditions, should be identified.
although with a return to normal weather and Integration of risk assessments should also be
activity levels, these deficiencies have become considered in policy dialogue where the close
more apparent in the current fiscal year. This connections between disaster proneness and
kind of approach tends to conceal the fact that unsound environmental practices would be
most analyses have failed to assess fully the stressed.
causal relationship between overall economic In countries prone to specific types of
performance and the negative impacts of emergencies, free-standing prevention and
natural hazards. In other words, in disaster- mitigation projects is appropriate. Such opera-
prone countries, the vulnerability factor should tions could assist in (a) developing a national
be 'internalized' in the decision-making strategy, (b) establishing an adequate institu-
process and subsequently, prevention and tional and regulatory framework, (c) carrying
mitigation components must be built into out studies of vulnerability and risk assessment,
investment projects and incorporated in na- (d) reinforcing vulnerable structures and
tional plans and hazard reduction programs. adjusting building and zoning codes, and (e)

Procedures for mitigating the impact of acquiring hazard reduction technology. (World
future emergencies have been specified in the Bank 1989). The Bank is well placed to assist
Bank's Operational Directive 8.50 (September governments to gain access to new technology.
1989). Because prevention and mitigation The success in acquiring substantial improve-
issues tend to be multidimensional (involving, ments in this area will increasingly depend on
for example, multisectoral and environmental the capacity to assimilate and adapt to new
concerns, and both short- and long-term con- forms of organization needed to create strate-
siderations), Bank prevention and mitigation gic alliances among countries. The Bank can
assistance may take a variety of forms: (a) play a pivotal role in technology transfer
dissemination and adoption of hazard-resistant through ensuring the appropriate training of
technology, (b) inclusion of mitigation compo- its own staff and through identifying targets for
nents in normal investment operations and transfer of technology. Practical and proven
emergency recovery loans (ERLs), (c) prepara- techniques for reducing potential losses should
tion of free-standing preparedness and mitiga- be applied in Bank's operations in disaster-
tion projects, and (d) establishment of close prone countries. The ultimate objective of the
ties to the international and NGO community Bank in this respect should be to stimulate
involved in disaster prevention and mitigation. dissemination of fundamental knowledge and
Given the size of capital investment in major know-how in hazard prevention and mitigation.
infrastructure, industry, energy, education, and Knowledge and managerial skills are central to
housing projects, planning, design, and con- long-term environmental protection and natu-
struction options should consider parameters ral hazard reduction in developing countries.
that ensure an adequate margin of safety in
the long run, taking into consideration the Public sector policies
obsolescence factor if building and lifeline From a decision maker's point of view
systems are to withstand the physical effects of dealing with environmental hazards implies
recurrent disasters. creating innovative ways to overcome resource

As part of its follow-up activities or constraints and chronic inefficiencies in the
ongoing country dialogue, the Bank can help process of investment allocations. As men-
disseminate up-to-date information on disaster tioned earlier, the greatest difficulty in the
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search for appropriate policy reforms and building codes. The third type of policy ad-
competent legislation and enforcement is the dresses the difficulties of dealing with risk
interdisciplinary nature of environmental perception at the community level and refers
problems compounded with the existing scarci- to prevention activities that can be studied at
ties of financial resources in developing coun- the household and society levels, and include
tries. Thus, the identification of efficient public education, awareness campaigns, evacu-
resource allocation alternatives requires (i) ation plans, and research and application of
establishing priorities according to vulnerabilii- scientific knowledge and engineering tech-
ty, i.e., marginal cost of disasters; and (ii) niques. In comparing each type of interven-
effectiveness of vulnerability reduction i.e., the tion, emphasis should be placed on the techni-
amount of disaster cost that can be avoided for cal feasibility of the measures that are advocat-
each unit of dollar invested. Marginal economi- ed, the political acceptability of those mea-
ic analysis, together with technological consid- sures, and the ability to foresee and avoid
erations-engineering knowledge, risk assess- possible constraints.
ment, forecasting and construction techt-
niques-should largely determine the economic How can we facilitate the transition to a safer
viability of disaster prevention measures. environment?
Precise estimates of the economic value cf
potential damage to human and productive The complex nature of the linkages
resources combined with the technical anid between urban environmental degradation and
managerial capacity to use science and tech- natural disasters raises the question as to
nology could offer alternatives to redirect whether efforts to protect the environment
public and private resources and increase the and enhance resilience can be dealt with from
potential for private participation. The desigiri an economic perspective that does not address
of preventive policy options should be seen as the issues of externalities, market failures, and
a combined effort between the public and the nonquantitative variables associated with
private sectors. These policy options can be environmental problems. Perhaps the key to
categorized as follows: developing environmentally safe cities is to

(a) Policies that influence the pattern assume a mutual complementarity between
of urban development to avoid or economic policies that consider the consump-
mitigate the impacts of disaster. tion of environmental resources and hazard

(b) Policies that offset damages by reduction policies. Enhancing resilience in
addressing neglected aspects of urban areas should be seen as a means of
prevention-related issues. encouraging incentives for development and

(c) Policies that increase the support of private investment. There are several ap-
dissemination of research results proaches geared to reducing the impact of
concerning prevention and mitiga- disasters in urban areas. The success in choos-
tion options. ing and implementing the appropriate re-

Different types of policies lead to differ- sponse depends on (a) at the government
ent political conflicts and approaches. The first level, an understanding of the problems associ-
type of intervention refers to incentives and ated with the hazard in question, as well as the
constraints that operate between different available options; (b) at the individual level,
levels in the social structure and are mostly economic capability, adequate knowledge, and
addressed to private sector activities, i.e., lower understanding of the problems associated with
insurance premiums and lower taxes for those the hazard in question, as well as the available
observing land use regulations and/or buildinjg options; and (c) at the community level, risk
codes to encourage disaster-resistant structures perception as well as access to financing for
(Natsios 1991). The second type includes preventive actions that play a determinant role
regulatory measures and land use planning, in the society response to investment decisions.
zoning regulations, hazard insurance, and
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To meet the challenge, an active tion and mitigation needs to be integrated with
stance is needed to bring about major changes an improved capacity also to deal with envi-
and creative ways to deal with the new inter- ronmental emergencies.
national political and technological landscape.
Redirecting investment toward productive use Technology dissemination and application
of scarce resources would help ensure an
appropriate balance between development As noted earlier, policy options are
decisions and hazard reduction initiatives. closely linked to the technology available at a
Countries need to strengthen their ability to given time. Many emerging technologies offer
organize public spending in ways that would various opportunities to implement new ap-
improve efficiency of investments and protect proaches to risk assessment, environmental
the environment. One alternative is to reduce protection, and disaster management. Recent
defense expenditures. According to Preston advances in information technology, comput-
(1991), reduction in defense expenditures ing, and communications have made it possible
would increase domestic saving, allowing a to obtain improved assessments of potential
reallocation of scarce resources to other high impacts of catastrophic events. Special efforts
priorities, and would reduce requirements for are still required to (a) introduce risk assess-
external capital. Presently, developing nations' ment and management as a component of
arms spending amount to US$170 billion a urban development activities; (b) assist local
year, over 5 percent of their GDP and up to governments to develop hazard prevention
20 percent of central government expenditures strategies; and (c) identify mechanisms re-
for the military, a major drain on their finan- quired for forecasting, monitoring, and warning
cial resources (Hewitt 1991; Glynn 1991). of hazards. Serious considerations should be
Between 1978 and 1988, developing countries given to encouraging international and local
imported US$371 billion of arms, over three government support of new and adequate
quarters of the arms traded internationally. A technologies through technical assistance and
war between the great powers is no longer an diffusion of innovations in developing coun-
instrument of political change. Prospects for tries. Efforts to transfer appropriate technolo-
reducing military spending in developing gies from developed to developing countries
countries to improve efficiency of investments could take into account mutually beneficial
and reduction of external capital needs are new forms of contractual arrangements and
feasible as well. A redirection of investment alliances among governments and firms. Coop-
could concentrate on raising the level of eration might take different forms which
understanding of public officials as to the include facilitating research and negotiations,
effective alternatives to abate environmental and brokering partnerships and joint ventures.
degradation and to address the need for haz- This could lead the way for creative combina-
ard prevention and mitigation in urban areas. tions to enhance functional capabilities in
Financial constraints, however central to the developing countries while providing new
problem, are certainly not the only factors market access for industrial country firms.
leading to unsuccessful attempts to reduce Collaboration between developed and develop-
environmental vulnerability and improve disas- ing countries requires continuous efforts at
ter management in urban areas. Public officials human resources development and reduction
are faced with many choices that raise ques- of barriers to information, capital and trade.
tions, and knowledge and understanding of Industrialized nations should take the lead in
hazards, risks, and options are fragmentary at promoting the implementation of realistic
best. The necessary scientific and technological international cooperation projects as well as in
information and experience are not always the offer of development assistance to devel-
available. In many countries there is a need for oping countries. As with any other kind of
suitable training. Building national and local alliances, the effectiveness of cooperation will
capacity in regard to natural disaster preven- depend on understanding what it has to offer
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and its rules and obligations so as to achieve address environmental problems and disaster
and adequate quid pro quo. International related issues.
cooperation at the highest levels of govern- Mounting concerns about the impact of
ment, as well as the removal of obsolete public disasters in populated areas has had important
policies could contribute more than any other implications for the ways economists, environ-
action to the removal of structural constraints mental groups, policy makers and private
on addressing the changes brought about by investors have traditionally approached devel-
urban development in the environment. opment. The complexity of factors involved in

However, not all countries are in a posi- physical and social mechanisms concerning
tion to explore and implement modern tech- environmental degradation and natural hazards
nologies fully. In developing countries, barri- indicates that the objective of enhancing
ers, such as economic conditions and social resilience requires fundamental shifts in public
and political structures, have been major policy concerning disasters but also in scientific
obstacles for adopting programs to abate the and technical innovation and dissemination.
risks associated with environmental degrada- Analytical tools and programs in developing
tion and disasters. To bridge this gap, a new countries have focused on traditional economic
type of cooperation must be forged among criteria that do not necessarily address complex
countries. Today, industrialized nations have environmental problems or mitigation and
developed an extraordinary capability for preparedness measures. Developed nations are
innovation, which is not always available and increasingly recognizing hazard and risk assess-
accessible to developing countries. Although ment as an important element of a balanced
industrial growth has been traditionally consid- and comprehensive strategy to mitigate the
ered damaging to the environment, increased impact of natural disasters. The implementa-
output does not necessarily imply increased tion of this strategy inevitably involves alloca-
pollution or environmental degradation provid- tion of financial and human resources which
ed that clean technologies reduce the pollution are always in short supply. Cost-benefit analy-
intensity of output (Wheeler and Martin ses, therefore are a consideration in determin-
1991). Significant improvements in disaster ing whether to apply mitigation measures and
prevention and environmental management in choosing between such measures (Merani
could be made with already existing technolo- 1991). The opportunity costs of disaster pre-
gies. In most developing countries, lack of vention and environmental management
capital, scarce financial and managerial re- should be evaluated and compared with the
sources, inefficient public policies, and inade- cost of postponing action until disasters occur.
quate institutional structures are major obsta- A frequently expressed concern about the
cles to diffusing technical advances. In most viability of prevention and mitigation concerns
cases, creative and relatively modest invest- the difficulties policymakers face in balancing
ments can provide the answer to reduce vul- the rising ecological and fiscal costs of support-
nerability by drawing experience from both ing urban growth. It is argued in this paper
developing and developing countries with that as soon as it is accepted that the least
similar problems, as well as developing chan- expensive and most rational strategy is integra-
nels for mutual collaboration. tion of risk concerns in the development

process, then a much wider array of policy
Summary and conclusions alternatives opens up. More specifically, an

efficient outcome will depend on wise use of
All the evidence and opinions presented policy instruments to encourage economic

in this paper have two themes in common: (a) efficiency and environmental protection. For
the two-way relationship between environ- example, appropriate land use to reduce the
mental degradation and disaster-proneness, economic and social impact of disasters, use of
and (b) the need of efficiency criteria for past experiences to identify vulnerabilities and
public and private sector interventions 'to use of knowledge and technical judgment
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when siting and designing engineering works (b) identification of alternative options
could be cost-effective approaches to hazard for better allocation of investment
reduction. Reducing environmentalvulnerabili- resources;
ty in urban areas requires a prior, essentially (c) training in disaster mitigation tech-
political decision to define the role of both niques to facilitate the understand-
public and private sectors, as well as the level ing of interactions between natural
of uncertainty and risk a society is willing to crisis and human activities; and
take. In other words, the choice from among (d) development of methodologies to
different kinds of alternatives is about efficien- assist national and local organiza-
cy in the use of existing resources based on tions in assessing risks.
the social perception of risk. A question that Past experiences are helping to identify
arises is whether developing countries have the vulnerabilities and highlight areas for policy
capacity for ensuring the effective participation action. Understanding the economic and social
of all parties in assessing risk. Such capacity consequences of failing to take into account
includes an administrative structure and com- disaster vulnerability in development programs
petence to establish a conducive climate for can provide important guidance for making
investment and the availability and understand- policy choices. Without a doubt, long-term
ing of new scientific and technical knowledge benefits to disaster prevention depend on the
for risk assessment, monitoring, and warning. combined efforts of both developing and
International responses to hazard reduction developed countries and an adequate under-
needs can have important implications provid- standing of the fundamental causes of urban
ed that they build on a number of mutual vulnerability, the potential costs of disasters,
agreement and that the nature of the tradeoffs and the techniques available to reduce their
involved are fully understood. Policymakers do effects. In view of this need, the Bank could
need to determine the overall objective of consider formulating guidelines-in the form of
disaster prevention in order to make choices an operational directive-to help policymakers
between instruments and approaches. More- implement programs to prevent and mitigate
over, effective cooperation among central and disasters.
local governments and the international com- Identifying the responsibilities of govern-
munity on hazard reduction issues requires the ments is of prime importance in formulating
share of experiences among countries and policy that responds not only to people's
regions exposed to similar kind of natural interests, but also helps cities function more
hazards and the competent functioning of local productively in environmentally safe circum-
agencies. It is essential to enhance and acceler- stances. Innovations in social organization and
ate the sharing of information and experiences financing as well as diffusion of technology are
within and across countries and regions, to indispensable for mobilizing private initiative,
create and to reinforce assessment techniques, resources, and cooperation among countries
to encourage the adaptation of research results (particularly the transfer of technology from
to different contexts, and to strengthen exist- industrialized countries). Social, economic, or
ing human resources, experience and facilities political factors may hamper developing coun-
for the implementation of prevention and tries' efforts to implement meascres. These
mitigation programs. Building national and obstacles, however, can be overcome if explic-
local capacities with regard to natural disaster itly defined, feasible strategies are considered,
prevention and mitigation can be made from for example, technical collaboration through
among a variety of means. Options include cooperative ventures deserves further study as

(a) diffusion of information among an option that could stimulate research and
governmental decision makers as to provide the ability to influence strategic choic-
the merits and cost effectiveness of es and to ensure more effective decision-
hazard reduction programs; making process, particularly in disaster man-

agement. Successful attempts to reduce haz-
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ard-related losses are also linked to effective. Schramm and Jeremy Warford, eds.,
legislation and enforcement. However, regula- EnvironmentalManagementandEconom-
tory mechanisms are not always cost-effective, ic Development. Baltimore: Johns
and most developing countries cannot afford Hopkins University Press for the World
higher environmental standards unless means Bank.
are found to create a setting for private sector Bahl, Roy, and Johannes Linn. 1987. "Inter-
innovation and initiative in the pursuit of governmental Fiscal Relations in Devel-
environmental quality and natural hazard oping Countries." In G. Tolley and V.
protection. Thomas, eds., The Economics of Urban-

The need has never been greater for ization and Urban Policies in Developing
expanding our understanding of the vulnerabil- Countries. Washington, D.C.: World
ity of major metropolitan areas to disasters. Bank.
Priority should be given to reversing the faill- Baross, Paul. 1990. "Sequencing Land Devel-
ure of conventional development programs opment: The Price Implications of Legal
and policies during the past 40 years, whic]h and Illegal Settlement Growth." In Paul
caused massive urbanization in disaster-pronie Baross and Jan van der Linden, eds., The
areas in developing countries. Unless major Transformation of Land Supply Systems
changes in development policies are undertak- in Third World Cities. United Kingdom:
en, risks will increase for people already sul- Avebury, p. 57.
fering from economic and environmental Baross, Paul, and Jan van der Linden. 1990.
degradation in urban areas. Developing na- 'The Transformation of Land Supply
tions need to promote sustainable developl- Systems in Third World Cities." In Paul
ment, both through greater reliance on market Baross and Jan van der Linden, eds., The
forces and redirecting government incentives Transformation of Land Supply Systems
in order to prevent the environmental decline in Third World Cities. United Kingdom:
of cities. To meet the challenge, significant Avebury, p. 12.
changes must take place in institutional organil- Birdsall, Nancy. 1985. "A Population Perspec-
zations, and more creative methods must be tive on Agricultural Development." In
used to deal with the new international tech- Ted J. Davis, ed., Proceedings of the Fifth
nological landscape. Agniculture Sector Symposium, Population
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2. Population Growth, Urbanization, and
Disaster Risk and Vulnerability in Metropolitan Areas:

A Conceptual Framework

Barclay G. Jones with the assistance of
William A. Kandel

Urbanization After its founding in 300 AD., Constanti-
nople was the major center in the urban

Cities rarely exist in isolation, but rather system of the extensive territory of the Eastern
in the context of urban systems. Before the Roman empire. It continued in that role
middle of the eighteenth century, levels of successively for the Byzantine Empire and the
urbanization throughout the world were low, Ottoman Empire so that it is the only city
and large cities could exist only as elements of among the ten largest in the world continuous-
the urban systems of large national states and ly for 1000 years except for about a century at
empires. The world urban population fluctuat- the end of Byzantium in the late fourteenth
ed both as a result of the rise and decline of and early fifteenth centuries. The major city in
states and the ebb and flow of total population the Chinese system kept changing as the
mostly in response to epidemics of disease. capitals moved until Peking became the per-
The changing size of the largest city in the manent center after 1400. For reference, the
world for the period between 800 A-D. and 35 largest cities in the world for hundred-year
1800 AD. is shown in Figure 1 and Table 1. It intervals from 1000 A.D. to 2000 A.D. are
fluctuates from 800,000 at the beginning of the given in Appendix Table 1.
period to a low of 255,000 in 1200 AD., to 1.1 States in western Europe were generally
million at the end of the period. so small their largest center could not be

Only one empire, China, was of sufficient among the greatest cities of the world. Howev-
territorial extent and population size for a er, with the technological changes that made it
protracted period that it was able to develop a possible for much larger percentages of the
complex system of cities including quite large population to be urban, by the middle of the
ones and dominate world urbanization for nineteenth century even relatively small na-
1,000 years from 800 until 1800. For two thirds tions in Europe were able to develop complex
of that period the largest Chinese city was the urban systems and support large cities. The
largest city in the world and never fell below urban revolution can be said to have begun in
the third largest, and Chinese cities accounted Great Britain in 1850 A.D. when for the first
for between a quarter and a third of the 25 time more than 50 percent of the population
largest agglomerations in the world as shown of a country became urban. By the end of the
in Table 1. In 1800 A.D. only one city in the century, Germany and the Low Lands had
world exceeded 1 million population, Peking, become more than 50 percent urban, and the
(in 2000 AD. there will be more than 400 urban population in most of northern Europe
cities of that size) and China had 52 cities with was relatively large and growing rapidly (We-
more than 100,000 population by the end of ber 1963). With Europe predominantly urban
the nineteenth century. The development of a and the rest of the world predominantly rural,
level of knowledge and technology more Europe came to dominate world urbanization
advanced than anywhere else in the world was and contain the largest cities. As a conse-
the result of this extensive and stable urban quence of large and sophisticated urban popu-
system (Jones, Lewis, and Cody 1987). lations, European science and technology

became the most advanced.
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FIGURE 1. POPULATION OF LARGEST WORLD AGGLOMERATION, 800-1800 A.D.

TABLE r. LARGEST WORLD CENTERS: 800 A.D. TO 1950 A.D.

YEAR LARGEST POPULATION RANK OF NUMBER OF PERCENT OF
CITY LARGEST TOP 25 TOP 25

CHINA CITY IN CHINA IN CHINA

800 Changan 800,000 1 7 28.002
850 Baghdad 850.000 2 7 28.002
900 Baghdad 900,000 2 7 28.00a
950 Sian 525,000 1 7 28.00S
1000 Cordova 450,000 3 6 24.002
1050 Kaifeng 420,000 1 6 24.002
1100 Kaifeng 442,000 1 7 28.002
1150 Constantinople 300,000 3 8 32.002
1200 Hangehow 255,000 1 8 32.002
1250 Hangohow 320,000 1 8 32.002
1300 Hangohow 432,000 1 a 32.002
1350 Cairo 450,000 2 8 32.002
1400 Nanking 473,000 1 6 24.002
1450 Peking 600,000 1 7 28.002
1500 Peking 672,000 1 8 32.00S
1550 Peking 690,000 1 7 28.002
1600 Peking 706,000 1 7 28.002
1650 ConstantinopLe 700,000 2 6 24.001
1700 Constantinople 700,000 2 6 24.002
1750 Peking 900,000 1 7 28.002
1800 Peking 1,100,000 1 7 . 28.002
1850 London 2,320,000 2 5 20.002
1900 London 6,480,000 13 2 8.002
1950 New York 12,300,000 5 2 8.002

Source: Jones, Lewis, and Cody, 1987
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The dominance of European urbanization increase and international migration. In con-
is a very recent phenomenon (Jones and trast, in the rest of the world the urban per-
Shepherd 1987). It is shown graphically in centage of total population is still relatively
Figure 2. In 1700 only 9 of the 35 largest cities low, and dramatic increase can take place. This
of the world, 25.7 percent, were in Europe is particularly the case with developing coun-
(including Russia) and North America, and tries.
they accounted for 22.1 percent of the popula- In 1970, when the world population was
tion of these major agglomerations. There was 37.1 percent urban, the urban population in
only modest advance by 1800 when Western the developing regions, 673.2 million, became
cities had risen to 11 of the 35 largest cities, for the first time approximately as large as that
31.4 percent, accounting for 30.5 percent of in the more developed regions, 697.9 million.
their population. However, the following However, this represented only 25.4
century was a period of enormous change as percent of the population in the developing
unprecedented percentages of national popula- regions, but 66.6 percent in the more devel-
tions became urban in Western countries. By oped regions. By 2010, the second stage of the
1900, 23 of the 35 largest urban centers, 65.7 urban revolution will have begun when the
percent, accounting for 76.9 percent of their world population will become for the first time
populations, were in Western Europe and predominantly urban, 51.8 percent. The devel-
North America. oping regions will be 46.2 percent urban and

If the urban dominance of the West was the more developed ones 76.0 percent. How-
a recent phenomenon, it was also of short ever, the urban population of the developing
duration. By 2000, only 8 of the 35 largest regions will be two and a half times as large as
centers, 22.9 percent, accounting for 18.5 in the developed ones, 2,611.6 compared with
percent of their population will be in Europe 1,011.4 million. As the percentage of the
and North America. Only 1 will be in the top populations of the developing regions ap-
10 compared with 5 in 1950 and with 9 in proach those of the more developed ones, the
1900. The 35 largest agglomerations are com- urban populations in those areas will become
pared for 1950 and 2000 in Table 2, and those huge and the world urban population enor-
in Europe and North America are shown in mous. The urban systems that will emerge and
capital letters to make the changes easier to the size of the largest urban agglomerations in
perceive. The 100 urban centers that had what are currently developing areas will be of
reached a population of two million by 1985 unprecedented size and complexity. Jones and
are listed in rank order for 1950 and 2000 in Lewis demonstrated the way in which the size
Appendix Table 2 (only four cities had of the largest agglomeration increases as the
reached that size in 1900: the first to achieve size of the urban population of a country
that size was London in 1850). The compari- grows (Jones and Lewis 1990).
sons are revealing. Only 29 centers had To demonstrate the nature of the transi-
reached that size by 1950, and 16 of them tion that is taking place, the 25 most urbanized
were in Europe or North America. By 2000 countries in 1960, 1980, 2000, and 2020 are
only 6 cities from those regions will be among listed in Table 3. For the most part, they are
the 29 largest, and most of the rest will be developed countries. Their share of total world
from what are currently classified as develop- population is only 24 percent in 1960, but their
ing countries. During the nineteenth and share of the world urban population is 48
twentieth centuries the percentage that was percent. By 2020, their shares of world total
urban of the populations of the countries of and urban population fall to 12 percent and 18
Europe and North America became larger percent. These highly urban countries are
than had ever been possible before and has quite different from those with the largest
now approached a maximum. No reservoirs of urban populations many of which are still
rural population still exist to shift to urban largely rural, shown for the same years in
centers, and cities can grow only by natural Table 4. Many of them are developing coun-
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FIGURE 2. WESTERN CITIES AS PERCENTr OF THIRTY-FIVE LARGEST IN WORLD, 1700-2000.

TABLE II. THIRTY-FIVE LARGEsT woRLD AGGLCMEATIONS, 1950 AND 2000.

RANK PO)P. RANK, POP.
1950 AGGLOKZRATION COUNTRY 1950 2000 AGGLCMEATION COUNTRY 2000

1 NEW YORK U.S.A. 12.34 1 Mexico City Mexico 24..44
2 Shanghai. China 12.26 2 Sao Paulo Brazil 23.60
3 LONDON U.K 10.25 3 Tokyo/Yokohama Japan 21.32
4 Tokyo-Yokohama Japan 5. 74 4 NEW YORK U.S.A. 16.10
5 Beijing China t.;64 5 Calcutta India 15.94
6 PARIS FRANCE '5.44 6 Greater Bombay India 15.43
7 Tianjin China 5.36 7 Shanghai China 14.69
8 Buenos Aires Argentina 5. 13 8 Teheran Iran 13.73
9 C8ICAGO U.S.A. 4.94 9 Jakarta Indonesia 13.23

10 MoSCow USSR 4.84 10 Buenos Aires Argentina 13.05
11 Calcutta India 4.45 11 Rio de Janeiro Brazil 13.00
12 LOS ANGELES U.S.A 4.05 12 Seoul Korea 12.97
13 Osaka/Kobe Japan :3.83 13 Delhi India 12.77
14 MILAN ITALY l.63 14 Lagos Nigeria 12.45
15 Rio de Janeiro Brazil 3.45 15 Cairo/Giza Egypt 11.77
16 PHILADELPHIA U.S.A. 2.94 16 Karachi Pakistan 11.57
17 Greater Bombay India 2.90 17 Manila/Quezon Philippines 11.48
18 Mexico City Mexico 2. 88 18 Beijing China 11.47
19 DETROIT U.S.A. 2. 77 19 Dacca Bangladesh 11.26
20 Sao Paulo Brazil 2. 75 20 Osaka/Kobe Japan 11.18
21 NAPLES ITALY 2.75 21 LOS ANGELES U.S.A 10.91
22 LENINGRAD USSR ;! 62 22 LONDON U.K 10.79
23 MANCHESTER U.K. 2.51 23 Bangkok Thailand 10.26
24 BIRMINGHAM U.K. 2.50 24 MOSCOW USSR 10.11
25 Cairo/Giza Egypt 2. 41 25 Tianjin China 9.96
26 BOSTON U.S.A. 2. 24 26 Lima-Callo Peru 8.78
27 Shenyang China 2. 22 27 PARIS FRANCE 8.76
28 WEST BERLIN GERMANY 2. 15 28 MILAN ITALY 8.74
29 SAN FRANCISCO U.S.A. 2.03 29 Madras India 7.85
30 LEEDS-BRADFORD U.K. 1.91 30 Bangalore India 7.67
31 HAMBURG GERMANY 1.79 .31 Baghdad Iraq 7.66
32 Hong Kong Hong Kong 1.75 32 CEICAGO U.S.A. 6.98
33 Jakarta Indonesia 1.73 33 Bogota Colombia 6.94
34 Sydney Australia 1. 70 34 Hong Kong Hong Kong 6.09
35 KATOWICE POLAND 1.69 35 Lahore PAKISTAN 5.93

Source: United Nations. PROSPECTS OF WO8RLD URBANIZATION 1988.
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TABLE III: TWENTY-FIVE MOST URBANIZED COUNTRIES: 1960, 1980, 2000, 2020.

TOTAL URBAN PERCENT TOTAL URBAN PERCENT
POP.(000) POP.(000) URBAN POP.(000) POP.(000) URBAN

1960 1960 1960 1980 1980 1980

1 Singapore 1,634 1,634 100.002 1 Singapore 2,415 2,414 99.962
2 Belgium 9,153 8,463 92.462 2 Belgium 9,852 9,395 95.36%
3 Hong Kong 3,075 2,739 89.072 3 Hong Kong 5,039 4,614 91.57%
4 UK 52,372 44,874 85.68% 4 UK 56,330 51,166 90.83%
5 Netherlands 11,480 9,759 85.012 5 Kuwait 1,375 1,240 90.18Z
6 Australia 10,315 8,315 80.61% 6 Israel 3,878 3,435 88.58S
7 Uruguay 2,538 2,034 80.14% 7 Netherlands 14,150 12,508 88.402
8 Germany, FR 55,433 42,883 77.362 8 Australia 14,695 12,603 85.762
9 Israel 2,114 1,627 76.962 9 Germany, FR 61,566 51,937 84.362
10 New Zealand 2,372 1,803 76.012 10 Uruguay 2,908 2,438 83.842
11 Denmark 4,581 3,375 73.67% 11 Denmark 5,123 4,291 83.762
12 Argentina 20,616 15,176 73.612 12 New Zealand 3,113 2,594 83.332
13 Sweden 7,480 5,429 72.58% 13 Venezuela 15,024 12,511 83.272
14 Kuwait 278 201 72.302 14 Sweden 8,310 6,905 83.092
15 German DR 17,240 12,456 72.25% 15 Argentina 28,237 23,346 82.682
16 US 180,671 126,470 70.002 16 UAE 1,015 824 81.182
17 Canada 17,909 12,340 68.90% 17 Chile 11,145 9,035 81.07%
18 Chile 7,614 5,165 67.84% 18 Japan 116,807 88,995 76.192
19 Venezuela 7,502 4,996 66.601 19 German DR 16,737 12,747 76.162
20 Japan 94,096 58,810 62.50% 20 Canada 23,941 18,114 75.66%
21 France 45,684 28,501 62.39% 21 US 227,757 167,857 73.702
22 Italy 50,200 29,799 59.36% 22 France 53,880 39,456 73.23%
23 Spain 30,455 17,228 56.57% 23 Spain 37,542 27.327 72.79%
24 Switzerland 5,362 2,736 51.03% 24 Norway 4,085 2,882 70.532
25 Mexico 38,019 19,296 50.75% 25 Brazil 121,286 81,888 67.522

rOTAL 112 COUNTRIES 2,870,123 973,586 33.92x TOTAL 112 COUNTRIES 4,185,377 1,682,630 40.20%
MOST URBANIZED 25 678,193 466,109 68.73% MOST URBANIZED 25 846,211 650,522 76.872
PERCENT OF TOTAL 23.63% 47.88% PERCENT OF TOTAL 20.222 38.662

TOTAL URBAN PERCENT TOTAL URBAN PERCENT
POP.(000) POP.(000) URBAN POP.(000) POP.(000) URBAN
2000 2000 2000 2020 2020 2020

1 Singapore 2,950 2,950 100.002 1 Singapore 3,220 3,220 100.002
2 Belgium 10,034 9,807 97.742 2 Belgium 9,974 9,816 98.422
3 Kuwait 2,782 2,704 97.202 3 Kuwait 4,072 3.989 97.962
4 UK 57,509 53,898 93.72% 4 Hong Kong 6,913 6,636 95.99%
5 Israel 5,280 4,934 93.452 5 Venezuela 35,395 33,862 95.672
6 Hong Kong 6,612 6,088 92.08% 6 UK 57,630 55,031 95.492
7 Netherlands 15,207 13,484 88.672 7 Israel 6,653 6,346 95.39%
8 Denmark 5,139 4,552 88.58% 8 Argentina 43,837 40,350 92.052
9 Germany, FR 59,818 52,418 87.63% 9 Chile 18,973 17,458 92.01%
10 Australia 18,610 15,990 85.92% 10 Denmark 5,038 4,628 91.862
11 Sweden 8,322 7,125 85.622 11 Uruguay 3,782 3,438 90.902
12 New Zealand 3,632 3,093 85.162 12 Sweden 8,205 7,357 89.66%
13 Venezuela 27,322 23,151 84.732 13 Netherlands 15,225 13,613 89.412
14 Uruguay 3,475 2,937 84.522 14 Germany, FR 55,389 49,080 88.61%
15 Argentina 38,235 32,163 84.122 15 Australia 21,966 19,460 88.59%
16 Chile 16,245 13,538 83.342 16 Brazil 233,817 205,824 88.032
17 Spain 40,812 33,693 82.562 17 Spain 42,366 37,179 87.762
18 Saudi Arabia 20,686 16,924 81.812 18 New Zealand 4,006 3,495 87.242
19 German DR 16,618 13,380 80.522 19 Saudi Arabia 39,667 34,562 87.132
20 UAE 1,950 1,517 77.792 20 Korea, Rep. 53,888 46,766 86.782
21 Korea, Rep. 49,989 38,661 77.342 21 German DR 16,363 14,086 86.082
22 Norway 4,331 3,339 77.102 22 Canada 31,587 26,732 84.632
23 Brazil 193,603 148,397 76.652 23 Mexico 142,135 119,448 84.042
24 Japan 131,101 100,276 76.492 24 UAE 2,578 2.153 83.512
25 France 58,196 44,469 76.41% 25 Libya 11,571 9,622 83.162

TOTAL 112 COUNTRIES 5,985,155 2,737,565 45.742 TOTAL 112 COUNTRIES 7,514,523 4,327,726 57.592
MOST URBANIZED 25 798.458 649,488 81.342 MOST URBANIZED 25 874,250 774,151 88.552
PERCENT OF TOTAL 13.342 23.732 PERCENT OF TOTAL 11.632 17.892

Source: United Nations. PROSPECTS OF WORLD URBANIZATION 1988. Tables A-1. A-7
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TABLE IV: TWENTY-FIVE COUNTRIES WITH LARGEST URBAN POPULATIONS: 1960. 1980, 2000, 2020.

TOTAL URBAN PERCENT TOTAL URBAN PERCENT
POP.(000) POP.(000) URBAN POP.(000) POP.(000) URBAN

1960 1960 1960 1980 1980 1980

1 Us 180,671 126,470 70.OOZ 1 China 996,134 203,351 20.415
2 China 657,492 124,892 19.001 2 US 227,757 167,857 73.702
3 USSR 214,335 86,114 40.181 3 USSR 265,546 167,453 63.062
4 India 442,346 79,414 17.95Z 4 India 688,856 161,402 23.432
5 Japan 94,096 58,810 62.501 5 Japan 116,807 88,995 76.19S
6 UK 52,372 44,874 85.68Z 6 Brazil 121,286 81,888 67.52S
7 Germany, FR 55,433 42,883 77.361 7 Germany, FR 61,566 51,937 84.36S
8 Brazil 72,595 32,627 44.941 8 UK 56,330 51,166 90.83S
9 Italy 50,200 29,799 59.36S 9 Mexico 70,416 46,723 66.352
10 France 45,684 28,501 62.392 10 France 53,880 39,456 73.23S
11 Mexico 38,019 19,296 50.75S 11 Italy 56,434 37,509 66.472
12 Spain 30,455 17,228 56.571 12 Indonesia 150,958 33,514 22.202
13 Argentina 20,616 15,176 73.612 13 Spain 37,542 27,327 72.792
14 Poland 29,561 14,160 47.902 14 Pakistan 85,299 23,936 28.062
15 Indonesia 96,194 14,032 14.592 15 Argentina 28,237 23,346 82.682
16 German DR 17,240 12,456 72.25S 16 Nigeria 50,555 21,818 43.162
17 Canada 17,909 12,340 68.902 17 Korea, Rep. 38,124 21,678 56.862
18 Pakistan 49,955 11,042 22.10% 18 Poland 35,574 20,686 58.15S
19 Egypt. AR 25,922 9,815 37.86:% 19 Turkey 44,438 19,455 43.78!
20 Netherlands 11,480 9,759 85.01% 20 Egypt, AR 41,520 18,561 44.702
21 Belgium 9,153 8,463 92.46% 21 Canada 23.941 18,114 75.662
22 Philippines 27,561 8,350 30.30% 22 Philippines 48,317 18,052 37.362
23 Australia 10,315 8,315 80.61% 23 Colombia 25,793 16,568 64.232
24 Turkey 27,509 8,182 29.74% 24 South Africa 28,283 15,042 53.182
25 South Africa 17,396 8,113 46.64% 25 German DR 16,737 12,747 76.162

TOTAL 112 COUNTRIES 2,870,123 973,586 34.60% TOTAL 112 COUNTRIES 4,185,377 1,682,630 46.12!
25 LARGEST URBAN POP. 2,294,509 831,111 53.95% 25 LARGEST URBAN POP. 3,370,330 1,388,581 58.58!
PERCENT OF TOTAL 79.942 85.37! PERCENT OF TOTAL 80.532 82.52!

TOTAL URBAN PERCENT TOTAL URBAN PERCENT
POP.(000) POP.(000) URBAN POP.(000) POP.(000) URBAN
2000 2000 2000 2020 2020 2020

1 India 1,042,530 356,875 34.232 1 India 1,374,470 684,609 49.81!
2 China 1,341,412 322,125 24.011 2 China 1,459,753 579,781 39.72!
3 USSR 307,737 217,447 70.66S 3 USSR 343,212 253,119 73.752
4 US 273,664 198,687 72.60! 4 US 295,420 225,819 76.44!
5 Brazil 193,603 148,397 76.65! 5 Brazil 233,817 205,824 88.032
6 Japan 131,101 100,276 76.491 6 Nigeria 274,114 159,853 58.32!
7 Mexico 116,302 82,985 71.351 7 Indonesia 253,560 132,405 52.22!
8 Indonesia 208,329 75,960 36.461: 8 Pakistan 248,112 131,709 53.08!
9 Nigeria 159,149 68,893 43.292: 9 Mexico 142,135 119,448 84.042
10 Pakistan 162,467 61,438 37.822: 10 Japan 129,916 103,855 79.942
11 UK 57,509 53,898 93.72! 11 Bangladesh 220,119 70,359 31.968
12 Germany, FR 59,818 52,418 87.63! 12 Philippines 105,289 66,412 63.08!
13 France 58,196 44,469 76.41! 13 Egypt, AR 89,025 60,211 67.63!
14 Italy 57,881 41,667 71.99! 14 Turkey 85,432 57,277 67.042
15 Korea, Rep. 49,989 38,661 77.34! 15 UK 57,630 55,031 95.492
16 Philippines 77,447 37,953 49.01! 16 Zaire 88,854 54,114 60.902
17 Egypt, AR 66,710 36,547 54.78! 17 France 60,229 50,044 83.092
18 Turkey 66,622 36,188 54.32! 18 Germany, FR 55,389 49,080 88.61!
19 Spain 40,812 33,693 82.56! 19 Korea, Rep. 53,888 46,766 86.782
20 Argentina 38,235 32,163 84.12! 20 Tanzania 75,368 45,984 61.012
21 Colombia 40,962 28,557 69.72! 21 South Africa 59,799 44,954 75.18!
22 South Africa 43,332 28,123 64.90S 22 Italy 55,785 44,633 80.01!
23 Bangladesh 150,589 27,491 18.26S 23 Colombia 49,259 40,625 82.472
24 Poland 40,366 26,944 66.75! 24 Argentina 43,837 40,350 92.05S
25 Venezuela 27,322 23,151 84.73S 25 Spain 42,366 37,179 87.76!

TOTAL 112 COUNTRIES 5,985,155 2,737,565 55.42! TOTAL 112 COUNTRIES 7,514,523 4,327,726 66.66!
25 LARGEST URBAN POP. 4,812,084 2,175,006 63.19! 25 LARGEST URBAN POP. 5,896,778 3,359,441 71.14!
PERCENT OF TOTAL 80.40! 79.452 PERCENT OF TOTAL 78.472 77.63!

Source: United Nations. PROSPECTS OF WORLD URBANIZATION 1988. Tables A-1, A-7.
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tries. Of the ten countries with the largest Major differences characterize economic
urban populations in 2000, five of them will be structure measured in terms of shares of both
less than 50 percent urban, and seven now Gross National Product and labor inputs at
classify as developing countries. In other different levels of income. As is to be expect-
words, most of the world's urban population in ed, there is a great deal of variance depending
2000 will be in currently developing countries, on the natural resource base of different
and they will have an even greater share in countries and products which dominate their
2020. economies in international specialization and

division of labor. Quality of data varies from
Economic structure country to country and contributes to the

variance also. To eliminate the variance and
Since the urbanization of Europe in the make the pattern more apparent, countries of

nineteenth century, many scholars have studied the world for which data were available for
and analyzed it. The best theoretical explana- 1980 were divided into deciles by per capita
tion has been contributed by Herbert A. Gross Domestic Product. The results of the
Simon. In a paper intended to explain the analysis for percentage shares of Economically
historical rural-urban shift in Europe and Active Population are shown in Figure 3 and
North America in the nineteenth and early Table 5. To analyze shares of Gross Domestic
twentieth centuries, Simon presented a model Product the data were divided into septiles to
that seems to hold true generally (Simon keep the number of countries in each interval
1947). roughly the same, since we had data for fewer

The basic argument can be stated simply. countries. The results are shown in Figure 4
A technological change which increases pro- and Table 6.
ductivity will cause real incomes to rise. Since Briefly, as current technology is adopted
the income elasticity of demand for urban in the less urbanized regions of the world
goods and services is greater than that for causing productivity and real incomes to rise,
rural ones, resources, including labor, will be the rural-urban shift described above will
shifted from rural to urban production chang- occur. This will be accompanied by changes in
ing the rural-urban balance of the population. the structure of the economy. While per capita
For analytical purposes, the model is highly product in the extractive industries, including
simplified, and increases in productivity in both agriculture, will increase only slightly or remain
sectors are assumed equal and the labor force constant, it will represent a declining share of
and population are held constant. Simon Gross National Product and will employ a
demonstrates that technological changes which declining percentage of the labor force. The
affect all sectors of the economy result in fabricative sectors will grow rapidly at first as
changing economic structure and increasing shares of both product and employment, and
levels of urbanization. they will subsequently level off and decline as

Using cross-sectional data, Fuchs showed percentages at higher levels of per capita
differences in structure related to income Gross National Product though their absolute
(Fuchs 1981). Jones disaggregated the urban values will increase. Distributive sectors will
sector into three parts, fabricative, distributive, increase with per capita product remaining a
and service, and showed that the model held relatively constant share. Services will expand
for changes in the structure of the U.S. econo- both absolutely and relatively. Structural
my from 1950 to 1980 (Jones 1984). Using a changes will take place within the fabricative
times-series analysis for most of the countries sectors. At first, they will produce largely
of the world, Wasty demonstrated that Simon's intermediate goods for building the stock of
model is a general theory of growth, corrobo- social overhead capital, creating the industrial
rated Fuchs's findings, and showed that Jones's plant and providing inputs for the extractive
formulation applied only to highly developed industries. As the distributive and service
economies (Wasty 1989). sectors expand, greater proportions of indus-
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TABLE V. ECONCMICALLY ACTIVE POPULATION BY SECTOR BY PER CAPITA GROSS DCMESTIC PRODUCT, 1980,

DECILE GDP POPULATION CAPITA EAP AG PERCENT EAP IND PERCENT EAP SERV PERCENT
1980 (millions) GDP 1980 EAP AG 1980 EAP IND 1980 EAP SERV

constant 1980 (millions) 1980 (millions) 1980 (millions) 1980
$millions constant S

1 S1,328 22.4 359 6.4 73.7% 0.8 9.0% 1.5 17.2Z
2 36,442 75.6 S85 21.3 71.42 3.7 12.3% 4.9 16.3%
3 S3,032 25.8 3118 6.0 65.2% 1.1 12.2% 2.1 22.6%
4 34,050 22.1 3183 4.9 59.1% 1.1 12.8Z 2.3 28.1%
5 34,658 16.6 S281 3.5 57.32 0.9 15.ZZ 1.7 27.52
6 312,536 25.0 3502 3.3 39.91 2.0 24.5Z 2.9 35.6%
7 310,571 15.9 3664 2.1 34.02 1.6 25.9% 2.5 40.2Z
8 328,890 28.9 3999 2.6 24.02 3.5 32.72 4.7 43.32
9 $44,805 25.0 31,791 1.0 8.8% 4.1 36.2% 6.2 55.0Z

10 3154,858 41.4 33,741 1.0 4.9S 6.6 33.5% 12.0 61.6%

TABLE VI. GROSS DOMESTIC PRODUCT BY SECTOR BY PER CAPITA GROSS DCMESTIC PRODUCT, 1980.

SEPTILE GDP POPULATION CAPITA GSP AG PERCENT GSP IND PERCENT GSP SERV PERCENT
1980 (millions) GDP 1980 GDP AG 1980 GDP IND 1980 GDP SERV

constant 1980 constant 1980 constant 1980 constant 1980
Smillions constant S Smillions Smillions $millions

1 S13,468 219.4 361 S6,761 50.2% 31,885 14.0% 34,822 35.86
2 S84,124 920.9 391 329,316 34.8% $22,547 26.82 332,261 38.32
3 $48,495 247.7 3196 S12,199 25.22 317,767 36.6% $18,528 38.2%
4 354,285 156.9 S346 S11,421 21.02 $19,010 35.02 323,853 43.92
5 $152,766 262.8 $581 322,696 14.9% 360,110 39.3% $69,960 45.8%
6 3477,022 369.9 31,290 330,279 6.3% 3192,405 40.3% 3254,339 53.32
7 S1,626,705 457.6 33,555 $49,342 3.02 3575,173 35.4% $1,002,190 61.6%
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trial output will be required as intermediate creased productivity, which results
goods for the distributive and service sectors in higher incomes, leads to urban-
(Jones and Shepherd 1986). In a similar fash- ization; and the second that in-
ion, the distributive and service industries will creased density and urbanization
provide increasing inputs for the extractive and lead to higher productivity and
fabricative sectors as the economy becomes incomes. (Jones and Kone, forth-
increasingly interdependent (Jones 1986). coming)

The changing economic structure will be In the previous section, changes in tech-
becoming a more vulnerable one to natural nology and the organization of society which
disasters. Extractive industries are little depen- resulted in greater productivity and rising real
dent on linkages and interaction at low levels incomes were described as the mechanisms
of development. Devastation of them may lead that would lead to changes in economic struc-
to food shortages and possibly famines. Fabri- ture and higher levels of urbanization. The
cative sectors are fairly robust and show re- extensive literature dealing with the effect of
markable ability to recover. Distributive sectors urbanization on income chiefly through in-
are heavily dependent on lifelines and infra- creased productivity resulting from urbaniza-
structure and are likely to be heavily impacted. tion economies and greater division of labor
Services are highly dependent on transporta- will not be reviewed here. In exploring empiri-
tion and communication and are perhaps the cal relationships, we have implicitly incorporat-
most vulnerable of all. ed that argument by treating income as the

The Montenegro earthquake of 1979 dependent variable.
destroyed most of the facilities of the tourism We studied 50 states and the District of
industry, the largest earner of foreign exchange Columbia of the United States in 1960 and
and the largest single sector in the Republic. 1980 and found the relationship held. The
Great efforts were made to create the impres- regression model used was:
sion that the immediately adjacent area on the
Croatian coast received no damage, which was Ln PI = bo + b1 Urban (1)
not the case.

Most of the highest paid occupations are where
in distribution and services, and as these sec-
tors grow and educational, professional, finan- Ln PI = logarithm of per capita personal
cial and medical services increase, incomes income,
rise. Urban = percentage of the population

that is urban,
Income bo = the intercept,

bi = the slope.
The relationship between level of urban-

ization and per capita income is positive and The adjusted R2 for 1960 was 45 percent and
direct. As urbanization takes place throughout for 1980 42 percent. When two out-lying
the world, incomes can be expected to rise, observations were removed in each year the
and these rising incomes will have far-reaching adjusted R2 increased to 59 percent in 1960
consequences. Theoretical explanations have and 52 percent in 1980 (Jones and Kone,
been offered for this relationship, and they are forthcoming).
supported by empirical evidence. Even better results were obtained with

These theoretical arguments have the same equation in an analysis of 113 coun-
developed along two distinct but tries of the world for the same years using
complementary lines: the effect of World Bank data (World Bank 1982). The
productivity on urbanization, and scatter plots, shown in Figures 5 and 6, ap-
the effect of urbanization on pro- proximate linear relationships. Levels of both
ductivity. The first states that in- urbanization and per capita GDP increased
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over the period, the distribution moved up- community-size groups in the United States for
ward to the right, and the relationship between 1935-36 led him to conclude the following:
urbanization and level of income became The community-size differences in
stronger from 1960 to 1980. The adjusted R2 income levels appear more promi-
increases from 59 percent in 1960 to 65 per- nent and more consistent than the
cent in 1980. When seven out-lying observa- regional. Income per family declines
tions are eliminated in 1960 and four in 1980, consistently as we pass from the
the adjusted R2 increases to 76 percent in very large urban communities to the
1960 and 76 percent in 1980. smaller cities, to rural non-farm

Increasing urbanization between 1960 areas, and finally to farms. (Kuznets
and 1980 of countries throughout the world 1946, p. 28)
was accompanied by increasing per capita In a study of metropolitan areas in the United
GDP. As many of the very rural developing States in 1970 and 1979, we find the relation-
countries became more urban between 1960 ship continues to exist as shown in Table 7
and 1980, their levels of per capita GDP rose. (Jones and Kone, forthcoming).
There were 38 countries less than 20 percent Not only will increasing levels of urban-
urban in 1960 and 23 in 1980. The continuing ization throughout the world be accompanied
urbanization since then to the end of the by rising levels of real income, the enormous
century and into the next can be expected -to urban agglomerations that are emerging will
maintain the same relationship. have the highest incomes in the urban systems

A long tradition of empirical studies have of which they are a part. Eventually, the per
demonstrated a direct relationship between capita incomes in these great urban centers
city size and per capita income. Simon will be the highest in the world.
Kuznets's pioneering analysis of income by

Table 7: Metropolitan Area Population and Per Capita Personal Income: Current and Constant
(1982-84) U.S. Dollars, United States, 1970 and 1979.

Curren,t U.S. dollars

Metropolitan Area Income Income Income Income
Population 1970 1979 1970 1979

> 2,500,000 3,859 10,342 2,780 5,992
1,000,000 - 2,500,000 3,420 9,442 2,463 5,470
750,000 - 1,000,000 3,188 8,897 2,297 5,155
500,000 - 750,000 3,136 8,840 2,259 5,122
250,000 - 500,000 2,994 8,416 2,157 4,876
100,000 - 250,000 2,847 8,011 2,051 4,641

Energy requirements higher incomes all require increasing per
capita inputs of energy. Total energy consump-

Urbanization, the accompanying increas- tion in the world between 1960 and 2000 is
ing division of labor, change in the structure of shown graphically in Figure 7.
the economy, increasing interdependence The manner in which these mechanisms
between people, greater productivity, and operate can be perceived by analysis of energy
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consumption in various countries in a single Ln PCEN = logarithm of per capita
year. The latest year for which uniform data energy consumption in kgs. of oil equivalents
are available is 1988. Per capita energy con- as a ratio of per capita Gross National Prod-
sumption in kilograms of oil equivalents is uct,
shown in Table 8. There is a wide variation Ln PCGNP = logarithm of per capita
among countries, ranging from a low of 20 kg. Gross National Product.
per capita to almost 9,700 kg. per capita. The
pattern of the variation is not immediately The value of the R2 is .8486, and the slope of
apparent. When we standardize the data by the regression line is 1.0342, very close to a
per capita Gross National Product, a very unitary relationship. The regression line has
strong pattern emerges. The average use of been drawn in the figure also.
energy is shown to be .38 kg. of oil equivalent The strong relationship between urban-
per dollar of Gross National Product with ization and per capita Gross National Product
relatively little variation across countries, has been shown earlier. We would, therefore,
regardless of the level of development. The expect to find per capita use of energy and
data for 101 countries are shown graphically in urbanization to be closely related also. Since
Figure 8. Most of the countries, 60, are within urbanization was exponentially related to per
the range of .15 to .45 kg. per capita. The capita Gross National Product, we would
greatest variation and the most extreme low anticipate an even greater rise in per capita
and high values are for countries with per energy use with urbanization than with Gross
capita Gross National Product below US$3,500 National Product. The logarithm of the per-
per year. Regression analysis was carried out cent of the population that is urban is plotted
using the equation: against per capita energy use in Figure 10. The

equation is:
PCEN = bo + b, PCGNP (2)

Ln PCEN = bo + b, Ln percentURBl4)
where

where
PCEN = per capita energy consumption

in kgs. of oil equivalents as a ratio of p e r Ln PCEN = logarithm of per capita
capita Gross National Product, energy consumption in kgs. of oil equivalents

PCGNP = per capita Gross National as a ratio of per capita Gross National Prod-
Product, uct,

Ln percentURB = logarithm of the
The analysis indicates, as expected, per capita percentage of the population that is urban.
Gross National Product has little more explan- The relationship is not as strong as before, the
atory value than the mean. The R2 is .0277 R2 value is .6091, but it is much steeper, the
and the slope of the regression line is -.000008. slope of the line is 2.1794. The regression line
The regression line is shown in the figure also. is shown in the figure also.

Since the standardized use of energy has As productivity increases, real incomes
so little variation, we would expect per capita rise, and the percentage of the world popula-
use to be highly correlated with per capita tion that is urban becomes greater, the use of
Gross National Product. This is the case, and energy for inputs into the production process
the relation between the logarithms of the two and for consumption purposes to improve the
variables is shown graphically in Figure 9. The quality of life will increase enormously. How
equation is: these energy requirements will be met is

beyond the scope of this paper (Simon 1947).
Ln PCEN = bo + b, Ln PCGNP (3) The effect of urbanization and income on

energy use has been demonstrated. The impact
where
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F-igure 7. Total energy consumption: world and Figure 9. Logarithm of per capita energy consumption

Europe and North America, 1960 to 2000 vs. Iogarithm of per capita GNP
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TABLE VIII. PER CAPITA ENERGY CONSUMPTION: KGS. OF OIL EQUIVALENT, 1988.

PER CAP. RANK TOTAL PER RANK PC PER CAP. RANK TOTAL PER RANK PC
COUNTRY ENER.CONS.ENER. POP. CAPITA PC ENERGY COUNTRY ENER.CONS.ENER. POP. CAPITA PC ENERGY

KGIOIL EQ.CONS.(milL.) GNP GNP GNP KG/OIL EQ.CONS.(mill.) GNP GNP GNP
1988 1988 1988 1988 1988 RATIO 1988 1988 1988 1988 1988 RATIO

Canada 9,683 1 26.0 S16,960 9 0.57 China 580 52 1,088.4 S330 86 1.76
Norway 9,516 2 4.2 $19,990 3 0.48 Ecuador 573 53 10.1 $1.120 54 0.51
US 7,655 3 246.3 $19,840 4 0.39 Costa Rica 557 54 2.7 51,690 45 0.33
Sweden 6,617 4 8.4 $19,300 5 0.34 Zimbabwe 527 55 9.3 S650 68 d.ai
UAE 6,481 5 1.5 815,770 11 0.41 Tunisia 499 56 7.8 S1,230 51 0.41
Finland 5,550 6 5.0 $18,590 6 0.30 Peru 478 57 20.7 S1,300 49 0.37
Trinidad-Tobago 5,255 7 1.2 S3,350 31 1.57 Bot,wana 415 58 1.2 51,010 56 0.41
Netherlands 5,235 8 14.8 $14,520 13 0.36 Mauritius 402 59 1.1 S1,800 43 0.22
Australia 5,157 9 16.5 S12,340 18 0.42 Zambia 376 60 7.6 3290 89 1.30
Belgium 4,781 10 9.9 514,490 14 0.33 Dominican Rep. 332 61 6.9 $720 65 0.46
Kuwait 4,637 11 2.0 $13,400 15 0.35 Thailand 331 62 54.5 S1,000 58 0.33
Sinsaporce 4,464 12 2.6 $9,070 21 0.49 Bolivia 249 63 689 $570 71 0.44
Germany, FR 4,421 13 61.3 $18,480 7 0.24 Congo, PR 245 64 2.1 3910 60 0.27
Now Zealand 4,339 14 3.3 $10,000 19 0.43 PhiLippines 244 65 59.9 $630 70 0.39
Switzerland 4,193 15 6.6 527,500 1 0.15 Papua N.Guinea 243 66 3.7 salo 64 0.30
Denmark 3,902 16 5.1 S18,450 8 0.21 Morocco 239 67 24.0 3830 63 0.29
UK 3,756 17 57.1 $12,810 17 0.29 Indonesia 229 68 174.8 $440 74 0.52
France 3,704 18 55.9 $16,090 10 0.23 Paraguay 224 69 4.0 81,180 52 0.19
Poland 3,453 19 37.9 $1,860 42 1.86 El Salvador 215 70 5.0 S940 59 0.23
Austria 3,396 20 7.6 $15,470 12 0.22 India 211 71 815.6 8340 85 0.62
Japan 3,306 21 122.6 $21,020 2 0.16 Pakistan 210 72 106.3 3350 84 0.60
Saudi Arabia 3,098 22 14.0 S6,200 25 0.50 Honduras 203 73 4.8 5860 62 0.24
ngary 3,068 23 10.6 S2,460 36 1.25 GuatemaLa 168 74 8.7 $900 61 0.19
bya 2,719 24 4.2 $5,420 26 0.50 Sri Lanka 162 75 16.6 $420 77 0.39
raland 2,610 25 3.5 $7,750 23 0.34 Senegal 155 76 7.0 8650 67 0.24

Italy 2,608 26 57.4 S13,330 16 0.20 Cameroon 152 77 11.2 S1,010 57 0.15
South Africa 2,439 27 34.0 $2,290 38 1.07 NiSeria 150 78 110.1 S290 90 0.52
Venezuela 2,354 28 18.8 33,250 32 0.72 Ghana 125 79 1.4 $400 78 0.31
Yugoslavia 2,159 29 23.6 S2,520 33 0.86 Mauritania 111 80 1.9 S480 72 0.23
Oman 2,012 30 1.4 $5,000 27 0.40 Yemen, AR 102 81 8.5 $640 69 0.16
Greece 1,986 31 10.0 $4,800 28 0.41 Kenya 94 82 22.4 S370 83 0.25
Israel 1,972 32 4.4 S8,650 22 0.23 Mozambique 86 83 14.9 $100 101 0.86
Spain 1,902 33 39.0 $7,740 24 0.25 Guinea 78 84 5.4 $430 76 0.18
Panama 1,627 34 2.3 S2,120 40 0.77 Zaire 74 85 33.4 $170 96 0.44
Pang Kong 1,544 35 5.7 $9,220 20 0.17 Somalia 66 86 5.9 $170 98 0.39
Argentina 1,523 36 31.5 S2,520 34 0.60 Sudan 58 87 23.8 $480 73 0.12
Korea, Rep. 1,515 37 42.0 83,600 30 0.42 Haiti 57 88 6.3 S380 80 0.15
Portugal 1,324 38 10.3 33,650 29 0.36 Togo 54 89 3.4 $370 82 0.15
Rexico 1,305 39 83.7 31,760 44 0.74 Bangladesh 50 90 108.9 $170 97 0.29
Algeria 1,094 40 23.8 82.360 37 0.46 Benin 46 91 4.4 3390 79 0.12
Syria, AR 913 41 11.6 $1,680 46 0.54 Niger 43 92 7.3 $300 88 0.14
Jamaica 855 42 2.4 S1,070 55 0.80 Malawi 42 93 8.0 3170 95 0.25
Chile 832 43 12.8 S1,510 47 0.55 Rwanda 41 94 6.7 $320 87 0.13
Turkey 822 44 53.8 $1,280 50 0.64 Madagascar 39 95 10.9 S190 93 0.21
Brazil 813 45 144.4 S2,160 39 0.38 Tanzania 36 96 24.7 S160 99 0.23
Malaysia 784 46 16.9 $1,940 41 0.40 Cent.Afr.Rep. 30 97 2.9 3380 81 0.08
Uruguay 769 47 3.1 $2,470 35 0.31 Nepal 23 98 18.0 8180 94 0.13
Colombia 755 48 31.7 $1,180 53 0.64 Mali 21 99 8.0 $230 92 0.09
Jordan 723 49 3.9 S1,500 48 0.48 Ethiopia 20 100 47.4 $120 100 0.17
Yemen, PDR 653 50 2.4 S430 75 1.52, Burundi 20 101 5.1 3240 91 0.08
Egypt. AR 607 51 50.2 5660 66 0.92
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on the environment of increasing energy use urban population occupied 1.5 percent of the
will depend on the type of energy sources used land area of the country and this rose to 2.1
and the extent of measures taken to amelio- percent in 1980. During this period the urban
rate adverse effects. The relative cost of units population grew absolutely by 11.9 percent,
of energy decreases as per capita incomes rise. urban densities decreased by 18.1 percent, and
When incomes are low, even cheap sources of land in urban use rose 36.6 percent. However,
energy are relatively high. Cheap energy the land occupied by the urban population
sources emit greater levels of pollution than remained still a very small fraction.
dearer ones. In early stages of urbanization, The enormous growth in urban popu-
when rising per capita Gross National Product lation in the world projected for 2020 and the
is still low, pollution of the land, water, and air decreasing densities that can be expected to
environment from the use of energy tends to accompany it will require about 1 million
be great and can increase depending on the additional square miles to be converted to
relative rates of increase in incomes, energy urban use. While this is an area approximately
use, and concentration of population. At later the size of Australia, the total urban popula-
stages of urbanization when incomes are tion will occupy less than 4 percent of the
higher, dearer and more efficient sources of world land area. It will represent a tremen-
energy that emit fewer pollutants are relatively dously greater relative concentration of popu-
cheaper and emission control devices more lation than has existed in modern history.
affordable.

Environmental impact
Concentration

The concentration of more than 4 billion
Urban populations use relatively little people on less than 2 million square miles is a

space. Of the 2,870 million people in 113 staggering prospect. The same area will, of
countries in 1960, 1,897 million were rural. Of course, contain most of the manufacturing
the 7,515 million projected for 2020, 3,187 are production and other urban economic activi-
expected to be rural. This 68 percent increase ties. Levels of production and consumption
in rural population may cause rural densities in will be higher and per capita incomes greater.
some regions to rise to levels that may have The area will also be that within which most of
serious consequences on the environment. '[n the increased quantity of energy is used. All of
most regions it will probably be easily ab- these effects will lead to greater per capita
sorbed. The 345 percent increase in urban environmental effects.
population from 974 million in 1960 to 4,328 The population and activities will require
million in 2020 will result in enormously great- larger per capita quantities of water. They will
er concentration of population and require a generate vast amounts of waste water. Their
tremendous expansion of urban areas (United activities will produce large amounts of solid
Nations 1987). wastes, including garbage. On-site disposal of

Urban densities, as measured by density liquid and solid wastes, an acceptable solution
gradients, have been declining since 1900 at low rural densities, results in intolerable
(Clark 1951). The highest center city densities levels of land, water, and air pollution with
in the world today are lower than they were a enormous concentrations of populations at
century ago. Urban agglomerations have been even moderate urban densities.
spreading and taking up more area. However, The enormously expanded use of energy
the space they require is still quite modest. In for production, transportation, space heating,
the United States, the urban population in lighting, cooking, sanitation, and personal
1970 was 73.5 percent of the total, and it hygiene will result in effluents that will vary
increased very slightly to 73.7 percent by 1980 according to the type of fuel used. Higher
although it increased absolutely from 149.3 to quality fuel and effluent control measures are
167.1 million over the decade. In 1970, the functions of income, and as agglomerations
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grow rapidly and their economic activities other elements. The unoccupied structures
expand, improvements do not keep pace and usually represent by far the greatest percent-
extremely polluted urban environments result. age of all manmade structures in the region,

As incomes rise, larger expenditures are and their initial cost and replacement value
devoted to environmental management. It has usually vastly exceeds that of occupied struc-
been argued the demand for environmental tures. The human population, in addition to
quality is income elastic, which may be the structures, will also have accumulated over
case, but it is difficult to demonstrate because long periods of production a large number of
of measurement problems. However, there is artifacts. These include tools, implements,
a time lag factor, and urbanization takes place clothing and various sorts of textiles, furnish-
faster than incomes rise and facilities can be ings, machinery and equipment, vehicles and
built. Environmental conditions in many of the ships. These artifacts are necessary, not merely
huge agglomerations that will emerge over the in the conduct of economic activity but in the
next few decades can be expected to be very pursuit of everyday life (Bates 1982). Many of
bad and represent a deterioration over present these artifacts will also be objects of beauty
standards. and have symbolic value historically, culturally

or socially (Jones 1981, p. 241).
Social overhead capital The built physical environment is the

accumulation of social overhead capital over
Human populations make extensive time. It is a function of the rate of investment

modifications to the natural environments they and Gross National Product. It is durable and
inhabit to support their existence and activi- can last for extraordinarily long periods of
ties. These include modification of the land- time, and the accumulation at any point is
scape for the exploitation of natural resources modified by the rates of physical deterioration
through horticulture, animal husbandry, silvi- from natural causes, obsolescence, and destruc-
culture, the extraction of minerals, and the tion or demolition. The value of the accumula-
management of water. This will have resulted tion of social overhead capital is expected to
in the clearing of forests, the cultivation of be some multiple of Gross National Product
fields, the creation of pasture, planting of (Jones, Lewis, and Westendorff, forthcoming).
timber lots, digging of mines and quarries, That is to say:
erecting elaborate agricultural terraces, creat-
ing ponds and channels, building fences and BPE (t) = k GNP (t), (5)
walls. In addition the population will have
invested vast amounts of time, energy and where BPE (t) = replacement cost of the
resources in the building of structures which built physical environment at time t,
can be classified as of two types: those intend- GNP (t) = gross national product at
ed for human occupancy and those intended to time t,
be unoccupied. Occupied structures are pri- k = the ratio of social overhead
marily for protection from the elements and capital to product.
animal and human predators .... Buildings
provide shelter for economic activities of Since investment in modifications of the
various kinds, residentiary activities, social and environment and the construction of buildings
cultural activities. Many of these structures and infrastructure is a function of Gross Na-
have been elaborated with tremendous care tional Product which accumulates over time,
and have symbolic significance beyond their when product is increasing rapidly the accumu-
immediate use as historic, artistic or cultural lated stock may be inadequate. That is to say,
monuments. Unoccupied structures are ex- the multiple of its value to Gross National
tremely numerous in their varieties. They Product may be low. In other words, the value
include wells, dams, docks, roads, causeways, of k can change from one time to another. In
bridges, tunnels, aqueducts, canals, and many periods of rapid urbanization and growth in
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product, the value of k can decrease over hazards. On both counts the prognosis is not
previous levels, and the stock of social over- good.
head capital may be inadequate. As a conse- With respect to the vulnerability of the
quence, the quality of the environment can built physical environment, during periods of
deteriorate. This may be observed in such rapid growth it is likely to be high. As shown
things as: housing conditions characterized by previously, the accumulated value of social
homelessness, overcrowding, and poor qualitly; overhead capital is a function of Gross Nation-
working conditions that are overcrowded, al Product. Investments which represent great
underventillated, unheated or overheated, relative sacrifices are likely to be made as
grimy with dust and particulate matter; streets economically as possible. This frequently
and roads heavily congested with traffic caus- results in selecting accessible sites that may be
ing travel times to be extremely long; water particularly hazardous. For example, in the
supply and sewage disposal systems that are earthquake that struck Campania Basilicata in
inadequate to serve populations resulting in 1980, the extent of destruction was not known
unsanitary conditions; streets and open spaces for days because the regional roads which
littered with garbage and trash because of passed through each of the towns without
inadequate collection and disposal systems alternate routes were impassable with rubble.
providing conditions for the increase of insect The stricken region in the Baguio earthquake
and rodent populations; and ambient air pol- in the Philippines in 1990 was isolated for
luted with smoke, dust, dirt, and corrosive weeks because the transport facilities located
gases resulting from space heating, cooking, along the less fertile land on the edges of the
transportation and production activities. valleys were blocked with landslides. Scarce

We have numerous descriptions and resources lead to inexpensive building methods
chronicles of the extremely deleterious envi- which may result in vulnerable structures. In
ronmental conditions that accompanied the recent disasters, such as that in 1988 in Arme-
growth in urbanization and income in cities in nia, older buildings have performed much
Europe and North America in the nineteenth better than many newer ones built during the
and early twentieth centuries (Fried 1968; period of recent rapid growth. Mitigation
Gavin 1971; Mayhew 1965; and Shattuck measures may represent an additional cost that
1948). That investments in social overhead appears extravagant when risks are low given
(non-productive) capital were inadequate in the alternative uses of scarce capital resources.
the Soviet Union and Eastern Europe after In Jordan, which is relatively affluent, although
World War II is becoming painfully apparent. it has a long and violent seismic history, there
Similar conditions are likely to be the case as have been no seismic building codes to govern
the enormous new agglomerations of the the enormous amount of construction over the
twenty-first century emerge. past 40 years.

For many very good reasons, hazardous
Vulnerability to natural disasters sites are frequently the ones with the greatest

locational advantage for situating human
The vulnerability to natural disasters of activities, the populations associated with

the agglomerations that are emerging is a them, and the urban centers in which they are
function of two variables: the hazardousness of located.
their locations, i.e., the extent to which they The junctures between the great tectonic
are subjected to natural disasters; and the plates that form the surface of the earth
vulnerability of the elements at risk contained frequently define the major topographical
within them, i.e., the ability of the elements of features of its surface. Examples are too nu-
the built physical environment of buildings, site merous to list but include the west coast of
improvements, and infrastructure in them to South America, the coastline of California, the
withstand the stresses imposed by natural Mississippi Valley, the broad valley system of

Danube-Sava-Drava Rivers, the west coast of
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Italy, and the Adriatic coast of Yugoslavia. A 1950 to 28 percent in 1980. The population
very important characteristic of these topo- living in the seismically active area within 50
graphical features is that they create conditions miles of the Pacific coast increased from 8
that are extremely advantageous for the loca- percent in 1950 to 12 percent in 1980. River
tion of human activities and consequently the valleys are the locus of riverine floods. Flash
populations associated with them. Great valley floods have their most devastating effects in
systems with broad streams for water and narrow valleys. The junctures of plains with
transport, fertile soils from millennia of depos- hills or mountains and narrow valley passages
its, flat land easy to work, build upon and through hilly terrain are subject to land and
move over; places where land and sea come rock slides.
together so accessible to other regions because The great agglomerations that are emerg-
sea transport is so much easier than overland, ing are, to a large extent, places where people
where mode of transport must change, where have settled for long periods of time. Eighteen
good harbors can be found; these are examples of the 25 largest centers in 2000 have been
of important locational criteria. major cities for at least 200 years; some have

The narrow bands where tectonic plates been major places for four or five centuries
come together are, of course, prone to seismic and more. The locational advantages these
activity. As a consequence we are confronted places have may still be important, but if they
with the dilemma that much of the population are only historical, the infrastructure they have
and many of its most important activities are accumulated over the ages provides them with
to be found in the very regions that are most a present inertial advantage over other sites.
seismically active. This is not a recent phenom- The locations are likely to be hazardous.
enon but one that has characterized human In an earlier section, projections were
settlement from earliest times. Not only are cited of the enormous increase expected in
many of our largest urban agglomerations, urban populations, the size of the largest
most vital facilities, and most significant eco- agglomerations, and the extent to which popu-
nomic functions located in seismic regions, but lations will be concentrated on small percent-
also our oldest urban centers are too with the ages of the land surface. It is on primarily
accretions of historic structures and collections hazardous sites that these concentrations of
of artifacts that served their needs and form populations will occur and many of the great-
our cultural heritage. Some of the earliest est agglomerations located. In other words, the
traces of the human race have been found in world population will become increasingly at
the Great Rift Valley in Central Africa, and risk from natural hazards. The relation be-
the northern end of the Rift in the Middle tween population and the built physical envi-
East has been the home of some of our oldest ronment has been shown. Except for agricul-
historic cultures. The remaining towns and tural and other extractive site improvements,
buildings of Spanish Colonial America down energy production and interregional transmis-
the coast of Ecuador and Peru, the Caribbean sion, and land and water transport infrastruc-
coast of Central America, and the islands of ture, the bulk of it is in urban centers. The
the Caribbean are in regions with long and investment in social overhead capital achieved
often tragic seismic histories. Many more over years with varying sacrifice will be at
examples can be cited (Jones, Manson, greater risk in the future than it is now. Even
Hotchkiss, and Savonis 1985). much of that which is located in non-urban

Coastal regions are, of course, subject to areas will be on coastal plains and in river
sea surges, tsunamis, and the most devastating valleys which are subject to hazards. Mitigation
effects of hurricanes, typhoons, and cyclones. measures, such as more effective prediction,
The proportion of the total population living warning, and evacuation procedures, better
within 50 miles of the coastal shoreline of the siting of facilities, and sounder construction
Atlantic Ocean and the Gulf of Mexico in the methods may improve the situation from what
United States increased from 26 percent in it might be without them. Loss of life, injuries,
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and disease may be contained, but economic too long have been focused on rural produc-
loss from damage and destruction and the tion and rural populations which are of ever
secondary economic loss from lapse in produc- diminishing relative magnitude and importance.
tive activity are certain to increase tremen- Priorities must be revised.
dously. While buildings and infrastructure are The assistance we have given to build
likely to be less vulnerable because they are both rural and urban infrastructure and pro-
better constructed at higher levels of income, duction facilities has too seldom required that
the exponential rate at which they will have necessary mitigation measures be taken to
accumulated will offset quality and total dam- reduce their vulnerability to natural disasters.
age will be higher. A study which reviewed Not only is this poor investment strategy, it
earthquakes in the United States after World leads to increasing vulnerability. For example,
War II, standardized for magnitude of event the casualties resulting from the Baguio earth-
and showed that in constant dollar terms quake in the Philippines in July 1990 would
earthquakes were becoming more expensive- have been lower if the new Hyatt Regency
over time. The ability to recover increases with Hotel had never been built, particularly with
income also, but it too is offset by the greater so little construction supervision. Proper
economic costs. mitigation measures usually add a very small

increment to the cost of new facilities, and
Conclusion with scarce capital resources to meet the

enormous needs for new urban plant, we
In two decades, most of the population of cannot afford not to take such measures.

the world and most of its economic activities In a similar fashion, assistance for build-
will be located in urban agglomerations for the ing infrastructure and production facilities has
first time in history. That urban population will too infrequently required necessary steps to
be larger than the total population of the ensure the environmental burden imposed by
world in 1970. The structure of the world them will be as light as possible. As a conse-
economy will have changed from rural agrarian quence, recent development has been accom-
to urban fabrication, trade and services. In- panied by alarmingly deteriorating environmen-
comes will have risen as labor productivity tal conditions, much of which could have been
increased. Vastly greater quantities of energy avoided with little effort. A notable case to the
will be consumed. The enormous concentra- contrary is that of Sarajevo where 30 years of
tion of people and the structures that will have unheeding development had created a city with
to be built to accommodate them and their high levels of land, water, and air pollution
activities will create urban environments of which were reversed by a World Bank program
unprecedented magnitude. Simply buildings between 1980 and 1984. In many instances,
these environments is an heroic task: making relatively simple and low cost measures can
them habitable, healthy, safe, and invulnerable ensure that levels of emissions of all kinds will
to natural hazards at acceptable levels seems be lower than they would be without them.
beyond the accomplishable. Unless we take these steps, we will use scarce

The clear implications are that the high- funds to build vast intolerable urban areas.
est priority for all our efforts is to devote our What needs to be done to accommodate
attention, time, and resources to the shaping the burgeoning urban population of the next
of the enormous urban environment that is two decades is staggering to contemplate.
emerging. Human and financial resources must Quite possibly we cannot do all that would be
be drastically reallocated from other tasks to desirable to ensure levels of security and
cope with what will otherwise be overwhelming quality that we would like. However, we can at
urban problems. Too much of our efforts to least avoid doings things wrong.
assist developing countries for
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APPENDIX TABLE 1A. TBIRTY FIVE LARGEST AGGLCMERATIONS RANXZD BY SIZE. 1000 A.D.-1500 A.D.

1O0O 1100 1200
Rank Agglomeration: Country Pop. Rank Agglomeration: Country Pop. Rank Agglomeration: Country Pop.

1 Cordova. Spain 0.450 1 Kaifeng, China 0.442 1 Eangchow, China 0.255
2 Constantinople. Byzantium 0.450 2 Constantinople, Byzantium 0.350 2 Fez. Morocco 0.250
3 Kaifena. China 0.400 3 Sian, China 0.300 3 Cai:o. Egypt 0.200
4 Sian, China 0.300 4 Cairo, Egypt 0.200 4 Constantcnopla, Byzantium 0.200
5 Kyoto, Japan 0.200 5 Kyoto, Japan 0.200 5 Canton. China 0.200
6 Cairo, Egypt 0.150 6 Marrakesh, Morocco 0.150 6 Pagan, Burma 0.180
7 Hasa. Qarmatians 0.150 7 Bagdad, Seljuks 0.150 7 Narnk.ng, China 0.180
8 Hangchow. China 0.140 8 fangchow. China 0.150 8 Kamakura, Japan 0.175
9 Angkor, Cambodia 0.130 9 Canton, China 0.140 9 Angkor, Cambodia 0.150

10 Bagdad, Persia 0.125 10 Kalyan, Chalukyas 0.125 10 Palermo, Sicily 0.150
11 Nishapur, Uighurs 0.125 11 Angkor, Cambodia 0.125 11 Marrakesh, Morocco 0.150
12 Chengtu. China 0.115 12 Anhilvada, Gujarat 0.125 12 SeviLle, Morocco 0.150
13 Khajuraho, Chandels 0.100 13 Fez, Morocco 0.125 13 Cuttack, Orissa 0.150
14 Anhilvada, Gujarat 0.100 14 Seville, Morocco 0.125 14 Pek:ng, Kins 0.150
15 Bokhara, Uighurs 0.100 15 Tinnis. Egypt 0.125 15 Sian. Kins 0.150
16 Liaoyang, Khitans 0.100 16 Soochow, China 0.110 16 Kaifeng, Kins 0.150
17 Canton. China 0.100 17 Ixfahan, SeIjuks 0.110 17 Polonnaruwa, Ceylon 0.140
18 Rayy. Persia 0.100 18 Yangchow, China 0.107 18 Parts, France 0.110
19 Tanjore, Cholas 0.095 19 Kayseri, SeLjukids 0.100 19 Bagdad, S*Ijuks 0.100
20 Songdo, Korea 0.095 20 Pagan. Burma 0.100 20 Tali, Nanchao 0.100
21 Isfahan, Persia 0.092 21 Liaoyang, Xhitans 0.100 21 Konia, S-jukidz 0.100
22 Seville, Spain 0.090 22 Nishapur, SaLjuks 0.100 22 Damietta, Egypt 0.100
23 Chunar, Bengal 0.089 23 Chengtu, China 0.095 23 Yangchow, China 0.100
24 Sochow, China 0.087 24 Kanauj. North India 0.090 24 Kalrnjar, ChandeLs 0.100
25 Ninghsia, Tangut 0.085 25 Palermo, Sicily 0.090 25 Changtu, China 0.095
26 Loyang, China 0.085 26 Ninghsia, Kins 0.088 26 Ghazni, Persia 0.095
27 Yangchow, China 0.085 27 Gangaikondapuram 0.088 27 Damascus, Egypt 0.090
28 Tinnis, Egypt 0.083 28 Ghazni, Char 0.088 28 Soochow, China 0.090
29 Edessa. Egypt 0.0a2 29 Songdo, Korea 0.088 29 Ninghsia, Kins 0.085
30 Venhi, 0.082 30 Rayy, Khwari=m 0.085 30 Rabat, Morocco 0.085
31 Samarkand, Uighurs 0.080 31 Loyang, Kins 0.083 31 Kyoto, Japan 0.085
32 Peking, Khiyans 0.080 32 Tali, Nanchao 0.083 32 Songdo, Korea 0.085
33 Manyakhata, 0.078 33 Nadiya, Ghor 0.083 33 Alexandria, Egypt 0.085
34 Nanking, China 0.078 34 Peking, Kins 0.080 34 Nadiya, Ghor 0.085
35 Aleppo, Egypt 0.078 35 Lahore, Char 0.078 35 Nishapur, Khwari= 0.080

Total 4.779 Total 4.678 Total 4.650

1300 1400 1500
Rank Agglomeration: Country Pop. Rank Agglomoration: Country Pop. Rank Agglomeration: Country Pop.

1 dangehow, China 0.432 1 Nanking. China 0.473 1 Peking, China 0.672
2 Poking. China 0.401 2 Cairo. Egypt 0.450 2 Vijayanagar, South India 0.500
3 Cairo, Egypt 0.400 3 Vijayanagar, South India 0.350 3 Cairo, Egypt 0.450
4 Canton, China 0.300 4 Hangchow, China 0.325 4 Nangehow, China 0.375
S Nanking, China 0.300 5 Peking, China 0.320 5 Nanking, China 0.285
6 Paris, France 0.228 6 Canton, China 0.300 6 Canton, China 0.285
7 Fez, Maghreb 0.200 7 Paris, France 0.275 7 Tabriz, Persia 0.250
8 Kamakura, Japan 0.200 8 Tabriz, Persia 0.200 8 Paris, France 0.225
9 Soochow, China 0.160 9 Kyoto, Japan 0.200 9 Constantinople, Turkey 0.200

10 Sian, China 0.150 10 Soochow, China 0.175 10 Gaur, Bengal 0.200
11 Granada. Granada 0.150 11 Pandua, Bengal 0.150 11 Soochow, China 0.200
12 Constantinople, Byzantium 0.150 12 Fez, Morocco 0.150 12 Sian, China 0.150
13 Tabriz, Persia 0.150 13 Sian, China 0.150 13 Seoul, Korea 0.150
14 Angjor, Cambodia 0.125 14 Cambay, North India 0.125 14 Mandu, Malwa 0.150
15 Cuttack, Orissa 0.125 15 Milan, Milan 0.125 15 Ayutia, Siam 0.150
16 Venice, Venice 0.110 16 Bruge*, France 0.125 16 Fez. Morocco 0.125
17 Chsngtu. China 0.110 17 Venice, Venice 0.110 17 Adrianople, Turkey 0.125
18 MiLan, Milan 0.100 18 Genoa, Genoa 0.100 18 Naples, Naples 0.125
19 Genoa, Genoa 0.100 19 Granada, Granada 0.100 19 Cambay, Gujarat 0.125
2z Delhi, North India 0.100 20 Samarkand, Timurids 0.100 20 Venice, Venice 0.115
21 Sarai, Golden iforde 0.100 21 Seoul, Korea 0.100 21 Chengtu, China 0.112
22 Gaur, North India 0.100 22 Siraz, Timurids 0.100 22 Milan, France 0.104
23 Chuanchow, China 0.100 23 Damascus, Egypt 0.100 23 Delhi. North India 0.100
24 Marrakesh. Maghreb 0.100 24 Prague, Germany 0.095 24 Kaifeng, China 0.095
25 Quilon, Travancore 0.100 25 Bursa, Turkey 0.093 25 Chitor, Mewar 0.090
26 Warangal, 0.100 28 Bagdad, Jelairidx 0.090 26 Penukonda, 0.090
27 Kaifeng, China 0.095 27 Quilon, 0.090 27 Bruges, Spain 0.090
28 Yangchow, China 0.095 28 Changtu, China 0.088 28 Gwalior, Gwalior 0.090
29 Damietta, Egypt 0.090 29 Chuanchow, China 0.087 29 Fuchow, China 0.083
30 Seville, Spain 0.090 3T Kaifeng. China 0.087 30 Wuchang, China 0.081
31 Dhar, 0.090 31 Caffa, 0.085 31 Bidar, 0.080
32 Songdo, Korea 0.080 32 Gaur, Bengal 0.083 32 Ahmedabad, . 0.080
33 Tali, China 0.080 33 GuLbarga, 0.083 33 Tenochtitlan, Aztecs 0.080
34 Tunis, Maghreb 0.075 34 Fuchow, China 0.081 34 Lyon, France 0.080
35 Wuchang. China 0.073 35 Damiertt, Egypt 2 0.080 35 Ghent. Spain 0.080

Total 5.359 5 Total 5.645 Total 6.192
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AP~PENDIX Tp.JLE IB. THIRTY FIVE LARGEST AGGLOMATIONS RArK!-0 BY SIZE. 1600 A.D.-ZOOO AD.,

1600 L700 1800
Rank Agglomeration: Countr-y Pop. Rank Agglomeration: Country Pop. Rank ASglomeration: Countryf Pop.

1 Peking. China 0.706 1 Constantinople, Turkey 0.700 1 Pek~'.g, China 1.ioc
2ZConstantinopLe, Turkey 0.700 2ZPeking. Chifla 0.650 2ZLondon, Britain 0.851
3 Agra, Mogulz 0.500 3 Isfahan. Persia 0.600 3 Cantn. Chi.na 0.a00
4.Cairo. Turkey 0.400 4 Londion, England 0.550 4 Constantinople. Turkey 0.570
S Osaka, Japan 0.400 5 Paris, Franc:. 0.530 S Paris. FraLnce 0 .54 7
6 Canton, China 0.350 6 Yado. Japan 0.500 6 Bangchow. China 0.500
7 Yedo, Japan 0.350 7ODelhi., Moguls 0.500 7 Yado, Japan 0.492
8 Kyoto, Japan 0.350 8 Ahmedabad, Mioguls 0.380 8N~aples, Naples 0.430
9 Hangchow, Chiina 0.350 9 Osaka, Japant 0.370 9 Soochow, China 0.392

10 Lahore. Mogul.s 0.350 10 Kyoto, Japant 0.350 10 Osaka, Japan 0.380
11 NanLking. China 0.317 11 Cairo, Turkeoy 0.350 11 Kyot.o, Japan 0.377
12 Naples. Spain 0.275 12 Canton, Chinia 0.300 12 Lucknow, India 0.300
13 Paris, Prance 0.250 13 Nanking, China 0.2300 13 Cairo, Egy-pt 0.263
14 Ahimedabad, Moguls 0.225 14 Hangchow, China --- 0.292. 14 Moscow, Russia --- 0.238
1S Bijapur, Bijapur 0.200 15 Soochow, China 0.245 15 Lisbon, Portugal. 0.Z37
16 London, England 0.187 16 Naples, Spain 0.207 16 Patna, India 0.235
17 Soochow. China 0.175 17 Meknes, Morocco 0.200 17 Vienna. Austria 0.231
18 AdrianopLe, Turkey 0.160 18 Dacca, Moguls 0.200 18 Sian, China 0.224
19 Venice. Venice 0.151 19 Surat, Moguls 0.200 19 Nanking, China 0.220
20 Sian. China 0.150 20 Hyderabad, Moguls 0.200 20 St. Petersburg, Russia 0.220
21 Qazvin, Persia 0.150 21 Lisbon, Portugal 0.188 21 Amtstedam, Holland 0.201
22 Potosi, Spain 0.148 22 Amsterdam, Holland 0.172 22 Ningpo, China 0.200
23 Seville. Spain 0.144 23 Patna, Moguls 0.170 23 Calcutta, India 0.200
24 Chengtu, China 0.130 24 Seoul. Koreat 0.170 24 Hfyderbad, Hyderbad 0.200
25 Marrakesh. M4orocco 0.125 25 Sian, China 0.167 25 Seoull. Korea 0.190
28 Arakan, Arakan 0.125 26 Ayutia, Siamt 0.150 25 Wuchang, China 0.185
27 Isfahan. Pezsia 0.125 27 Tabriz, Persia 0.150 27 Murshidabad 0.1a5
28 Milan, Milan 0.119 28 Wuchang. China 0.150 28 Mukden, China 0.182
29 Lisbon, Portugal 0.110 29 Srinagar, Mloguls 0.150 29 Benares, India 0.179
30 Granada, Spain 0.110 30 Rome, Papal States 0.149 30 Amapura, Thailand 0.175
31 Rome, Papal States 0.109 31 Venice, Venice 0.143 31 Fatshan, China 0.175
32 Palermo. Spain 0.105 32 Mukden, China 0.140 32 Bombay. India 0.175
33 Prague, Bohemia 0.100 33 Smyrna. Turkey 0.135 33 Berlin, GermAnzy 0.172
34 Ayutiaa Siam 0.100 34 Moscow, Russia 0.130 34 Madrid, Spain 0.169
35 Fez, Morocco 0.100 35 Milan. Milan 0.124 35 Dublin, Ireland 0.185

Total 8.346 9.912 Total 11.370

1900 1950 2000
Ranik Agglomeration: Countr-y POP. Rank Agglomieration/Country Pop. Rank Agglomeration: Country Pop.

1ILondon. Britain 8.480 1N7YC/NE New Jersey, USA 12.400 1 Mexico City, Mexi co 25.300
2 New York, USA 4.242 2ZLondon, UK 10.400 2ZSao Paulo, BraziL 24.000
3 Paris, France 3.330 3 Shanghai, China 10.300 3 Tokyfo/Yokohama, Japan 17.100
4 BerLin, Germany 2.424 4 Rhein-Ruhr, FDR. 6.900 4 Calcutta, India . 16.600
S Chicago, USA 1.717 5 Tokyo/Yokohama, Japan 6.700 5 Greater Bombay, India 16.000
6 Vienna. Austria 1.662 6 Beijing, China 6.700 6 NYC/NE New Jersey, USA 15.500
7 Tokyo, Japan 1.497 7 Paris, France 5.500 7 Seoul, RepubLic of Korea 13.500
8 St. Petersburg. Russia 1.439 8 Tianjin, China 5.400 8 Shanghai. China 13.500
9 Philadelphia, USA 1.418 9 Buenos Aires, Argentina 5.300 9 Rio de Janeiro, Brzail 13.300

10 Manchester, Britain 1.255 10 Chicago/NW Illinois, USA 5.000 10 Delhi. India 13.300
11 Birmingham. Britain 1.248 11 Moscow, USSR 4.800 11 Buenos Aires, Argentina 13.200
12 Moscow, Russia 1.120 12 Calcutta, India 4.400 12 Cai:o/Giza/Imbabs, Egypt 13.200
13 Peking, China 1.100 13 Los Angeles, USA '4. 100 13 Jakarta, Indonesia 12.800
14 Calcutta, India 1.085 14 Osaka/Kobe, Japan 3.800 14 Baghdad. Iraq 12.800
15 Boston, USA 1.075 15 Milan, Italy 3.600 15 Teheran, Iran 12.700
16 GLasgow, Scotland 1.072 16 Rio do Jansiro, Brazil 3.500 16 Karachi. Pakistan 12.200
17 Liverpool, Britain 0.940 17 Mexico City, Mexico 3.100 17 Istanibul. TurkeY 11.900
I8 Osaka, Japan 0.931 18 Philadelphia, USA 3.000 18 Los Angeles, USA 11.200
19 Constantinople, Turkey 0.900 19 Greater Bombay, India 2.900 19 Dacca, Bangladesh 11.200
20 Hamburg, Germany 0.895 20 Detroit, usA 2.800 20 Manila, Philippines 11.100
21 Shanghai, China 0.837 21 Sao Paulo, Brazil 2.800 21 Beijing, China 10.800
22 Buenos Aires, Argentina 0.806 22 Naples, Italy 2.800 22 Moscow, USSR la.100O
23 Budapest. Austria 0.792 23 Leningrad, USSR 2.600 23 Bangkok/Thonburi, Thailand 9.500
24 Bombay, India 0.780 24 Manchester, UK 2.500 24 Tianjin. China 9.200
25 Ruh~r, Germany 0.766 25 Birmingham, UK 2.500 25 Paris. France 9.200
26 Rio de Janeiro, Brazil 0.750 Z6 Cairo/Glza/Imbaba, Egypt 2.500 26 Lima-Callo, Peru 9.100
27 Warsaw, Poland 0.724 27 Boston, USA .2.300 27 London, UK 9.100
28 Tientsin, China 0.700 28 Shenyang, China 2.200 28 Kinshasha, Zaire 8.900
29 Canton. China 0.670 29 West BerLin. FOR 2.200 29 Rhein-Ruhr, FOR 8.600
30 Newcastle, Britain 0.615 30 San Francisco/Oakland, USA 2.000 30 Lagos, Nigeria a.300
31 St. Louis, USA 0.614 31 Leeds/Bradford, UK 1.900 31 Madras. India . 8.200
32 Pittsburg, USA 0.604 32 GLasgow. UK 1.900 32 Bangalore, India a8.0oc
33 Cairo. Egypt 0.595 33 Jakarta, Indonesia 1.800 33 Osaka/Kobe, Japan 7. 7L
34 Naples, Italy 0.563 34 Hamburg. FOR, 1.600 34 MiLan, Italy 7.50..
35 BrusseLs, Belgium 0.561 35 Wien, Austria .800 35 Chicago/NW Illinois, USA 7.200

Total 46.207 &26 Total 1441.200 TotaL 422.800

1600 1700 1800
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AKPENDIX TABL- ;_. URBAN AGGLOt*9sAT:ONS WITH POPULATION OF T,WO ILL:ON CR MCRE IN 1985. R.A9nD BY SIE, 195a AND ZCQO.

RAWX ASKC
1950 AGGL.OPtRATION COUNTRY 1950 2000 AGGLOMERATION COUNTRY Z0C0

1 NEw YORK U.S.A. 12.34 1 Mexico City MEXICO 24.44
2 Shanghai CHINA 10.26 2 Sac Paulo BRAZIL 23.60
3 LCNDON U.K 10.25 3 Tokyo/Yokohama JA.PAN Z:.32
4 okyo-Yokohama JAPAN 6.74 4 NEW YORK U.S.A. 16.10
5 Beijing CHINA 6.64 5 Ca .cutta INDIA 15.94
6 ?PARIS FRANCE 5.44 6 GrOatar Bombay INCIA 15.43
7 Tianjin CEINA 5.36 7 Shanghai CEINA 14.69
8 Buenos Aires ARGENTINA 5.13 8 Teheran IPRN 13.73
9 C9ICAGO U.S.A. 4.94 9 Jakarta INDONESIA 13.Z3

10 MOSCOW USSR 4.84 10 Buenos Aires ARGENTINA 13.05
11 Calcutta INDIA 4.45 11 Rio de Janeiro BRAZIL 13.00
12 LOS ANGELES U.S.A 4.05 12 Seoul R.O.K. 12,97
13 Osaka/Kobe JAPAN 3.33 13 Delhi INDIA 12.77
14 MILAN ITALY 3.63 14 Lagos NIGTRIA 12.45
15 Rio d- Janeiro BRAZIL 3.45 15 Cairo/Giza EGYPT 11.77
15 PHILADELPHIA U.S.A. 2.94 16 Karachi PAKISTAN 11.57
17 Greater Bombay INDIA 2.90 17 Manila/Quezon P9ILIPPINES 11.48
18 Mexico City MEXICO Z.88 18 Beijing CHINA 1t.47
19 DETROIT U.S.A. 2.77 19 Dacca BANGLADESH 11.25
20 Sao Paulo BRAZIL 2.75 20 Osaka/Kobe JAPAN 11.18
21 NAPLES ITALY 2.75 21 LOS ANGELES U.S.A 10.91
2Z LENINGRAD USSR 2.62 22 LONDON U.K 10.79
23 MANCEESTER U.K. 2.51 23 Bangkok THAILAND 10.26
24 B3R-MING-AM U.K. 2.50 24 MSCOW USSR 10.11
25 Cairo/Giza EGYPT 2.41 25 Tianjin CHINA 9.96
26 BOSTON U.S.A. 2.24 26 Lima-Callo PERU 8.78
27 Shenyang CHINA 2.22 27 PARIS FRANCE 6.76
2g WEST BERLIN GLE1RANY 2.15 28 MILAN ITALY 8.74
29 SAN FRANCISCO U.S.A. 2.03 29 Madras INDIA 7.85
30 LEEDS-BRADFORD U.K. 1.91 30 Bangalore INDIA 7.67
31 RHAXfURG GEMqANY 1.79 31 Baghdad IRAQ 7.56
32 Eon. Kong HONG KONG 1.75 32 CHICAGO U.S.A. 6.98
33 Jakarta INDONESIA 1.73 33 Bogota COLOMBIA 6.94
34 Sy-ney AUSTRALIA 1.70 34 Hong Kong HONG KONG 6.09
35 KATOWICE POLAND 1.69 35 Lahore PAKISTAN 5.93
36 BUDAPEST HUNGARY 1.62 36 LENINGRAD USSR 5.84
37 ROMA ITALY 1.57 37 Pusan R.O.K. 5.82
38 BARCELONA SPAIN 1.56 38 Santiago CHILE 5.58
39 MADRID SPAIN 1.55 39 Shenyang CHINA 5.50
40 Melbourne AUSTRALIA 1.54 40 MADRID SPAIN 5.42
41 Chongoing CHINA 1.54 41 Medan INDONESIA 5.36
42 Manila/Quezon PHILIPPINES 1.54 42 ANKARA TURKE.Y 5.19
43 Guangzhou CEINA 1.43 43 Alger ALGERIA 5.16
44 Madras INDIA 1.40 44 Ahmedabad INDIA 5.09
45 Delhi INDIA 1.39 45 Belo Borizonte BRAZIL 5.01
46 Bangkok THAILAND 1.36 46 Hyderabad INDIA 4.94
47 ArHINAI GREECE 1.35 47 Caracas VENEZU ELA 4.79
48 MONTREAL CANADA 1.34 48 Casablanca MROCCO 4.63
49 Santiago CEILE 1.33 49 Guangzhou CHINA 4.49
50 WASHINGTON D.C. U.S.A. 1.30 50 Wuhan CEINA 4.47
51 Wuhan CHINA 1.25 51 NAPLES ITALY 4.46
52 BUCURESTI ROMANIA 1.18 52 Yangon MYANMAR 4.45
53 Eyderabad INDIA 1.12 53 Ho Chi Minh Ville VIET NAM 4.42
54 ICRONTO CANADA 1.07 54 Kinshasa ZAIRE 4.35
55 ALexandria EGYPT 1.04 55 PHILADELPHIA U.S.A. 4.33
56 Teheran IRAN 1.04 56 Alexandria EGYPT 4.29
57 Karachi PAKISTAN 1.03 57 Sydney AUSTRALIA 4.06
58 Seoul R.O.K. 1.02 58 Chengdu CHINA 3.98
59 Lifa-Callo PERU 1.01 59 Porto Alegrs BRAZIL 3.94
60 ISTANBUL TURKEY 0.97 6C DETROIT U.S.A. 3.92
61 MUNCMN GRLM1ANY 0.96 61 Guadalajara MZICO 3.89
62 Nagoya JAPAN 0.96 62 KATOWICE POLAND 3.88
63 Pusan R.O.K. 0.95 63 ROMA ITALY 3.82
64 Singapore SINGAPORE 0.95 64 Taibei CHINA 3.78
65 Kitakyushu JAPAN 0.94 65 Zibo CEINA 3.76
66 Xian CEINA 0.94 66 Monterrey MEXICO 3.75
67 Earbin CHINA 0.93 67 Surabaja INDONESIA 3,67
68 Nanjing CHINA 0.89 68 HOUSTON U.S.A. 3.62
69 TORINO ITALY 0.8s 69 TORONTO CANADA 3.61
70 Ho Chi Minh ViLLe VIET NAM 0.87 70 Recife BRAZIL 3.57
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APPINDrx TA3LZ II. URBAN AGGLOP-R.TICNS WITH POPULATION OF TWO MILL1aN OR MORE IN 1985. RAN1e0 BY SIZZ. 1950 AND 2000.

RANK RANK
1950 AGGLOMATION COUNTRY 19.50 2000 AGGLOaERATION COUNTRY 2000

71 Al=sedabad INDIA 0.816 71 Harbin CHINA 3.56
72 DALLAS U.S.A. 0.86 72 Poona INDIA 3.56
73 Lahore PAKISTAN 0. 83 73 SAN FRMANCISCO U.S.A. 3.53
74 Rectei BRAZIL 0. 82 74 Chongoing CHINA 3.42
75 Bangalore IND2A 0.76 75 KIEV USSR 3.39
76 KIEV USSR 0. 74 76 Salvador BRAZIL 3.39
77 Casablanca Mt8RC0 0.71 77 BARCELONA SPAIN 3.38
78 bOUSTON U.S.A. 0. 71 78 ISTANBUL TURKEY 3.Z7
79 Chengdu CEINA 0.70 79 MeLbourne AUST?ALIA 3.27
80 Caracas V!NEZUELA 0.ea 80 WASHINGTON D.C. U.S.A. 3.19
81 Bagota CoLcfIA 0.68 81 ATHINAI GREECE 3.15
82 Yangon - MYAZMAR 0:67 -- 82 DALLAS U.S.A. 3.11
a3 Porto ALegre BRAZIL 0.67 83 BIRMINGHAM U.K. 3.10
84 TASEMENT USSR 0.61 84 Xian CHINA 3.08
85 Surabaja INDONESIA 0.61 85 Liupanshul CHINA 3.00
66 Poona INDIA 0.59 86 Singapore SINGAPORE 2.95
87 Liupaushui CEINA 0.59 87 MONTREAL CANADA 2.93
88 Taibei CHINA 0.59 88 NANJING CHINA 2.83
89 Baghdad IRAQ 0.58 89 BOSTON U.S.A. 2.81
90 Zibo CHINA 0.48 90 TORINO ITALY 2.77
91 Belo Horizonts BRAZIL 0.47 91 TASMCENT USSR 2.70
92 Salvador BRAZIL 0.45 92 MANCHESTER U.K. 2.60
93 Alger ALGERIA 0.44 93 BUCUR.ESTI ROMANIA 2.55
94 Dacca BANGLADESH 0. 4Z 94 Kitakyushu JAPAN 2.39
95 Guadalajara MEXICO 0.40 95 MUNCHEN GERMAY 2.33
96 Monterrey MEXICO 0.36 96 HAMBURG GEtMJNY 2.24
97 Medan INDONESIA 0.35 97 BUDAPEST HUNGARY Z.15
98 Lagos NIGSRIA 0.29 98 LZEDS-BRADFORD U.K. 2.14
99 ANXARA TUR)ExY 0.28! 99 Nagoya JAPAN 2.11

100 Kinshasa ZAIRE 0. 17 100 WEST BERLIN GE!MANY 2.08

Source: United Nations. PROSPECTS OF WORLD URBANIZATION. New York: 1989.
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3. Metropolitan Areas and Disaster Vulnerability:
A Consideration for Developing Countries

Mary B. Anderson

L. Introduction centers have historically provided certain
services and amenities which can reduce risks,

In the literature on disaster vulnerability, we turn in Part III to consider what the effects
one finds a common assumption that metro- of these may be on overall vulnerability. In
politan areas are highly vulnerable to catastro- Part IV, we outline how the aspects of urban-
phe. This assumption is true. However, seldom ization that increase and those that reduce
are the reasons given why it is true and, when vulnerabilities are affected by the conditions
they are, they are sorely understated. Given which shape cities in the developing world. In
the circumstances of urbanization in develop- Part V, we consider the cost implications of
ing countries at the end of the twentieth disasters in the metropolitan areas of develop-
century, the likelihood of metropolitan disas- ing countries and of the options for mitigating
ters, and the enormity of their consequences, them.
are rising. More people in larger areas are
facing increasing, and unprecedented, risk. II. Metropolitan areas: why increased
Failure to acknowledge and analyze the special vulnerabilities?
conditions of disaster vulnerability that exist in
today's metropolitan areas will be costly both The characteristics of metropolitan areas
in terms of human suffering and in terms of which contribute to their disaster vulnerability
the consequences for economic and social can be categorized as follows: (a) those which
development in poor societies. result from the concentrations of people and

The purpose of this paper is to examine activities in defined and limited space; (b)
and analyze the relationships between disaster those which result from the sheer numbers of
vulnerability and metropolitan life. We are people and activities; and (c) those which
concerned with identifying the distinct and result from proximity to human-made hazards.
special ways in which the conditions of urban-
ness increase risk both to natural and to hu- Concentrations and crowdedness
man-caused disasters. Our focus is on the
metropolitan areas of developing countries Where people, buildings, infrastructure
(though some of the issues raised are relevant and economic enterprises are concentrated in
in all urban centers) and on the ways in which a limited area, any single cataclysmic event can
the costs of disasters in these areas affect the cause more injury and death and greater
prospects for long term development. We are, damage and loss than would occur if these
furthermore, concerned with the ways in which people and activities were more dispersed. In
disaster proneness of metropolitan areas and of itself, however, this fact does not neces-
reflects and reinforces disaster proneness in sarily mean that disaster vulnerability is higher
rural areas and vice versa. in areas of concentrated population; it only

In Part II, below, we categorize and means that, if a hazard event were to occur ini
discuss the particular characteristics of metro- such an area, more people, businesses, build-
politan areas which increase their vulnerability ings, etc. would be caught within the vulnera-
to disaster. But, mindful that metropolitan ble zone (see Box 3.1).
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Box 3.1.:Environmental Degradaion, Vlilnerability,and Urban Development in 
Developing Countries: A Conceptual and Operational Approach

Roberto Eibenschutz:and Sergio Puente

Some of the negative aspects of the iterdependencebetween citand environmentt
demand attention. The demands fortenergy, raw materials, food, inputs, and elimination of
wastes must also be. evaluated in order to sustain the urban metabolism and increasing

population growth.: The: inability of cities to react to shortages of inputs or to respond to
natural catastrophes must be studied.

A pattern: of rapid urbanization has emerged int many developing countries over the last
.:50 years.jTypically,cities have developed with gopposite characteristics: one a developed
city-modern,1 well serviced, and well equipped-and the other underdeveloped-without:
adequate housing iand services, and poorly equipped; one a city of consumers and thei other a:
city of producers (Sachs, 1985); one a more central city which grows vertically dense, and the 
other a :more peripheral city which grows horizontally. In these highly polarized cities, not only ;

:'.has the urban structure been profoundly altered, but also the behavior of the people. With:.,.
.reason, IRoberts::(1980) considers the large cities: of developing countries as cities of country 
ipeople. Because of the lack of information on peripheral urbanization, little is known about
:how new types of behavior affectj production and the ffunctioning of the&city. The internal
conditions of the city and urban systemn must be considered in assessing ttheir resistance to thet
effects tof natural:phenomena,. such as earthquakes, hurricanes, floods, and* landslides. The:
interdependence between city and environment must be analyzed at its: different levels of.,
compDlexity.~~

An approach to resolving environmental problems should integrate the principles of
ecology with the realities of urban-regional development. There is a need for researching'the

causes and explanations of behavior in the various sectors, in order to understand and control
the :contributing factors.~

-The pivotal point at which a natural phenomenon becomes a natural catastrophe :is when
the city exceeds its'ability to cope, making it vulnerable. The factors contributing to a city's
vulnerability should be studied at various levels: (a) the inteinal processes of the city, (b) the
relationship of the city to its surrounding environment, (c) the hierarchy and relationship of
the city to other: cities in the nation. and (d) thet economic and political relationship0 at the:::...'
international level. The followNing gradients of vulnerability should bev used at three different
levels to define a city'sf vulnerability in diFferent areas: (a): natural: (from soil and topography: to
climatology) (b) material base (infrastructure, services, etc.), (c) environment:f(levels of
contamination of air, water, and soil), (d) socioeconomics (from income: land life expectancyt to:
nutrition and education), (e) biopsychics (perception, tension, and anxiety), and (f) complex
; (index of vulnerability). The lack of knowledge and understanding of the different levels :of
vulnerability contributes to a lack of control on the part of the government. For example, the

: government, ]realizing certain vulnerabilities, can plan better kand adopt appropriate policies for
controlling land usie and rmigration. A dynamic approach to controllingf' factors which contribute 

to instability in: the urban environment sould: be promoted, particularly in the real estate sector.
(continuTed)
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.-(continued) '' -- '''' ' ': '' ' ' '' 

Th-'e fcti'ons- ofpublic institutions must' b radicaly transformed to breakw away fro' the pattern d errtic and-
confusd g'onment action. Strategies' st nraewhi tte efficienft u of energy and increase self-
Kufficienqy:(e.g., self-suffidiency-in food pioduction and -reqcling of water and waste pioducts). Sectoral policy and.
action on the part thepgvernment. Only by,promotiing A dnamic cross""ectorat approach can the atized cities:
diminish their internal differenees and seriously confront their' proble'msi ad disfunetibs.; r'he national govenmeant has
a primaty role in contributing to a citys stability and:ability to dimtnish its vulnerability; however, the national
government's inteention is generall insufficient and hesitant and late in coming. The government must give urb'n
planning the priority that it-warrants, and must plan across sectors and'consider all aspects of urban and environmental

mphenoena.

In short, to sove the-problems:of environmentat degradation, vulnerability, and urban development, we must
learn about the problems and tailor- technology and alternatives to the particular needs of the city. For example, Mexico
City's plan for. decreasing airvpollution by promoting the policy of -one day without dring' had the effec of causing
some people to stop working or forcing others to buy more ,vehicles. For yeis, the mobility that the automobile offered.
Was encouraged, then was suddenii penalized without offein'g people an alternative to driving. We must concentrate on
deaing with the causes of the problems, and not just their symptoms,

However, there are three ways in which peculiarly metropolitan disasters. For example,
the fact that people are crowded into a given the early spread of the AIDS virus in Africa
space does increase vulnerability: (a) crowded- occurred in cities (UNFPA 1990, p.15) where
ness and disease, (b) crowdedness and build- sexual behavior was freed from the more
ings, and (c) crowdedness and the resource restrictive norms that prevailed in rural areas.
base.

Crowdedness and buildings
Crowdedness and disease To accommodate large numbers of peo-

When people live close together under ple and activities in limited space, buildings go
crowded conditions, the probability of disease up as well as out. Population density leads to
transmission among them is increased. This is construction of multi-storied buildings, and
especially true when conditions are unsanitary these are usually made of heavy materials such
or when air and water pollution is high (dis- as concrete and brick. Taller buildings, all
cussed below), undermining health and lower- other things (such as earthquake resistant
ing resistance to disease. Thus, one type of building techniques) being equal, are more apt
disaster to which metropolitan areas are partic- to suffer structural damage or to collapse than
ularly vulnerable, by virtue of being places lower buildings and, if they do, their height
where many humans live together in close and weight pose significant dangers of human
contact, is epidemic disease. injury and death. In addition, because materi-

In the nineteenth century, cities were als and technologies for higher buildings are
places of disease transmission, and urban death relatively costly, their damage results in greater
rates were higher than rural death rates economic and financial losses.
(Ehrlich and Ehrlich 1991, p. 153). Some Concentrations of people in high rise
scientists note that now, with rapid air trans- structures increase the vulnerability of metro-
portation, cities with international aitports are politan areas to hazards such as earthquakes
liable to infection from diseases to which their and windstorms.
populations have not developed immunities
over years or generations of exposure (Ehrlich Crowdedness and the resource base
and Ehrlich, p.144). The more open and The concentrations of people and enter-
"modern' life style of urban areas may also prises in metropolitan areas exceed and de-
add to the likelihood that some diseases are plete the capacities of the area to provide the
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basic resources which they need for survival that involve higher consumption. One author
and the capacities of the area to absorb the reports that the average per capita consump-
wastes which they produce. tion of water in a Western city is from ten to

Exceeding the resource base capacity. twenty times greater than the average per
Urban dwellers and businesses depend on capital consumption of a rural African (Wisner
others (usually the surrounding countryside) to 1989, p. 91). Studies show that domestic con-
provide food and water, building materials, sumption of water rises significantly as water
fuel, and the raw materials on which industry sources are brought closer to households, one
and enterprise depend. Historically, cities have of the services commonly provided in urban
grown up in areas which could support them settings. For example, people who must walk
with these resources. However, growing cities 200 meters to collect it, consume water at the
consistently outstrip and deplete their original rate of 20 to 40 liters per person per day;
natural resource base and, thus, constantly when the water is piped to their houses or
overtake and annex surrounding land. yards, consumption rises to 40 to 60 liters each

One study (World Resources Institute day (World Resources Institute, 1990, p. 69).
and the International Institute for Environ- Though the majority of Africans live in rural
ment and Development 1988, pp. 88-89) areas, African urban dwellers consume more
estimates that between 1980 and 2000, urbain wood and charcoal than the entire rural popu-
centers will double in area. Even as they take lation.
over lands which surround them (much of The possibility of a reduction or suspen-
which is cultivable), they also require more sion in the supplies of essential natural re-
food, water, and fuel. Thus, they reach farther sources and raw materials constitutes a severe
and farther into the hinterland for their neces- vulnerability for human health and survival and
sities (World Resources Institute 1990). For for economic activity in a metropolitan area. In
example, Shanghai now uses water from moire addition to reductions which may be caused by
than 40 km away (because local supplies are overuse and the necessity of gathering (or
polluted) (World Resources Institute 1990, p. purchasing) supplies from ever more distant
67), and some of Mexico City's drinking water places, a drought, flood or cyclone affecting
is pumped 1000 vertical meters over mountains production in a rural area which supplies a
because of deteriorating water quality due lto metropolis can become a disaster for the latter
overuse in the immediate area (Parker 1991, p. as well as for the former.
9). Forests around urban centers are denuded Depleting the resource base capacity.
because of urban fuel requirements. Cities Metropolitan crowdedness also contributes to
such as Ouagadougou, Dakar and Niamey are the deterioration of natural resources that
ringed by acres of devastation. It is estimated exist in metropolitan areas and to those which
that Delhi uses 612 tons of firewood each day are supplied by surrounding rural areas. Popu-
(in addition to using kerosene and bottled gas) lation growth in metropolitan areas accelerates
and much of this wood is from forests as far as this deterioration.
700 km away (quoted in Parker 1991, p. 20, Not only does the use and overuse of
from a report by the Centre for Science and natural resources put direct stress on the
Environment of India). A city of only 1 million existing supplies, it also undermines the poten-
people consumes 9,500 metric tons of fuel; tial regeneration of these resources for future
625,000 metric tons of water and 2,000 metric use. Extension of industry and neighborhoods
tons of food every year (UNFPA 1990, pp. 12- into previously forested or agricultural land
13). results in deforestation and reduced replenish-

In addition, there is evidence that the ment of water aquifers. Overuse of water can
very process of urbanization causes people to lower the water table which can, in turn, cause
increase their consumption of basic resources. water quality to deteriorate and salination to
As people move to cities, they expect access to occur, making less water available for future
city services and adopt "modern" lifestyles use.
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Exceeding the capacity to absorb. These seeps into the soil of metropolitan areas in
processes are only made worse by misuse and landfills and dumps filled with toxic wastes.
pollution of resources. Without adequate In turn, these air and water born pollut-
disposal systems for the quantities of waste ants, the by-products of urban life, travel
produced by large numbers of people and underground and through the atmosphere to
enterprises (human excrement, garbage and rural areas where they reduce the ability of
industrial effluents), these accumulate in these areas to generate and regenerate the
spaces insufficient for the natural processes of resources on which urban areas (and the rural
sun, earth, wind and water to dispel them. In areas, themselves) depend. A recent report
turn, they contaminate the water, the air and (National Public Radio 1991) noted that air
the earth. When rains fall in urban areas and pollution found at the Grand Canyon has the
have no place to drain, because of over- definitive 'fingerprint' of Los Angeles, over
building and compacted or paved earth, flood- 250 miles away, as its source.
ing occurs and whatever sewers exist overflow, Thus, pollutants represent a vulnerability
contributing to the possibility of widespread for urban areas through their direct effect on
disease (as discussed above) and to further health and livelihood within a city and through
pollution of the scarce water and soil their indirect effects on the productive capaci-
resources. ty of rural areas on which urban life and

In addition, concentrations of humans industry depend. When the countryside is thus
and industries consuming fuel for cooking, threatened by the depletion of natural resour-
heating, transport and production produce air ces, rural people often move into cities to find
pollutants which affect human health and alternative ways to survive, thus joining the
productivity. population whose consumption lies at the

The same city of one million people who heart of the threat. The reinforcing ur-
consume the tons of fuel, water and food ban/rural/urban environmental degradation
referred to above, dump over 500,000 metric cycle is accelerating in many countries.
tons of domestic and industrial waste into the
environment yearly (UNFPA 1990, p. 13). In Numbers of people and activities
Metro Manila, between 3,400 and 3,600 tons
of solid waste materials are produced daily. The sheer numbers of people and activi-
Each individual resident (between 6 and 7 ties which exist in metropolitan areas also
million) produces at least one-half kilo of trash produce certain vulnerabilities. These are
per day. Motor vehicles discharge enormous related to and exacerbated by population
quantities of lead, sulfur oxide, carbon and density discussed above but, even under condi-
other harmful pollutants, and factories in that tions of unlimited space, would increase vul-
city add 100 tons of pollutants into the air nerability to specific disasters. Large numbers
daily (Citizens Disaster Rehabilitation Center of people and activities increase vulnerabilities
of the Philippines 1991). through two effects: (a) their requirements for

As noted, cities are often built on rivers technologies and (b) their requirements for
which supply both ready transport access and social, economic, and political management.
water as a manufacturing input. But, industry
has also used these rivers for disposal of Technologies and large numbers
wastes. Sao Paulo, built on two main rivers, As there are more and more people who
has biologically "killed" them through indus- live and work in metropolitan spaces, technol-
trial pollutants. In Shanghai, 3.4 million cubic ogies are developed which are either larger,
meters of industrial and domestic waste are handling more people at once, or faster, han-
dumped into its streams each day (Parker dling the same number of people in less time
1991, p. 10, quoting from Hardoy and Sat- so that more can be handled over time. For
terthwaite 1989). Industrial pollution also the metropolis to work, people and goods must
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be able to move from outside the city into it increased volume (either by becoming bigger
(food from the countryside, expertise from or faster) introduces, also, increasing com-
other cities, capital or technologies from plexity that is associated with greater risks and
foreign sources) and across the city (people to a rising likelihood of disaster.
jobs, raw materials to processing plants, goods
to shops). Transportation and communication Management and large numbers
technologies must keep up with demands for Growing metropolitan areas place in-
more movement, faster. creasing demands on the management capaci-

Experience shows that technologies which ties of political, social and economic structures.
are designed to deal with greater numbers of And the mega-urban complexes which are
people (or information or actions) often in- coming into being at an increasing rate (see
volve increasing levels of complexity, especially Section IV below) require management sys-
in the numbers and types of human/machine tems that can handle unprecedented agglomer-
interfaces which they require. Similar complex- ations of people and activities. The widespread
ities are also common in technologies which obvious crises in fiscal management; transport,
are developed to increase the speed of trans- housing, education, health, and infrastructure
port, communications or production processes systems; and social racial, ethnic and class
(Mendelsohn 1991). relations experienced in today's urban centers

Technological disasters have sometimes suggest that it may be impossible to develop
been caused by a failure in the technology, management systems which are adequate for
itself. Increasingly, however, as technologies the scale of the mega-metropolises of tomor-
have been improved to include more fail-safe row. There may, quite simply, be an upper
processes, disasters are the result of a failure limit to human organizational capacities where
in human capacity to handle a crisis in a tech- diseconomies of scale (congestion, density)
nique or its application. Where speed is an (World Resources Institute and the Interna-
issue, there is little time in any process which tional Institute for Environment and Develop-
begins to go wrong for a thoughtful correction. ment 1988, p. 42) overwhelm planning and
Rapid, large and complex technologies are coordination mechanisms.
increasingly subject to safety limits which are If this is even partially true, then another
embedded in the limits of human capacity to vulnerability peculiar to metropolitan areas
manage them. may arise from the inability of management

Examples abound in modern societies. systems and structures to cope with the in-
Air traffic controllers face increasing numbeirs creasing numbers within their purview.
of aircraft under their management and these
aircraft: (a) carry more people and (b) travel Proximity to human-made hazards
at higher speeds. While technologies have
been developed to help the human controlle:rs A third factor that increases vulnerability
keep up with both volume and speed, mistakes in metropolitan areas is the proximity of hu-
when they do occur are usually at the points of man-made systems which have the potential
human/technique interface. Similarly, the most for becoming hazards. Metropolitan areas,
serious accidents in nuclear power (particularly depending on their location, can experience all
the Three Mile Island event and the the natural hazards that rural areas experi-
Chernobyl disaster) occurred when technolo- ence-wind storms, earthquakes, floods, mud
gies began to fail and human responses were slides and droughts. In addition, people who
mistaken, too slow or not sufficiently informed live in metropolitan areas are more vulnerable
to reverse the hazard and prevent the disaster. than rural people to technological hazards,

Thus, as metropolitan areas increase in social hazards and economic (market) hazards,
size, the introduction of technologies to handle all of which arise from the activities and densi-

ties of metropolitan life.
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Technological hazards and the failure of medical services and sup-
Proximity to and dependency on technol- plies.

ogies can introduce risks. Technological ad- In a less densely populated and less built
vances can have disastrous impacts on human up area, people could have buried their refuse,
lives and economic enterprises. Such techno- used a hand well or pump for water, found
logical disasters can be either slow-onset or wood or dung for heating, etc. The transforma-
rapid-onset disasters. tion through which people come to depend on

For example, air or water pollution in a single technology, rather than a number of
metropolitan areas-a portion of which result natural resources (water, earth, trees), is a
from technological advances such as use of phenomenon of urban life and, thus, repre-
petroleum fuels and products or introduction sents a disaster vulnerability that is peculiar to
of industrial processes which improve produc- urban centers.
tivity but also produce wastes-represent slow-
onset hazards. Though they may take months Social hazards
and years to have their full effect, their impact Some research finds that stress and
on human health or on economic infrastruc- stress-related illness increase under conditions
ture may ultimately be disastrous. Other tech- of urban life. Population growth, crowding,
nologies such as an industrial fire or gas tank crime, pollution and other problems of cities
explosion become sudden onset disasters, are all thought to contribute to personal
killing many people and extensively damaging tensions which may, also, become social ten-
property. Two recent examples include the gas sions between groups and classes of people. It
tank explosion in Mexico city in 1983 and the is not just crowdedness which produces ten-
release of deadly gases which occurred in sion. For example, increases in crime rates
Bhopal, India, in 1984. Proximity to potentially seem to be related more to rates of population
dangerous systems resulted in disaster vulnera- increase than to the size of an urban area per
bility that was unknown before the creation of se (Ehrlich and Ehrlich 1991, pp. 155-157).
such technologies.'

Dependence on technologies can also Economic hazards
represent a vulnerability. When a major fuel A metropolitan center is tied to the
source is cut off, for example, people and economic health of the countryside which
industries can be unable to function at all. A surrounds it and to the economic actions of
case in point was the destruction of the electri- international markets in which it trades. A
cal power system in Iraq in 1991. Loss of disturbance in either of these can have serious
electricity put many Iraqis at risk. They could ramifications for the lives of urban dwellers
not heat their homes, cook food, draw water, and the health of urban economies.
flush away refuse, receive medical services A productivity crisis in a rural area can
which depend on cold chains or other electri- translate into a shortage of some critical input
cal equipment, or receive radio or television to the economy of the city if manufacturing or
communications because of the loss of electric- industry requires land-based raw materials.
ity on which they had become virtually com- Economic crises in rural areas also mean
pletely dependent. Industrial production was reduced demand for urban produced goods
also completely halted. and/or can bring an influx of displaced rural

When a technology on which there is labor in search of work. Each of these puts
very high dependence breaks down, the threat pressures on the urban economy and on urban
to life and health both is immediate and, workers whose incomes and jobs are at risk if
potentially, long term. For example, experts the pressures are too great.
predicted that the loss of electricity in Iraq A shift in some part of the international
would lead to a disastrous increase in infant system (such as a rise in oil prices) may jeopar-
mortality, due primarily to lack of safe water dize the entire productive capacity of a city (if

the price rise means that the input cannot be
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bought at all) or the market share of an indus- Women also increase their time and effort in
try (if the increased price is passed along to the informal market (as food vendors or mend-
buyers and results in a reduction in demand ing clothing, etc.) when work is not available
for the product). Because their economic in the formal market.
survival depends on market interactions, met- We do not have clear indicators for
ropolitan areas are more vulnerable to eco- determining when economic hardship becomes
nomic shifts than areas which produce what what can be legitimately called a disaster. The
they need to survive. Because they are linked impacts of such crises as these we have listed
internationally through financial policies and can, however, be disastrous both to human and
market systems, metropolitan areas are more economic health and the use of disaster termi-
vulnerable to distant crises than more remote nology in the economic realm is justified by
and less interconnected areas. Linkages of the devastation they can bring. The fact that
events in the economic sphere are well stud- such disasters have greater impacts on poorer
ied. Business cycle theory provides the frame- and otherwise marginalized members of societ-
work for analyzing the ways in which a down- ies does not mean that they are any less seri-
turn in one sector can result in reduced orders, ous than a disaster which afflicts mainstream
inventory build-ups, worker lay-offs, falling society.
consumer demand and, thus, another spiral in Technological, social and economic
the downturn. A number of factors can prompt hazards are human-made. Some of them, such
a decline. The more closely an area is tied into as the oil tank explosion, result in 'big bang'
and dependent on the interconnected market disasters that kill many people or damage a
system through which impulses are transmitted, great deal of property in a very brief time.
the more susceptible it is to them. In fragile Others, such as the rise in stress or a deterio-
economies, the vulnerability is greatest. rating market climate, constitute T'creeping'

Certain groups within cities are more disasters. We discuss these types of vulnerabili-
vulnerable to economic crises than others. ties which arise directly from human-made
Workers in marginal industries are clearly causes because, as we shall see in Part IV
susceptible to lay-offs when the economic below, they assume special importance in the
climate deteriorates. If a large pool of ull- metropolitan areas of developing countries.
skilled and unemployed labor exists, this can We have listed a number of ways in
force wages in such enterprises to decline to which metropolitan areas may, because of the
bare minimums. Women are particularly vul- concentration and numbers of people and ac-
nerable to economic crisis for several reasons. tivities within them and because of human-
First, they tend to work in marginal sectors made hazards, experience increased disaster
which may be the first to suffer in a decline. vulnerability. With this litany of dire risks asso-
Second, experience shows that in times of ciated with metropolitan life, why would any-
crisis, women are often forced out of the labor one ever choose to migrate to or live in a city?
market in favor of men. Third, there is some While some of the facts of urban-ness create
evidence that women's work increases in times or increase certain vulnerabilities, other metro-
of economic difficulty (though their incomes politan conditions actually reduce them. We
do not) because they assume responsibilities turn now to consider these.
for family survival which require extra labor
under these circumstances. For example, less IIL Vulnerability reduction
expensive foods often require longer cooking; in metropolitan areas
the inability of a family to afford charcoal or
liquid fuels may force women, whose jobs it is, With our focus on disaster vulnerabilities,
to spend hours in search of firewood; when it is easy to forget that urban centers also
health care or other social services are reduced represent growth poles, engines of develop-
for reasons of national economy, women ment, centers of culture, destiny (Cronon
provide care for family members and friencls. 1991, p. 41). Throughout history, many people
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have chosen to live and produce in cities higher levels of education and expertise are
rather than in rural areas. Cities have repre- found there as well (as both cause and effect).
sented opportunity and, even, security. What is Higher education results in greater technical
it about metropolitan areas that reduces disas- skill and, both for prevention of disasters and
ter vulnerability? in times of crisis, such skill translates into

better management and reduced vulnerability.
Greater wealth and access Availability of medical training and facilities in

cities produce and concentrate medical person-
Development policies of the past have nel in these regions. Their presence also

had a distinct urban bias. More political atten- reduces vulnerability to injury, illness and
tion and economic resources have been fun- death which disasters bring.
neled into urban centers than into rural areas
and the result has been that services have Igal codes and enforcement
been concentrated in urban areas. Partly
because of economies of scale, and partly Governments pass laws and adopt regula-
because of political visibility, water and elec- tions and codes which govern building con-
tricity have been provided to urban neighbor- struction, disposal of wastes, uses of water,
hoods, and more schools and hospitals have insurance requirements and the like. Each of
been built in metropolitan areas than in rural these can have important mitigating impacts on
areas. The fact that the urban tax base has disaster vulnerabilities. Such laws, regulations
been larger than that in rural areas has also and codes tend to be enforced more effectively
meant that more resources have been available in metropolitan areas than in the hinterland,
for investments in these areas.2 especially in countries where administrative

Investments in technologies have also systems are under strain. This is because
been concentrated in urban centers. Communi- proximity facilitates inspection and the imposi-
cations systems can be used for early warning, tion and collection of fines.
and many studies show that it is warnings and Thus, some of the same factors which
education about what to do in a disaster that increase metropolitan vulnerabilities can also
greatly reduce personal vulnerability. In addi- reduce risks and mitigate disaster impacts.
tion, transportation networks can be used to Concentrated wealth means both that more
evacuate the threatened or injured, deliver may be lost in the event of a disaster and that
emergency supplies or transport materials for some measures are in place which lower the
reconstruction. probability of a disaster. Certain technologies

Communication and transportation sys- may cause damage and loss or may increase
tems also link metropolitan areas to the out- security, provide support if a disaster strikes
side world. Thus, when a disaster occurs in an and promote speedy and effective recovery
urban area, international attention is attracted from a disaster. The difference between being
and, often, technical assistance and material more vulnerable or less vulnerable in metro-
aid are dispatched. Airports and ports, located politan areas seems to hinge on some kinds of
in the metropolis, can become effective centers tip-over points where la lot' becomes 'too
of rapid aid distribution. much,' where the provision of basic services

Metropolitan areas, favored by resource results in over-use and despoiling, where
investments and political attention, offer some systems developed to support life go out of
genuine protection from suffering and loss due control and become unmanageable. While
to disasters. some of these tip-over points are observed in

all types of metropolitan areas today, the
Levels of education and expertise problems of disaster vulnerability are especially

acute in the cities of developing countries. In
The channeling of investment resources the next section, we shall examine why this is

toward the metropolis means that, in general, the case.
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TV. Special characteristics of metropolitan ed in one city in thirty-four countries of the
areas in developing countries: developing world. In Senegal, Jamaica, Pana-

how do they affect disaster vulnerability? ma, Guinea, Lebanon and Mozambique, over
65 percent of the urban population lives in the

In 1920, about 100 million people lived in single largest city (World Resources Institute
cities in the developing world. By 1980, this and the International Institute for Environ-
had increased by a factor of ten to about a ment and Development 1988, p. 39).
billion people. At current trends, by the yeatr But, it is not only the size and pace of
2000, the number of developing country urban growth of, and proportions of populations who
dwellers will have almost doubled again to 1.9 live in, the metropolitan areas of the develop-
billion (equal to the total of all people who ing world which distinguish them and heighten
lived on earth in 1920.) At these rates, there their vulnerability to disasters. It is also their
will be twice as many people living in urban poverty. Whereas poverty used to be a primar-
areas in developing countries as in industrial- ily rural phenomenon, an increasing percent-
ized countries (UNFPA 1990, p. 13). More age of the poor people of developing countries
than 50 percent of the populations of develop- is urban based. Again, by the year 2000, it is
ing countries will be urban dwellers by the turn estimated that more than half of the house-
of the century (World Resources Institute and holds of developing countries who live at or
the International Institute for Environment near subsistence levels will live in urban cen-
and Development 1988, p. 37). The percentage ters. The number of urban households that live
of population living in cities is highest in Latin in poverty will increase at a faster rate than
America while the largest number of people urbanization, itself, and the result will be about
living in urban areas is in Asia. In Africa, the 74.3 million impoverished urban dwellers by
urban population will more than double be- the turn of the century (World Resources
tween 1980 and 2000 (World Resources Insti- Institute and the International Institute for
tute and the International Institute for Envi- Environment and Development 1988, pp. 36-
ronrrent and Development 1988, p. 36-37). 37). In some cities (Delhi for example), half or

Also, the size of cities in developing more of the population live in slums and the
countries is growing rapidly. By 2000, 20 cities Delhi Planning Authority estimates that this
in the world will have populations greater than figure will reach 85 percent by 2000 (Ehrlich
10 million people. Of these, 17 will be in and Ehrlich 1991, p. 154).
developing nations (as compared with The cities of eighteenth and nineteenth
one-Shanghai-min 1950). Mexico City, with 17 century Europe grew because the productivity
million people, is now the largest city in th,e of surrounding agricultural areas rose to such
world and (with current trends) will continue an extent that they could feed people engaged
to be, with 25 million people in 2000. Sao in non-agricultural labors. These cities were
Paulo will have about 21 million, and Calcutta possible because of rural abundance (Ehrlich
and Bombay metropolitan areas will each have and Ehrlich 1991). In contrast, the cities of the
about 15 million (Ehrlich and Ehrlich 1991, developing countries in the late twentieth
pp. 153-154). Delhi, Seoul, Rio de Janeiro, century represent the last hope of rural refu-
Jakarta, Tehran and Shanghai will each exceed gees. Sometimes they are fleeing environmen-
13 million, while Cairo, Manila, Bangkolk, tal degradation, sometimes famine, sometimes
Karachi and Beijing will exceed 10 million wars (UNFPA, undated, p. 24). In any case,
(World Resources Institute and the Interna- the motivation for a great deal of the rural to
tional Institute for Environment and Develop- urban migration in the developing world today
ment 1988, p. 38). is desperation-the rural areas will no longer

In many developing countries, a large support their populations so that families, or
percentage of the total population is concen- parts of families, move to cities in search of
trated in one or two very large cities. Over 40 some way to survive. Furthermore, because
percent of the urban population is concentrat- families frequently split, with some remaining
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in the countryside while others move to the degradation of rural areas which gives rise to
city, changes in the traditional norms of family much of the urban immigration intensifies the
life which almost always occur in metropolitan interactions (cited in 1.c) through which met-
settings are accelerated. Loss of traditional ropolitan areas overtax the supplying and
support systems can raise disaster vulnerability. absorptive capacities of the surrounding natu-

These four factors-(a) the size of cities ral resources. Finally, the fact that the devel-
in the developing world; (b) the pace at which oping countries' economies enter the interna-
they are growing; (c) the increasing propor- tional market place primarily as suppliers of
tions of total populations who live in urban raw materials and cheap labor for enterprises
centers; and (d) the fact that much rural/urban headquartered in industrialized countries tends
migration is the result of the failure of the to make them even more dependent on inter-
countryside to provide adequate support-dis- national market fluctuations than they would
tinguish the experience and development of be if they had equally sophisticated and inde-
the cities of the developing world from the pendent production capabilities (3.c).
experiences of urbanization in the industrial- Turning to the advantages which metro-
ized countries. They also mean that the popu- politan areas have typically offered, we find
lations of metropolitan areas in developing that these too are threatened or totally absent
countries are outstripping the capacities of under the circumstances of the cities of the
those areas to provide employment, services or developing world. While urban centers in
any of the amenities previously associated with developing -countries have enjoyed somewhat
urban life. These agglomerations of humans higher investment than rural areas, the popula-
living in close proximity are unprecedented. tion growth of these centers seems now to be
Human societies have no historical experience overwhelming whatever advantages in services,
of such large cities and no practical experience education and infrastructure existed in the
in how to manage them. They present utterly past. This is reflected in the facts presented
new challenges to social, political, economic above about the increasing proportion of the
and ecological systems. poor who now live (and will increasingly be

What does this mean in terms of disaster found) in developing country metropolitan
vulnerability for these cities? areas. The concentration of educational attain-

Above we discussed three ways in which ment and expertise in cities in developing
metropolitan areas, in general, encounter countries, which does indeed continue, may
higher vulnerability than rural areas. We also have some mitigating effect on disaster vulner-
named three ways in which metropolitan areas ability in these areas. However, as we shall see
have traditionally reduced disaster vulnerabili- in the section on costs below, this concentra-
ties. The metropolitan areas of developing tion may also increase the nation's vulnerabili-
countries face all of the circumstances which ty and the long term costs of disasters because
increase disaster vulnerability and enjoy few of one disastrous event can virtually wipe out the
the advantages which reduce them. In fact, entire technical capacity and expertise of a
because of the size and rate of growth of cities nation when these are so thoroughly concen-
in developing countries, some vulnerability- trated in one location. Finally, while many
increasing circumstances are exacerbated. For developing countries have enacted laws and
example, as the influx and internal growth of regulations which could lower vulnerabilities in
populations outstrips any capacity of urban urban areas, all too often the pressures of
centers to provide basic services, the possibility population growth have resulted in un-regulat-
of epidemic disease is increased (L.a above). ed building of unsafe structures on unsafe
The size and rapidity of influx also is, as noted lands, thus increasing the vulnerability of the
above, unprecedented in any country and can people who live in these areas. In addition,
only overwhelm existing administrative, (usual- because the number of people seeking employ-
ly already weak) management and social sys- ment exceed employment opportunities in
tems (2.b;3.b). The poverty and environmental these rapidly growing centers, governments
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have sometimes been willing to provide tax merce on which the ongoing functioning of the
concessions or to lower requirements for economy and/or society depend.
pollution controls in order to encourage in- This general appraisal of disaster costs
dustrial development and attract enterprises does not entirely fit the conditions of metro-
from other countries. Very often, the preven- politan areas in developing countries. On the
tion or mitigation of future disasters is seen ais one hand, immediate direct losses to property
secondary to the importance of addressing in these areas might be less than in more
immediate economic needs. developed economies simply because the

The balance sheet of disaster vulnerabili- investment in construction materials, labor
ties is bleak for the metropolitan areas of costs, etc. was low. Thus, replacement costs for
developing countries. It would not be stretch- certain kinds of property would be relatively
ing definitions to note that these areas have lower in low wage and low technology societ-
the characteristics of slow-onset disasters. That ies. This calculation, however, masks the real
is, given current directions and trends, more costs of such disasters to development and
and more people will be living in situations developing societies.
where life cannot be sustained because the Elsewhere (Anderson 1991) I have noted
resources are inadequate and dangers such as that disasters are more costly to developing
pollution, disease and human-made hazards are countries than to countries of greater wealth
rising. for four distinct reasons. These are 1) because

losses as a percentage of national wealth are
V. Disaster mitigation for metropolitan higher in developing countries; 2) because

areas in developing countries: disasters and poverty are mutually reinforcing;
options and cost implications 3) because disasters undermine incentives for

development; and 4) because disasters particu-
We have identified the circumstances of larly hurt the nonformal sector. These extraor-

metropolitan areas which increase disaster dinary costs also pertain in urban areas. In
vulnerability and those that reduce them, and fact, because as we noted in the discussions
we have reviewed the circumstances which above, education, expertise, commerce and
make cities of developing countries particularly technologies are concentrated in metropolitan
vulnerable to both creeping and cataclysmic areas, a disaster which damages these will have
disasters. We now turn to a consideration of an inordinate impact. The lack of any redun-
how these circumstances affect the costs cif dancy or duplication of such resources (on
disasters and of the options which are available which future development depends) means
for preventing or mitigating them. that, when the single urban center in which

these are concentrated is damaged, the losses
Costs of disasters to the society are immense and long-term.

Education and expertise cannot be re-
In general, the immediate costs of disas- placed except over time and at high expense.

ters in metropolitan areas, when they occur, Technologies and commerce both promote and
can be very high in terms both of loss of life reflect the health of an economy and its viabil-
(because of concentrated populations) and in ity. A loss of education, expertise, technology
terms of the value of damaged property (be- or commerce perpetuates and reinforces the
cause properties are generally relatively higlh poverty from which developing countries are
cost in their construction). Secondary and striving to escape. Thus, metropolitan areas of
long-term costs of urban disasters can also be developing countries face greater vulnerability
high because they damage infrastructure anid to disasters than cities of wealthier lands and
places of employment, production, and com the costs of such disasters are greater to the

former than the latter.
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Mitigation options tion.4 National governments have made at-
tempts to slow rural-urban migration. By 1985,

Given that the costs of disasters are high, about 125 countries had policies to limit or
what options exist for preventing or mitigating reverse migration to urban centers. Sixty-five
the creeping disaster of metropolitan collapse percent of African countries had policies to
or the cataclysmic disasters that urban areas limit migration (UNFPA, undated, p. 24).
face? However, efforts that have been made to move

people out of cities and back into rural areas
Well-known options by government fiat, or the guarantee of some

Disaster mitigation technologies, used in reward, have for the most part failed. Even
wealthy metropolitan areas, are well known. under ideal circumstances (as when people can
They include earthquake resistant building be promised land for homesteading and agri-
techniques; water purification and waste recy- cultural or income supports while they make
cling systems; public life-lines such as hospitals, the transition-a very high cost approach), this
rescue squads and equipment, communications option cannot succeed for large numbers of
and distribution networks; early warning sys- people. When the countryside, itself, offers
tems; water control and flood abatement little chance for survival, it becomes even less
systems; zoning regulations and enforcement viable.
which govern land use patterns; and so on. Secondary cities and towns as altematives.
The list is long and the costs vary widely Another option for stopping the growth of
among the options. Some are affordable by all metropolitan centers, and of possibly even
cities; others tend to be beyond the means of reversing their growth, is the promotion of
the metropolitan areas on which we are focus- secondary cities and towns. Many countries are
ing in this paper. Most of these, however, offer attempting to stimulate growth of smaller cities
important opportunities for investment by and towns in order to provide manageable
international donor agencies and some, such as areas to absorb rural out-migration (World
those which curtail pollution and conserve Resources Institute and the International
resources, have potential for positive long-term Institute for Environment and Development
outcomes which reach beyond the boundaries 1988, pp. 43-44). Some national governments
of the metropolitan areas themselves, affecting directly subsidize housing, infrastructure and
both the rural areas that surround them and other services in these areas to make them
the environmental quality of the earth as a attractive and viable and to promote them as
whole. economic growth centers. Others allow munici-

Here, however, we must also ask: are palities to levy taxes and, thus, create the
there other promising and cost-effective miti- resource base for providing services without
gation options that fit the special circumstan- reliance on central government funds or initia-
ces of the cities of developing countries? tives. Some redirect a specified percentage of
Because of the rapidity3 with which the phe- central monies to small city administrations,
nomenon of these cities has come upon the thereby stabilizing the funds on which they can
scene, there have been few efforts to imagine rely and ensuring their competitiveness for
and develop such appropriate mitigation mea- attracting would-be urban migrants. Some
sures. A review of the literature produces provide special funds to cities as a reward
several possible approaches. That these are when they perform well in terms of maintain-
inadequate to the situation we have outlined ing a desirable size, meeting pollution-reduc-
above is obvious. They are, however, sugges- tion standards, etc.
tive of directions for future investigation. Family planning and reduction in fertility

Reverse urban growth. Some people have rates. Programs and policies to reduce birth
suggested that the best mitigation approach rates may also provide an effective option
would be to mun-do' big metropolises, espe- which is closely linked to other improvements
cially those at high risk because of their loca- in people's lives. Because increasingly the
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growth of cities will be the result of urban sanitary, safe and administratively functional
birth rates (World Resources Institute, p. 65) (World Resources Institute, pp. 65, 78, and 90-
rather than of rural-urban migration, focusing 91).
family planning services and programs on Governments are beginning to recognize
young people in metropolitan areas may help and explore the possibility that some of the
stem some of the population surge. Education urgent human and physical services which
and employment opportunities for girls and metropolitan populations require can be sup-
women and a generally improving sense of plied, at lower cost and with greater manageri-
security are known to have contributed lto al efficiency, through local groups, non-govern-
lowering fertility and these also could address ment organizations, the private sector or some
other causes of vulnerability. combinations of these working together. De-

However, even if one stopped all new centralizing more of the functions of urban
population growth in cities today, there would management and enlisting broad community
stili be the matter of ensuring that those which involvement in city management offer a low
now exist do not continue to face the vulnera- cost option for reducing certain disaster vul-
bilities associated with a deteriorating resource nerabilities in areas of high population densi-
base, overwhelming complexity which outstrips ty.5 Decentralization, by lowering the need for
technological and managerial capacities and some complex technologies, may also help
human-made hazards. reduce the vulnerabilities associated with

Decentralized management and citizens' these.
initiatives. One option for addressing the New technologies. The role of technolo-
overuse and exploitation of essential resources, gies in reducing metropolitan vulnerabilities is
the settlement of marginal lands, the building important. The ideal, of course, is to find low
of structures that are susceptible to hazard arid energy- consuming, simple benign techniques
the overwhelming of urban managemeint which serve the variety of human needs and
capacities involves the development of creative especially those needs associated with high
systems for encouraging decentralization and population density. Some of these are already
citizens' involvement in meeting needs and being tried. For example, in Mexico City, there
solving problems. Too often, administrators of are legal requirements for certain types of
cities have discouraged community-based establishments to use water-saving shower
actions which seemed to undermine central heads and toilets. The water savings have been
authority to control standards or tap financial impressive. Technologies for reducing the use
resources, but, as we discussed above, they of resources, for reducing pollution and for
encounter difficulties in enforcing even those recycling wastes can lower the pressures on
building codes or land use laws which exist. scarce sustaining resources. Initial investments
Experience shows that, when poor people are in research and development of these may be
given title to their plots and ownership of their expensive and beyond the means of individual
houses (even when these begin as squatters' cities. However, because of the increasing
communities of shacks put together with numbers of large cities requiring such tech-
scavenged materials), they will invest money niques, one can predict that future marketing
(even though it may be very small amounts) opportunities are bright.
and effort in home and neighborhood irn-
provements. In addition, informal groups in VL Summary and conclusion
poor urban neighborhoods where no govern-
ment services existed have often arranged The widespread assumption that disaster
water delivery, waste removal or other organi- vulnerability is high in urban areas is true.
zational approaches to meeting some of their Because of the rapid growth and unprece-
collective basic needs. Such actions can makce dented size of metropolitan areas in develop-
even simple homes more wind or earthquake ing countries, vulnerability in these is extreme-
resistant or crowded neighborhoods more ly high and increasing. Our brief review of
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options for disaster mitigation, however, re- industry, this is reversing so that many
veals a paucity of effort to devise adequate urban areas face both an eroding tax
safeguards against disasters in these regions. base and an increasing percentage of

Analysis of current trends shows that we needy dependent on publicly supplied
can predict with a high degree of certainty that services among their population.
the incidence and extent of urban disasters will 3. It may seem strange that we say a slow-
increase in the twenty-first century unless the onset disaster has come on the scene
international community joins the governments with rapidity. However, it is both true
of developing countries to devise appropriate that the massive population influxes
disaster prevention and mitigation strategies. which lead to the potential crises are,
Some of the mitigation options discussed historically, recent phenomena and that
above focus on slowing the growth of metro- the resulting cities share many character-
politan areas. Others are aimed at handling the istics of classic slow-onset disasters such
people already living in crowded urban centers as drought and famine. In these circum-
better-or getting them more creatively and stances, people find their abilities to
actively involved in handling the management sustain life are gradually eroded away by
of these areas themselves. A combination of constantly deteriorating conditions.
approaches will be needed. Some of them will 4. Such as those located in seismically active
require sizable initial investments. Efforts must zones or on vulnerable sea coasts and the
be made, however, to find low-cost approaches like.
that spread costs among many contributors. 5. In fact, the process of organizing ongoing
Not to pursue disaster prevention and mitiga- community services can strengthen a
tion options and, thereby, to allow the continu- community to withstand the negative
ing deterioration of the survival prospects of consequences of natural hazards as well
tens of millions of people is to invite unthink- as reverse the constant deterioration of
able future suffering. For the international life associated with the slow-onset urban
development assistance community, to ignore disaster. For example, one community in
the realities of urban growth in the developing Mexico City-Tepito-had organized itself
countries and the rising disaster vulnerability in for many years in order to resist the
them would be to foolish. The costs of emer- efforts of land owners and urban adminis-
gency relief would overtake future available trators to take over the land on which
funds and the returns from the development the community had been founded by the
investments of the past would evaporate into original poor squatters. When the earth-
thin air. quake struck and hit this and surrounding

areas quite severely, the residents of
Notes Tepito exhibited great and surprising

strength in coping with the crisis.
1. Not all technologically dangerous systems Throughout all the stages of disaster

are found in metropolitan areas, of response, they performed their own
course. For example, massive dams rescue, relief, rebuilding activities without
(which can falter) or fuel extraction reliance on outside assistanci<, and even
systems may more often be located in noted that they suffered much less trau-
areas away from population concentra- ma because of their neighborly cohesion
tions. However, most nuclear power and helpfulness. Other nearby, wealthier
plants are located relatively near human communities where people lived in high-
centers. rise apartments and had little contact

2. With the decay of city centers resulting with each other suffered more and took
in flight by wealthier tax payers and longer to recover.
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4. Living with Hazards
Communities' Adjustment Mechanisms in Developing Countries

Caroline Clarke Guamizo

Purpose isms," "indigenous responses," and "disaster
subcultures." Often used interchangeably, all

This review aims to provide a consolidat- these terms refer to collective means that
ed understanding of the mechanisms that people develop and use to allow them to live
communities in the developing world use to with extreme events within their environments.
alive with hazards." Specifically, the study will Communities develop adjustment mechanisms
provide (a) a working understanding of aad- in response to recurrent exposure to a hazard,
justment mechanisms," (b) a framework and such as periodic hurricanes or flooding. The
mapping of the mechanisms in use according mechanisms allow the community to avert and
to their hazard-related functions, (c) highlights buffer the impact, as well as survive and recov-
of implementation issues, and (d) recommen- er from these crisis events.
dations for next steps for. understanding a Adjustment mechanisms include a wide
specific community's hazard-related adjustment range of social, economic, cultural, and techno-
mechanisms. logical relationships and arrangements. For

Strengthening people's capacity to cope example, risk sharing arrangements, such as
with hazards is a critical starting point for savings societies, can buffer against the eco-
disaster reduction programs. It shifts the nomic impact of a disaster. Traditional ways of
primary emphasis from post-disaster relief to monitoring the onset of drought give people
prevention and, most importantly, it gives time to prepare for food shortages. During an
people a greater responsibility in coping both emergency, the organization of emergency
before and after a disaster occurs. supplies along traditional social relationships

saves people's lives. Similarly, participation in
Concepts and definitions mutual help associations may provide capital to

speed recovery.
Societies are in the permanent process of The actions involved in adjustment pro-

adapting to changing ecological conditions. cesses to any particular hazard are usually put
They adopt relationships and arrangements into effect within a short span of time, and in
that allow them to adjust to and manage most cases they are temporary relative to the
periodic stress. Societies also deliberately long-term adaptation process (Johnson and
foster a wide range of long-term strategies to Anderson 1988). The distinction between
bring them greater security in vulnerable short- and long-term adaptation, however, is
environments. The academic literatures which not always clear. Hansen (1986) makes the
examine these processes fall under the general distinction between those adjustments which
rubric of adaptation studies and survival strate- are purposeful adaptations and those called
gies (see note in box). incidental adjustments. The latter also have

In addition to the long-term evolving effects of decreasing potential losses, but are
adaptations, people, and societies also make not deliberate responses to hazards; they
more specific adjustments to disaster events. part of the overall adaptation process to stress.
These hazard-related adjustment mecha- Here, we will be less concerned with separat-
nisms-the subject of this review-are a subset ing out the purposeful from the incidental
of adaptation. than with stressing the range of adjustment

Hazard-related adjustment mechanisms mechanisms societies use and their hazard-
have been referred to as "coping mechan-
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Note.

Research in this area comes from the areas of sociology, anthropology, and geography, as
well as from interdisciplinary studies, such ias: agricultural development,$ poverty studies, develop-.'i 
ment, and environmental planning. Within these disciplines, both human ecologists, with their
roots: in functionalism, and political economists have picked up the themes.

Briefly, ecology is the study of adapitation to the environment. Human ecology, as its name
0Aimplies, is the study of people adapting to the environment: tA human ecosystem is a population
response to the necessity of maintaining a workable relation to the environment' (Hawley 1986).
The process of adaptation is mgenerally considered at the group level by analyzing the division of:
labor as the primaly form: of human adjustment to a harsh environment. (Ecology's strict
adherence to the study of groups as a fundamental component of its approach as well as to thed
assumption of stable: equilibrium has changed over the years. See Orlove 1980.)

Often criticized for its ahistorical approach, human tecology uses systems models that tend to
rely on theories of general equilibrium. UThe task of human ecologists is to describe systems and
to explain the interconnections among people iand environments which sustain the system and.
keep it equilibrated." For disaster researchers, the ecology approach seems particularly appro-
priate for understanding ethe interaction between human beings and the extremes (natural hazards)3 i
i"n their environment. The ecological :approach is the dominant paradigm in disaster research

0today(Oliver-Smith 1986; O'Riordan 1986; and Hewitt 1983).

Analysts taking a political economy perspective arguei that the structural causes of disasters
couldbe found in historical social and economic processes themselves. This critical perspective
iargues that the causes of disasters tare structural in nature-not behavioral. Using the "develop7
ment of underdevelopment" perspective (Seidman 1974; Rhodes 1970; and Frank 1969), they.

.. argue that the marginalization process-the interplay between external (foreign domination) and
:internal factors (economic structures)-4s 'what leads to vulnerable populations and deteriorating
environments. Unequal relations create dependency, cause populations to migrate, and disrupts
economies and societies (Waddell 1983). Population and other social pressures cause the
progressive destruction of the environmenlt. From the local to the international level, social
systems create vulnerability to disasters (Morren 1983; Torry 1979)..

Thus, natural disasters are not aberrant events, but' rather the results of "normal, social
and economic relations-they are characteiristic! features of societies and place (Oliver-Smith 1986;
Hewitt 1983). In this view, environmental relations are instances of the production process, and
fadaptivestrategies or coping responses are grounded in the social relationsiof production in con-ii 

crete historical circumstances (Watts 1983). This latter perspective largely studies pre-capitalist
socieiies and groups and looks at their adaptation to insertion into capitalist development models
and the world economy. This critical perspective has tended to focus on the breakdown of
adjustment and coping mechanisms to explain the cause of disasters.
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related functions. There is, of course, great adjust to crisis events and only indirectly treats
variation in the way different communities the broader adaptations that people make to
respond to hazards. long-term progressive environmental changes.

A community develops specific adjust-
ment mechanisms through a process of trial Framework for mapping
and error, generally over a long period of time adjustment mechanisms
(Wood and Knight 1975). Much depends on
the community's relationship with its larger Intervenors need a shorthand way to
society-the economic, political, and social identify adjustment mechanisms and under-
processes of development. Equally important stand their function in the different phases of
for understanding the origins of adjustment disasters. A simple framework is developed
mechanisms is the hazardous environment here which specifies four general categories of
itself. The particular type and frequency of the adjustment mechanisms (social organization,
disaster, the predictability and severity of its economic relationships, technology use, and
impact, as well as the population's experience cultural arrangements)2 and three disaster
and perception of the events all condition, in intervention phases of the disaster life cycle
part, a community's development of adjust- (prevention, emergency/response, and recov-
ment mechanisms. ery). A particular community's adjustment

This review will confine itself to examin- mechanisms can be mapped onto this concep-
ing adjustment mechanisms adopted by com- tual structure according to how they allow it to
munities in developing countries. The litera- avert, mitigate, survive, and recover from
ture reviewed focuses primarily on rural popu- disasters. (See Figure 5.1.)
lations. While often restricted to mean rela- This framework and mapping exercise are
tionships and arrangements intemal to the the first step in operationalizing the concept of
community, the concept of adjustment mecha- hazard-related adjustment mechanisms. That is,
nisms here will also refer to those relationships we can consolidate what we know by identify-
and arrangements the community adopts with ing the mechanisms and grouping them into
others (extemal) that allow it to cope and more general categories. The intent is to
manage extreme events. outline the range of possible relationships,

The adjustment mechanisms highlighted arrangements, and actions that communities
in this review have been culled from literature take. In addition, by focusing on functions the
on droughts, floods, and hurricanes, chosen framework treats adjustment mechanisms as
because of their recurrent natures, extensive generic across hazard/disaster types.3 In putting
impact, and links with secondary hazards such together the picture for any given community,
as landslides and famines.! These hazards also the next step would be to look at the specifics
include both slow and rapid onset events which of the community in its historical development
reveal the same mechanisms functioning differ- and hazardous environment (more on this in
ently. Section III).

Smaller groups within the community are
also included. Individual adjustments, however, Hazard-related roles
will not be treated here unless they are widely
adopted by most individuals of a community Adjustment mechanisms can first be
(which may be the case in less complex societ- understood in terms of the roles they play
ies). The discussion of individual psychological before, during, and after a disaster. The adap-
mechanisms is also outside the scope of this tation literature-even the hazard-related
analysis. The extensive literature on refugees literature-rarely uses the disaster terminology
and migrants is not explored as it deals with above in the framework, although the concepts
adjustments people make outside their usual are the same.4 Disaster managers and interve-
environment. Finally, this review focuses on nors, however, think about disaster reduction
the specific mechanisms that allow people to in these terms. By using the disaster terminol-
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Figure 5.1. The Eramework: hazard-related adjustment mechanisms
(community x)

Disaster intervention phases
(disaster life cycle)

Adjustment mechanisms Prevention Emergency Recovery

Categories
Hazard-related functions

1. Social organization

2. Economic relationships *prevention rescue * reconstruc-

* early * evacuation tion/rehabili-
3. Technology use warning *relief tation

* mitigation *social
4. Cultural arrangements *preparedness recovery

*risk sh[aring or *economic
spreading recovery

*material
recovery
-mitigation

ogy, the framework seeks to bring the under- ical, but may be quite complex-for example,
standing of indigenous processes together with the reading of animal behavior and of weather
disaster assistance. patterns, the cycle of calamities as recorded in

By using the life cycle of the disaster as religious collections, or the predictions of a
the organizing model, the entire spectrum of local soothsayer (Rahmato 1987). Early wam-
hazard-related functions that adjustment mech- ing systems in drought affected areas may
anisms play can be kept in mind. The frame- include the monitoring of grain or animal
work matches the way that disaster reduction stocks and behavior of people and price chang-
decisions are made, offering alternatives for es in the local markets to forewarn of impend-
supporting indigenous adjustment mechanisms ing famine (Watts 1983). Warning systems may
at any one or all stages. Finally, the framework be local channels of alert-spreading the word
stresses the interrelatedness of the disaster of flood by word of mouth, or through reli-
response process, encouraging decisions that gious organizations, for example.
have the long-term, as well as the immediate Mechanisms that reduce the likely impact
situation, in mind. of a disaster event are playing the function of

disaster mitigation. Structural examples such as
Prevention land terracing (to reduce threat of erosion and

Communities adopt relationships and landslides) or building technology (wind resis-
undertake activities to prevent natural phe- tant housing) as well as nonstructural ones,
nomena from causing disasters or at least to such as risk sharing mechanisms' like savings
limit their consequences. These include predic- groups, all make communities more able to
tion, warning, mitigation, and preparedness withstand an event. Land use manage-
functions. Disaster prediction includes tradi- ment-such as prohibition against settling in
tional ways of calculating when an event will certain areas-may even allow communities to
occur and its likely intensity and impact. Local avoid an event.
forecasting methods tend to be nontechnolog-
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When calamity does strike, communities or will loan seed for the next planting. Other
have mechanisms which allow them to prepare temporary measures such as labor migration to
to survive its impact. Preparedness refers to neighboring towns for employment are also
those activities which bring a hazard prone common in the Sudan (Johnson 1988).
area to a level of relative readiness for dealing Examples abound of traditional market
with a disaster situation. Communities have channels channeling relief supplies and extend-
internal means to organize their own rescue ing credit during the recovery, of people using
and relief operations as well as to facilitate the salvaged materials to reconstruct their homes,
channeling of outside aid in the case of disas- and accessing external aid through political
ters. Village elders in Andhra Pradesh, for relationships to augment local resources (An-
example, assess potential needs and capabilities derson and Woodrow 1989; Cuny 1983; Davis
within the community in case of hurricanes 1978).
and make contingency arrangements.

Categories of adjustment mechanisms
Emergency

When the disaster event occurs, it is Our framework also groups the adjust-
always the affected community itself who first ment mechanisms into four broad categories:
responds by evacuating its people and animals, social organization, economic relationships,
rescuing those who get caught, and providing technology use, and cultural arrangements.
emergency assistance and relief. In more remote The adjustment mechanisms may play different
areas in developing countries, outside assis- roles during each of the disaster intervention
tance may take days, even weeks to arrive, if it phase, as some of the above examples indicate.
does at all. Logistics for the distribution of
relief may be assumed by a community or Social organization
religious leader; the local school facility or The most fundamental mechanisms to
health clinic may receive donated supplies and cope with a hazard is the family.6 Extended kin
provide shelter for displaced families. Informna- relations provide networks for exchange, mutu-
tion and communication about loved ones al assistance (reciprocal obligation) and social
spontaneously centered itself in the village contact which play different functions in peri-
church after the 1976 earthquake in Guatema- ods of stress and disaster. These networks may
la. In Colombia after the 1985 Armero Disas- function as an insurance against environmental
ter, relief tasks divided along gender lines in adversity to spread risk, reduce loss and insure
many cases; women took on communal food survival-such as when families deliberately
preparation and child protection duties where split, allocating members in different economic
men undertook search and rescue. activities or geographical locations (e.g., roving

herders and cultivators). In times of stress, kin
Recovery relationships with those outside the immediate

As the emergency passes, people set community often become most important.
about recovering their losses and reconstructing Women may marry men of other less affected
their lives, not just materially, but socially and drought regions, for example. In the aftermath
culturally as well. In addition to rebuilding of a hurricane, survivors stay with relatives in
stocks of all kinds, recovery also means regain- unaffected areas. Kin networks also aid in the
ing opportunity as well (Cuny 1983). recovery period, such as providing capital or

Access to resources is key in the recovery cattle to reconstitute lost herds.
process. Mutual aid groups will work together Mutual aid and self-help groups are other
to rebuild each other's homes and community examples of social adjustment mechanisms. In
facilities. Work parties, or mingas, are called many societies is the culturally accepted prac-
by indigenous communities in Latin America tice of labor or food sharing. This is mobilized
to rebuild after floods. Kin groups will provide in the emergency or recovery phases. A more
animals to help members replenish their stock institutionalized form of interdependence
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among individuals and groups is also found in as on land in flood prone areas. These ar-
cooperatives. rangements will reduce the vulnerability of

Leadership arrangements also establish populations to the impact of a natural event.
explicit lines of obligation as in the traditional Examples of building technology which
patron relationship in Latin America. During are more resistant to hazards are numerous
periods of hardship, he will materially assist his (Davis 1978). Round huts are more resistant
workers (Kieffer 1977). to high winds and are dictated for coastal

regions by religious custom in India (Cuny
Economic relationships 1990). In flood-prone areas of Bangladesh, the

Adjustment mechanisms that fall withi.n housing built is made of thatch, bamboo, and
the category of economic relationships are corrugated iron sheeting which can be moved
many.7 Rural people may employ specific risk easily in emergencies.
aversion mechanisms_-such as, diversification of
crops, strict crop rotation schemes for moisture Cultural arrangements
preservation, storage schemes, and nonagricul- There are cultural patterns of behavior
tural activities (labor, crafts)._4o mitigate and beliefs that aid communities to cope with
against the disastrous effect of drought, for hazards. These adjustment mechanisms may
example. Goats are kept during drought in the include a community's perception of risk or the
Sudan because they are more resistant to lack religious understanding of calamity. Both may
of water and are easily convertible to cash be important determinants in how people will
when needed to buy grain. Unlike cows, they behave in the face of a disaster.
have high fertility rates and the sale of a few Communities also have their own ways of
does not deplete their stock. During drought, defining what a disaster is-when conditions
herders in Africa will move their cattle closer pass their boundaries of usual stress to become
to highland markets. In more extreme situa- crisis. This is often different for different
tions, cattle raiding and looting is a mechanism communities-a disaster for one, may be
used to redistribute economic assets. another's usual flooding (Jeffrey 1981; Waddell

Communities employ marketing strategies 1983). Finally, how communities pass on know-
and trade links with regional economies that ledge about hazards constitutes a mechanism
occupy different ecological niches (herders ard for adjusting to disasters. Elders passing on
settled agriculturalists, for example) to access their experience of disasters through storytell-
alternative sources of livelihood-an important ing reminds new generations for the reasons
arrangement that mutually protects each in the for cropping patterns or other technology use.
case of adversity in one. Economic buffering
mechanisms such as community savings societ- Issues for implementation
ies and credit groups also increase resources
for economic recovery after a disaster. When a crisis overwhelms a population's

capacity to cope and adjust, a "disaster"
Technology use occurs (Krimgold 1976). The result may be loss

Adjustment Mechanisms in the Form of of life and property, environmental devasta-
Technology (methods and measures) include tion, and mass movements of peoples. Streng-
such arrangements as land management (ag;ri- thening people's capacity to cope before a
cultural patterns or zoning), appropriate infra- disaster strikes, then, is a critical starting point
structure schemes, and buildings materials and for disaster reduction programs.8 After a
systems. disaster has happened, aid that works through

Communities may reforest lands, terrace indigenous response and recovery mechanisms
erosion areas, share land access rights, employ can reduce many of the damaging effects
soil and water conservation and food storage typical of massive outside relief efforts9 while
schemes. Some ritualistic beliefs dictate where at the same time strengthening the affected
constructions may or may not be located, such
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community's capacity to manage'and recover in which put them at risk. Rather, changing
the future. economic pressures and land-use practices

The case for supporting hazard-related resulting from development policies force
adjustment mechanisms has been made in farmers to adopt short-term adjustment pat-
principle. Nevertheless, there are many issues terns that have negative long-term conse-
that make it a complex task in practice. quences-such as, illegally clearing forests for

charcoal burning, turning to monoculture
Definition of a disaster agriculture, or joining the reserve labor force

(Horowitz and Salem-Murdoch 1987; Morren
Each community provides an internal 1983; Jeffrey 1981; Hewitt 1983). All these

definition of what constitutes a disaster-that actions contribute to the degradation of the
is, when the daily stress of a hazardous envi- environment and to communities' own depen-
ronment reaches a "crisis.' They are often dency, both factors increasing vulnerability to
different than the definitions used by outsiders hazards.10

who determine when relief is required (John- Adjustment mechanisms fail for a combi-
son and Anderson 1988; Waddell 1983). The nation of reasons, both behavioral and struc-
challenge for outside aid providers is to under- tural. Intervention to strengthen communities'
stand the internal mechanisms for coping in capacity to live with hazards, then, also ought
order to appropriately match them with exter- to occur over the range of levels from micro to
nal ones. macro levels. The challenge for intervenors at

the micro level is how to introduce innovation
Why do adjustment mechanisms fail? and change that will reverse the negative

consequences of communities' maladjusted
The most obvious reason that disasters mechanisms while at the same time reinforce

happen despite people's capacities to manage those which are truly adaptive, having the
and cope with them is the magnitude of the potential for improving the community's ability
natural event itself. Short of not being present, to cope with disasters (Kieffer 1977). More-
no community can withstand a truly extreme over, apparent adjustment mechanisms may
event. not allow communities to reduce their vulnera-

There are other reasons for coping bilities to future disasters-for example, com-
mechanisms to fail. Some analysts blame the munity institutions which are corrupt or pater-
traditional societies for being maladjusted to a nalistic."1

changing environment. Outmoded and ineffi- In fact, there is much disagreement over
cient traditional agricultural practices, custom- what is maladjustment and what is adaptation.
ary land tenure systems, and large families are For example, is population movement a mark-
blamed for degrading the habitat and increas- er of the failure of adjustment mechanisms or
ing their vulnerability. Or the apparent fatal- an adaptation to a more extreme stress? The
ism of communities which continue to live in difficulty lies in how to know which adjustment
disaster-prone areas. That is, adjustment pat- mechanisms are effective and viable. Donors
terns that were once appropriate are now out and intervening agencies need ways to evaluate
of sync with the changing environmental hazard-related adjustment mechanisms.12
conditions and people are not changing or At the macro level, intervenors have
changing fast enough. argued for integrating local systems and meth-

Other analysts blame the changing global ods with regional/national development poli-
environment for forcing the populations (espe- cies while putting in place safeguards against
cially the poor) to leave relatively secure forms the erosion of effective indigenous mechanisms
of adaptation and move into hazardous loca- (Lewis 1980). But how to manage this is not at
tions and economic relationships. It is not all clear. As communities become less autono-
conservatism which lead people to adopt mous, their adjustment mechanisms also
activities harmful to their environment or change (Hansen 1986). Those in the process of
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rapid transition from self-sufficiency to being ment assistance (Fleuret 1986, Sen 1981,
incorporation into the larger national and Colson 1979). In this light, studies of urban
international economies are, in fact, the most communities and more complex societies must
vulnerable to crisis because, include these mechanisms.

the traditional social Ideally, these case studies would begin to
mechanisms for absorbing losses look at community adjustment mechanisms
and sharing them among the before a disaster event occurs. A picture being
community have been eroded away drawn in noncrisis period on would yield an
and have not yet been replaced by understanding of the combination of mecha-
the accumulated wealth and nisms that allow communities to cope with
response capacities of more modern their hazardous environment. The studies
societies. (Burton et al. 1978) would then trace community behavior from the

It is the incorporation of communities that has warning phase through the event and into the
alienated people from land and nature, thereby recovery phase. A progressive picture of com-
weakening traditional means of dealing wilth munities' adjustments then could be drawn and
natural stress (Emel and Peet 1989). More- their effectiveness assessed. The opportunity
over, it is widely recognized that some process- for this kind of study is, of course, rare and its
es of development themselves increase popula- cost prohibitive to do it on a broad scale.
tions' vulnerability to disasters. However, there are many community

based development programs in hazard prone
Next steps areas that do, or who could begin to, under-

stand the hazard-related functions of the
The next step to follow this effort would societal relationships and arrangements they

be the drawing of case studies. Using the work with daily. With the present focus on
framework, detailed characterizations of ad- application of this understanding, the next step
justment mechanisms could be drawn for three is to access work that is being done.'3 Repre-
or four specific hazards and for communities in sentatives from these programs could be invit-
different processes of development. ed for a workshop in which understandings of

To understand the adjustment mecha- adjustment mechanisms would be shared as
nisms of a particular community, the case study well as ways development agencies can support
would place the community clearly in its devel- them at different stages in the disaster life
opmental context. An analysis of any particular cycle.
community's response to hazards needs to
include an examination of the historical chang- Notes
es in its economic, social, and political rela-
tionships with the greater society. These rela- 1. The drought and famine literature comes
tionships will inform the study about causles primarily from Africa and is the most
and consequences of disasters as well as the developed in terms of social theory. Most
choices and mechanisms a community may literature on floods come from South
take to cope with them. Some communities Asia (Bangladesh and India) and have
focus more on loss reduction rather than focused on riverine flooding. Although
prevention, for example. the least studied for adjustment mecha-

As Burton et al. (1978) and more recerLt- nisms, hurricanes have been recurrent
ly Hansen (1986) stress that the literature has examples for the more structurally in-
found important differences in communities clined disaster researchers (architecture
that are self-reliant or more incorporated into and engineering).
a capitalist world economy. As a community 2. This classification does not match any
moves towards the latter, they rely less on one classification, but rather draws upon
indigenous resources, either social or natural, a number of authors (Sen 1981; Hansen
and rely more on money, markets, and govern- 1986; Watts 1983; and Cuny 1990).
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3. For the argument for the generic treat- ness and impact of its aid. Research into
ment of social behavior in response to the approaches used to provide relief
hazards, see Quarantelli (1990). assistance produced reports of inappro-

4. An exception is found in Waddell (1983), priate aid, dependencies, and counterpro-
in which he presents a temporal se- ductive consequences. For example,
quence of responses to a hazard. inappropriate food aid inhibited the

5. Risk sharing and spreading can happen recovery of markets for local foodstuffs,
over time, as in the storing of grain for thereby extending the economic damage
drought years, or over space, as in vari- of the disaster. (The literature is exten-
able grazing and cropping patterns, or sive on this point.)
over social groups, as in kin networks Since then, relief assistance has
(Wood and Knight 1975). moved away from its top-down, logistics

6. The literature on kin networks is exten- approach. The amount of aid needed has
sive and forms a part of all of the analy- been reassessed downward in most cases.
ses cited in this review. Technology that is more appropriate for

7. They conceptually overlap with social settings in developing countries and for
organization and technology use. project sustainability has been intro-

8. There are plenty of examples of develop- duced. And finally, there is recognition
ment programs that take this approach. that relief aid, delivered in a fashion that
Before a disaster happens, development 'builds on local resources and capabili-
programs in hazard-prone areas include ties, reinforces local decision-making
components that prevent, prepare for, power, and is sensitive to indigenous
and mitigate the impacts of disaster. The social structure and culture,' can encour-
private voluntary organizations have long age development (Snow 1987). Interve-
been involved in disaster-related develop- nors now will involve affected people in
ment on the local level, even before needs assessments, administration, and
these projects were called such. They evaluation of relief assistance. These
have worked with communities to refor- actions have generally reduced the possi-
est lands, terrace erosion areas, introduce bility for aid providers to create a sec-
more efficient wood-burning stoves, ondary disaster by overwhelming com-
educate farmers about environmentally munities' coping mechanisms in the post-
sound agricultural practices and food disaster period.
storage schemes, implement rural water 10. Researchers using political economic
resource projects in drought prone areas, analysis have focused on changing eco-
and encourage local saving societies, to nomic relations-the emergence of com-
mention a few of the kinds of develop- mercial cultivation for export-and the
ment projects that have disaster preven- progressive destruction of the environ-
tion objectives. Many of their smaller ment due to population and other social
projects have not targeted economic pressures (Waddell 1983). They have
growth, but rather have emphasized studied slow-onset disasters, like famine,
economic and social security. Communi- that tend to be linked with environmental
ty-based programs have often recognized degradation in rural conditions in pre-
the affected communities as important industrial societies. These provide the
resources in times of disaster, identifying best illustration of how social and eco-
the mechanisms that communities use to nomic exploitation and environmental
cope with hardship and stress. abuse themselves precipitate disasters.

9. After the cyclone and civil war hit Ban- Wisner et al. (1977) study colonial
gladesh in the early 1970s, the relief and neo-colonial periods in Kenya to
community, unhappy with its perfor- show how the penetration of capitalism
mance, began to reassess the effective- into the arid zones resulted in the expro-
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priation of land and the diversion of often occupy a special niche in disaster
credit and marketing facilities away from response. Especially in communities with
the traditional peasantry. This 'develop- existing programs, PVOs may be more
ment' all but destroyed the traditional likely to work through the local leaders
land use and herd management systems and encourage broad community involve-
in the rural areas. With a restricted land ment in the disaster relief and recon-
base, overfarming and erosion ensued, struction activities. These agencies are
thereby increasing farmers' vulnerability able to reinforce local efforts that may be
to drought. overlooked by larger relief programs.

Baird et al. (1975) analyze the ori- Through their development work, these
gin of the large number of deaths result- programs are already familiar with com-
ing from Hurricane Fifi in Northern munities' traditional forms of mutual aid
Honduras in 1974. Earlier, large compa- and self-help in normal times. In times of
nies had taken over the region to culti- disasters, they will often work with the
vate bananas for export, which displaced affected community's indigenous response
many peasant farmers from the fertile and mechanisms for coping in crisis. The
valleys, who were then forced to clear larger donors (intergovernmental organi-
and cultivate the surrounding hillsides, zations, and development planning and
thereby increasing the potential for soil financing institutions) are increasingly
erosion. When Fifi struck, the peasants using the grassroots knowledge of PVOs
were literally swept off the hillsides. by working jointly in disaster response

Jeffrey (1981) looks at similar pro- and recovery. The idea is to use this
cesses in her analysis of vulnerability and knowledge before a disaster, so as to
disasters in Indonesia. Hagman (1984) support prevention mechanisms and
also reports similar factors that are in- activities.
creasing the populations' vulnerability to
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5. Vulnerability and Resiliency:
Environmental Degradation in Major Metropolitan Areas

of Developing Countries

Ronald Steven Parker

1. introduction tific and scholarly communities have also
begun to direct their attention to the

This paper identifies some of the main subject. One indicator that interest in the
factors contributing to vulnerability to natural urban environmental problems of devel-
and manmade hazards, and catalogs the impli- oping nations' has been increasing is the
cations of environmental degradation for large publication (since 1989) of the first jour-
urban areas in the developing world. This nal on this topic: Urbanization and Envi-
paper reviews recent literature on environmen- ronment. As of May 1991, only four
tal problems, and, although not comprehen- volumes have been published; several
sive, it shows that most of the literature pays authors of journal articles quote from
little attention to environmental problems in drafts of forthcoming books. Hence, in a
urban areas of the developing world. A few few years, researching this topic will be
country-wide studies document regional and easier.
local environmental issues-some studies of More and more, World Bank lend-
single cities, a few general texts on the global ing is emphasizing development assis-
environment, and an enormous body of highly tance that reduces the vulnerabilities of
technical literature on cleaning up particular the member countries to environmental
types of eco-accidents. Satterthwaite (1989, p. degradation and natural disaster. Using
76) notes the following: the case study methodology, the Environ-

The environmental problems of the ment Department has begun a multiyear
Third World cities receive very little investigation of member country respons-
attention in most English language jour- es to hazardous circumstances. To help
nals, magazines and newsletters produced reduce vulnerability to extreme events,
by environmental groups. Most such governments must consider the potential
publications are produced by environ- threats to their countries. The objective
mental groups in the West and these of the overall study is to help govern-
concentrate on environmental problems ments identify those threats and improve
in the West or on global problems such their capacity to mitigate environmental
as climate change. Where coverage is hazards.
given to Third World environmental
problems, this is usually deforestation, Urban areas: demographic growth,
desertification or the impact of large environmental degradation, and rllnerability
dams. Third World cities' environmental
problems also receive little or no men- Hundreds of millions of the world's
tion in most general books about the population, especially the poor and less in-
'environment.' formed, are vulnerable to the vagaries of

The public sector in developing natural and human-caused disasters. Many
countries has only recently become con- high-risk metropolitan areas in developing
cerned with urban environmental prob- countries are projected to have populations of
lems. As governments and donors have over 10 million by the year 2000, including
become interested in this topic, the scien- Baghdad, Bangkok, Beijing, greater Bombay,
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Buenos Aires, Cairo, Calcutta, Dhaka, Delhi, in relatively prosperous areas there are serious
Jakarta, Istanbul, Karachi, Manila, Mexico environmental risks. Industries produce haz-
City, Rio de Janeiro, Sao Paulo, Shanghai, and ardous waste, sea water and chemicals contam-
Teheran (World Bank 1989, p. 34). inate water supplies, oil destroys the marine

The real impact of environmental degra- environment and covers beaches, poorly tuned
dation on vulnerable groups is only felt when vehicles and low-quality fuels make air pollu-
accident or disaster strikes. Avoiding cata- tion a serious and chronic threat when weather
strophic events in urban areas is critical for conditions trap air masses for days and weeks
two reasons: high population densities almost at a time. In cities like Mexico City where
inevitably result in high death tolls, and high sanitary facilities and unavailable to significant
property values unavoidably result in high segments of the population, even contaminat-
losses. ed airborne dust is a serious health concern.

As metropolitan areas in vulnerable Because of creeping environmental degrada-
locations continue to grow, the inherent risks tion, the lack of clean fresh water for washing
associated with high-density environments, and bathing is a serious issue even for cities
inappropriate technologies, and inadequate built on or around lakes. The lack of sufficient
infrastructures will be compounded. Few potable water for drinking and cooking is also
attempts to restrain urban growth have worked too commonly the norm.
for even a short time. Where rapid urbaniza- Different areas of urban vulnerability are
tion is caused by massive out-migration from analyzed in more detail in the following chap-
the rural areas, critical labor and food shortag- ters. Threats are examined in terms of both
es can affect urban and rural areas simulta- their origins and their final impact.
neously. In many countries, urban growth Half of gross domestic product (GDP) in
apparently is no longer the result of rural most Bank member countries is generated in
people migrating to the cities. High birth rates cities (Cohen 1990). Eighty percent of future
in cities currently generate most of their popU- growth is predicted to come from urban econ-
lation growth. Unless developing countries omies. The economic preponderance of the
drastically change the way they handle natural city occurs in spite of many well-known con-
resources, the continuing pace and magnitude straints: deficiencies in infrastructure, inade-
of urban growth may have a frightening impact quate economic policies, a generally weak
on the world environment. institutional framework for city management,

In many cities in the developing coun- and the rapid and disproportionate growth of
tries, the poor cling precariously and often the most vulnerable poverty group.
illegally to barren hillsides and ravines that are Local government, which might normally
of little economic interest to more powerfLil be relied on to solve urban problems, is weak-
groups in society. Most rapidly growing cities er than ever before (World Bank, Infrastruc-
have populations whose daily needs greatly ture and Urban Development Department).
exceed governmental abilities to provide even The institutional capacity of city governments
minimal services. In their daily quest for food, has declined over the last two decades in
fuel, and shelter, the poor quickly consume or response to centralization at the national level
make other use of these resources, and rapidly and inadequate maintenance of critical infra-
eliminate trees, groundcover, and wetlands. In structure. Although something must be done,
the process, they often destroy the best natural few countries know what to do or where to
protections of the marginal lands they inhabit. begin.

The lack of urban amenities, such as In most African and Latin American
gutters and storm sewers, in marginal settle- cities the data we need to even begin
ments can contribute overnight to hazards such addressing the problems posed by dam-
as floods and landslides. In countries where age to the environment is not available.
the poor have moved into areas of water The impacts of regulation have not been
runoff, flash flooding is a major problem. Even what was expected and future policy
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options that will respond to the cities' safely the increasing amounts of wastes has not
needs are not clear. Thus, while the developed as rapidly. As much as 50 percent of
stakes are increasing our ignorance is the solid wastes generated in some urban
increasing. (Cohen 1990) centers remains uncollected (Lee 1985).
A perplexing dilemma often surfaces As cities have grown, they have devastat-

when attempts to solve environmental prob- ed most of the natural resources upon which
lems further degrade the environment. Devel- they depend. Only recently have governments
opment is necessary to increase the resilience been forced to face the results of short-sighted
of nations to environmental degradation and industrial, sanitary, and agricultural policies.
disaster. Frequently, however, metropolitan For some countries, it is already too late to
development efforts diminish either the rural recover much of what has been lost. In many
or the urban resource base, thereby contribut- cities of the developing world, little remains of
ing to creeping environmental disaster. the natural environment that pre-existed the

In order to address the long-term threats urban center. Hardly any cities have preserved
that face developing countries, national devel- the forests and watersheds that were formerly
opment efforts must comprehensively address found within their boundaries, and vast paved
the potential problem of restoring and upgrad- areas impede the natural recharge of aquifers.
ing the resource base upon which the country Solid and liquid wastes and sea water have
economy depends. In developed countries, polluted many sources of fresh water that can
improved regulations and controls to protect no longer be economically reclaimed. Few
the environment have been in effect for sever- cities, if any, still have forested harbors, clean
al years. Some techniques have already demon- rivers and lakes, sufficient subterranean water.
strated the potential for significant reductions and protective ground cover.
in damage and improvements in air and water Because of environmentally disastrous
quality. Developing countries have lagged urban development, any discussion of tie
behind on this issue, however; further efforts environmental problems of cities must consider
are required to develop policies and measures the natural resources that are essential for the
that confront the real problems facing large survival of the cities, but which are now locat-
metropolitan areas in their efforts to develop. ed far from city boundaries. Many cities in the

Relevant issues should be identified and developing world have reached their environ-
improved policy guidelines developed. Societal mental carrying capacity: their need for natural
vulnerability to environmental degradation resources can no longer easily be met because
increases as inappropriate technologies are almost all the resources that were nearby and,
utilized, as lack of knowledge and access to accessible have been degraded or used up.
restorative mechanisms prevail, and as institu- This paper reviews many dimensions of
tions are ill-prepared to respond to disasters in the potential solutions to environmental prob-
a manner that involves the general population lems that policymakers will have to consider as

* in reducing the impact of disasters. part of any attempt to implement programs for
reducing the impact of environmental degrada-

Overview of urban environmental problems tion. The last chapter identifies dimensions
critical to the success of any proposed solu-

Most governments rushed into industrial- tions, along with several frameworks for fur-
ization with little thought to sustaining the ther study of environmental problems.
resource base on which their new industries
depended. As developing countries shifted Overview of the issues
away from the export of raw materials, cities
evolved from centers of consumption into Environmental degradation is a dynamic
centers of production. Although their demand and complex process in which the true rela-
for land, water, fuel, and raw materials grew to tionship between causes and effects often
unprecedented levels, their ability to manage becomes apparent only after detailed investiga-
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tion. Hazardous results of routine human release of waste products from industrial
activities often occur in different media and at processes into the environment. As a result,
great distances from their origins. Pollutants increasing amounts of carbon dioxide, chloro-
can travel great distances as they move fluorocarbons (CFCs), methane, and nitrous
through the environment and/or work their oxide are now found in the upper atmosphere.
way up the food chain. Human-caused changes The production of what have come to be
in rural land use and water courses have known as 'greenhouse gases' appears to have
catastrophic and unforeseen consequences; led to a rapid warming of the biosphere, which
their impact is felt strongest in major cities. has changed rainfall patterns, altered the paths

The geographical separation of cause and of ocean currents, and led to rising sea levels.
effect in environmental degradation is under- Economic development depends upon
stood better and better each year. Air-borne generatingself-sustainingimprovements.Tradi-
contaminants from factory chimneys combine tional practices that have stood the test of
with moisture in clouds, and the rain deposits time have proved to be sustainable. The intro-
mercury in the ocean or acid in lakes and duction of "modern' techniques and technol-
rivers located hundreds of miles away. Chemi- ogies, however, disrupts traditional patterns by
cals dumped on the ground leach into the introducing products and processes that are
aquifers from which wells and springs move often only partially understood. People rou-
them up into the food chain. The list of exam- tinely use cleansing agents and biocides with-
ples could go on almost endlessly. out the slightest awareness of their toxicity, in

Many of the environmental problems spite of the warnings which sometimes appear
facing the larger urban areas come about in small print on bottles and containers. The
because people in all walks of life are unin- issue of sustainability would not be important
formed or misinformed of the real costs in- if traditional systems and coping mechanisms
voived in their use of natural and human- were left unchanged by the development
caused resources. Correspondingly, the direct process, but that is hardly the case in any
effects of their economic activities on climate major city.
and the occurrence of extreme natural events Small misuses and accidents that occur
are not widely known. with the utilization of modern technology can

The incidence of natural disasters has cause major dislocations and disequilibriums in
been increasing over the last decade, partially the global ecosystem. In this manner, products
or wholly the result of human activities. designed to improve people's lives often cause
Storms, floods, earthquakes, and droughts have short-term betterment and longer-term set-
increased in number and impact, seriously back. Societies can systematically attain sus-
hampering the development process and tainable progress only through the informed
requiring a substantial reallocation of resourc- use of modern products where the products
es from development to immediate post-disas- interact in a positive fashion with natural
ter relief and rehabilitation. Although certain resources.
devastating natural events set regenerating Agencies involved with planning and
cycles into motion (floods recharge aquifers, economic development need to understand
volcano eruptions fertilize agricultural land, that only rational use of the environment will
etc.), most of the extreme events caused by lead to sustainable outcomes. In major urban
environmental degradation have catastrophic areas in particular, people must begin to see
consequences. Current scenarios for global themselves as partners with nature. The rela-
climate change indicate the potential for more tionship between disasters and environmental
and more destructive extreme events in the management is a continuum where the use of
next decades. natural resources and environmental planning

Climatic changes are the results of such need to go hand-in-hand to ensure that cities
human activities as deforestation and the will continue to be habitable.
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2. Threats to the supply of fresh water in citics outcome of hydrological systems which are
subjected to stresses they just cannot with-

Depletion and water quality stand.
Many districts in Jakarta can no longer

The Metropolitan Water Works Authori- use their wells because of salinity. Salt water
ty in Thailand notes that water demand for the intrusion into fresh water supplies is wide-
service area which includes Bangkok will spread in coastal areas and surprisingly com-
increase from 2.8 million cubic meters per day mon far inland. The degradation of fresh water
in 1987 to 4.1 million cubic meters a day by by salt water is the outcome of the dynamic
1997, and demand for 2007 is forecast at 5.2 interaction of the geological and hydrological
million cubic meters per day (Phantumvanit characteristics of an area.
and Liengcharernsit 1989, p. 31). Traditionally In a natural setting fresh water from
Bangkok has relied upon its vast reserves of coastal aquifers is discharged into the ocean at
ground water but in recent years it has experi- the coastline or further out to sea-in many
enced severe subsidence because of the over- cases from the sea bottom itself. According the
use of subterranean aquifers. Finding an USEPA,
alternative source is a major headache for the A balance or equilibrium tends to be-
Thai government. Mexico City and Jakarta come established between the fresh
have also overused ground water, experiencing ground water and the salt water pressing
subsidence and deteriorating water quality. in from the sea. Where coas.al aquifers
Some of Mexico City's drinking water now has are overpumped, lowered by natural
to be pumped 1,000 vertical meters over the drainage, or natural recharge is impeded
mountains, which requires large amounts of by construction or other activities, the
expensive energy. ground water level, whether water table

Perhaps the most serious threat to the in unconfined aquifers or piezometric
fresh water upon which human settlements surface in confined aquifers is lowered
depend is the sea. In larger urban areas near thereby reducing the fresh water flow to
the sea, consumption of ground water for the ocean. (USEPA 1974 pp. 3-4)
drinking places aquifers at risk of contamina- Tidal waters naturally flow up rivers twice
tion. Even in areas remote from the sea, a day. Every rising tide sends salt water racing
however, changes in land use or the channels upstream along the bottom of rivers while
and flows of streams can lead to the depletion fresh water is driven to the river's surface. The
and degradation of the available fresh water interface between the fresh and saline water
supply. changes with the tide; denser saline water

According to the U.S. Environmental tending to underride the less dense fresh
Protection Agency (USEPA): water. Shortsighted tampering with this natural

The quality of water refers to its chemi- process can place fresh water supplies at risk.
cal, physical, and biological characteris- A reversal or even a reduction of fresh
tics. All naturally occurring waters con- water flow from aquifers or rivers often allows
tain dissolved mineral constituents, all saline water to move into areas where only
possess characteristics such as tempera- fresh water previously existed. The deepening
ture, taste, and odor, and some contain of navigation channels, the construction of sea
organisms such as bacteria. Pollution is level canals, or a reduction in river flow caused
defined as the man-induced degradation by increased agricultural use of river water
of the natural quality of water. (USEPA causes a landward migration of sea water
1974, p. 22) resulting in the contamination of surface and
Pollution of water sources is only partly sub-surface water supplies, and the destruction

the result of the inadequate treatment of of the natural habitat of native fish and game
human and industrial waste. The degradation species. Allowing the salinity of river water to
of the water supply is more often the natural increase also greatly reduces the life span of
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bridges and other engineered structures which estimates that 70 percent of all available water
come into contact with the river. in India is polluted.

In many countries large quantities of The following materials are the most
saline water exist underground in close proxim- common causes of water pollution: inorganic
ity to the aquifers used for drinking water. salts, acids and/or alkalis, organic matter,
Saline and fresh aquifers can begin to transfer suspended solids, floating solids and liquids,
water to each other through wells and othier heated water, color, toxic chemicals, micro-
penetrations, or when man-induced changes in organisms, radioactive materials and foam
the hydrologic pressure system underground producing matter (Nemerow 1978, p. 3). Many
cause the barriers between them to becorne of these elements are present in nature as well
more porous. Once saline water begins to as industrial runoff. Liquid organic wastes
intrude, deterioration of water quality can demand oxygen when they are poured into
persist for years even after the initial cause is fresh water. The biochemical oxygen demand
removed. As little as 2 percent saline intrusion (BOD), the amount of oxygen not available to
can make an aquifer unusable. Even lower other life forms because it has fixed itself to
percentages can place the future use of ;an waste that it is breaking down, is a frequently
aquifer as a water supply source seriously at cited measure of pollution.
risk. Inorganic salts cause water to turn

'hardi and can make a river unusable for
Industrial and municipal waste water industrial, municipal and agricultural purposes.

Salts can leave scale or deposits which block
In Colombia, tributaries of the Bogota narrow passages in boilers and pipes, and they

river flow with heavy metals including lead and interfere with dyeing, brewing and canning.
cadmium, tannery wastes and the byproducts Among the more troubling inorganic salts to
of plastic manufacturing. According to Hardoy industry are magnesium sulfate and chloride
and Satterthwaite (1989) Sao Paulo's two main ion. Inorganic salts such as nitrogen and phos-
rivers are biologically dead because of high phorous often produce algae overgrowth which
concentrations of industrial waste. The same produces organic overloading while it lives and
source notes that 3.4 million cubic meters of waste liquors as the algae dies.
industrial and domestic waste a day flow Water is a raw material for industry. In
through streams in the heart of Shanghai. combination with other raw materials a fin-

Wastes are considered hazardous when ished product is produced. During the manu-
they pose a significant threat to human health facturing process water can be used as a cool-
or the environment when handled improperly. ant, a source of motive power or steam, a
Hazardous liquids are different from other medium of transport, a catalyst, a solvent, or a
liquids because they are toxic, infectious, cleansing agent. Water is the raw material
inflammable, reactive or corrosive. Large swil-t- most used in the manufacture of 150 industrial
moving streams can safely accommodate a chemicals while air is the second most used
considerable amount of waste, but monitoring material. The amount of water used by indus-
is rarely undertaken until it is almost too late try and agriculture greatly exceed the quanti-
for corrective measures. ties used for domestic purposes (McCaull

When a body of water can no longer be 1974, p. 89).
used for its 'best usage" it can be said to be As a source of river pollution municipal
polluted. Most authorities consider best usage wastes tend to run a close second to industry.
to involve drinking, swimming, fishing and One reason why municipal flows are so hazard-
recreational use. Too often upstream polluters ous is that, in many countries, industries dump
render river water unsuitable for downstream their toxic wastes directly into municipal sani-
industrial use. To illustrate the magnitude of tary sewers without any treatment whatsoever.
the problem in some countries, the Center for The Lyari river which runs through Karachi
Science and the Environment (1989) in India (Pakistan's largest industrial city) is an open
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drain from both chemical and micro-biological stant access, following some local standard of
points of view; a mixture of raw sewage and acceptable practice. Some countries have
untreated industrial effluents (Hardoy and found that charging industry for the processing
Satterthwaite 1989, p. 191). of waste water according to the weight of the

When industrial wastes are allowed into dissolved contaminants creates an incentive for
the municipal systems it greatly increases per manufacturers to remove them in-house.
ton processing costs because all waste has to Saving the environment can often pro-
be treated for every possible toxic effluent mote efficiencies which save industry money in
once they have been allowed to mix. As they the long run. The primary benefits to industry
attempt to maximize their profits, industries from improved waste treatment are: (a) savings
have little incentive to install their own waste derived from reuse of treated effluent instead
treatment facilities in areas where regulation is of fresh water; (b) avoidance of legal fees and
lax and the penalties for noncompliance are lost time in court cases with regulatory agen-
feeble. cies; and (c) savings from increased production

According to Nemerow (1978) the pH of efficiencies with chemicals that formerly were
a stream should not be less than 4.5 nor more dumped.
than 9.5 if it is to support aquatic life. Near
industrial sources of pollution water pH values Biological threats in the absence
as low as 2 and as high as 11 are commonly of municipal facilities
found. Acids and alkalis discharged into rivers
from manufacturing plants kill fish and destroy Many cities have vast areas where inade-
recreational environments. Concentrations of quate supplies of water foreclose any efforts at
sulfuric acid from industrial sources cause the waterborne sanitation systems. Only 2 percent
destruction of metal in uses where it comes in of the population of Bangkok is connected to
contact with water: acid in navigable waters the sewer system. Municipal sewers serve only
has even been shown to lead to the rapid 5 percent of urban Khartoum. Jakarta provides
corrosion of ship's hulls. no sewer system to its residents, but it is

The number of contaminants in industrial estimated that 25 percent of the inhabitants
waste runs along a scale from 0 to 100,000 have access to latrines. In Calcutta there are 3
parts per million and effluent production is million people in settlements which have no
unpredictable. Municipal sewage varies in systematic means of disposing human wastes.
contamination from 100 to 1000 ppm and 'Most cities in Africa and many in Asia
volumes can be expected between 50 to 150 have no sewage system at all-including many
gallons per person per day (Nemerow 1978, cities with a million or more inhabitants"
p. 10). Industrial waste production is variable: (Hardoy and Satterthwaite 1989, p. 147). In
quantities of waste reflect orders and plant cities without sanitation systems human wastes
activities. The difference in the nature and remain in the human environment, ensuring
schedule of flows usually makes it uneconomi- that the poorer families will suffer repeated
cal to treat industrial and municipal wastes epidemics of dangerous and fatal diseases. A
together. For these reasons, attempts to treat CBS news report on April 30, 1991 estimated
municipal sewage and industrial waste in the the cost of constructing the sanitary infrastruc-
same way or in the same facilities have not ture that would be required to halt the current
generally been successful, yet once it is al- outbreak of cholera in South America at
lowed to happen changes are rarely made. US$50 billion. The news commentator predict-
Municipal waste treatment employees are ed that donor governments would be unlikely
often not very concerned with costs because to provide that sort of aid.
they must be met by a bureaucracy with offices In all about two thirds of the worlds
far away from the processing area. population has no hygienic means of disposing

In most countries, municipal waste treat- of human waste (Cairncross, Hardoy, and
ment is run as a public service allowing con- Satterthwaite 1989). In the absence of munici-
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pal systems, the key to health is ample clean be of much lower quality than that currently
water. High income families in Mexico City's available from wells.
Chapultepec zone consume 450 liters per Nitrate contamination of surface waters
person daily, while low income families aver- is the result of water draining from aquifers.
age only 50 liters in Netzahualcoyotol Exacerbated by untreated municipal and indus-
(Schteingart 1988 quoted in Hardoy and trial waste, rivers and lakes are increasingly
Satterthwaite 1989). In some cities the flow of subject to eutrophication. Conventional water
water is intermittent. In others hundreds of treatment does not remove nitrates from
families queue to use one standpipe. In the drinking water and experimental methods
absence of clean water urban families have no currently being employed to remove nitrates
option but to use the contaminated surface add other contaminants to the treated water.
water in their neighborhood, which has been Levels of nitrate contamination can be
polluted with human waste. expected to rise far into the future because

there is a long migratory delay between the
Agricultural runoff time when fertilizers and pesticides are applied

and the time they reach the aquifers. Thus the
Farmers in developing nations often use high levels of nitrate contamination already

chemical products (such as urea) without seen in many countries really only reflect
knowing that they destroy natural soil fertility, fertilizer use of many years ago. The damage
As the yield from unfertilized fields decreases which has been caused by more current usage
because of a dearth of organic matter in the will not even be detectable for several more
soil, increasing the number and amount of years.
applications of chemical fertilizer becomes the Human intake of nitrate and nitrites is
only way to produce subsistence level harvests augmented by consumption of vegetables and
of many crops. Overfertilization saturates the preserved meat. A major issue involves the
soil with chemicals, and the rains wash the setting of standards, particularly for water
excess fertilizer down into the ground water. quality. Mixing high nitrate water with less

Agricultural pollution caused by danger- contaminated water to achieve a blend just at
ous agricultural practices can be compared to minimum acceptable standards is a widely
industrial pollution of one and two decades practiced option. The OECD suggests that
ago. As happened then, many people still do setting nonstringent water quality standards
not realize there is a problem. Although devel- results in a general "leveling down" of water
oped nations have moved towards more effec- quality across nations. Although it may be
tive control of industrial waste through a politically more attractive to postpone major
combination of regulatory, technological, and pollution cleanup actions, inevitably environ-
economic instruments, they are just beginning mental degradation continues until stringent
to apply the same tools to agriculture. standards are set and enforced. Setting aside

According to an OECD study on water strategic water reserves in mountain areas or
pollution (OECD 1986), the same fertilizers high yielding aquifers appears to be a policy
which have been so helpful in raising agricul- that will gain in popularity in the foreseeable
tural production have had a severe negative future. In any event, contingency plans should
impact on the environment. Nitrates frorn be drawn up to deal with increasingly strained
fertilizers contaminate both surface water and water supplies and polluted aquifers.
deep aquifers. The loss of low-cost aquifer
water is expected to lead many countries to 3. Ocean threats to coastal zones
turn to water sources which will require more
treatment which will prove to be costly. Even Destruction of natural defenses
the best treatment of water from alternative
sources will result in potable water which will The coastlines of many countries are

vulnerable to the ravages of wind and high
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water generated by hurricanes and cyclones. fragile in the face of poorly planned human
Storms can strike the coast with winds of up to settlements along the sea. The natural barriers
200 miles per hour and storm surges can raise which protect property and lives have tended
sea levels by 20 feet or more. Certain types of to be early victims of coastal development.
soil liquefaction, landslides and land sinkage Coastal zones not yet developed are easy
are only found along the sea coast (Clark to protect. Setback lines for future develop-
1990). ment can be legislated, establishing high haz-

For marine scientists, the coastal zone ard zones where building is not allowed. This
stretches from the farthest reach of land strategy angers property owners but future
exposed at low tide to the highest possible problems are definitively avoided. Already-
reach of a storm wave. In its natural state, the developed coastal lands are not so easy to
coastline contains many effective defenses protect. The exposed shore has no defense
against the persistent erosion caused by where dunes have been flattened so that
storms, exceptionally high tides and riverine hotels or cottages can be built. National parks
flooding. Clark describes the way in which set along the beaches protect natural barriers,
sand can defend a coastline: wildlife habitat and inland property. Without

the wave energy is quickly dissipated as setting land aside for parks which protect the
the wave strikes the coastline; beaches, natural defenses, diking the entire coastal zone
dunes, vegetation, and structures built in is the only way to protect a degraded coastline
the wave zone absorb this energy. At the without returning it to its original state. Dikes
boundary of land and sea, beaches may are extremely expensive, however, and they
be scoured by waves and the scoured cannot be considered as an option for poor
sand washed overland hundreds of feet, countries or long coastlines.
or the sand may be deposited seaward. Partially as the result of global warming,
By their yielding to waves, beaches are the sea has been rising daily and yearly while
efficient dissipators of wave energy: if the the shore sinks. Long-term records show a half
sand is deposited seaward, water depth is foot increase since 1930 on the U.S. Atlantic
decreased and storm waves break farther coast. Coastal forests are falling into the ocean
from shore; if the sand is deposited land- or being eaten away by the sea in areas where
ward as overwash, the beach profile is no logging has taken place.
steepened, potential water depths re- The gradual rise in sea levels will force
duced, further reducing the size of de- human settlements into a slow retreat from the
structive waves. (Clark 1990, p. 7) coast. A rise of sea level of one foot would
Among the natural coastal defenses erode most shorelines by over 100 feet

which play a similar role in reducing the de- (Arrhenius and Waltz 1990, p. 15). The de-
structive force of wind and water are barrier struction of many ports and harbors will be
islands, coral reefs, dunes, mangroves, estuar- difficult to prevent. Clark maintains that a sea
ies, tidal marshes and coastal lowlands. In rise of just 1 meter will drive a significant
tropical zones where coral reefs provide liveli- coastal population away from the water's edge.
hood and act as a seawall, natural coastal These changes will provide significant opportu-
defenses are particularly important. Mangroves nities to allow nature to reclaim its role as the
hold sediment in place and act as a frictional defender of coastlines.
barrier; sand bars and dunes can yield sand to Case studies that examine governmental
each other in strong winds or restore it in efforts to deal with coastal development
times of storm. Every natural coastal element should be careful to note the following:
has an extremely high natural value: each * How did governments begin restrict-
provides food and shelter to many species, and ing coastal development? What
each protects the coast against sea storms. were the first problems encoun-

According to Clark the same barriers tered?
which are so robust against storms tend to be
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* What incentives were developed Beach pollution and floating debris
that recognized the economic con-
tribution of mangroves, dunes and The contamination of the seashore is one
estuaries? of the major ways cities contribute to the

* What successes has the government degradation of a much wider geographic area.
achieved in establishing a manage- Montevideo and Rio de Janeiro have polluted
ment plan for still-existing coral beaches. Much of the northern coast of Vene-
reefs, mangroves, estuaries, ticlal zuela near Caracas is severely degraded.
marshes and coastal lowlands? Among the cities which have polluted their

* Was there recognition of the dan- coastlines are Alexandria, Dakar, Guayaquil,
ger faced by ports, wharfs, ware- Karachi, Panama City, and Valparaiso. Many
houses and the physical infrastruc- Caribbean beaches are threatened by the
ture of trade? Were particular ocean release of municipal sewage.
human settlements perceived to be Coastal cities often dump untreated
at serious risk? In what ways were sewage and industrial waste into the sea.
officials persuaded to take these Although urban effluents could be piped far
risks seriously and to begin action? enough out to sea so that beaches and harbors

* What will the country do to replace are kept clean, in practice the trouble is sel-
one or more ports if they sholdd dom taken. Many beaches in developing coun-
lose the use of it due to rising sea tries are both contaminated and littered.
levels? Floating litter from the city (often from water-

7 What does the government consider side dumps or ocean disposal of municipal
to be the implications for coasital trash), as well as any garbage which tourists
cities if sea water is allowed to leave behind adds to the mess. Plastic refuse
penetrate further inland? that has accidently or deliberately been thrown

- Islands suffer more from disaster overboard from ships is among the most widely
than other developing countries, found litter. Agricultural plastic mulch also
and in a major disaster island coun- makes its way to the sea in many places. The
tries suffer greater proportional end result is unsightly.
damages. If the case study deals Floating debris poses a threat to wildlife
with an island country, how does which often becomes tangled in it or eats it. It
the government recognize its vul- may also interfere with harborside industries
nerability, how is the vulnerability by clogging water intakes or otherwise interfer-
communicated to vulnerable popu- ing with commercial use of sea, river or brack-
lations, and in what ways are pro- ish water.
posed responses different from The plastic litter which is already on the
those of a mainland nation? beaches will only go away if it is picked up and

* What provisions were made for disposed of properly. Ships are currently
beach- and ocean-dependent tour- prohibited by international convention from
ism? throwing anything but food scraps into the sea

* Disaster insurance is almost un- but enforcement is inevitably a problem. Over
known in developing countries. Is the longer term, the problem posed by floating
there any? What is it like? Does the plastic debris can only be solved by raising the
country propose to get one started? public's awareness of the need to protect the

* What are the mitigation measures environment. Modifying sewage systems so that
that local experts consider practica- municipal wastes are dumped well out to sea
ble given the time-frame provided could reduce coastal contamination quite
by early warning systems? Is this quickly. Only when there is consensus in the
what the government is doing? ecosystem will nonbiodegradable litter be
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handled in a manner which keeps it out of the marine terminals, bilge, bunker fuel, tanker
ocean. accidents, and other marine accidents not

involving tankers. Oil drilling platforms also
Marine oil pollution blow out, catch fire, or leak but annually their

contribution to the marine oil pollution prob-
Most coastal cities in the developing lem has been relatively minor.

world have crude oil floating in their harbor Among the problems posed by environ-
waters and caked crude oil on their beaches, mental degradation in the developing world,
but people have grown so used to the problem oil spills present a unique challenge to public
that they take these things as a matter of policy because so little can be known about
course. It is only when there is a catastrophic their impact in advance. They are caused each
spill that urban dwellers become concerned. time by accident, and the location and size of

The Torrey Canyon, Exxon Valdez and a spill can never be known beforehand. Ac-
the Gulf War each focused world attention on cording to a University of Massachusetts study
the problem of oil in the seas for a short on spills:
period. While dramatic spills capture the The extent of biological and property
world's attention, "90 percent of the total damage will depend on the type of distil-
amount of hydrocarbons put into the ocean by late, the time of year and environmental
man each year comes from normal tanker factors (like wind and current). Thus
operations, other ships, refineries, petrochemi- even if one were to know the exact spot,
cal plants, and offshore oil wells; from the type and size of a spill, the magnitude of
disposal of spent lubricants and other industri- social costs would still be uncertain.
al and automotive oils; and from the fallout or Finally even if the location, size, type,
washout of airborne hydrocarbons emitted by season and environmental dispersion
industries and motor vehicles' McCaull 1974, were known, marine biologists are still at
p. 73). odds as to the long term effect of oil

Baker notes that "comprehensive reliable pollution within a marine community.
data on basic causes are unobtainable, but (Conrad 1977, pp. 4-5)
human error in its many forms is believed to Cleanup after a spill is another area
be of primary importance.' She attributes plagued by major uncertainty. The technology
world oil spills from tankers to 'inadequate of cleanup involves booms, skimmers, barges
training or other 'human error' factors such as and separators. The distance which these have
tiredness' (Caims 1985, p. 103). Baker de- to travel before they can be used largely
scribes a chain of events stemming from poor determines how far the spil will spread. The
training: poorly prepared workers perform 'state of the sea' largely determines how
inadequate or shoddy maintenance which leads effective they will be once they are set up in
to equipment failure resulting in spill. the proper place.

Estimates of petroleum hydrocarbons Oil spilled into the sea can be cleaned up
released into the marine environment range in the following ways (Baker in Cairns 1985):
from 1.8-8.6 million metric tons per year * Natural cleanup. The "do nothing'
(attributed to the Intemational Maritime approach. A valid option in the
Organization in Caims 1985). Of that amount remote open sea far from exposed
less than 10 percent is attributed to natural rocky shores, marsh land and colo-
seeps and erosion. The remainder comes from nies of birds and animals.
marine transport of oil (41 percent) and other * Mechanical. Containment and re-
sources 59 percent). covery with skimmers and barges

Municipal and industrial wastes and from a water surface, removal by
runoff (39 percent) is the largest 'other' pumping, use of cutting equipment
source of oil in urban harbors. Transport spills to remove saturated vegetation, and
come from tanker operation, drydocking,
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disturbance of sediments to release ing spill damage. These objectives inevitably
oil. result in liability rules, and regulations for the

* Chemical. Dispersants are often thle operation of petroleum carrying and transfer
only solution for rough open seas. facilities.
There are also chemical agents As governments try to make the oil
which cause crude to jell, and there industry more responsible for the social costs
are surface-active agents which of its action the following areas are worth
allow "herding. considering in any country case study:

* Sinking. Relatively heavy oils can be * What are the sources of pollution
sunk in areas where ocean bottoms for which liability has been as-
are not considered to be vulnerable. signed?

* Buming. Air-droppable igniters have * What are the types of liability con-
been developed to burn off oil spills templated by local law?
floating on the sea. This is a tech- * What (if any) are the limits of lia-
nique which must be used quickly, bility?
especially in warm climates, because * What currently constitutes an ac-
volatiles evaporate. ceptable defense to a liability

* EnhancedBiodegradation.Biodegra- charge?
dation of oil occurs naturally. Add- * What types of claims are now com-
ing micro-organisms, oxygen or pensated?
certain nutrients can speed up th,e * Is there to be a fund for compensa-
process under certain conditions. tion?

The selection of the appropriate cleanup * How big should that fund be?
approach should be made well before arny * What changes do officials contem-
actual spill. Vulnerability mapping should take plate to improve/change the current
into account the expected locations and types legal environment?
of oil pollution. Governments should consider
the composition of the material likely to be Environmental classifications and vulnerability
spilled, the geographic location, the coastal
type, and the animals likely to be effected. The environmental impact of an oil spill

The world's thirst for oil makes reducing varies considerably depending upon the type of
the probability of oil spills to zero an impossi- shoreline where the oil will be deposited. In
bility. Private firms have an incentive to extract most coastal cities, fishing is an important
and transport petroleum in quantities and at source of food. Protecting spawning areas
speeds that do not take into account the social would be a logical local priority, for example.
costs of oil spills as long as they bear little or Boesch, Hershiner and Milgram's (1978) book,
no responsibility to meet the costs of cleanup Oil Spills and the Marine Environment de-
including the value of the damages to thLe scribes the impact of oil spills on the various
marine life and the coastal environment. types of marine life.

Oil in the sea near urban areas presents Classifying shoreline areas according to
two basic problems to governments: (a) how to relative vulnerability can also help determine
create an economic environment which pro- whether the cleanup should take place on land
vides a financial incentive so that producers or at sea. Baker concludes that the fate of
and transporters are motivated to spill as little spilled oil and the effects of its cleanup are
as possible; and, (b) how to promote invest- reliably known. She presents a table which
ment in spill recovery technology? Developing ranks the vulnerability of coastal types based
nation governments need to consider how to on the review of numerous case histories of
encourage companies that operate along their coastal oil spills. A developing nation's contin-
coasts to bear more of the costs of spill pre- gency planning should be based on this sort of
vention as well as more of the costs of reduc- information.
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Baker's environmental classifications are groves should not be altered. Pro-
presented in order of increasing vulnerability tection of these environments by
(1=low, 10=high): booms or absorbent materials

1. Exposed rocky headlands. Wave should receive first priority. (modi-
reflection keeps most of the oil fied from Baker, writing in Cairns
offshore. Cleanup frequently unnec- 1985, p. 113)
essary. Political and image considerations impede

2. Eroding wave-cut platforms. Wave a rapid and low-cost solution at times. Upon
swept. Most oil removed by natural occasion, millions are spent unsuccessfully
processes within weeks. trying to clean up floating oil in a rough sea in

3. Fine-grained sand beaches. Oil does order to keep it off a fine sand tourist beach
not usually penetrate far into the where it could be dealt with more easily and
sediment, facilitating mechanical cheaply. Many attempts to clean up floating oil
removal if necessary. Otherwise oil are not based on any technical considerations
may persist several months. (Recent at all because the people in charge have no
evidence suggests that water table relevant information at their disposal. There
movements in sediments are a fac- are times when it is best to drive the oil on to
tor affecting degree of penetration.) the beach and get it over with. In a similarly

4. Coarse-grained sand beaches. Oil incorrect fashion, governments either ignore
may sink and/or be buried rapidly spills which threaten saltmarshes or, converse-
making cleanup difficult. Under ly, put them to the torch when they contain
moderate to high energy conditions, oil.
oil will be removed naturally within
months from most beach faces. Other hazardous chemicals in the sea

5. Exposed, compacted tidalflats. Most
oil will not adhere to, nor penetrate Other severe marine effects come from
into the compacted tidal flat. Clean- the use of hydrocarbons for fuel on land. In
up is usually unnecessary, except to developing nations the use of gasoline with the
prevent the oil from going else- anti-knock agent tetraethyl lead is still com-
where. mon. Leaded gasoline releases lead into the

6. Mixed sand and gravel beaches. Oil air, the rains bring it down and it subsequently
may undergo rapid penetration and enters into the marine or land-based food
burial. Under moderate to low chain. Plant chloralkali smoke stacks, cement
energy conditions oil may persist for factories and the burning of fossil fuels all
years. produce mercury which finds its way to the

7. Gravel beaches. Same as above. ocean where it adds to the high levels naturally
Cleanup should concentrate on high produced by the earth's crust. In the sea
tide swash area. A solid asphalt may mercury works its way up the food chain to
form under heavy oil accumulations. fish, and eventually to humans.

8. Sheltered rocky coasts. Areas of
reduced wave action. Oil may per- 4 Environmental threats and the soil
sist for many years.

9. Sheltered tidal flats. Areas of low Land-based sources of pollution
wave energy and high biological
productivity. These areas should Dangerous substances seep into the soil
receive priority protection by using in metropolitan areas from numerous ongoing
booms or oil absorbent materials. industrial processes. A disturbing recent trend

10. Saltmarshes and mangroves. Most involves the deliberate export of hazardous
productive of aquatic environments. substances from the developed world to devel-
Oil may persist for years. Man- oping nations. In most developing countries
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there is still little supervision of toxic landfills. facture of plastics fiber and paper.
In general, the risks presented by relatively It is a proven carcinogen.
little-known toxic substances are obscure, and * Benzene: used in chemical manufac-
the proper techniques for handling and pro- ture and gasoline. Benzene can
cessing them may not be well-understood. cause chromosome damage and

It is only within the last 10-15 years that leukemia in exposed workers.
the developed nations have recognized that * Beryllium: found in ceramics and
they face a real and present danger from soil- some household appliances. It has
based toxic wastes. Many polluting industries been associated with fatal lung
have moved to developing countries just to get disease, and toxicity of the heart.
away from costly pollution control require- * Cadmium: used in electroplating,
ments. Developing nations need to become plastics and dyes. Cadmium is a
more involved, and to give more supervision to likely carcinogen. It has been asso-
the handling of toxic waste. The situation is ciated with chromosome damage,
becoming urgent if developing countries do kidney problems, and emphysema.
not want to expose their citizens to carcino- * Chromates: used in the tanning of
gens and systemic poisons. It would be tragic leather, corrosion inhibitors and
if developed nation attempts to safeguard their fungicides. Chromates can cause
own citizens resulted in the exposure of poorer skin ulcers, kidney inflammation and
and less well-informed people to immense possibly cancer. Also deadly to fish.
risks. * Lead: used in water pipes, lead acid

Because the general populace is less batteries, paint, printing, plastics
concerned about hazardous waste in the devel- and some gasoline. Lead is ab-
oping world, many companies have been able sorbed by the blood and it effects
to develop profitable waste disposal contracts. the entire blood system. It is also a
While some companies are careful and do a neurotoxin which limits the mental
creditable job, not all of them treat the waste development of children.
(and their workers) with the proper care and * Mercury: released by chloralkali
professionalism. One company was paying cells, and during the production of
Benin US$2.50 a ton to receive wastes while it pharmaceuticals and fungicides.
was charging European firms US$1000.00 a Mercury damages the kidneys and
ton to dispose of them (Hardoy and nervous system.
Satterthwaite 1989, p. 187). In a similarly * PCBs: found in electrical transform-
disconcerting case, large quantities of chemical ers and insulators. PCBs are possi-
waste were found stored in Klong Tuey har- bly carcinogenic, and they damage
bor, in spite of the fact that Thailand does not the nerves, skin and liver.
have the high temperature incinerators which * Sulfur Dioxide: used in the sugar
are necessary to dispose of them safely. industry, emitted from the burning

Among the chemicals which are mosit of coal. It is a strong irritant, affect-
hazardous and which merit careful monitoring ing the eyes and respiratory system.
are: It also kills plants and damages

* Arsenic: used in the manufacturingr masonry buildings.
of medicine, glass, and some agri. * Vinyl Chloride: used in plastics and
cultural products. Arsenic may be to synthesize organic compounds. It
carcinogenic. It can damage to the is carcinogenic and systemically
skin, liver and kidneys; and can toxic.
cause muscular paralysis. (Hardoy and Satterthwaite

* Asbestos: used in asbestos cement 1989, who cite Krishnamurthi
roofing, insulation, and the manu- writing in Anandalingam and

Westfall 1987)
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Metal mills produce their own complex of reprocessing according to its chemical compo-
metallic substances, acids, alkalis and grease. sition.
Metal industry waste products tend to be Hydrocarbons which have been spilled on
highly toxic and low in organic matter. Addi- land can be cleaned up in the following ways
tionally byproducts of high temperature smelt- (Baker in Cairns 1985):
ing furnace use of coke include, cyanogen 1. Natural cleanup. The "do nothingo
compounds, phenols, ore, coke limestone, approach. Oil breaks down on its
soluble and insoluble oils and mill scale. own slowly but naturally. There are
Coking of coal produces tar, ammonia, phenol, always risks involved.
light oil, naphthalene and coke dust which all 2. Mechanical. Use of heavy earth-
contribute to air pollution. Metal plating moving equipment, use of custom
produces waste from the stripping, cleaning built beach cleaning machines, high
and plating of fabricated work. The most toxic and low pressure hosing, hot wa-
byproducts are cleaning fluids and acids plus ter/steam treatment, and use of
chromium, zinc, copper, nickel, tin and cutting equipment to remove satu-
cyanides. rated vegetation.

Oil field and refinery wastes are of large 3. Manual. Collection of tar balls,
volume and contain suspended and dissolved spreading and collecting absorbent
solids, oil, wax, sulfides, chlorides, mercaptans, materials, hand cutting (oily vegeta-
phenolic compounds, cresylates and dissolved tion etc.).
iron. Oil wastes can be reduced by preventa- 4. Burning. Saturated soil can be
tive maintenance of pipelines and equipment, placed in a high temperature fur-
separating oil emulsions for special treatment nace where the contaminants are
facilities, and removal of floating oil in separa- vaporized and burned.
tors. The selection of the appropriate cleanup

Oil pipeline failures are caused primarily approach should be made way before any
by external corrosion. Human error is the actual spill. Vulnerability mapping of land-
second most important cause of pipeline based contamination threats should be under-
failure and the lack of maintenance undoubt- taken according to the expected locations and
edly increases damage due to corrosion (Baker types of oil pollution. Contingency planning
in Cairns 1985). should consider the composition of the materi-

Urban contamination due to petrochemi- al likely to be spilled, the geographic location,
cal production is usually the result of acci- the coastal type, and the animals likely to be
dents, and the failure to recover chemical affected.
byproducts and catalysts. Wastewater can be Baker cites the following management
used in cooling towers prior to treatment. problems as the most frequent causes of less-
Using the waste of one chemical process as the than-ideal cleanups.
raw material for yet another product is a * Inadequate contingency planning.
common technique to reduce waste in more * Lack of clear lines of authority.
advanced plants. * Lack of identification of sensitive

Fuel and lubrication oil wastes are a areas and appropriate cleanup
common problem at train refueling depots and techniques.
automobile and truck service centers. Im- v Delays in assigning authority and
proved equipment maintenance, training for responsibility.
personnel, and the collection of used oil for * Lack of practice in spill response.
reprocessing are the most promising solutions. v Inadequate knowledge of cleanup

Rubber is actually many substances: techniques appropriate to local
natural rubber, synthetic rubber, scrap rubber circumstances.
and rubber-like plastics. Rubber in the urban * Public pressure to "do something"
environment can only be treated by elaborate resulting in expenditure of resourc-
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es on a politically expedient but Soft, water-saturated, poorly consolidated
technically foolhardy operation. formations and intensely sheared or

* Presence of too many uninvited fractured rocks, especially when water-
experts who get in the way of emer- saturated, and rocks containing minerals
gency operations. that swell or decay readily in the pres-

ence of ground water are especially sus-
Siting and soil composition ceptible to sliding and slumping. Water

increases the weight of the ground while
Many large cities are located in coastal simultaneously decreasing its resistance

areas and along rivers. Changes in relative land to shearing stresses. (Reps and Simiu
and water levels and riverine flows have result- 1974, p. 46)
ed in increased urban vulnerability to stormrs The stability of building sites in large
and floods in many countries. Phantumvan-it metropolitan areas is a problem which merits
and Liencharernsit comment on this problern serious concern. Menendez (1990) asserts that
as it applies to Bangkok: "A combination of a Mexico City experiences more damage to
sinking city located almost at sea level and historic buildings and highrises due to water-
heavy monsoon rains which frequently overtax logged soils than from any other cause includ-
the capacity of the Chao Phraya river has ing earthquakes. Water saturated soils also
resulted in frequent flooding" (Phantumvanit greatly contribute to damage in the event of a
and Liengcharernsit 1989, p. 32). Other cities quake. The vulnerability of human settlements
that face periodic storm-caused flooding in- to the soils which lie underneath them can
clude Calcutta, Delhi, Guayaquil, Jakarta, only be reduced by the systematic use of
Lagos, Manila, Monrovia, Port Harcourt, Port geologic, hydrologic and soils engineering
Moresby, and Recife. Water-logged sites, dirt principles in selecting the building site and
roads with no drainage, and landslides plague preparing the ground under new construction
the poorer sections of Caracas, Guatemala carefully.
City, La Paz, and Rio de Janeiro.

The hundreds of people killed or serious- Changes in land use
ly injured and the thousands made homeless by
mudslides in Rio de Janeiro in 1988, in As urban areas grow in population they
Medellin in Colombia in 1987 or in Caracas in tend to spread out into formerly rural areas.
1989 are illustrations of a much larger and Land use follows a predictable pattern in
more widespread problem. Low income groups expanding cities: the first use of land is agricul-
have no option but to occupy such dangerous tural, houses spring up along the edges of
sites since no other site is available to them fields and roads, then residential use predomi-
within reach of possible sources of employ- nates, finally many of the residences become
ment (Hardoy and Satterthwaite 1989, p. 160). workshops and factories are built in the neigh-
In Guatemala, 65 percent of deaths in the borhood. The urbanization process coupled
capital following the 1976 earthquake occurred with industrial densification exacts a severe
in the badly eroded ravines around the city. environmental price: there is a significant

Urban structures are only as secure as increase in the demand for below-ground
the land they are built on. The risks which water while at the same time the risk of disas-
soils present include: ground failures, land- trous pollution of the aquifer increases be-
slides, slumps, mudflows, rockfalls, weakly cause of the degradation of the surrounding
consolidated alluvium and irregularly superfi- watershed.
cial deposits. Under the extreme conditions The things that are done to satisfy the
produced by earthquakes soil liquefaction and requirements of vast urban populations are
landspreading may occur. Reps and Simiu note changing the contours of life on the face of
the following: the earth today. Urban demand for fuelwood

often leads to the clear cutting of nearby
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forests which would have supplied their tradi- of interest between traditional usage and
tional rural users for generations. India's government permits to industry has led to
Center for Science and Environment (1989) overexploitation by both groups. Once the use
estimates Delhi's need of firewood at 612 tons of these resources exceed their regenerative
a day, even though kerosene and bottled capacity, dramatic reductions in acreage are
natural gas are very widely used. Much of this the inevitable result.
wood now comes from forests as far as 700 Wetlands are perhaps best known and
kilometers away. appreciated as habitat for migratory birds and

In most cases the first environmental native wildlife. Less appreciated but equally
changes with which metropolitan areas have to important is the role they play in the propaga-
cope affect their outlying areas. These changes tion of fish, shrimp and other marine crea-
usually include: deforestation, localized tures. Wetlands strain the sediment from
drought, agricultural crises, and the loss of erosion-causing rainwater, moderate flood
species diversity. Stark changes in water quality damage after storms, and capture water-borne
and availability hit cities very soon after. De- pollutants. Saltwater and freshwater marshes
forestation reduces the ability of the surround- house vast quantities of organic matter, and
ing countryside to hold rain water: the rain, they produce a cornucopia which is eaten by
instead of being absorbed, causes soil erosion numerous species from invertebrates to large
and flash flooding that often reaches cities mammals.
when they are located downstream. When cities spread into swamps and

When cities extend into land that was marshes, the disagreeable aspects of wetlands
rural in the recent past, too often the best including bugs, snakes and wafting odors make
agricultural land in valley bottoms is taken out wetlands undesirable neighbors. The important
of production forever. Various studies have role which estuaries and wetlands play in the
documented the loss of prime agricultural land: ecosystem is not perceived by property owners
in Egypt more than 10 percent of the nation's and the wider society. In most countries of the
best land has been lost. Similar situations world, wetlands are either being drained, filled
prevail around Lima, and Delhi. If the lost or both so that they can be better exploited
production from fertile valleys is replaced by commercially. The developed world has not
bringing large expanses of wooded hillsides been successful in protecting its dwindling
into cultivation, rainfall may begin to taper off. number of wetlands, and there are few exam-
Hillside land presents a greater risk of erosion, ples of areas where regulatory action has done
requires more area to equal the crop produc- more than slow down the destruction of wet-
tion of bottom land, and is more likely to lose lands.
high levels of agricultural chemicals to runoff.
As the rural environment deteriorates, rural Pesticides and agricultural chemicals
people have no other option than to move to
the city, and the quantity of food available to Agricultural chemicals are being ingested
the city tapers off. by urban dwellers in unprecedented quantities

Forests and grasslands play an important from the food they eat and the water they
but little understood role within the urban drink. Agricultural use of persistent and toxic
watershed. The trees and plants protect the pesticides and herbicides has environmental
soil and provide habitat for wildlife. In areas implications for human and animal health, air,
near cities forests and meadows disappear at soil and water. While most biocide residues
alarming rates. Additionally, the occasional can still be found in the soil, they are slowly
drastic increases in world prices for petroleum beginning to enter the aquatic environment.
products lead to increased use of wood and At present most studies of the effects of
charcoal for fuel, higher prices for lumber pesticides on humans have concentrated on
provide incentives to circumvent regulations, the acute effects of high doses. Relatively little
lack of enforcement personnel, and a conflict is known about the long-term effects of lower
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levels of exposure. The daily ingestion of procedures for manufacturers, distributors,
water, milk and vegetables contaminated withl agricultural extension agents and farmers. The
low dosages of a variety of pesticide products agrochemical industry will probably need to
(and the byproducts of their slow degradation) take an active role in training cadres with
may well lead to chronic effects. toxological expertise, and continue to work

Another unknown is what the result of with governmental bodies in charge of registra-
increasing levels of pesticides in agricultural tion and distribution.
soils will be. As many pesticides oxidize, they Issues that will require consideration
produce chemicals more hazardous than the and/or direct action in many developing coun-
original pesticides themselves. Most studies, tries (and which should be dealt with in any
however, have concentrated only on the sur- study) are the following:
vival of the original compound, ignoring the Regulatory measures
lethal impact of their metabolites and degrada- * To what degree have quality control
tion products. An OECD report on pesticides measures been imposed to ensure
(1986, p. 110) cites the highly toxic insecticide that mandated purity levels are
aldicarb. Aldicarb has a short life span, but as achieved in agricultural chemicals?
it breaks down it transforms itself into metabo- * Are there standards for ni-
lites which are more mobile, persistent and trate/nitrite content in vegetables,
hazardous than aldicarb itself. meats and milk products? Are there

A number of widely used water-soluble any plans to impose standards?
pesticides migrate easily through the soil until * What is the approval time for newly
they reach the aquifer. The risks presented by developed and less toxic products?
pesticides are aggravated by poor storage, Does it need to be shortened?
improper and excessive applications, careless * Some authors suggest that a condi-
disposal of expired surplus, tank washings ancl tional approval procedure for agri-
disposal of empty pesticide containers. For cultural chemicals should be imple-
example, a recent polar expedition found that mented. It should mandate a follow-
insecticides normally used in the tropics, up study after a five-year period to
dioxins from sawmills and pulp plants, ancl ensure that unanticipated negative
PCBs from discarded electrical appliances are consequences have not cropped up.
now found in the flesh of large arctic animals. Is anything like this being done?

Impurities remaining in commercial * What sort of vigilance is being
preparations constitute an unexpected hazardl carried out to ensure that products
which often exceeds that of the pesticides which are approved only under
themselves. Dioxins are impurities released in certain conditions are used in the
the manufacture of herbicides and the bleach- prescribed manner?
ing of paper. Humans and animals that pass * Are laboratories which test the
the unknown quantity which represents the toxicity of agricultural chemicals
safe threshold of exposure face the risk of subject to guidelines or oversight?
skin, liver and other cancers, reproductive * Multiple use of various chemical
disorders and immune deficiencies. Many products leads to dangerous syner-
similar impurities can be released into the gism. Are toxicity tests carried out
environment if pesticide manufacturing equip- under field conditions and not just
ment is poorly maintained or product quality on each product individually?
controls are inadequate. * Is there ongoing comprehensive

Given the likelihood that farmers in monitoring for pesticide residues in
developing countries will continue to depend food, potable water and the surface
upon chemical crop protecti6n for the foresee- aquatic environment?
able future, the urban living environment can * Direct monitoring of farm-level
best be protected by registration and licensing, pesticide use has not proved to be
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cost-effective. Is anyone collecting pesticides applied to grains in silos)
reliable data on fertilizer and pesti- being undertaken?
cide use? Do officials believe that * Is there any system which provides
such measures should be undertak- health authorities and water suppli-
en? ers with relevant health care infor-

* Are retailers required to keep infor- mation regarding commonly used
mation on emergency procedures in agricultural chemicals?
the event of accident? * Are low-dose formulations and

* Are the costs of environmental integrated pest management being
damage incorporated into the prices encouraged?
of inputs agricultural system follow- * Does the country have any proce-
ing the basic principle: the polluter dures for the recovery of surplus
pays? Are the costs of environmen- and unused pesticides? Even in
tal damages covered from other diluted form?
sources?

* Are pesticide importers required to 5. Making decisions in the face of uncertainty
report the toxicity of their products
to the national government? Managing data on environmental risks

v The use of pesticides in water
should be prohibited everywhere. Is Most governments find themselves unpre-
their use near water subject to strict pared when catastrophe strikes. Governments
control? need to identify more carefully the population

* What are the regulations governing which is actually endangered by the various
product labeling? Are labels on types of possible disaster, and to begin respond
potentially hazardous products with that data in mind well before a catasiro-
informative of risks and precau- phe takes place. Even with the best data
tions? possible, finding a permanent solution for an

Community awareness and changes in environmental problem is elusive. According to
trditional practices Cohen, "Our phenomenal ignorance of the
- Does the government emphasize escalating economic, social, and political stakes

soil health as much as they current- of urban growth makes risk assessment exceed-
ly promote optimum yield? ingly difficult" (1990, p. 93).

* What is the governments doing to Planners need to be able to seek answers
promote the increased use of ani- to standard questions based on today's technol-
mal wastes for fertilizer? ogy. There are many possibilities to increase

* Continuous planting minimizes the participation of those at risk in processes
fertilizer leaching. Where it is possi- that reduce their vulnerability once it is clear
ble, is continuous planting encour- which groups are vulnerable and where they
aged? are located. However, time pressure and

* Are government subsidies of chemi- difficulty in gathering data after disaster strikes
cal inputs impeding rational usage? combine to produce situations where no com-
Is there an example of an effective prehensive data are ever collected. The little
use of subsidies in promoting the damage information that comes out of an
recovery of rural water supplies? environmental or natural disaster is often

* Is there any use of increased pest linked to investment decisions. Too often
and disease forecasting to cut down these decisions are only cursory estimates
on unnecessary routine application which are never verified subsequently.
of agricultural chemicals? At the Bank Colloquium on the Environ-

* Is research on potentially dangerous ment and Natural, Disaster Management,
but common uses of pesticides (i.e., Haresh Shah of Stanford University argued
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that information on potential catastrophes production of these gases though many of the
should be shown in graphics and numbers with measures which might be required would be
a zoom-in capacity to show the required infor- painful and distorting to local economies.
mation by country, by state, by city, and by The correlation between increasing
block. Shah stated that in order for data to be amounts of greenhouse gases and temperature
useful it must be gathered and stored in an rise is clear, but precisely isolating the cause is
accessible manner. Systems should note collat- difficult. The production of greenhouse gases
eral hazards and predictable regional economic has been the domain of natural processes until
losses. Computers are the technology of relatively recently. Methane can be naturally
choice, but without software in the local lan- produced by organic decomposition, paddy
guage they are often of little practical use. Thle rice, and animals both wild and domestic. The
middle-level civil servants that will be the daily climate which prevails today is much warmer
users of data management systems want simple than it would otherwise be if nature did not
screens that are flexible, versatile, and easy to produce these gases. Many life forms which
interpret. exist today could not survive in the climate the

In order for computers to live up to their earth would have without greenhouse gases in
promise in the battle to save the environment, the atmosphere (Arrhenius and Waltz 1990).
information-gathering systems must keep Since the industrial age, industry has
databases up to date. Accurate data and effec- been producing large amounts of C02 from
tive communication are most important after a the burning of fossil fuels. CFCs are produced
catastrophe because quick action is necessary. by aerosol spray, air conditioning and refriger-
Bringing in data management technology after ation units, solvents and foaming agents.
disaster strikes will not be effective. It takes Nitrous oxides are released from the use of
time to get systems up and running, tailor firewood, deforestation, land clearing, and
them to the needs or local agencies and the agricultural practices.
conditions in which they operate, and to trailn The possible impacts of global warming
personnel. The development of a data base are uncertain because the geographic distribu-
which contains the recent advancements in the tion of climate changes is still unknown. Math-
techniques for dealing with urban environmen- ematical models do not yet have the precision
tal degradation and which identifies vulnerable to predict specific regional impacts. Scientists
populations is an important first step for most do, however, foresee a rise in temperatures in
developing countries. the range of 1.5-5.0 degrees Centigrade some-

time in the next century (Arrhenius and Waltz
Greenhouse gases and the threat 1990; Riebsame 1990). Warming on this scale

of global warming probably represents a change greater than
anything the world has seen in the last 10,000

Just as developing country policymakers years, and it can be expected to lead to sea-
are coming to terms with the implications of level rises of at least 1-1.5M. Higher ocean
the current levels of environmental degrada- levels will be due to: (a) melting at the poles
tion facing their cities, a greater threat seems and (b) water expansion in response to heat-
to be coming over the horizon. The earth's ing.
atmosphere appears to be becoming increas- Greater concentrations of these gases are
ingly transparent to incoming radiation and now in the air, and they seem to be speeding
r-latively opaque to outgoing radiation. up changes in the composition of the earth's
Riebsame (1990) maintains that the increasing atmosphere and the way in which it responds
levels of greenhouse gases (principally carbon to sunlight. Selecting industrial technologies
dioxide, CFCs, methane, and nitrous oxide) are carefully can make a significant difference.
likely to increase the net radiation balance of Cement can be produced by several processes
the earth and cause global warming. There is for approximately the same cost. Some of
evidence that human actions can lessen the these processes are much more environmental-
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ly friendly and should be encouraged. Most lower the levels of risk involved
authorities expect production of greenhouse with future climate changes?
gases from human action to increase in the * Often there are a variety of indus-
future, although there is no agreement about trial processes with similar costs per
the rate at which this will happen. Planners unit of output. Was this information
would be wise to be prepared for the worst made available to industry? Were
but only to implement the least distorting most any industrial processes which emit-
cost-effective reductions of gas emissions for ted less contaminants actively en-
the moment. couraged by the government?

Natural resources are very sensitive to * Because ocean and atmospheric
small changes. The productivity of grasslands temperatures are highly correlated,
and orchards may change, and small difference policy-makers need to be prepared
in sea levels could mean great differences in for drastic reductions and/or chang-
possible land use. A 1-2 degree shift in tem- es in composition of the catches
perature can expand or restrict suitable habitat from national fleets because of
for various tree species by kilometers. Some of changes to currents and locations of
the few large forests which still exist today up-welling. Is there any indication
could die off. that this is happening?

The threats of negative impacts from * Decision makers should map out
global warming are severe and the social costs those policy options that their na-
of reducing the production of greenhouse tion might follow if further research
gases are also likely to be extreme. Even confirms the need for more vigor-
slowing down the growth in use of greenhouse ous action to reduce the emissions
gases could significantly worsen the standard of of greenhouse gases. Is this being
living around the world without reducing done? Are options placed in a
emissions very much. hierarchy with the things which are

Any country case studies should include the easiest to do beginning first and
a discussion of the decision-making process in the more painful adjustments held
the face of uncertainty. Consideration of some in reserve for when things get more
of the following issues would be advisable: serious?

i Developing countries tend to want * Are possible alternative nonfossil
to exploit their comparative advan- energy sources such as solar, wind,
tages to catch up economically. To hydroelectric being encouraged?
what degree has this drive been * Cogeneration energy efficiency can
balanced by adequate consideration reduce greenhouse emissions. What
of the real social costs of materials use is being made of industrial
and energy-intensive industries? waste heat?

* Were there energy subsidies which * Investments in resource conserva-
encouraged waste and pollution, tion often turn out cheaper than
thereby contributing to greenhouse generating new capacity. Have
problems? Are there preferential conservation options been consid-
prices for larger energy users? ered in the overall environmental

* Were there any metropolitan plans strategy?
or investment projects thaL included * In the face of rising sea levels
activities which contributed to mul- coastal cities should begin to build
tiple environmental goals? For more flexibility into harbor infra-
example, sustainable development structure and port design. Is there
of greenhouse gases and a reduc- any sign that the government is
tion in current sensitivity to climate planning smaller projects with short-
extremes. Was there any attempt to er expected life spans?
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* Incentives to reduce the production impact of disaster on developing countries can
of greenhouse gases should be be 20 times greater (Anderson 1990). If
considered. Carbon taxes are be- wealthy countries find that the costs of pre-
coming popular and automobile fuel venting disasters of all types are economically
efficiency standards are another and politically justified, developing countries
possible option. What is being which suffer from more frequent disasters are
done? What measures has the gov- also likely to find that it is cheaper to prevent
ernment contemplated? disaster than to recover from them.

* The use of improved and hybrid In a paper presented to a World Bank
seeds has made many crops more colloquium, Mary Anderson argued that basing
productive though less robust, leav- government policies on strategies which miti-
ing them more susceptible to cli- gate damages makes eminent good sense.
mate change and cities vulnerable Anderson gave four reasons why disaster-
to a drastic cutoff of food supplies. related costs are higher for developing coun-
Have emergency measures been tries:
identified? 1. Losses to extreme events take a

* Climate change opens the door to higher percentage of developing
new diseases for humans, plants and countries' wealth.
animals. What is being done to deal 2. Catastrophes and poverty interact
with such catastrophic eventualities? and reinforce each other.

* Import controls for nonrecyclatble 3. Disasters have a negative impact on
foam containers and inefficient investment and recurrent disasters
CFC-leaking technologies can re- remove incentives for entrepre-
duce CFC emissions. Are these in neurs.
place or contemplated? 4. Certain disasters hit the nonformal

* Reforestation and a halt to the economy disproportionately, and
destruction of tropical rain forests developing countries depend heavily
can reduce carbon dioxide emissions on this sector.
in many countries while preserving
valuable and renewable resources. Problem classifications
What is going on in the natiorial and organizational design
forests?

Preventing some types of disasters seems
6. Nonenvironmental influences to be more popular than preventing certain
on vulnerability and resiliency others. In most developing countries for exam-

ple, there appears to be more enthusiasm for
Cost considerations controlling industrial pollution than for build-

ing safe and hygienic systems for the disposal
Even though the real cost of an environ- of human wastes in poor neighborhoods. This

mental disaster goes beyond damages and preference may be due to the fact that doing
includes foregone future economic prospects, something about toxic industrial wastes is
loss of employment, and decreases in the sometimes easier: they are more localized.
production of goods and services; prevention Industrial pollutants are often stored in barrels
is difficult to sell politically. One point that is or containers which (at least temporarily)
not made enough is that prevention is cost- prevent them from contaminating the wider
effective. (See also Box 5.1.) environment. In other sites where industrial

While environmental and natural disas- contaminants have already saturated the soil,
ters are costly to all countries, the proportional the problem may still be confined to a relative-



129

Box 5.1. How Can Policymakers Reduce the Increasing Costs of
'Collective Security" in Large Cities in Developing Countries?

Carlo Pelanda

The specific costs of disaster mitigation policies should be integrated into both environmental protection
and development activities. Optimization is not only a technical matter of operational research. It is mainly a
product of the type of "institutional architecture." This is the political factor that influences the budgeting of
each policy by defining the "cost" of the policy itself. For instance, if in one country the disaster prevention
policies, the environmental policies, and, for example, the infrastructural interventions are not harmonically
planned, it is probable that there will be both a higher cost per unity of intervention and the problem of
'disfunctional prioritization," i.e., the bureaucratic invention of discrete policy lines that compete with each
other rather than form part of an integrated policy. This problem could be solved through the 'spontaneous'
processes of institutional learning. Institutional learning does take place, but it produces an 'analytical' learn-
ing-not necessarily a 'systemicn one. (For example, after an earthquake, an evolutive rationalization of
antiseismic institutional policies is likely to occur, but the experience rarely leads to a general integrated
modernization of the general territory policies.) Furthermore, the general 'dissipative' nature of policitical-
institutional organization tends to have a greater negative impact on developing countries. Establishing new
'political technologies" is a global priority at this level.

The problem of reducing the costs of increasing levels of 'collective security' in macro-urban situations
can be solved by harmonizing the 'ordinary policies" of urban intervention with the 'extraordinary' vulner-
ability reduction policies in reference to specific sources of risk by optimizing the overall public authority
planning and management activity and thereby optimizing the budget architecture to generate a reduction in
the 'ecosecurity' costs per unit of intervention. If the environmental and infrastructural interventions of a
country's disaster prevention policy are not integrated, they will compete with each other and yield a higher cost
per unit of intervention. To research this guideline, a comparative case study should focus on the following:

* systemic representation and analysis of the political-institutional architecture with emphasis on the
problem of integrating institutional competence and objectives;

* qualitative-systemic representation of the city budget and how it is generated;
* assessment of the technological or informational potential for allowing optimization at the technical,

and analysis of the codes of communication between technical and political bodies;
* selective local econometric and economic-qualitative models;
* connectivity model of the unit of analysis in relation to the national, international, and regional levels

(with emphasis on technological networks);
* simulation of different scenarios or policy solutions; and
* design of the architecture for optimizing political institutions.

The International Laboratory for Sociopolitical Ecology (INTERLAB) at the University of Georgia
(Athens, Georgia) is developing a theoretical-methodological language to set standards for the integrated
ecopolicy and related research strategies. INTERLAB is collaborating with the Scientific Park, Tecnopolis-
Novus Ortus (Bari, Italy), to construct a prototypical Expert System, characterized by an 'intelligent inferential
engine," to organize an integrating or optimizing approach to ecopolicy (with emphasis on systemically reducing
the vulnerability of settlements). The information technology side of this activity and the actual construction of
the prototype is led by the Scientific Park, Tecnopolis-Novus Ortus. The first experimental application will be in
southern Italy and on the southern coast of the western Mediterranean.
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ly limited geographical area and a circumi- do. Berk and Rossi allege that agencies choose
scribed vulnerable population. Environmental goals and intervention strategies under which
protection agencies look for industrial sites success is easy to prove, even though
where the problems are confined in some way . . . more subtle and possibly as impor-
because they can be subjected to swift, effec- tant outcomes tend to be underplayed
tive and highly visible government action. because they are difficult to measure . .

Organizations tend to be risk-averse. . assessment requires measurement and
They have a well-known propensity to set hence those goals that are more easily
themselves goals based on what they have measured tend to be those that get as-
done in the past rather than on what might be sessed. Outcomes that can be counted
the most important thing that needs to be easily tend to be listed as the outcomes
done now. Additionally, industrial pollution desired. (Berk and Rossi 1976, pp. 80-81)
problems are more interesting to the media, Very often the agencies and personnel
and environmental officials know they will get which are called in to deal with environmental
more press coverage from fighting a multina- degradation do not have relevant experience.
tional than from building a sewer in a marginal It is easier to provide government technicians
neighborhood. Although bureaucracies cannot with technical information than it is to teach
be expected to become risk takers, in the area them how to modify complicated concepts so
of environmental protection several serious that they can communicate them to their client
and persistent problems are being systematicall- populations. Government extension programs
ly ignored. of all types can be seen to have two funda-

Governments are accustomed to dealing mentally different tasks. One task involves
with problems through the direct action of dealing with nonacceptors and turning them
their employees within sectoral agencies or by into acceptors, as is found in disaster-resistant
making changes in the legal code. These types housing. The other involves altering the prac-
of interventions do not make much difference tices of acceptors in minor ways. An example
to the families who silo their basic grains of this sort of work can be seen in agricultural
coated with persistent pesticides, the gas extension, where, for example, corn farmers
station attendants that dump waste oil on the (who are already acceptors of the idea "corn
ground, or the farmer who unknowingly con- planting") are induced to use fertilizer the
taminates the aquifer upon which a region first year, insecticides or herbicides the second
depends. There are no programs that reach year, and improved seed the third.
vulnerable populations which fall outside of In post-disaster housing programs disaster
traditional governmental problem definitions. victims only rebuild their home once. The
The above-mentioned environmentally danger- window of opportunity is very small, once they
ous practices are like the tip of an iceberg, have rebuilt they can do very little about
even a cursory consideration of the social side making their house safer and they lose interest
of environmental degradation can identify in hearing about housing. Stopping the truly
thousands of activities that will need to be harmful things which individual people do the
changed if a comprehensive effort to reverse environment is more like promoting safe
the problems discussed in this report were to housing or even birth control than it is like
be undertaken worldwide. agricultural extension. Birth control involves

The contributions of everyday local fundamental attitudes about peoples' relation-
practices to environmental degradation have ships to each other and it deals with things
received less attention than the more easily which normally happen in private. Farmers
controllable commercial components of pollu- who pour insecticide into water do so in pri-
tion in part because governments and develop- vate, and stopping them from doing so involves
ment actors would have to change their modus changing their mental relationship to the world
operandi to deal with them. This is something around them. Development agencies know all
that they have been understandably hesitant to
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too well that promoting birth control is very countless individuals need to be modified; (b)
difficult. public servants and elected officials have very

The agencies that are usually brought in strong incentives for not encouraging the
to reverse environmental degradation normally proposed change; (c) there is no reliable
have little experience at helping people to technical information about what to do; and/or
make major conceptual leaps of this type. (d) the dimensions of the problem/s are not
Environmentalists have been hesitant to see clear.
that when the agencies which currently exist Political and image considerations must
solve all the problems which they are institu- be key elements in any action if local politi-
tionally capable of handling as they are cur- cians and leaders are going to help mobilize
rently structured, many major environmental public opinion. Environmental recovery/rescue
problems will not be significantly improved. efforts should take these two elements into

account for a number of reasons: (a) Changing
Motivating key actors the way things are done often directly chal-

lenges the interests of those powerful groups
Metropolitan areas which have insuffi- within the society which benefit the present

cient resources for dealing with their own daily situation. (b) All types of political leaders have
problems find it extremely difficult to make difficulty imposing painful changes (elected
reducing vulnerability to distant environmental ones more so). They are understandably hesi-
degradation a priority. The citizens of Sao tant to make decisions which will make them
Paulo breathe some of the worst air in the unpopular and threaten their survival in the
world, but improving the global air supply positions they currently hold. (c) Citizen
requires that they direct their attention to the participation is often the sine qua non of
destruction of the Amazon rain forest more sustainable improvements in practices which
than 1,500 miles away. The rest of the world have an impact upon the environment.
should not be surprised if cheap raw materials Promoting sustainable changes involves
and the jobs they can create have a higher the intelligent use of incentives. Governments
priority in most sectors of Sao Paulo society in many countries inadvertently reward their
than saving the Amazon. The threat posed by citizens for contributing to environmental
oil in the seas or insecticide in the aquifers degradation. In some countries traditional
seems equally remote to most people in cities peoples who lived in harmony with nature in
where the underprivileged are dying of disease jungle areas have lost their land because they
and starvation on a daily basis. did not "improve" it by bringing it under

Political leaders, elite groups and the inappropriate slash and burn cultivation. Other
local citizenry usually see little point in their nations have subsidized logging on eroded
government expending scarce resources on hillsides. Getting the right message out before
problems which are not perceived to impinge disaster strikes is often an important disaster-
directly upon their daily lives. How can people related consideration.
living in the large metropolitan areas be moti- Unfortunately, there are circumstances
vated so that they see mitigating environmen- where habits are so ingrained that little can be
tal degradation as an important priority? The done to start turning things around until a
challenge for those who want to do something disaster happens. Disasters are tragedies, but
about environmental degradation is to change agencies can make them even more tragic if
that perception: environmental consciousness once-in-a-lifetime opportunities are not taken.
needs to be raised to a level where the general After a catastrophe there is usually a
populace understands that the very survival of window of opportunity to promote improved
the city in which they live is at risk. practices and to begin changing harmful or

Whenever actions that might reduce dangerous national habits. As the relationship
environmental risks are contemplated it usually between what is done to the environment and
turns out that: (a) the routine activities of the occurrence of natural disaster becomes
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more clear, it has become apparent that in measure of voluntary compliance there is not
addition to educational programs, government's much point in establishing government policies
need to tailor incentives in such a way that to deal with environmental degradation and
target populations will have some reason to act natural disaster mitigation: enforcement of
in the way their governments would like them new regulations will be neither thorough nor
to. cost-effective.

Relief and reconstruction projects should Before embarking on any action, govern-
be designed and implemented so that they ments would be well-advised to consider the
communicate the right message to disaster situation of the all involved groups very care-
victims, and thereby reduce future disaster fully. Often there are relatively easy ways to
vulnerability. Sometimes turning a disaster into reach target populations indirectly. The hous-
an opportunity involves new concepts of ing sector is too often the subject of unen-
fairness. Traditionally, victims of disastrous forceable regulations which aim to reduce
events who have lost the same things have disaster vulnerability without fully considering
been treated similarly by governmental re- the needs and means of the beneficiary popu-
sponses. There are good reasons to question lation. Pantelic (1990) notes that of all the
the equity of this approach in the case of techniques which improve the performance of
environmental disaster. structures in the face of storms and earth-

A recent working group at the Bank quakes, the most effective is often to upgrade
proposed the following hypothetical exampleo. the skills and qualifications of local builders.
Imagine two identical families; one disregard- After a significant percentage of the
ing precautionary warnings, building on a housing stock has been destroyed, disaster
dangerous site, not taking care of the housing victims are already highly motivated to rebuild
unit, and deforesting the surrounding area their homes in a disaster-resistant manner. If
thereby provoking erosion. On a neighboring training in safer and low-cost construction
plot another family was being careful in the techniques is provided to builders in the first
choice of building site, using its resources to days after a disaster before the rebuilding
build a disaster-resistant unit, maintaining that process actually begins, people who employ
unit routinely, and improving the surrounding builders subsequently will wind up with safer
environment as much as resources allowed. homes almost automatically. New regulations
Suppose disaster comes and destroys the and improved technology may be almost insep-
careless ones' property but only badly damages arable from training for key individuals within
the property of the one who took care. Would target populations.
it be right to measure the needs as greater and
give a more valuable solution to the first case Community participation
and less to the second one who took precau-
tions? Governments really need to analyze Government agencies have tended to
environmental problems carefully so that they concentrate on environmental degradation on
do not reinforce and reward undesirable be- a grand scale, ignoring the micro-scale neigh-
havior. borhood and community levels on which it

must actually be dealt. In a recent talk at the
Voluntary compliance Bank, Neelam Merani, Director of the Secre-

tariat of the International Decade for Natural
Another precondition of effective change Disaster Reduction, observed that the search

is usually voluntary compliance. Unless key for solutions too often looks at disaster
ideas can be 'sold' to the various constituen- through the filter of governments. He warned
cies upon whose compliance an environmental that the principal actors in the Decade may
reform depends, a proposed measure is unlike- not be governments, and that the sharing of
ly to make a significant reduction in the experience between national and regional
threats which society faces. Without a large
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committees and individuals on the local level logging of 1600 trees in the Thantri forest. In
will be essential. most cases, just the threat of tree hugging has

Many activities which have an impact on been enough to stop logging. Following a long
the urban environment are totally outside of and difficult struggle, a government study
government control. Too little is known about supported the movement's allegation that the
how to communicate with individuals and how subsidized cost of exploiting the forests far
to get them to stop destroying the environ- exceeded all economic benefits from logging,
ment in thousands of small ways. and official government policy was reversed in

A 1988 Bank publication (Bamberger) response to popular protest.
defined community participation as follows: Chipko Andolan's battle is far from over.
In the context of development, community The movement is agitating for an increased

participation refers to an active process where- role for those that live in the forest in their
by beneficiaries influence the direction and care and management. There is substantial soil
execution of development projects rather than conservation work continuing in deforested
merely receive a share of project benefits" areas, and all the reforestation work which is
(p. vii). A recent article in Environment and currently going on is still far from sufficient to
Urbanization noted how interest in the role of stop the yearly shrinking of India's forests.
community participation in environmental Although Chipko Andolan's success is quite
issues has come to attract great practical and small relative to the size of India's problems, it
theoretical interest: is difficult to see how India's stampede to

It is evident in the growing recognition of deforest could have been reversed without this
the capacity for mobilization and organi- activist group.
zation by community organizations as
they confront larger, more powerful Political implications
forces such as national or metropolitan of community participation
governments, multi-national and local
corporations, large local landowners and Large numbers of individuals can only be
other vested interests. Such confronta- reached by extension/outreach programs if they
tions occur either in the defence or pro- are brought together in groups. Once they are
tection of basic rights (such as access to in groups, however, there are many interest
land, shelter and services or use of com- groups that would like nothing better than to
mon property resources) or in opposition use those groups for their own ends. A recent
to projects and programs which are per- article by Lisa Peattie of Massachusetts Insti-
ceived as threats to freedoms, livelihoods tute of Technology makes the point that
or the environment (Aina 1990, p. 3). groups with many different agendas attempt to
India loses 1.3 million hectares of forest coopt citizen participation:

a year. An interesting example of natural We must understand citizen participation
resource conservation by popular mobilization as part of political and governmental
is provided by the Chipko Andolan, a move- institutions which are complex and shift-
ment in India that protects trees by embracing ing, in which strange alliances abound, in
them. Rural villagers lost faith in government which the motives to participate on all
attempts at scientific forestry. Bhatt (1990) hands are conflicting and far from simple,
describes how this movement was born in the and in which multiple interpretations are
Uttarakand region of the central Himalayas to usually possible. (Peattie 1990, pp. 19-20)
combat soil erosion and deforestation, and to In spite of the almost unavoidable politi-
protect the forest resources upon which the cal overtones associated with popular partici-
local lifestyle depends. pation in many countries, governments at-

When anyone threatened to chop down tempting to correct environmental abuses may
a tree, Chipko agitators rushed in to hug it. In have no other recourse other than to mobilize
one instance, 200 women mobilized to stop the vulnerable populations. Many of the environ-
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mental threats that have been reviewed in this effective communication and participation
study are caused by thousands of individual possible. Increased levels of participation may
decisions regarding land use, use and disposal be associated with improvements in administra-
of toxins and pesticides, and the stewardship of tive control, health and prevention of disease,
forests, domestic animals, food and water. Just and the provision of basic services. Finding the
one family with a herd of goats can undo a correct patterns of participation is likely to
years worth of reforestation work by a regional lead to a more livable temporary environment
forestry office. Government technicians from and more effective needs planning. On the
the various sector agencies often have neither contrary, noncompliance or insurrection can be
the skills nor the occasion to work with the the result of fear and rumor.
perpetrators (and the victims) of environmen- In large-scale disasters, active participa-
tal degradation and natural hazards at the tion by community organizations is often the
places and times when they need information cornerstone of effective action. Citizen partici-
or help. pation increases local leadership capacities,

A review of the major catastrophes imposes local perceptions of cost and value
during the twentieth century reveals the short- upon proposed projects, and may make project
comings of existing governmental structures to outcomes more sustainable after outside fund-
receive critical information from beneficiaries ing is withdrawn. Pantelic notes the following:
just when they need it most, when important Bringing the local community and its
decisions are being made following major numerous resources into the center of
disasters. In the face of limited official resourc- the reconstruction planning and the
es and target populations which exceed the implementation process is a strategy that
combined response capabilities of governments can materially contribute to the strength-
and development agencies, some international ening of a community affected by an
donors have undertaken programs which teach earthquake. For example, Renovacion
certain skills and pass on bodies of knowledge Habitacional Popular, the ground-break-
which either help vulnerable populations to ing housing reconstruction program in
better cope with their present circumstances cr Mexico City which provided almost
prepare them for a foreseeable and fairly 50,000 housing units, involved in the
immediate future disaster. Many governments decision-making process the representa-
are extremely ambivalent about this state of tives of the concerned groups from the
affairs. local communities in which the recon-

Participatory approaches are most com- struction was taking place, including
monly used in programs dealing with storrm- neighborhood associations, tenement
and earthquake-resistant housing, communily groups, and church organizations.
awareness of dangers and precautions, disaster- (Kreimer 1990, p. 54)
specific education, changes in land use and In a similar case, following the 1976
agricultural practices, the upgrading of techni- Guatemalan earthquake there were more than
cal skills in labor intensive industries, distribu- 1 million homeless in Guatemala City, several
tion of emergency goods and services, popula- provincial capitals and their surrounding rural
tion evacuation and temporary relocation areas. Without mobilizing the population there
facilities/camps. Most experiences with active was almost nothing the Government could do.
community participation in large metropolitan Guatemala organized local reconstruction
areas have taken place following earthquakes, committees to encourage and organize partici-
storms and floods which, by destroying thou- pation down to the neighborhood or village
sands of homes and apartments, left large level. Many Guatemalans were able to learn
segments of the population homeless. Follow- about anti-seismic construction techniques
ing such catastrophes the evacuation of endan- which used locally available materials. In both
gered zones and the construction of temporary Guatemala and Mexico, it was family-level
living quarters for victims requires the most decision making that determined whether or
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not local vulnerabilities to disaster were going one-sentence saying or slogan used in a talk
to be lowered or raised. Identifying and plan- over the radio can be more effective than a
ning for the types of community participation series of pamphlets that nobody bothers to
which will be required given the particular read. The larger the geographic area and/or
vulnerability pattern of each country is proba- target population, the more difficult it be-
bly integral to a sustainable development comes for governments to undertake extension
process. and community awareness programs because of

the sheer number of families that need to be
Two-way communication reached.

Any examination of the vulnerability of
Most urban populations will not obey urban areas needs to address the question:

government instructions blindly. In addition to how will the resiliency of the potential victim
participation, reducing environmental degrada- community be increased? The cumulative
tion will also require effective communication wisdom gained by such advancements as there
with those groups who will be asked to modify have been has concluded that the most effec-
their actions. While governments may not be tive strategy is an approach which integrates
enthusiastic to hear advice and complaints the potential or actual victim community into
more directly from their citizens, if govern- plans for reducing environmental degradation
ments knew all the answers, metropolitan and damage mitigation. Thousands of individu-
areas would not be as vulnerable as they als and families (some of whom are located in
currently are today. Since restoring the quality far-distant rural areas) are the decision makers
of land and water requires that millions of whose action in critical areas will raise or
poor families make fundamental changes in lower the vulnerability of the large metropoli-
the ways that they build their homes, work tan areas.
their lands, tend their animals and plant their As Pantelic noted, education is going to
crops; these families will have to be consulted be crucial. Most government agencies are used
about the options and alternatives from which to deciding upon curricula in a fairly paternal-
they will be asked to select. istic manner. Educating the adults whose

On a very fundamental level, reducing actions and decisions degrade the environment
environmental degradation in the world's requires finding out what sort of message they
poorer countries may require a more active are going to be willing to listen to.
involvement of millions of family units in their
own development process. The way in which From adversary to partner
governments and local authorities listen to
their vulnerable populations can lead either to Although most developing countries now
long-term reductions in vulnerability or devas- have national environment agencies, perhaps
tating increases in the same. the most significant weaknesses within those

Two-way communication with vulnerable institutions lies in their inability to address
populations on the topic of common practices those organizational aspects of participatory
which contribute to environmental degradation solutions to environmental problems. Too
is an activity with which governments have often governments have found themselves in
little experience. In developing countries adversarial situations relative to both the
where large urban populations survive outside interests of their own citizens and sustainable
the formal economy, little improvement over approaches to the development of their own
the long-term can be made in their situation countries. Bhatt (1990) described how the
without deliberately opening new channels of Indian government subsidized the logging
communication between government and industry in the face of shrinking forests. Many
disaster-prone populations. This often means other countries are still following the same
learning to talk their language or using a short-sighted policy. India only changed its
different vocabulary and accent. A well chosen policy in response to the complaints of a well-
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organized citizens' movement. An approach to there is no chain. Since the two groups are so
planning and evaluating environmental pro- linked with each other, they would be well
grams that helps citizens and governments to advised to learn how to live peacefully togeth-
see each other more as partners is desperatety er and, even to learn how to use the other to
needed. advantage.

The book, Squatter Citizen. Life in the In any political system all interests are
Urban Third World, raises an interesting ques- not equally powerful. By the same token, it is
tion: impossible to reduce the vulnerability of all

Most examples of governments acting oii groups at the same time. Identifying the do-
environmental problems owe much to able is more important than attempting to
well-organized citizen pressure and are correct the most severe problem before the
usually from societies with representative time is ripe. Activist groups need to bear in
forms of government. Here, government mind that there is likely to be a direct link to
action consists of largely ad hoc respons- involving politicians with immediate ribbon-
es to specific local pressures, such as a cutting visibility and political commitment to
group of fishermen complaining about environmental issues.
industrial effluents damaging their liveli- All interested parties looking at the
hood, or a group of farmers or citizens design, financing and implementation of pro-
complaining about one factory or indus- jects that attempt to reduce the likelihood of
trial complex's damage to their homes or catastrophe need to be aware that responses
farms. Citizen organizations had not only need to be tailored to: (a) the time of the
to organize such pressures but in most occurrence of the threat within the local
instances to document the problem in the political cycle (a new government with a
first place. Virtually all government ac- longer term of office in front of it will be more
tions on the environment have been inclined to plan and implement medium to
"citizen-led." The critical question is, are long-term projects); (b) the availability of
governments of developing countries technical assistance; and (c) the size of the
likely to take action on environmental various threats (a small localized event is more
problems (especially those which impact manageable for a community organization than
most on poorer citizens) without demo- a large one, a large problem requires the
cratic pressures pushing them in this financial and human resources which only
direction? If the answer is no, it has governments can bring to bear).
important implications for aid-not only Crucial decisions need to reach the top.
what kinds of aid should be given, but Sometimes politically naive environmental
also in what institutions in developing activists work long and hard only to have their
countries deserve support. (Hardoy and work undone when the relevant authorities
Satterthwaite 1989, p. 217) find out what is going on. If sustainable prog-
Governmental participation in any large- ress is to be made, a country's leaders must be

scale cleanup process inevitably proves essen- party to any decision curtail the prerogatives
tial. In spite of this fact, many environmental- of powerful interests. Government officials at
ly-concerned groups have gotten into the habit the highest level need to set the agenda. Most
of seeing politicians as obstacles or adversaries human actions that harm the environment
in their drive to clean things up. If most suc- benefit one segment of the population and
cessful environmental efforts began as a re- threaten another. Only when the seriousness
sponse to citizen-led movements, it is high and importance of environmental degradation
time that governments and environmental is well documented, and there is some measure
lobbyists begin to understand how the other is of political pressure will governments make the
an essential resource, a link without which decision to attack its root causes.
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Reducing the vulnerability allows governments to 'declare victory' more
of metropolitan areas incrementally often. If the goal is 'clean air' it will be a long

time before all involved parties can agree that
Some countries have found that measures the air is now clean. Making the goal 'reducing

which are small in terms of cost can be big in released volatiles from the sale of gasoline' will
terms of positive impact while not inflicting make it easier to show success in a shorter
serious hardship on the population. For exam- period of time.
ple, contaminated airborne dust has been a
serious health problem in Mexico City. Epi- Long-term issues
demics have been avoided through projects
which control dust by promoting concrete In addition to the issues raised in this
floors (Menendez 1990). The problem has not chapter, the case studies should deal with the
been solved, but its severity has been reduced. following points concerning the human and

It is fairly well known that, in the face of management aspects of environmental recov-
shortages, reducing consumption is often ery over the long term:
cheaper and easier than finding a new source * Was the planning needed to identify
of supply. Mexico City has been a leader in the types and combinations of disas-
breaking down its water problem into small ter which threaten undertaken?
pieces. Regulations affecting the size of toilets * How accurately were the size and
and showerhead capacities have reduced water location of vulnerable populations
consumption. Manipulating water rates has predicted?
prevented new water-intensive industries from * Were the composition and idiosyn-
opening. Another Mexican regulation on crasies of the various neighborhoods
showers covers only sports clubs and other known, and were target populations
high-usage facilities: it requires that showers classified according to particular per
provide a fine spray instead of droplets. capita needs?

One thing that all these measures have in * Did government-proposed new
common is that they are understood and projects take the time to describe
supported by a population that felt the need to prevention linkages between the
have access to a more uninterrupted supply of environment and natural disaster?
potable water for all its daily needs and, in the * Were all development activities as
process, to reduce its vulnerability to disease. environmentally sound as possible?
T1hese measures were easy to circumvent but * Were funds specially budgeted for
apparently they have been complied with. In coping with sustainability?
the absence of public support, unpopular * Was additional support required for
conservation measures can result in civil dis- environmental projects aimed at
obedience. Further research should examine recovery (like soil conservation and
the possible ways that vulnerable groups can reforestation)?
be made a part of the measures taken. There * Were the professionals involved in
are just not enough police to spare in Mexico project preparation for different
City for house-to-hous inspections of showers sectors specially trained in those
and toilets. specific natural hazard assessment

As the dimensions of problems become techniques which were applicable to
overwhelming, it appears that what is needed their sectoral planning procedures?
is to break them into manageable pieces. Most * Was there a regional network which
efforts to combat the different forms of pollu- monitors environmental threats,
tion only (at best) succeed in reducing them. exchanges data and identifies the
Solving cities' pollution problems usually management measures required,
involves many steps before a solution appears, including the adequate, early and
and breaking big problems into small ones
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credible generation of warnings on critical importance. Stated differently, any
potential disaster situations? environmental problem can not only be broken

* If there was government underwrit- into smaller problems but it can also be bro-
ten disaster insurance, how did the ken up into certain dimensions.
benefits paid to the uninsured corn- There are a number of factors which are
pare with those paid to the insured likely to be present if some degree of incre-
following a catastrophe? mental progress is going to take place in a

* Were projections made concerning given urban environmental problem: (a) the
the direction in which the city is problem must be understood, cause and effect
likely to grow? must be conceptually linked; (b) there must be

* There is plenty of information reliable technical information, and the areas or
available but governments often practices which are to be acted upon must be
cannot tell good information from clearly defined; (c) the vulnerable and/or
bad. How did the government dis- polluting populations must be identified; (d)
tinguish between the different quali- the routine activities which contribute to the
ty levels of the information which problem must permit alteration; and (e) civil
was put to use in environmental servants and elected officials must have some-
protection and recovery programs? thing which motivates them to encourage

change. Finally, the timing must be right.
7. Developing a model for studying Every attempt to reduce an environmen-

country responses to tal problem can be seen to depend in varying
environmental degradation degrees on these factors. The amount of

progress that can be made may consist of the
Three alternative foci degree that the timing is right for each factor

in turn. The invention of a new technology
The Bank study could approach countiry could make a difficult problem more amenable

responses to environmental degradation from to solution, for example.
at least three perspectives: (a) it could choose The Bank case studies could expand
to focus on particular environmental problems, these factors into discrete dimensions which
and trace the way they evolve along a series of permit systematic examination. If the research
dimensions; (b) it could concentrate on vulner- is to focus in directly on the environmental
able populations using capacities and vulnera- problems, it should class as dimensions only
bilities analysis; and/or (c) it could focus on those elements without which progress on the
the government intervention strategy and trace environmental front proves to be impossible.
its implications. As a first step, the Bank must The case studies can look for instances where
determine the unit of analysis for the proposed the relevant officials seem to have blinders on:
case studies. The selection of one or a combi- in what way is it that they are not seeing that
nation of these foci will logically follow. These a change in activities in one of these dimen-
three approaches are presented below. sions would make a significant difference in

the outcome. It can be hypothesized that the
L Looling at the environmental problem absence of any one of the following dimen-

sions will foreclose the possibility of having a
Building on the concept of reduction new smaller-scale environmental problem to

deal with.
Reduction is a central concept in policies 1. The conceptual dimension

which promote increased resiliency to environ- In order to deal with most environmental
mental degradation. problems, a significant percentage of the

The issues raised by this report suggest general population will probably need to
that, in order for progress to be made on see and understand the problem to be
environmental problems, certain factors are of addressed. With the exception of a few
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Asian countries where the people are almost never make decisions which cause
more inclined to take governmental them to lose power. Righting environ-
suggestions to heart, it will presumably mental wrongs often involves high short-
not be sufficient that a small number of term costs with pay-offs happening over
scientists and officials understand that the longer-term. Leaders who have no
there is a problem. In most countries, reason to expect to be around when the
unless a significant segment of a society benefits of a given policy begin to show
understands why they need to change will be understandably hesitant to create
some aspect of their daily behavior, they a political bonanza for their successors.
will not do so. In cases where there is a 4. Educational dimension
physical or conceptual distance between Ultimately, changing the way things are
cause and effect, that too must be com- done requires that some group learn how
prehended. Several aspects of environ- to do what they were doing before in a
mental degradation can be dealt with at different manner. It will be important to
once, as long as there is some degree of document who the members of that
popular consensus that each issue to be group are, what they are taught, what
dealt with is indeed a problem. For each techniques worked best for transferring
aspect, however, it must be clear which the new technology, and what settings
population is going to be the target of and media facilitated learning.
what sort of effort. 5. Organizational dimension

2. Technical dimension Permanent changes in daily practices
There is little use in attacking an envi- involve an organizational dimension. Are
ronmental problem in the absence of they voluntary? Who pays for them? Are
reliable technical information. Rapid and they likely to be sustainable? What social
early success is likely to lead to subse- structures support the new manner of
quent victories while an early failure can doing things? Are there new governmen-
discredit an operation and destroy the tal agencies that teach or regulate? What
political will on which further work de- is the private sector doing differently?
pends. There have been many cases What structures provide education to the
where the optimum technical solution affected individuals about the problem
was known, but a less acceptable proce- and the new and less damaging technolo-
dure was undertaken for political or gies that will be employed?
other reasons. Obviously, the selection of 6. Timing
less-than-ideal technology has an impact Timing is not really a separate dimension,
on the amount of progress which can be but an important consideration which
made by efforts attempting to combat eventually determines the contribution
environmental degradation. which each of the preceding five dimen-

3. Political dimension sions makes to progress on the environ-
When disaster strikes, important deci- mental front. There will always be a
sions are usually made at the highest multitude of environmental problems
political levels. A similar pattern can be needing solution. Timing is important
expected to prevail when governments because it governs the amount of prog-
attempt to deal with menacing environ- ress that can be made.
mental hazards. In both sets of circum- A dramatic event, a disaster, or a change
stance, any change in the way things are in the local climate can make an extremely
going to be done in the future can be complex problem understandable even to those
expected to challenge the interests of the with little formal schooling. Problems that
most powerful groups within society. were difficult to tackle become easier to deal
Political and image considerations are with when new technological solutions are
important to political leaders. They will developed. In democratic countries govern-
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ments may be willing to make tough decisions place where they can get rid of what they do
after they have lost the next election during not need-barrels of mixed biocides would
their ulame duck' period, or conversely just eventually accumulate throughout the country-
after an election if they expect to still be in side-the risks posed by thousands of toxic
power when the stream of benefits begins to stockpiles could lead governments to want the
flow. Educationally, the existence (and knowl- chemicals to be stored under closer supervi-
edge of) effective techniques, curricula or sion, perhaps at retail outlets-retailers would
educational materials based on recent success- protest being forced to store flammable and
es in other similar programs elsewhere may potentially explosive chemicals-eventually
facilitate good results with the current effort. governments would prod the chemical industry
Similarly, the existence of critical organization- to permanently dispose of them; which might
al capacities or the timely development of new lead to a situation where they are incinerated,
organizational resources can determine wheth- releasing dangerous chemicals into the
er or not a change in practice will be sustained air-placing new geographic areas at risk of
by the surrounding society. The state of the dangerous toxic fumes and creating a new
organizational capacity of a given society can danger from tanker truck spills; and so on.
be expected to change outcomes: practice As projects become more consistent in
years in the rural areas for graduates of pro- achieving success, the process can be con-
fessional schools, community work tradi- ceived as a three-dimensional spiral (Figure 2).
tions/obligations, religious and ceremonial At each trip around the loop, the question
traditions, military reserves, extension teams that environmentalists need to ask themselves
etc., can each be the foundation around which is whether the current problem is more desir-
sustainable programs are built or the reason able than the previous one, and, subsequently,
why they fail. might there not be a still more acceptable

problem which can be made to replace the
Solved problems lead to new problems present one. It is only when the situation at

hand becomes so simple that it can be stated
Solving any environmental problem is as the deficiency of one item or process-as,

more likely to resemble an ongoing process there is a lack of groundcover-that a project
than a one-time action. There is a problem, an can be conceived which completely solves an
action, a consequence, and a result (see Figure environmental problem by providing what is
1). Environmental problems tend to be semi- lacking. As the problems become progressively
permanent in the sense that a new one always smaller, and solutions are near, the spiral
seems to spring up to replace the problem that focuses inward (Figure 3).
is just about to be solved. Unfortunately, even If the size of each loop is a function of
the most successful actions usually do not the size of the problem at hand, the smaller
totally solve the original problem. the spiral is when a given process begins, the

Crafting successful public policy on the quicker a solution can be achieved. To the
environment requires that governments come degree that environmental threats can be
to terms with this disagreeable reality: that is, broken up, to they degree that they can be
problem-solving actions lead to new problems. dealt with by their components, solutions will
Shutting off a pipe which is dumping industrial be easier to come up with. Final solutions
effluent into a river solves the problem for the could be expected to happen when there is
river but creates a new problem for the facto- just one remaining deficiency. When the
ry. 'Solutions' to more complex problems problem is lead in the drinking water, and all
create new problems of almost equal complexi- the lead water mains have been replaced, the
ty. A chain of examples helps to illustrate this water coming into a neighborhood will be lead
dilemma: convincing farmers to stop dumping free. The last remaining stretch of lead pipe is
excess or unused agricultural chemicals on the "deficiency" that can be solved by physi-
their own land means that they need a nearby cally replacing the lead pipe with copper pipe



14i

in those residences which still have them; and es, it is likely that research will show that
the problem of the moment is solved. failure will breed more failures. Each failure

As has already been noted, it usually (of a program or project/s) to reverse some
takes several project phases before most aspect of environmental degradation makes
problems can be reduced to solvable size. In any given problem significantly worse. Any
the absence of a frank recognition of this attempt to clean upclean the environment
'solved problems lead to new problems' which fails is disillusioning to those who took
syndrome, it has been understandably difficult an active role, and consequently each failure
for policy-makers in developing countries to makes it more difficult to mobilize the same
decide to tackle urban environmental prob- group a second time.
lems-they can see that the options their staffs Each successful loop is discontinuous, it
offer them will lead inevitably to new prob- moves us forward. An unsuccessful loop can be
lems. a circle which leaves things much as they were

An unwillingness to come to terms with before, or the problem can be seen to be
this syndrome can have various possible mani- bigger, analyzing the dimensions before and
festations. Some governments opt for utopian after. In a hypothetical example, it can be
slogans calling for clean air and water by some supposed that a problem was understood,
far distant date. By the time any proposed there was political will, the educational mes-
comprehensive program proves to be unwork- sage got out, but because of the lack of an
able, a new political leader may be the one organizational structure that would support the
who needs to be concerned. Another aspect of new behaviors and practices, progress was not
an unwillingness to take action can be seen in sustained.
countries that have strict environmental guide- Given that comprehensive usolutions' to
lines, but insufficient budget and personnel to environmental problems are bound to be
enforce them. This condition produces selec- elusive (because of the evolving natu -z
tive enforcement and show trials but no sus- problems), what do solutions look like? Tte
tainable progress. In all but a few instances, three-dimensional spiral starts to focus sharply
the only way to make real headway is to move inward, the radii begin reducing. Each success-
one step at a time. ful loop leads to a smaller new problem, and

the spiral eventually ends at its center when
Using the model to ilustrate different the problem can be reduced to one or more
outcomes "deficiency" (Figure 4).

In spite of major efforts to reverse degra- IL Capacities and vulnerabilities analysis
dation, some environmental problems become
more severe. Any model which is used to study The Bank case studies could focus on
the urban environment must be able to explain vulnerable populations in addition to or in-
why things continue to get worse, and even stead of concentrating on the evolution of the
environmental disaster. In the event of a case environmental problem. Harvard University's
study on a recent disaster, the five dimensions International Relief/Development Project
are still used but the research question be- (IRDP) developed 43 case histories dealing
comes: what kind of action in which dimension with instances where NGO relief interventions
could have prevented this? In the case of successfully made contributions to sustainable
existing problems getting worse, the spiral gets long-term development. The results of ' t
bigger and the question becomes: which of the study were published in Anderson and
five dimensions was absent, and what was the Woodrow's' landmark book, Rising From the
result? Ashes (1989). The Bank cases could use the

Just as a successful environmental pro- technique developed by the Harvard team
gram inspires others and provides valuable called Capacity and Vulnerability analysis.
examples thereby breeding subsequent success- Anderson and Woodrow identify a number of
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myths about natural and environmental disas- inappropriately paternalistic responses could
ter, and they have developed guidelines for the harm the target communities psychologically,
planning and evaluation of sustainable devel- sapping them of the will to fight and fostering
opment projects in the context of disaster. a sense of weakness and dependency that
Adapting those techniques for environmental became increasingly apparent over time. IRDP
problems and governmental efforts would be developed a six-celled framework explores the
simple. three areas of vulnerability/capacity mentioned

Anderson and Woodrow define vulnera- above.
bility as the long-term factors which constrain Physical/material vulnerabilities can take
the ability of a community to respond to many forms and they are the aspects of a
events or which make it susceptible to prob- community's situation most typically focused
lems or even calamities. They expand on the on by developmental interventions. Examples
underlying notion of development by insisting include: poverty, poorly built or located hous-
that to increase capacities is as developmental ing, limited production options, etc. Many
as to reduce vulnerabilities. The parallels with other factors are considered by the framework:
the Bank study of vulnerability and resiliency land, climate, environment, health, food,
are clear. The interaction of capacities and capital, and physical technologies. Examples of
vulnerabilities is mapped out in an analytical social/organizational vulnerabilities include
framework which provides a system for deter- disorganization, lack of political power, ethnic
mining which factors are of critical importance or other social divisions, and so on. Attitudi-
to the sustainability of attempts to increase the nal/motivational vulnerabilities reflect the way
resiliency of vulnerable populations. The the community sees itself and its ability to deal
framework presented in Risingfrom the Ashes: with its physical and social environment-for
"sets out categories of factors to be consid- example, fatalism, reliance on apatron system,
ered and suggests a sequence or order in or the belief that poverty, disaster and suffer-
which to consider them" (1989, p. 9). ing are divine retribution for sin.

The potential utility of IRDP's work to Anderson and Woodrow (1988, p. 3)
the forthcoming Bank case histories is the maintain the following:
notion that vulnerability and resiliency have Societies may be either vulnerable or
physical/material, social/organizational, and capable in these areas, and these vulnera-
attitudinal/motivational elements. IRDP re- bilities or capacities are as important as
searchers noticed that in many post-disaster their material resources or lack of them.
interventions, agency staff set goals which Anderson and Woodrow's framework was
limited the effectiveness of their work. In specifically designed to deal with the impacts
these cases, the efforts concentrated only on on development of already completed projects.
the physical and material consequences of the The framework essentially seeks to detect
problems faced by project beneficiaries. The ongoing increases in community and organiza-
IRDP research showed that, rather than de- tional capacities, while looking for correspond-
signing programs around material possessions ing and independently occurring reductions in
and physical indicators of improving prosperity the vulnerabilities which brought outside
(or in the case of the Bank study, around intervention into the community to begin with.
physical vulnerability to environmental haz- According to Anderson and Woodrow,
ards), in terms of final outcome, it was usually vulnerabilities are long-term, and difficult to
more significant whether the relief interven- change quickly. Populations which face severe
tions weakened or strengthened: (a) the atti- environmental, health, nutrition or other risks
tude that the victim community had about its will have a hard time reducing that vulnerabili-
own ability to create change, and (b) its so- ty during the course of project intervention.
cial/organizational structure. Vulnerabilities are almost always reduced

After looking at the results of completed indirectly. Projects not designed and selected
projects, IRDP staff became convinced that with sustainability in mind are likely to pro-
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duce unintended negative consequences. In posals and evaluations and identified four
Rising from the Ashes the authors demonstrate intervention strategies commonly used by
how attempts to obtain quick success cause organizations working with disaster vulnerable
interveners to act too directly. Agencies that populations. These strategies were: (a) the use
attempt to lower vulnerabilities through gifts of physical standards; (b) increasing the power
and subsidies teach a message of passivity. The of those vulnerable to disaster by creating
people at the receiving end eventually learn political organizations for change; (c) indepen-
that all their problems will be taken care of for dence, the degree to which vulnerable popula-
them. In this manner, agencies may produce tions have been trained or otherwise enabled
negative consequences which far outweigh any to cope with their own immediate disaster-
short-term good they may have accomplished. associated vulnerability and related problems

However, vulnerabilities can be reduced without outside aid; and (d) mitigation, a
indirectly by increasing capacities: training in future-oriented strategy that plays down pres-
new skills or providing improved job opportu- ent problems in preference to dealing decisive-
nities and upward mobility within the local ly with the implications of the next similar
economy, for example. People with more disaster.
money in their pockets will provide themselves A common physical standard following a
with a safer environment. Attempts to reduce disaster is the status quo ante: relief organiza-
vulnerabilities without increasing capacities tions often try to bring people back to the
require massive expenditures. The Harvard levels at which they lived before the disaster.
study concluded that gift (or highly subsidized) In environmental degradation, governments
materials, land, machinery and money fail to often use physical standards such as parts per
make sustainable improvements in living stan- million of contaminants, biological oxygen
dards and, in the interim, foster such increased demand, etc.
dependency that the development of the Organizations that choose the second
community is usually set way back. strategy, empowerment, tend to believe that

Anderson and Woodrow argue that even people are vulnerable to disaster because they
extremely poor societies which are well-orga- are powerless. Such organizations design
nized and cohesive can make themselves more interventions that will increase the political
resilient to disaster relatively easily. Similarlly, power of vulnerable groups, confident that
they can reduce their disaster vulnerability on disaster vulnerability will take care of itself
their own if there is enough time. The authors subsequently.
give examples which show that areas which Followers of the third strategy, indepen-
had a tradition of working together to solve dence, ascribe disaster vulnerability to the
community problems were likely to achieve dependence of vulnerable groups on factors
sustainable progress more easily than others and interests over which they have no control.
where the local organizations were promoted Teaching dependent populations how to pro-
by outside agencies. This methodology will not tect themselves with the means that they have
be described more at length because several at hand frees them from vulnerability and
excellent IRDP publications are already in the dependence at the same time.
hands of the Environment Department. The fourth strategy, mitigation, uses

disaster as an opportunity. Agencies that use
IIL Intervention strategies this approach believe that disaster-stricken

populations are quite capable of taking care of
The third alternative for the Bank case their own post-disaster needs for food, water,

studies is to concentrate on the manner in and shelter, or at least that relief efforts are
which a government deals with an environmen- neither efficient nor cost-effective. Practitio-
tal problem. In "Developing Evaluation Crite- ners of the mitigation intervention strategy
ria for Disaster RelieP' (Parker 1989) this concentrate their efforts on reducing the
author reviewed numerous relief project pro- destructive effects of the next flood, storm,
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earthquake, or famine by building dikes, pro- The DAI/Cornell study was based on an
moting disaster-resistant housing, or teaching analytic framework which posits a relationship
improved grain storage techniques. between institutional effectiveness, interven-

Projects can have multiple goals and they tion strategies and environmental variables.
can be designed to meet multiple objectives, There were 35 institutional development
and this would be reflected by a combination indicators and three groups of PVO strategies:
of the above intervention strategies. There are (a) the target population as the object of an
numerous possible permutations, although outside agency's intentions, (b) the channel for
certain strategies are rarely combined in prac- its assistance so that aid reaches an even more
tice. remote group, or (c) an intermediate category

A 1985 USAID-funded study entitled for agencies that fall somewhere along a
Private Voluntary Organizations and Institution- spectrum between the two. DAI maintains that
al Development, undertaken by Development PVO assistance includes two elements: inter-
Alternatives and Cornell University, produced vention strategy (assistance, facilitation or
and field-tested a series of 34 institutional promotion) and technical assistance mode
development indicators. Organizations that (performer, substitute, adviser/partner, teacher
intervene to reduce disaster vulnerability can or mobilizer).
be ranked on a scale of 0-5 on each of these DAI believes that the indicators proved
indicators. their worth in the case study field trials. The

That study's implications for the present research team found that most of the indica-
study lie in the relationship between local tors were applicable and instructive. The
communities'vulnerability, environment agency DAI/Cornell framework would have to be
strategies and environmental variables. To modified for the Bank study, but it could be
oversimplify in the interest of clarity, useful.
DAI/Cornell perceived that there is a continu-
um along which a given local group can be the Concluding remarks
object of a donor strategy at one extreme, or a
convenient channel for assistance at the other. A widespread belief held that cities would
There are many positions along the continuum eventually reach an equilibrium: they would
for strategies which combine different grada- reach a point when it was no longer economi-
tions of the two basic orientations in interven- cally advantageous to move to the urban
tion strategy. center, and people would stop coming. Unfor-

DAI and Cornell field-tested their Insti- tunately, it may no longer be possible to wait
tutional Development Categories and indica- for equilibrium to be attained. Many cities
tors in eight IVS/I1DI projects in Bangladesh, have reached their environmental carrying
Botswana and Ecuador. Each project produced capacity even though it is still in the interest of
one case history. The 1985 study focused on people outside the cities to move to them. The
two things: (a) methods used by agencies to moment is at least near when some critical
strengthen indigenous organizations; and (b) resource will run short in most major cities of
testing the indicators. Local organizations were the developing world. Overpopulation certainly
rated on their ability to manage resources; contributes to environmental degradation in
deliver services; ability to innovate and be cities, but the people are in the cities now, and
flexible; administrative performance/incentives; unlikely to go away.
leadership and management style; planning, Environmental risks confront developed
monitoring and evaluation; learning; forging and developing countries. The risks are real: it
horizontal and vertical links, leverage and is not a question of if but when. If levels of
advocacy; resource mobilization/income gener- vulnerability are so high, why is it that govern-
ation; accountability/responsiveness; conflict ments have waited until relatively recently to
management; and demonstration effect for begin to increase the resiliency of metropolitan
replicability. areas to environmental degradation? One
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reason might be that they were unaware that outline should be pilot tested in the field, and
there was a problem. This explanation is the results of the first case studies used to
weakened by the fact that inaction persists in modify and improve the model and outline. In
some countries that are currently all too aware its final form, one of the models presented in
of major threats. this chapter or a combination thereof will

Another reason for delaying action might evolve into a framework which should facilitate
be that governments tend to be hesitant about the design and evaluation of Bank member
adopting policies which have not been demon- countries' projects which attempt to reduce the
strated to work elsewhere: there is a wide- vulnerability of urban areas, and increase the
spread perception that success in reducirLg resiliency of at-risk populations.
environmental threats is still uncommon, and
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6. Managing Hazard-Prone Lands in Cities of the Developing World

Janis D. Bemstein

Introduction casual employment (Baross 1983). In most
developing countries, however, the underlying

The unprecedented growth of cities in the causes of urban land shortages that drive low-
developing world has greatly intensified the income groups to hazardous areas are not
demand for urban land. In most cities, the always recognized. In many cities, the scarcity
shortage of serviced land and the competition of land is artificially induced by imperfections
for that land have priced the urban poor out in urban land markets and ineffective land
of the legal land market. Many low-income management practices, often because of
populations, therefore, are forced to occupy inappropriate land regulation, lack of secure
illegal settlements on low-lying lands, steep tenure, inadequate information, and
hillsides, floodplains, or other hazard-prone inappropriate taxation.
areas. By inhabiting such areas, these groups
become vulnerable to significant health risks Inappropriate regulation
from flooding, landslides, mudslides, or other
natural hazards; their dwellings and Inappropriate regulation is probably the
infrastructure are subject to accidents, massive most important factor accounting for urban
damage, and collapse. In other situations, land shortages and the location of low-income
squatters occupy lands adjacent to polluting populations on hazard-prone lands. In some
industrial or waste disposal facilities. In these cases, the problem lies in excessive regulation,
areas, the poor are the most vulnerable to whereby land development standards artificially
pollution-related health threats and reduce the supply of land by requiring large lot
environmental disasters. This paper sizes or excessive amounts of land for open
characterizes the underlying causes of land space and circulation within subdivisions. In
occupation in hazard-prone areas and presents other situations, low-income groups occupy
alternative land management approaches for poorly serviced, hazard-prone areas because
addressing this problem in cities of the local authorities governments have not
developing world. formulated effective land use policies, laws,

and standards that address development in
Why the urban poor occupy these areas or because they have not

hazard-prone areas adequately enforced existing regulations.

Low-income populations occupy hazard- Excessive regulation
prone areas because they do not have the By reducing the amount of land in the
financial resources to compete for desirable formal market, excessive zoning restrictions
serviced urban land in safe locations; hazard- and subdivision regulations have increased
prone areas may be the only land available for costs and thus constrained access of low-
squatter or other low-income settlements. In income populations to environmentally safe
some cases, the urban poor choose to inhabit lands in desirable locations. In Serpong
marginal lands near the inner city to have (southwest of Jakarta), for example, the zoning
access to central area employment plan restricts residential use to only 34 percent
opportunities-even when affordable land is of the total land area. The areas zoned
available on the urban fringe. The cost of residential (that is, where formal development
commuting to the central city may be is allowed) do not necessarily coincide with
prohibitive for those earning a living from land that is ready for development or where
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developers feel that residential demand exists. housing and commercial property beyond the
Hence, the supply of land for formal reach of low-income groups, they restrict the
development is limited to approved residential poor to housing that lacks even the most basic
zones and where actual demand exists. In public health provisions.
Serpong, however, a large part of the area In addition to excessive land use controls,
zoned residential has no direct road access and complicated time-consuming procedures for
will have to rely on infrastructure not yet built. obtaining clear titles and permission for
Because no developer can risk acquiring land development present added costs. According
in areas without access, the area of to de Soto (1989), for example, land titling in
developable land on the market is further Peru takes 207 bureaucratic steps by 48
reduced. Consequently, the area that is both different government agencies, which requires
directly accessible and authorized for housing about 43 months to complete. In Indonesia as
by the zoning plan is only about 15 percent of well, obtaining proper title for projects can
the total residential land area (Bertaud 1989). take a long time, depending on the legal status

In addition to restricting land uses, zonirng of the land, its intended use, and the desire of
regulations can control population densities. the owners to sell. In West Java, land transfers
Planned densities are usually much lower than take an average of 32.5 months to acquire title
the actual densities in middle-income to property. In addition to lengthy time,
residential developments. For example, complex titling requirements add between 10
planned densities in residential areas of and 29 percent more to the cost of acquiring
Serpong have an average of 56 persons per land (Dowall and Clark 1991).
hectare. By contrast, densities in middle- Procedural delays in obtaining
income developments vary from 300 to 500 development permits explain why the increase
persons per hectare, which corresponds to plot in housing prices in Malaysia substantially
sizes ranging from 60 to 90 square meters. The exceeded those in Thailand over the same time
amount of land per household that period. In Malaysia, prices of newly-built
corresponds to the permissible density is about housing increased by an annual rate of 18.9
830 square meters. This would produce an percent between 1972 and 1982, a rate about
average plot size of 500 square meters, which triple the overall increase in consumer prices
would be affordable by only about 5 percent of and about four times the increase in housing
the urban population (Bertaud 1989). prices experienced in Thailand. According to

Excessive subdivision regulations also a World Bank report (1989), the factors for
increase costs for urban land. For example, such an increase in Malaysia's housing prices
local governments in developing countries can be attributed to high government-imposed
often adopt standards for road surfaces, housing standards, overly complex and time-
building materials, plot sizes, and floor areas consuming housing project approval
that are comparable to or exceed standards procedures, the sluggish response of the
common in developed countries. In Malaysia, housing industry to increases in housing prices,
for example, the area per house provided with and high housing demand. For example, it
roads is up to four times greater in the typical takes between five and eight years to obtain all
Malaysian subdivision than in comparable the necessary permits for subdivision approval
projects in North American or Western from 15-20 government agencies. In Thailand,
Europe. Based on international practices, by contrast, it takes about five months to
about 25 percent of the land set aside in obtain subdivision approval from five
Malaysia is wasted; streets are too wide, the government agencies (World Bank 1989).
setbacks are excessive, and the land is
dedicated for redundant facilities (World Bank Inadequate regulation
1989). Because building to these standards, Although excessive land regulation has
which generally exceed minimum requirements constrained the supply of land in some
for public health and safety, raises the costs of developing country cities, inadequate
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regulatory frameworks and weak enforcement salt marshes bordering the river that divides
are major factors contributing to the Rabat and Sale. Since lands could not be used
occupation of hazard-prone areas in other for 'higher' purposes, the regulation
cities. Many developing countries generally essentially directed squatters right to them.
lack appropriate building codes for Because permanent housing was outlawed, the
construction in hazard-prone areas. Also, few normal progression from unstable shacks to
trained professionals are available in improved and more habitable structures was
developing countries to prepare plans and actually prevented (Baross 1983).
formulate appropriate development Lastly, few national and local governments
regulations. have accepted land use control as a major

In some situations, although local priority. Land use policies and regulations,
authorities may design appropriate regulations, therefore, have not been formulated, and
they are improperly implemented and explicit objectives for hazard-prone areas have
enforced. In Izmir, Turkey, for example, not been established. Although many planning
engineers and planners have taken steps to activities attempt to establish a physical form
incorporate risks of natural hazards (that is, or design for an urban area, they usually are
earthquakes, landslides, and flooding) into the undertaken without regard to questions of
planning process. Some areas that are efficiency, equity, and adaptability. Numerous
potentially subject to earthquakes have codes, ordinances, and other instruments have
building restrictions forbidding construction of been adopted that were used in developed
commercial or high-density structures. Other countries with totally different land and
areas subject to high risk of landslides have construction conditions. They are also
been determined as unsuitable for any generally formulated without having consulted
construction and are to be used only for open with public or private interests and therefore
space. National construction standards are in lack political acceptance and adequate
place in earthquake-prone areas as well. incentives to prevent environmentally
Nonetheless, there is no requirement for all inappropriate land conversion or development.
structures to be reviewed for compliance with These land use plans, as well as the
standards as part of the construction permit accompanying controls, are often unrealistic
process (World Bank 1989). and unenforceable due in large part to the low

Land use laws in other cities forbid priority given them.
development in hazardous areas, but they are
inadequately enforced either because the city
cannot afford to hire inspectors or because
those employed are so poorly paid that they Inadequate information
are susceptible to bribes. Moreover, stopping
the poor from building on these locations is In most developing countries, the
difficult because they cannot afford to live inadequacy of information on the land and
elsewhere. Many cities have inadequate environment poses a severe constraint on land
resources and policies for providing low- market transactions, as well as land use and
income households with alternative housing. In environmental planning, property taxation,
some cities, as soon as the authorities have resource management, and hazard
resettled households elsewhere, other migrants mitigation-all of which are directly related to
quickly take their places (World Bank 1991). the occupation of hazard-prone areas. More

In Morocco, laws restricting development information is needed on parcel-based land
in hazardous areas have actually encouraged (land ownership, land values, land use), the
low-income people to occupy these areas. The environment (ambient environmental quality,
government declared certain portions of Rabat waste management practices); health
off limits for permanent housing because they conditions; housing conditions; and natural
were situated on the steep slopes and adjacent hazards and associated risks.
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Parcel-based land information managed, local authorities find it extremely
With respect to the land market, the difficult to establish effective regulations and

necessary data for land transactions are either policies that affect hazard-prone areas. At a
not readily available or drastically outdated minimum, information is needed on existing
and incomplete. The legal cadastre may land use and density; waste management
account for only a small portion of urban land; practices (that is, solid and hazardous wastes,
legal rights to most properties are unclear, sanitation, industrial pollution); locations and
since many remain under tribal or customary capacities of existing utilities and services; local
systems of land tenure. In many cases, there health conditions; natural hazards; land
are conflicting titles to the same or conversion rates; and economic and social
overlapping land parcels. Complex tenure characteristics of local populations and
arrangements complicate the situation further; activities. Most countries lack enough accurate,
the lengthy legal and technical procedures timely data-as well as the capability to
needed to clarify ownership delay real estate interpret the data-on many of the above,
transactions considerably. In Accra, for which inhibits the formulation, application, and
example, conflicting customary and modern enforcement of land management schemes, as
systems of titling and land registration have well as broader environmental management
resulted in 16,000 legal claims over disputed strategies. Lack of such baseline data also
properties. Subsequent litigation has forced undermines adequate environmental
land development on the fringe of Accra to assessment of a proposed development project
halt (Acquaye 1989, cited in Dowall and Clark to be located on or adjacent to hazard-prone
1991). Consequently, the time and costs areas.
involved in resolving disputes and obtaining
clear title lead many to obtain land and
housing through the informal sector. In many
cases, informal housing subdivisions are
located on hazard-prone lands on the Lack of tenure security
peripheries of cities.

Inadequate tax rolls or fiscal cadastres also The pervasive lack of secure tenure and
have direct implications on financing urban poor titling and land registration systems in
infrastructure and thus for expanding the many developing countries poses a
supply of serviced land in the formal market. considerable constraint on urban land markets
Not only is the number of recorded properties and has profoundly affected the ability of the
low, but the assessments are usually out of poor to acquire safe land for housing. A major
date and reduced by inflation. These implication of a poor titling and land
inadequate fiscal records, in addition to registration system is the inability of
outdated land assessments and poor collection landowners to gain access to formal sources of
performance, result in property tax revenues credit because they cannot use their property
that are only a fraction of municipal revenues. as collateral. In most situations, banks will not
In the cities of most developing countries, the provide loans for home improvements without
urban poor are the group most often not a clear title. Moreover, in the absence of
provided urban services. Lack of financial secure tenure, residents have little incentive to
resources also means that the existing maintain their dwellings or invest in
infrastructure cannot be maintained properly, improvements, thereby increasing the
thus increasing the vulnerability of lands in vulnerability of the area to floods,
hazard-prone areas. earthquakes, and other hazards. Studies on

informal settlements find that as security of
Land use and environmental data tenure increases, households invest more

Without key land use and environmental resources in upgrading their residences
information on the land resources to be (Dowall and Clark 1991).
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Inadequate taxation objectives include increasing the supply of
affordable serviced land for low-income

The lack of adequate tax policies and populations, increasing efficiency and equity in
systems has contnbuted to a shortage of land allocation, and releasing urban land from
serviced urban land. For example, ineffective such constraints as excessive zoning
tax policies perpetuate the holding of vacant restrictions. By contrast, the objectives of
or underutilized land that could otherwise be environmental protection aim to maintain and
converted for higher-density urban protect environmental resources, services, and
development. Low property taxes not only ecological processes; protect natural plant and
subsidize the landowner, but they enable animal habitats; manage multiple uses; protect
landowners to tie up parcels of land environmentally sensitive areas; and encourage
unproductively at relatively low cost to public awareness of the need for using natural
themselves. Due to inadequate taxation resources wisely. Although policies and actions
systems, most cities in developing countries to meet each set of objectives may overlap,
also have insufficient financial resources to some approaches may conflict with each other.
finance infrastructure or improve land titling To meet environmental objectives, one
and registration systems. As discussed above, approach places special restrictions on land
the property tax system in most developing vulnerable to natural and human-caused
countries is undermined by poor coverage, out- hazards. As discussed above, however,
of-date property assessments, and inadequate imposing such restrictions can have negative
collection and enforcement systems. Also, local repercussions for the urban poor. Restricting
governments have not applied effective development on such land will place additional
policies for collecting development fees, constraints on the supply of land available for
exactions, user charges, or other charges that urban development and thus increase its price.
could finance new or improved services and Unless the government provides aiLa-.
thus expand the supply of serviced land. sites for low-income development, placing

development restrictions on hazard-prone land
Land management strategies will further constrain an already limited supply

for hazard-prone areas of land and push illegal settlements further
away from employment opportunities and

Ideally, the management of hazard-prone urban services.
areas should be carried out within the context To accommodate the needs of low-income
of an overall land and environmental populations, another approach to managing
management plan for the metropolitan area, hazard-prone lands restricts development in
coastal zone management program, or designated areas, but provides alternative safe
integrated hazards management plan. Under sites for development. Urban land
any of these schemes, it will be necessary to management authorities would service
carry out a comprehensive assessment of alternative sites in desirable locations and/or
hazard-prone areas (covering both natural and increase allowable densities in existing urban
socioeconomic conditions), formulate urban areas. In some cases, relocating existing land
land management objectives that relate to occupants to alternative sites may be
hazard-prone areas, and then identify necessary, as well as providing appropriate
appropriate land management strategies and compensation. Alternatively, local authorities
instruments. could allow development of some hazarl-

prone areas, but require or provide
Land management objectives and strategies appropriate infrastructure and building

materials that would mitigate the negative
Many land management objectives call effects in the event of an emergency. In some

for improvement of land markets as well as cases, dedicating hazard-prone areas for special
resource protection. Typical land policy uses may be necessary. For example, hazard-
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prone areas can be designated as parks or cost considerations. As mentioned above,
protected areas, which the local community allowing development in some vulnerable areas
could enjoy. Designating such areas, however, may require public investment in appropriate
should involve public expenditures for infrastructure to withstand hazards (for
establishing and enforcing the necessary example, appropriate drainage systems). If the
management controls, as well as providing local authorities allow development in hazard-
alternative housing sites. prone areas without the necessary mitigation

In most instances, managing hazard-prone measures, however, the government as well as
areas will require a broader approach to urban the occupants, may be faced with many lost
and environmental management in a particular lives, destroyed property and infrastructure, as
city or metropolitan area. In Benin, for well as the necessary expenditures for
example, the entire capital city of Cotonou is providing alternative shelter, food, health care,
located on a narrow strip between the Atlantic and other services in the event of a disaster.
Ocean and a coastal lagoon and is subject to The evaluation of costs and benefits in
serious flooding. Nearly half the city's settled formulating land management strategies for
areas are inaccessible during much of the year hazard-prone areas should involve national and
due to the long neglect of road and drain local actors and should take into account the
maintenance. Existing undeveloped land in the nature, severity, and frequency of existing or
city lies over sensitive groundwater resources potential hazards. Once land management
used for drinking. To improve conditions in objectives and strategies are identified, the
this situation, the government is investing in next challenge is to select locally appropriate
extensive infrastructure improvements land management instruments that can achieve
(including sanitation and drainage), as well as a proper balance between land efficiency and
improvements in the management of urban equity as well as the protection of urban
services, local fiscal resource mobilization, and populations.
urban management capacity. (See Benin
Floods and Bank Response: The Case of Seecting appropriate land management
Cotonou in this volume.) instruments

Evaluating costs and benefits Managing hazard-prone areas requires a
mix of appropriate policies and instruments.

In formulating strategies for hazard-prone Some of these instruments will influence
areas, land managers need to evaluate the market behavior (for example, increasing
benefits and costs of each alternative-to both supply by removing excessive land use controls
the government and the poor. From the or improving land titling systems); others will
perspective of the government, for examplle, affect the land management process through
the benefits of restricting occupation of improved regulation, subsidies for
hazard-prone areas can be measured in tenns infrastructure, or provision of critical land
of the costs saved by not having to provide information. The array of instruments available
protective infrastructure, subsidize housing for managing development in hazard-prone
built to withstand natural hazards, or to areas fall into six basic categories:
provide emergency relief and alternative Regulatory approaches These include
housing and supplies in the event of a disaster. zoning, subdivision regulations, and
The costs of these restrictions, however, may building codes, all designed to protect
include the direct expenditures for establishing land resources urban populations.
and maintaining special controls over hazard- Economic instruments. These include
prone areas or for making alternative land economic incentives such as preferential
available for low-income housing. taxation schemes, transfer and

Allowing development in hazard-prone development taxes, and grants, all of
areas imposes a different set of benefit and which can be used to encourage
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developers and landowners to develop (or addition, urban land managers need to take
keep in natural state) hazard-prone land the following factors into account:
in accordance with environmental Loca attitudes and interests. What are
objectives. the social and cultural values of the
Property rightL This approach involves population? Do public authorities want to
the provision of secure land tenure to protect vulnerable populations or are they
promote investment in housing and more concerned about other local
infrastructure improvements. priorities?
Acquisition strategies. These include Legal authorities. Do the existing local
various types of land acquisition land management agencies have sufficient
approaches, such as voluntary sales, authority for implementing and enforcing
expropriation, easements, and land the chosen approaches?
exchanges, that will enable urban land Institutional capacities. Are there
managers to either restrict development in sufficient financial, technical, and
hazard-prone areas or ensure that managerial capacities to implement and
adequate infrastructure provision and enforce the strategy?
other measures are taken to protect Economic and market conditions. What is
vulnerable populations and resources. the level of economic development and
Government provision of infrastructure. urbanization? Will the instrument be able
This approach involves the provision of to withstand development pressures? Will
appropriate infrastructure (for example, the tax incentives have a significant effect
roads, water and sanitation, drainage ) to on landowner decisions?
guide development as well as to serve the Efficiency. What are the long and short-
special needs of hazard-prone areas. term costs associated with each approach?
Information/educational approaches. Typical cost considerations include costs
These include methods for expanding for administration and enforcement,
public knowledge of the issues, land effects on local land prices, and
conditions, and environmental infrastructure costs. Does the instrument
implications of various types of or mix of instruments achieve the
development on hazard-prone lands. objective at minimum aggregate cost,
These approaches can be used to support including costs to both the government
land use decisions and to encourage and the land users?
landowners and public authorities to carry Equity. Does the instrument take into
out voluntary conservation. They include account the income levels of land users
land titling and land information systems, and landowners? Who pays and who
various types of assessments (e.g., benefits? Do costs fall disproportionately
environmental impact, land market, on the poor? Does the instrument ensure
hazard), and public information programs. that low-income populations are not
Local authorities need to select the most denied land within the urban area or

appropriate instrument or mix of instruments denied adequate access to other activities
to meet the particular needs, priorities, and (for example, employment or
special characteristics of each problem and transportation)?
locality. In determining the most appropriate Adaptability. Does the instrument ensure
instruments, they must assess existing and that the urban pattern can adapt and
planned land uses, existing land use and other change over time as new pressures of
applicable controls that may or may not be population growth and economic activity
appropriate or effectively enforced, existing arise (for example, to allow expansion of
rates of land conversion, and the extent of activities and services as needs arise)?
land area requiring special management. In Conflict resolution Is there a system for

mediating and resolving conflicts between
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competing objectives at one level and ments. The remainder of this paper discusses
competing uses at another? in more detail the principal land management
Political constraints. Are the selected instruments that can be used to protect urban
approaches politically feasible? What is populations from location-related hazards.
the commitment of key decision-makers, (See Box 6.1 for information on a joint project
as well as the checking mechanism or carried out by the World Bank and two United
opposition parties, the mass media, and Nations agencies to address the need for
citizen groups? appropriate management instruments.)
All these factors need to be addressed in

determining the appropriate mix of instru-
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Alternative instruments for managing Regulatory approaches
occupation of hazard-prone lands

Zoning
As discussed earlier, six categories of Zoning is the division of a municipality or

instruments can be used by urban land other jurisdiction into districts (or zones) in
authorities to manage hazard-prone areas. which certain uses (that is, residential,
Ways in which individual tools within eaLch commercial, industrial) are permitted and
category can be applied to hazard-prone areas others are not permitted. Zoning also
are summarized below. The following establishes the height and bulk of buildings
instruments, however, do not necessarily cover and other structures, minimum allowable lot
the full range of possible options. Rather, they sizes, minimum setback from propert lines,
represent the most commonly used approaches and population density. By controlling the use
by both developing and developed countries, of land as well as the density of various land
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uses, zoning can protect critical environmental supportive, and if there is capacity for
areas such as wetlands, restrict development in adequate enforcement. Generally, zoning has
hazard-prone areas, and separate conflicting been ineffective in achieving large-scale shifts
land uses. Zoning, which is one of the in development patterns or in changing
community's police powers, is probably the aggregate supply or demand. Unless zoning is
most powerful land management instrument built on a strong foundation reinforced with
because it permits the community to exclude supplementary control measures and is fully
many uses altogether. Specific types of zoning consistent with major market forces, it cannot
that are particularly relevant to managing provide an effective control program.
occupation of hazard-prone areas are briefly Moreover, where land use controls significantly
described below. limit the location and supply of residential

Floodplain zoning. Floodplain zoning land, for example, zoning becomes a major
regulations control uses of land within source of inflation in housing costs (Mekvichai
hydrologically defined areas subject to 1991).
floods of a designated frequency. In restricting land use, urban land
Essentially, they establish a flood setback managers must consider the availability of
rule for most development. In the United alternative building sites, location of existing
States, the impetus for most local roads and water/wastewater disposal systems,
floodplain zoning ordinances was the land values, and development pressures. If
National Flood Insurance Program; most land will be restricted, there must be
floodplain zoning is consistent with its alternative sites or increases in allowable
regulations. density in other sites located near employment
Performance zoning. Performance zoning or provide transport. If occupants of hazard-
allows flexibility in design as long as prone areas are relocated to alternative sites,
certain standards are met. It can be however, special measures (for example, fence
applied to residential development, construction, police monitoring, and
industrial zones, and hazard-prone areas enforcement action) must be taken to ensure
among others. To protect development in that new groups of squatters or low-income
hazard-prone areas, for example, a locality settlements do not replace them.
could require a developer to conduct a Land use controls can be effective, but
hazard or risk analysis so as to avoid they are negative. They prevent landowners
certain types of development in and households from acting freely on the land
vulnerable areas. Typically, performance they control. Moreover, they require a
standards are expressed as ratios of open sophisticated, well-trained bureaucracy with a
space, density, and floor area. As long as strong enforcement arm to operate effectively.
the standards are met, development can Hence, local officials in developing countries
be clustered in one or more of the tract, rarely use zoning effectively. Few can afford
leaving other areas in natural cover. Their the elaborate enforcement system (that is,
effectiveness depends primarily on the inspectors, officials with police powers, and
quality and thoroughness of the standards judicial bodies to resolve disputes) to make
themselves and how well they are tailored these controls work effectively (Kitay 1985).
to local conditions (Mantell et al. 1990).
Overlay zoning. Overlay zoning can Subdivision regulations
impose special restrictions (for example, Subdivision regulations are locally adopted
requirements for setbacks) and designate laws governing the process of converting raw
permitted uses for hazard-prone areas. land into building sites. Such laws control the
In developing countries, land use controls physical layout of new developments by

have the best chance for success if the areas to establishing standards for lot size, width and
be restricted are relatively small, if the length of streets, and sites and adequate space
problems are clearly identified, if the public is for public facilities and services (that is, traffic,
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utilities, recreation, installation of water, and materials, position of a building on a lot or its
sanitation services). Subdivision regulations are distance from the street, height or depth of a
accomplished through plat approval building, and the use of a building. Building
procedures. A developer is not permitted to regulations are one of the oldest and most
make improvements or divide or sell land until common method of controlling land
the plat (detailed map) of the proposed development. They address fire protection,
subdivision is approved by the planning structural safety, resistance to natural disasters,
authority. sanitation, and esthetic considerations.

Regulation and planning of subdivisions is Building regulations are an important
used extensively in developing countries. In means of controlling losses from floods,
many cities, planning authorities may take a tropical cyclones, and other natural hazards
substantial portion of a private developer's which imply added loads for the structure.
land for open spaces and other public Building regulations that prevent earthquake
purposes. The costs of land regulations to damage, however, are not necessarily the same
households include the direct costs of meeting as those that afford protection from tropical
minimum standards, costs in time and labor to cyclones or floods. Incorporating standards for
obtain the necessary titles and permits, and withstanding hazard-induced stress into
informal payment costs where laws are building regulations usually augments
imprecise. All these costs, however, fall mainly construction costs, although experience shows
on the poor. For example, minimum plot size that simple precautions can be effective. For
increases the costs for households that would example, such simple preventive measures as
normally have chosen a smaller plot size than anchoring roofs securely to buildings or
that mandated by the regulations. In Jakarta, installing strong shutters for glass windows can
for example, the minimum legal standards for considerably reduce damage from tropical
a dwelling unit raise the minimum cost of cyclones. In Latin America, the use of building
about Rp 4 million per unit. By establishing regulations to mitigate the effects of natural
minimum standards, the law implicitly disasters seems to be growing, most notably in
establishes a de facto "minimum standard the Caribbean where the adoption of building
income.' If households fall below this techniques and codes that can reduce damage
minimum standard income, they will have to to buildings from tropical cyclones and other
obtain shelter through the informal sector, and natural disasters is being promoted. In 1982,
thus forego a number of benefits reserved for the Caribbean Community Secretariat, with
the formal sector (for example, access to assistance from other organizations, developed
housing finance). In this way, poor households a Caribbean Uniform Building Code to reduce
are made to pay either a direct cost if they damages from tropical cyclones (ECLAC
decide to meet minimum standards and thus 1990).
pay more for shelter, or an indirect cost if they The imposition of building regulations
cannot afford the minimum standards and thus often has been responsible for raising building
lose the benefits of the formal sector (Bertaud costs and widening the gulf between what the
1989). consumer can and must pay for rent. Every

regulation that raises costs, unless
Building regulations compensated by a rise in real income or

Building codes regulate the materials used subsidies, removes another segment of the
for constructing new buildings, as well as the population from the group that can afford to
manner in which they are constructed. They own a house (Courtney 1983). In many
must be codified or written into deeds or other developing countries, land use regulations,
instruments and may be statutory or planning, and building standards constrain the
contractual. They include restrictions against access of low-income groups to land. While
erecting certain structures, and restrictions on these regulations attempt to ensure citizen
the style of architecture, cost of the structure, health, safety, and welfare by strictly
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controlling building and land development particular types of areas (Sorensen and
standards, they force the very groups they seek McCreary 1990).
to protect into the completely unregulated Many countries have adopted the concept
informal sector. The solution is to design land of public ownership along the shoreline. In
development standards that address both Latin America, at least eight countries apply
externalities and housing affordability concerns the concept of a public zone: Brazil, Chile,
(Dowall and Clark 1991). Colombia, Costa Rica, Ecuador, Mexico,

Uruguay, and Venezuela. Each of these
Environmental controls countries has established shoreland zones

National, state, and local controls on air based on a specific setback from the shoreline
and water pollution, and on solid and (usually mean tide). There is considerable
hazardous waste should restrict the discharge variation, however, in the width of the zone as
of pollutants and solid and hazardous wastes well as differences in both the allowable uses
into the environment. The effective design, and the extent to which the government plans
implementation, and enforcement of these and manages the area.
controls are essential to protect urban According to Sorensen, Costa Rica
populations that may be located on lands near appears to have the most ambitious and
industrial facilities. Because these controls are comprehensive shoreland restriction program
not land management instruments per se, they in the world. Under this program, the
lie beyond the scope of this paper.' jurisdictional area is a 200-meter-wide marine
Nonetheless, several local government and terrestrial zone. The law divides the zone
environmental controls can directly affect into two components: the zona publica and the
urban land use. zona restringida (restricted zone). The zona

Shoreline exclusion or restrictions. publica extends inland 50 meters from mean
Shoreline exclusion or restrictions refers to high tide or the inland limit of the wetlands
regulatory programs that prohibit or and the upstream limit of the estuaries as
significantly limit certain uses within a strip in defined by salt or tidal influence. The zona
the coastal zone. The areas subject to restringida covers the remaining 150 meters
shoreline restriction are typically landward of inland. The zona publica is devoted to public
the high water mark. They are rarely in the use and access, and commercial development
intertidal zone or submerged lands because the is generally prohibited. Exceptions to the
national government usually controls these prohibition against commercial development
areas under separate mandates. Although most are made for enterprises that are coastal
shoreline exclusion strategies in developing dependent, such as sport fishing installations,
countries arise from concerns over public port installations, and their infrastructure. In
access, degradation of views, and erosion of the zona restringida, development is controlled
shorelines, such strategies can also be used to by a permit and concessions system that is
limit residential and tourist development in based on a detailed regulation plan formulated
areas at high risk of deaths and property losses at the local level of government. A concession
from natural disasters-especially hurricanes, is a development right on a specific parcel of
cyclones, tsunamis, and certain types of soil land for a particular land use and fixed time
liquefaction, land sinkage, and landslides. In period.
some cases, exclusion zones and land use Shoreline exclusion or restriction
planning boundaries for permit letting can be programs are administratively attractive in that
mutually supportive and may be integrated into they are inexpensive, geographically precise,
a single program. Shoreline exclusion zones and offer clear guidance about prohibited uses.
differ from critical area management programs This administrative simplicity provides a high
in that they are coastwide and carry no special degree of certainty for both coastal
designation declaring the uniqueness of management agencies and potential
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developers. Such zones can be tailored to Critical area management shows promise
particular natural resource features such as as a technique to help developing countries
dunes, mangroves, or other wetland habitats, avoid the consequences of urbanization in
to ensure that they are protected wherever flood plains. It enables a government to
they occur in the coastal zone. Exclusion concentrate funds and staff resources on the
programs providing a setback for public access most threatened or hazard-prone areas.
and shoreline recreation are likely to enjoy Because many designated areas may
wide support from inland residents who do not incorporate more than one important resource
own property. In a situation where coastal or hazard, the critical area strategy provides
resources are being degraded at an alarming the flexibility to tailor a detailed site plan or
rate, exclusion or restriction zones are a management approach to unique local
convenient way to impose a moratorium on conditions. Like land acquisition, however,
development until a more comprehensive land critical area designation is seldom a complete
use plan can be prepared and implemented response to a resource issue, although it is
(Sorensen and McCreary 1990). likely to be more comprehensive than

Highly developed or urbanized coasts acquisition alone because critical area
present difficult or impossible circumstances protection usually has both a land use
for the use of exclusion zones. Imposition of regulatory program and rules for guiding
an exclusion zone would be opposed in human activities within the area. A critical
political circumstances where native private area designation could, however, become the
property owners have enjoyed a high degree of focus of intense political controversy
discretion in implementing their own (Sorensen and McCreary 1990).
development plans. Similarly, it is doubtful that
exclusion programs could be adopted without Pernits
strong support from a nation's legislative bodly Issuance of permits is an integral
or chief executive. Moreover, exclusion component of many types of land and
programs require complementary programs of environmental management strategies. For
land use planning or some other effective example, land use planning, shoreland
planning strategy tb be effective. Exclusion exclusion, critical area protection, and
programs alone leave large gaps in the environmental impact assessment are all
national effort to achieve integrated coastal undertaken to provide government units with
management. policies and information for making decisions

Critical area protection. Critical area on the issuance of the permits that are
protection programs can be established by required (usually by law) before proposed
local, provincial, or national governments to development actions can proceed to
preclude development on selected eroding construction or implementation. Permits are
coasts; or to restrict development in a special useful to the extent that they can be granted
flood plain. Critical area protection programs or withheld according to how the entity meets
differ from other management strategies such certain conditions. Nonetheless, in many
as shoreline exclusion in that they require a countries, the government unit that carries out
formal designation, apply to specific the management strategy does not have
geographic locations, and typically address the permitting authority to ensure that its
concerns of more than one sector (for decisions are adequately implemented. The
example, wildlife protection, hazard area potential for adequately implementing a
management, parks, research). The strategy of management strategy, therefore, is greatly
critical area designations often represents a increased if the governmental unit also has the
precursor to the establishment of hazard authority to issue permits to enforce its
control zones, wildlife refuges, or parks. decisions (Sorensen and McCreary 1990).
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Economic instruments deduction on investment for the tanneries
relocating to other industrial zones during the

Impact and betterment fees first two years of estate construction, and a 7
Environmental impact fees or betterment percent reimbursement on investment for

fees are one-time payments that developers, small- and medium-sized tanneries (Kosmo
builders, or industry must make at the time of 1989).
development approval. They are calculated to
be proportionate to the cost of providing the Flood insurance
physical infrastructure and environmental National flood insurance programs can
services needed to increase the carrying provide a powerful incentive for local
capacity of the land sufficiently to communities to enact floodplain zoning and
accommodate the new development, yet still control construction within river and coastal
protect the environment. For example, floodplains. In the United States, for example,
environmental impact fees could be used to the National Flood Insurance Act of 1968, as
finance flood protection, parks and recreation, amended by the Flood Disaster Protection Act
water supply and sanitation, environmental of 1973, provides federally subsidized flood
monitoring and auditing, and hazardous waste insurance for property in mapped flood-prone
cleanup (Mekvichai 1990). According to areas. In return, local and state governments
Dowall and Clark (1991), special assessments must enact and enforce comprehensive
to finance new infrastructure can also be floodplain management measures designed to
applied to owners of vacant land. These reduce exposure to flood damage, which
assessments not only will ensure that the costs include land use controls and building
of the infrastructure are paid for by recipient standards. This program created flood
properties, but may also provide an incentive insurance maps, which delineate flood-prone
for developing the land. areas, After a locality enters the program and

complies with federal regulations, the local
Low-interest loans and grants government must require all development

Low-interest loans and grants are two within the designated floodplain to be
types of incentives that can be used for designed and built to withstand a 100-year
managing occupation of hazard-prone areas. storm (that is, the storm with a 1 percent
For example, if commercial banks establish a chance of occurring in any given year).
low-interest loan program in conjunction with Generally, this means that new development,
the government agency responsible for including substantial improvements to existing
enabling low-income residents to upgrade their structures, within the 100-year floodplain must
properties, these people will be able to be elevated above the flood level (Mantell et
withstand certain environmental threats. Also, al. 1990).
subsidized credit can be provided for industries Another approach is to design
either to relocate their factories or invest in nontraditional insurance schemes for low-
pollution control. income households. For example, low-income

In Turkey, the government provides families can join community savings plans,
subsidized credit for relocating industries. For which include insurance schemes. Their plans
example, leather tanneries relocating to the can be organized and managed by local
Maltepe Industrial Zone north of Izmir are organizations such as community groups, thrift
entitled to subsidized interest rates of 35 societies, or savings and loans. Under such a
percent for general loans and 22 percent for system, each household pledges to put a small
construction and infrastructure investment. amount into an interest-bearing savings
This is a clear incentive because interest costs account for a specified period (for example,
in 1988 and 1989 accounted for 20 percent of ten years). The organization managing the plan
total investment expenditures. The federal converts the money into hard currency and
government also offers a 40 percent tax invests it abroad. Any interest earned on the
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account is distributed among the various and monitoring the public land. In developing
depositors. If a disaster occurs during the ten- countries, however, where additional
year period, the depositors are reimbursed foir constraints are imposed by poorly functioning
the amount they pledged to invest. Either they land markets (see the section on Land
have savings accumulating over ten years oir Management Strategies for Hazard-Prone
they have the assurance that they will be Areas), land acquisition programs rarely are
covered if a disaster strikes (World Bank carried out efficiently.
1991).

Expropriation
Property rights The concept of expropriation is based on

a sovereign's power of eminent domain, which
Under this approach, the government allows the state to take private land for the

establishes a system for clarifying land good of the state. Expropriation is essentially
ownership and boundaries, and provides secure a forced sale; the laws governing expropriation
tenure to land occupants in illegal settlements, are as diverse as the countries' notions of the
including those in hazard-prone areas. This importance of private property and social land
enables landowners to gain access to formal needs (Kitay 1985). Nonetheless, the permitted
credit sources so that they can invest in purposes generally include transportation;
housing construction or improvements that vwill construction of public buildings (some
withstand certain hazards. Establishing such a countries include schools, government
system, however, normally requires the buildings, markets, factories, and even low-
political will to institute land reforms at the income housing); public utilities, and parks. In
national level as well as available expertise to some cases, the public purpose encompasses
review existing laws, integrate customanr the misuse of property. In Ecuador, for
systems of land tenure with modern land titling example, the Municipal Regime Law states
systems, design simple and efficient procedures that it is the prerogative of the municipalities
for providing secure land tenure to low-income to expropriate land that has not been put to a
groups, and register titles in legal cadastres. socially efficient use.
Providing legal land tenure may also involve a Most developing countries have fairly
system of incentives to encourage low-income extensive laws for expropriation. Although
landowners to register their properties, as well they vary a great deal in terms of power and
as measures to ensure that providing tenure authority, many exist in name only and are
does not encourage further invasions of rarely used. One theory for their infrequent
hazard-prone lands. use is that they may have been imported and

enacted alone without the support of a broad
Land acquisition approaches scheme of complementary powers of

acquisition. In such cases, the expropriation
Voluntary sale laws have been undermined by private

Direct land acquisition by government is opposition to public land acquisition.
often the only firm guarantee of land According to Kitay (1985), skillful advocates
availability for public purposes. Governments for private sector interests have been able to
commonly acquire sites for utilities, schools, use the safeguards in expropriation statutes
hospitals, public housing, and park and (that is, the public purpose doctrine and just
recreation space. Although land acquisition compensation) to frustrate and delay the use
can be an important tool for protecting of such authority. Kitay therefore recommends
sensitive lands or otherwise controlling their a serious exercise to revise land acquisition
use, there are several disadvantages to this laws that result in broad-based laws that do
instrument. They include the high costs of not rely unduly on compulsory powers (Kitay
acquiring land, the loss of local property tax 1985).
revenues, and the often high costs of managing
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Expropriation is seldom a complete Land e-xchange
response to managing vulnerable areas. For Public agencies may acquire land or
example, a land acquisition program for interests in land by trading land or interests
important wetland habitats can be frustrated already under their jurisdiction. Exchanges may
by poor land use practices in the surrounding be for equal values, or values can be equalized
watershed, causing excessive siltation in the by payment of cash. They provide an
wetland basin. Beyond the problem of opportunity to consolidate land holdings or
managing adjacent land uses, the acquisition acquire needed land interests to control the
must be supplemented by a vigorous use of hazard-prone areas. To carry out such
management program. (In the case of hazard- exchanges, however, a government must
prone areas, for example, this may mean develop a system for establishing the value of
monitoring easements or covenants to its tradable lands. Because of the difficulties in
guarantee a free, well-signed, public right-of- determining such values, land exchanges may
way). In considering this approach, therefore, not be expedient for compulsory acquisitions,
the financial, legal, and administrative costs of although they can be useful for voluntary
acquisition should be taken into account. transactions.

Easements Land readjustment
An easement is a legally enforceable Land readjustment (also known as land

interest in land created by a transfer. For consolidation and land pooling) is a method by
example, an easement can establish rights to which a public authority assembles inefficiently
enter and use land, such as the right of access configured unserviced urban, suburban, or
for public services. They also can limit certain rural land; reconfigures the plots; installs all
uses of land (for example, prohibit residential public services; and returns a portion of the
development). Easements can be acquired land to the original owner in proportion to
from being used by the public over a long their original contribution. Of the remaining
period without the owner's consent, yet with land, the government uses some for the roads
the owner's knowledge. The period of time and infrastructure and sells the rest to finance
may be statutory, or the use may have existed the cost of the redevelopment scheme.
for so long that the court will declare that Essentially, a land readjustment scheme
rights of the nature of an easement have been recovers for the public a part of the land
acquired by prescriptive use (U.S. Department developer's profit by making the public body
of the Interior 1982). the principal developer. The process is carried

Easements can be used most effectively out by manipulating the title of the land itself,
when some, but not all, rights of ownership are with only small exchanges of cash.
needed to achieve specific land management By consolidating small property holdings
objectives. For example, an easement can be and improving access and infrastructure, land
drafted that specifies exactly what uses will be readjustment can help remove constraints
allowed to continue and what uses will be related to the development of otherwise
restricted. For hazard-prone areas, these inaccessible parcels of urban and suburban
restrictions can specify the type, size, number, land. By helping to bring this land to the
and location of structures allowed on a market for more efficient use and
particular parcel, or they can specify that the development, pressures are reduced on
design and site plan are subject to approval by agricultural land in the urban fringe, and more
a managing agency. Easements are most useful efficient use is made of existing urban services.
when a private owner desires to continue uses Land readjustment has been effective in
that are compatible with public land Taiwan, Korea, Japan, and Germany.
management objectives.
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Advance land acquisition spatial relationships between various attributes,
Advance land acquisition is the strategic such as hazardous events, natural resources,

acquisition of limited amounts of land so as to and socioeconomic conditions, and therefore
control its use or pattern of growth, can support planners in assessing the impact of
particularly when accompanied by targeted natural events on existing and proposed
budgeting of capital resources. For example, development activities (OAS 1990). The
advance acquisition can be used for acquiring information to be assembled in a GIS for
the best sites for planned public facilities at a managing hazards is determined by the level of
time when such sites are within the financial government and purpose of application.
reach of the government or for acquiring land At the national level, for example,
along growth corridors (Kitay 1985). In planners can use a GIS to categorize land with
practice, however, few successful applications regard to natural hazards and to determine
exist in cities in developing countries due whether and to what extent natural
largely to the tendency of public agencies to phenomena pose a significant danger. At the
become monopolistic. Nonetheless, advance regional level, a GIS can be applied to more
acquisition can be considered more detailed studies to identify the potential for
appropriate for restricting development in development and hazard-related constraints of
vulnerable areas (Kitay 1985). selected areas. At the local level, planners can

use a GIS to formulate projects at the
Government provision of infrastructure prefeasibility and feasibility levels to locate

vulnerable lifeline network elements-for
Targeting resources for infrastructure example, ports and airports, hospitals, health

provision (for example, roads, sewers, water, centers, police stations, fire stations, schools,
electricity) can be the single most powerful energy infrastructure, road network, emergency
tool, except for government acquisition and management facilities, and telecommunications
construction of housing and industrial facilities, (OAS 1990).
to control land use. Government investment in Although a GIS has many potential
physical measures, such as appropriate applications, it may not be applicable in all
drainage, waste collection, and disposal situations and it may not be self-financing.
systems, can also reduce damages from future Moreover, for personal computer-based GIS,
floods and provide for routine maintenance there are many possible combinations of
and environmental protection in hazard-prone hardware and software. The system should be
lands. To carry out effective programs to chosen on the basis of simplicity and
provide infrastructure in developing countries, affordability. Sophisticated systems require
however, institutional capacity must be more technically skilled staff to run them, and
strengthened and the availability of public they may be more difficult to maintain and
funds and ability to mobilize financial repair locally. Especially for map analysis for
resources for these measures must be managing hazards, their capabilities may not be
increased. worth the additional cost (OAS 1990).

Information and educational approaches Remote sensing
Remote sensing refers to the process of

Geographic information system recording information from sensors mounted
As tools to collect, organize, analyze, andi either on aircraft or on satellites. The

present data, geographic information systems technique is applicable to natural hazards
(GISs) can play a critical role in mitigating management because nearly all geologic,
natural hazards through development planning. hydrologic, and atmospheric phenomena are
A GIS is a systematic means of combining recurring events or processes that leave
various data about a geographic area. It can evidence of their previous occurrence. Remote
contain mapped information that reveals sensing can play a critical role in all facets of
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disaster management, especially in the areas of governments and private landowners. For local
risk management, disaster preparedness, and governments, it facilitates urban planning, land
general development planning. Remote sensing administration, land management, provision of
reveals the location of previous occurrences; infrastructure, and environmental assessment.
distinguishing the conditions under which they For individuals and private enterprises, the LIS
are likely to occur makes it possible to identify facilitates real estate transactions by reducing
areas of potential exposure to natural hazards transfer costs and eliminating delays when
so that measures to reduce the social and boundaries and ownership must be established
economic impact of potential disasters can be before a transfer. The LIS also reduces
introduced into the planning process. The litigation and associated costs; provides greater
technology can be especially useful for accessibility of information about land, thus
obtaining accurate and timely information allowing a geographically larger and more
about the nature of a hazard, or for gathering competitive land market; and increases the
rapid, low-cost reconnaissance information availability of credit and mortgages for all
over large, often isolated areas where data types of development by providing credit
collection may otherwise be cumbersome. institutions with reliable records of the extent
Remote sensing also is useful for disaster and security of ownership.
monitoring and post-disaster assessment Although improving land information
(Morgan 1989). provides many benefits, governments in

Since 1986, SPOT I-a satellite financed developing countries are not always eager to
by France, Belgium, and Sweden-has been launch programs to upgrade existing cadastres
sending images with eight times the spatial or establish new systems for several reasons.
resolution of LANDSAT and other civilian Establishing a new land information system is
satellites. In a continuous regular orbit, SPOT costly and may not yield immediate tangible
I provides up-to-date images of urban centers and quantifiable benefits. Some countries may
throughout the world. Changes in the urban be faced with direct opposition to a modern
environment and in urban land use can be land information system. Tribal or ethnic
monitored by purchasing images at regular groups may be fearful that customary law will
intervals. These changes help in estimating be violated, or powerful landowners may resist
population growth and in evaluating the need such systems because the extent of their
for new infrastructure (Bertaud 1989). holdings may be publicized. Other constraints

to establishing effective land information
Land information system systems include political resistance to

A parcel-based land information system introducing or improving property tax systems,
(LIS)-often referred to as a multipurpose as well as possible security restrictions.
cadastre-is a tool for making legal, Establishing an LIS, however, is not only a
administrative, and economic decisions, and is matter of political will and available funds. It
an aid for planning and development. It requires the technical capacity to design
consists of a data base containing spatially systems that are low-cost, easily administered,
referenced land-related data for a defined area easily understood by local landowners, and
as well as procedures and techniques for properly maintained and updated by locally
systematically collecting, updating, processing, available experts.
and distributing the data. The base of an LIS
is a uniform spatial referencing system that Coastal atlases and data banks
links the data within the system with other A coastal atlas and data bank are a
land-related data. It includes data on land systematic compilation, interpretation, and
ownership, location, values, and other display of information linked to a specific set
attributes, such as land use or infrastructure.2 of coastal issues and organized for an entire

A properly functioning, parcel-based LIS state or nation. Through this approach,
can provide many benefits to local programs can be established that will permit
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use of natural resources and maintenance of data base is costly in terms of money and staff
environmental quality by adjusting use time spent. It should not be undertaken
according to resource capacity. Besides being without a clear realization of both start-up and
issue-oriented, the information in a coasital maintenance costs (Sorensen and McCreary
atlas should be collected consistently for the 1990).
same parameters, preferably at the same scale
on a national or statewide basis. Such Mapping natural hazards
information should also be compiled and Multiple hazard mapping. The multiple
synthesized in meaningful ways, using hazard map (MHM) is a tool for analyzing
consistent weighing and scaling techniques, and vulnerability risk, especially when MHM is
should be easily retrieved. The atlas should combined with the mapping of critical facilities
include a set of maps prepared on a common (see below). The advantages of an MHM are
scale. In some cases, the map may represent that the characteristics of the natural
the final output of the data base. In other phenomena and their possible effects can be
cases, a series of descriptive and interpretive synthesized from different sources on a single
maps may be part of the analytical effort map. An MHM can flag hazards that may
(Sorensen and McCreary 1990). trigger other effects or exacerbate them, and it

Coastal zone atlases and data bases can can obtain a more precise view of the effects
play a central role in facilitating a more of natural phenomena on a particular area. An
integrated and better informed approach to MHM can also identify sub-areas that require
coastal resource management. Data drawn more information, additional assessment, or
together on different aspects of the coastal specific hazard-reduction techniques. It can
environment (for example, mangrove location, allow land use decisions to be based
land use designations, and hazards) can be simultaneously on all hazard considerations.
used as tool for identifying problems, especially The MHM can also support emergency
those that need immediate attention. preparedness planning (OAS 1990).

The usefulness of coastal atlases and daita Critical facilities mapping The main
banks depends on several factors. First, these purpose of a critical facilities map (CFM) is to
tools must be linked to a process of convey clearly and accurately to planners and
interpretation, policy setting, and appropriate decision-makers the location, capacity, and
intervention. Second, the value of a coastal service area of critical facilities (that is, all
data base or atlas is clearly dependent on the manmade structures or other improvements
quality and quantity of raw data. In most whose function, size, service area, or
developing countries, the available data is uniqueness gives them the potential to cause
often uneven with regard to accuracy and serious bodily harm, extensive property
consistency of coverage. Third, the methods by damage, or disruption of vital socioeconomic
which data is compiled, scaled, and aggregated activities if they are destroyed or damaged or
have an equal impact on the utility of the data if their services are repeatedly interrupted).
base or atlas. This is especially evident in When combined with an MHM, a CFM can
considering the map scales at which data aire show which areas require more information,
obtained and reproduced. For example, maps which ones require different hazard reduction
compiled at scales of 1:120,000 or 1:125,000 techniques, and which ones need immediate
are useful for large-scale regional planning, but attention when a hazardous event occurs
much finer grain is needed (perhaps 1:24,000) (OAS 1990).
for preparing land use plans. Even more
detailed maps are needed for site plans of Environmental impact assessment
particular projects. Fourth, atlases and data An environmental impact assessment is a
bases can quickly become obsolete, so there tool by which the potential environmental
must a commitment to their timely use and effects of a proposed project and its
continual updating. Lastly, building an atlas or alternatives can be
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analyzed prior to implementation so as to nonstructural actions required to
ensure that the proposed project or action is mitigate risks;
environmentally sound and that any * for each sector or area at risk,
environmental consequences can be recognized examine standards, design criteria, and
early and taken into account during the project maintenance practices that may foster
design. Environmental impact assessments may vulnerability, and make appropriate
cover baseline environmental conditions; changes to help reduce it;
potential environmental impacts (both direct * examine the institutional capabilities
and indirect); comparison of the environmental for preventing and mitigating disasters
impacts of alternative investments, sites, at the national, regional, and local
technologies, and designs; preventive, levels, highlighting mechanisms for
mitigatory, and compensatory measures; interinstitutional coordination and
environmental management and training; and areas that may require strengthening;
provisions for monitoring the effects on a * identify the specific capabilities of
project. local nongovernmental organizations

In the case of industrial development, the (NGOs) to participate in activities to
environmental impact assessment should reduce vulnerability, particularly
address specific concerns related to pollution, concerning community involvement,
risk of accidents, and proximity to surrounding education, and training; and
settlements. In the case of natural hazards, * examine the existence of or need for
however, the environmental impact assessment policies to prevent and mitigate
should address whether or not a proposed disasters and for regulations at both
project will be affected by natural hazards, and the local and national levels.
if so, what measures will be taken to mitigate As part of the assessment, the capacity of
the effects. The environmental impact existing institutions to develop policy on
assessment should also serve as a vehicle for natural hazards and to implement that policy
analyzing the effects of development through regulatory, economic, and other
alternatives on disaster vulnerability and for instruments should be evaluated. Similarly, the
identifying disaster prevention and loss institutional capacity to develop and
reduction measures. According to the implement education and training programs
Environmental Sourcebook (World Bank should be assessed (World Bank 1991).
1991), following are some of the
considerations that should be addressed in Land market assessment
carrying out an environmental assessment of A land market assessment (LMA) is a tool
natural hazard risk: that provides an accurate and up-to-date data

* identify specific natural hazards, base on the operation of the urban land
including their characteristics, market. It assesses the current condition of the
distribution, intensities, qualities, and land market (for example, which land uses are
historical records to review the growing the fastest, where urban land
frequency, probability of occurrence, conversion is taking place, where urban land
and regional and local characteristics; conversion is outstripping the supply of

* identify the critical sectors in the serviced land, whether greenbelts or
economy and natural resources that agricultural land preservation is limiting
may be affected by the identified development, and whether planning standards
hazards, analyze the constraints and and building codes are pushing up housing
conflicts that may be imposed by the prices). An LMA can be used to estimate
natural hazards on each relevant future urban land requirements for residential,
sector and on natural resources, and commercial, and industrial uses. LMAs can be
examine the possible structural and used to support four broad activities: (a)

providing information for government planning
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and decision-making; (b) evaluating mapping and sectoral vulnerability analyses for
government policies and actions; (c) serving as sectors such as energy, transport, agriculture,
a foundation for structuring land-based tourism, and housing (OAS 1990).
taxation systems; and (d) providing information
for private sector investment and development Public education
decisions. The most significant benefit of the Public education should be provided for
LMA is that it helps improve the quality of urban land managers and local populations
land development planning and policymaking affected by natural and human-caused hazards.
by providing public officials with the basic Information is needed on the nature of local
assessment of the state of the land market. It hazards, the critical facilities that would be
also serves as a base for monitoring lan(d affected, and on hazard mitigation. Local
markets so that the effects of various policies populations also need information on how to
can be evaluated (Dowall 1991). build or rebuild their homes or businesses so

that they will not be damaged or destroyed in
Natural hazard assessments subsequent floods, hurricanes, or earthquakes.

Natural hazard assessments provide To facilitate the public education process,
information on the probable location and community-based nongovernmental
severity of dangerous natural phenomena anid organizations (NGOs) can play a major role in
the likelihood of their occurring within a providing technical support and critical
specific period of time in a given area. These information for improved health and
studies rely heavily on available scientific environmental conditions in poorly serviced
information, including geologic, geomorphic, areas.
and soil maps; climate and hydrological data; Conclusion
and topographic maps, aerial photographs, and
satellite imagery. Historical information The occupation of hazard-prone areas is
(written and oral accounts) from long-terrm a critical issue confronting urban land manag-
residents also helps characterize potentiail ers in developing country cities. Addressing
hazardous events. The natural hazard this problem requires a careful analysis of the
assessment evaluates the threat of natural nature, frequency, and potential negative
hazards, identifies additional data needs for a effects of local hazards and the underlying
definitive evaluation, and recommends reasons for occupation of hazard-prone areas;
appropriate means of obtaining the data (OAS formulation of land management strategies
1990). that take into account the costs and benefits of

alternative schemes for all relevant popula-
Vulnerability assessments tions; and selection of appropriate land man-

Vulnerability studies estimate the degree agement instruments for expanding the supply
of loss or damage that would result from the of urban land, restricting development, or
occurrence of a natural phenomenon of given mitigating the impacts of various hazards.
severity. The elements analyzed include human Selecting the right instrument or mix of instru-
populations; capital facilities and resources ments will involve consideration of a range of
such as settlements, lifelines, production natural, economic, and sociopolitical condi-
facilities, public assembly facilities, and cultural tions, along with government participation at
patrimony; and economic activities and the the national and local levels. As in other
normal functioning of settlements. aspects of urban environmental management,
Vulnerability can be estimated for selected efforts to manage hazard-prone areas will
geographic areas (for example, areas with the require actions by a variety of actors, public
greatest potential for development and already participation in the decision-making process,
developed areas in hazardous zones). The and local efforts to build broad-based support.
techniques include lifeline (or critical facilities)
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7. Motor Vehicle Emissions in Developing Countries:
Relative Implications for Urban Air Quality

Asif Faiz

Introduction countries such inventories are mostly con-
cerned with conventional or regulated air

Gases, aerosols and particles associated pollutants and do not normally include green-
with atmospheric contamination may be classi- house gases (USEPA 1990).
fied in two broad categories-Mconventionalff
and "greenhousew pollutants. Conventional Greenhouse pollutants
pollutants include the immediately harmful
constituents of automotive emissions such as The motor vehicle share of carbon dioxide
carbon monoxide (CO), nitrogen oxides (NOJ, emissions is closely related to consumption of
nonmethane hydrocarbons (NMHC), sulfur fossil fuel energy-typically 30 to 40 percent of
oxides (SO2), suspended particulate matter total energy demand and 60 to 80 percent of
(SPM), and lead (Pb). Greenhouse pollutants transport energy demand in industrialized
include emissions of carbon dioxide (CO2) countries. Motor vehicles account for some 14
methane (CH4), nitrous oxide (N20) and percent of global CO2 emissions.
chlorofluorocarbons (CFCs). Some of the Three CFCs (CFC-11, CFC-12, and CFC-
conventional pollutants such as NMHC and 113) are used in road transport-as a working
NOx-the precursors of tropospheric ozone fluid for auto air conditioners (CFC-12), in
(0 3)-and CO contribute indirectly to green- smaller quantities in foam seats, padding, and
house pollution. These emissions have signifi- insulation in refrigerated trucks (CFC-11), and
cant health and welfare impacts, which may be as a cleaning solvent for electronic compo-
disaggregated at three levels, "local," concern- nents in vehicle manufacture. Although CFC
ing urban air quality and the related health emissions are much smaller than emissions of
and welfare impacts, "regional," pertaining to CO2, the greenhouse potential per ton of
the welfare losses from acid deposition and CFC-12 is about 2,000 times greater than that
tropospheric ozone, and "global," related to of CO2 (per ton of carbon equivalent). The
build-up of greenhouse gases with implications United States is the largest user of CFCs in
for global warming and the destruction of the the transport sector; nearly 80 percent of new
protective ozone shield. While these effects U.S. domestic cars and trucks and 50 percent
have been observed universally, the air pollu- of imports are air conditioned, compared to 20
tion problem in developing countries has not percent of new vehicles sold in the rest of the
been adequately evaluated and documented. world (OTA 1991).
This paper attempts to assess the share of The total contribution of motor vehicles
developing countries in pollutant emissions to the greenhouse effect is estimated at about
from motor vehicles, particularly the implica- 12 percent (7 percent from CO2 and 5 percent
tions for urban air quality. from CFCs). Methane and tropospheric ozone

associated with motor vehicle use could in-
Emission characteristics and trends crease this contribution to 15 percent.

Comprehensive emission inventories, Conventional pollutants
classified by source and encompassing the Considering total world emissions of
entire range of contaminants are difficult to conventional pollutants from anthropogenic
assemble and are generally not available for sources, motor vehicles contribute as much as
developing countries. Even in industrialized 50 to 60 percent of CO, HC, and lead emis-
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sions. The motor vehicle share of particulate based on a variety of estimation procedures,
emissions is about 10 to 20 percent. The and can easily lead to erroneous country
transport sector accounts for the bulk of CO comparisons.
emissions in most countries-58 to 85 percent Emissions of conventional pollutants and
in OECD countries, over 60 percent in East- the share of the transport sector are shown in
ern Europe, more than 90 percent in the Table 1 for selected countries. Although the
Middle East, and 50 to 60 percent in tropical data set in the table is rather limited in its
Asian countries. In Poland, South Korea, and regional coverage, it points to several signifi-
Taiwan, the contribution of transport sector to cant trends in pollutant emissions from motor
CO emissions is lower, possibly due to low vehicles:
levels of automobile ownership and the exten- * Automotive lead emissions have de-
sive use of coal and fuel oil for domestic clined sharply in most OECD coun-
heating, power generation, and industry. With tries whereas in developing countries
respect to HC emissions, the sector share they are rising. Unless measures are
spans approximately the same range for urgently taken to reduce or eliminate
OECD countries (30 to 87 percent) as for the lead in the gasoline marketed in de-
non-OECD countries (37 to 100 percent). The veloping countries, their contribution
somewhat higher share for developing counI- to lead emissions may soon exceed
tries (46 to 100 percent) may be a function of that of OECD countries. Presently,
warmer climate with higher evaporative emis- the lead content of the leaded variety
sions from motor vehicles. As for NOx emis- is no more than 0.15 gm/liter in
sions, the contribution of motor vehicles is OECD countries compared to a range
similar for both OECD and non-OECD courI- of 0.15 to 0.85 gm/liter in developing
tries, ranging from 23 percent to 85 percent. countries.
Except for the United States and Canada, NC)X * While total SO2 and particulate emis-
emissions increased during the 1980s in both sions showed a general decline in all
industrialized and developing countries. With the countries for which time series
the exception of France, the transport sector data are shown, the contribution of
contributes relatively less to SO2 emissions in transport to these emissions increased
OECD and Eastern European countries than or at best remained constant, pointing
in developing countries. The higher transport to the lack of effective control of
share of SO2 emissions in developing countries emissions from diesel powered vehi-
is due to the poor fuel quality (higher sulfur cles in all countries, and the high
content, typically in excess of 0.6 percent by sulfur content of diesel fuel in several
weight compared to 0.3 percent in the United countries. Furthermore, the shares of
States) and the extensive use of diesel poW- automotive SO2, particulate and lead
ered vehicles for passenger transport. In emissions for the non-OECD coun-
France the proportion of SO2 from transport tries are expected to be significantly
is high because of the sharp reduction in SC)2 higher because of the poorer quality
emissions from traditional coal and oil-fired of automotive fuels and the more
stationary sources in the 1980s (nuclear energy extensive use of diesel-powered vehi-
at present accounts for a large part of power cles in these regions.
generation in France). In Eastern Europe, * The aggregate level and share of
most of SO2 emissions come from stationaly transport in CO and HC emissions
point and area sources. As for particulate increased in South Korea due to a
matter (PM), the transport contribution is sharp jump in private car ownership
higher in OECD countries as PM emissions during the 1980s, but declined in most
from stationary sources have for the most part OECD countries and Hungary; in the
been brought under control. PM inventories, latter case because of introduction of
however, tend to be the least reliable being cleaner cars. With increasing incomes
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Table 1. Contribution of Transport to Conventional Pollutant Emissions in Selected Countries

Total Man-made Emissions ('000 Vyr) Percent Attributable to Transport

Country Year CO HC NO, SO, PM Lead CO HC NO, SO. PM

OECD
Canada 1980 9,928 2,100 1,942 4,650 1,907 12.50 75% 49% 67% 3% 5%

1985 10,100 2,300 1,940 3,670 1,650 0.20 66% 40% 64% 3% 13%
U.S.A. 1980 79,600 21,100' 20,900 23,400 8,500 70.60e 70% 36% 47% 4% 15%

1988 61,200 18,600f 19,800 20,700 6,900 7.60' 67% 33% 41% 4% 20%
Austria 1986 1,084 118 206 145 51 0.31" 58% 87% 72% n.a. 23%
Finland 1980 500 100 290 590 n.a. n.a. 80% 60% 50% n.a. n.a.
France 1980 6,620 1,972 1,861 3,512 483 n.a. 62% 58% 55% 4% 11%

1990 13,000 2,550' 2,600 1,450 300 5.00 76% 69% 48% 21% 30%
Germany 1980 11,708 2,490 2,935 3,200 696 n.a. 75% 50% 54% 3% 9%

1986 8,910 2,482 2,965 2,305 564 n.a. 74% 52% 61% 5% 13°h
Ireland 1980 497 62 71 217 94 0.80 85% 60% 28% 2% 9%

1983 472 62 n.a. 140 100 0.50 81% 55% 330/o 4% 7%
Netherlands 1987 904 221 483 196 n.a. 0.34 80% 87% 59% 71% n.a.
U.K. 1980 4,999 2,241 2,264 4,836 290 7.20d 82% 28% 42% 1% 17%

1988 5,508 1,846 2,480 3,664 533 3.10 85% 30% 45% 1% 34%
OECD 1985 n.a. n.a. n.a. n.a. n.a. n.a. 75% 40% 48% 3% 13%

Eastern Europe
Hungary 1980 1,371 n.a. 371 1,635 547 0.60" 70% n.a. 30% n.a. 11%

1985 1,730 n.a. 400 1,460 500 0.53 60% n.a. 30% 1% 10%
1987 500 n.a. 280 1,292 434 n.a. 99% n.a. 39% 2% 6%

Poland 1988 863 181 1,550- 4,180 3,400 1.00 40% 37% 33% 3% n.a.
U.S.S.R. 1988 43,370 14,010 6,290 17,650 14,010 n.a. 66% 40% 29% n.a. 30%
Estonia, USSR 1989 238 n.a. 53 212 n.a. 0 .1 0 d 73% n.a. 56% 1% n.a.

Asia
Israel 1988 450 54 131 241 25 0.51 99% 100% 52% 4% 32%
Kuwait 1987 360 68 108 627 97 n.a. 96% 76% 26% 0.1% 3%
South Korea 1984 1,332 96 756 1,226 1,019 n.a. 17% 59% 63% 5% 2%

1988 3,292 205 352 488 475 n.a. 25% 57% 85% 8% 8%
Taiwan 1988 3,147 916 637 1,369 5,902 n.a. 46% 53% 50% 14% 1%
Thailand 1982 672 39 153 317 292 1.45 60% 46% 23% 15% 3%
Malaysia 1988 479 n.a. 74 236 n.a. n.a. 50% 95% 36% 1% 8%

Notes: a Road transport accounts for 75-95% of the shaz c of transport.
b 1985

'Volatile organic compounds, excluding methane

d From road transport only; comparative figures for Nigeria (1985) 5,200t; Mexico (1982) - 12,800t; and Mexico (1984) - 4,000 t.
The share of the transportation sector declined from 59,400t in 19S0 to 15,500t in 1985 and 2,600t in 1988.

Source: Faiz 1991
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and personal mobility, developing Motorization characteristics and trends
countries (even with progressive vehi-
cle emission controls) are likely to The global vehicle fleet has grown 10 fold
experience a rapid increase in total over the last forty years and was estimated to
HC, CO and Nox emissions during number some 630 million vehicles in 1988
the 1990s, while OECD countries (Figure 1). Although the overall rate of growth
should experience a further reduction. over the last 40 years has declined slightly,
in these emissions. commercial vehicles have increased more

* The total manmade emissions of rapidly than automobiles. For example, since
several pollutants (PM, SO2, CO) in 1970, automobile growth has averaged 4.7
Eastern Europe and rapidly industrial- percent per annum while truck and bus regis-
izing developing countries (e.g., Tai- trations have averaged 5.1 percent (Faiz et al.
wan, Korea) already exceed those in 199).
OECD countries of similar size ancl Most of the global vehicle fleet is concen-
population. The increasing rates of trated in the wealthier regions of the world.
private car ownership and the expand.. There are, however, marked differences in
ing role of road transport in freight motorization characteristics among the devel-
and passenger transport services in oping countries, with motorization inextricably
these countries will add to their al- linked with urbanization. Latin America has
ready significant share of air pollu- the highest level of urbanization and is also
tion. the most motorized region in the developing

The scale and magnitude of air pollution world. For instance, Brazil has the highest
from motor vehicles has to be differentiated bv number of motor vehicles among the develop-
region and country. Except for emissions of ing countries. In 1988, Brazil, Mexico, Argenti-
particulate matter and lead, the United States na, and Venezuela together had twice as many
is the largest single contributor to automotive automobiles as all the countries in Africa and
emissions of both conventional and green- South Asia. Taiwan with 20 million inhabitants
house pollutants. OECD countries collectively had 75 percent more automobiles than China
consume about 90 percent of CFC-12 used in with a population of over one billion people.
automotive air conditioning and generate Developing countries in Asia had more motor-
nearly three-fourths CO2, CO, NOx and HC cycles and three-wheelers than cars, trucks and
emissions, one-half of lead, and a substantial buses, while in Africa, such vehicles constitut-
share of SO2 and particulate emissions from ed less than 10 percent of the vehicle fleet.
motor vehicles. Furthermore, motor vehicles tend to be con-

The emission shares of developing coun- centrated in the large metropolitan areas in
tries and Eastern Europe are difficult to esti- developing countries. In Mexico for example,
mate because of the lack of vehicle emissions over 50 percent of the country's automobiles
data for most of the non-OECD countries. are to be found in Mexico City, about one-
Their share of automotive emissions is general- fourth of the Brazilian vehicle fleet operates in
ly smaller than their share of emissions from the Sao Paulo metropolitan area, and in India
all manmade sources. For example, these nearly a quarter of the nation's vehicle fleet
countries account for a 31 percent share of circulates in five cities-Bombay, Calcutta,
CO2 emissions from motor vehicles compared Delhi, Madras and Bangalore. These differenc-
to a 51 percent share of CO2 emissions fronm es in motorization characteristics strongly
all manmade sources. For some pollutants, influence the nature and magnitude of the
stationary point and area sources may be more automotive air pollution in the developing
important contributors to air pollution than world.
mobile sources in Eastern Europe and devel- The world motor vehicle fleet has been
oping countries. growing faster than the global population, and

experienced a 25 percent increase between
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Figure 1: Growth in World Population
and Motor Vehicle Fleet
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1981 and 1988 (MVMA 1990 and UN 1990). share of developing countries in global auto-
Much of the growth in the demand for motor motive emissions.
vehicles in the 1990s will occur in developing
countries and Eastern Europe. The annual mnpLications for urban air quality
demand for motor vehicles between 1988 and
2000 is estimated to increase by 220 percent in Motor vehicle use in developing countries
developing countries, 133 percent in Eastern currently contributes no more than 2 to 3
Europe compared to 10 percent in OECD percent to the greenhouse effect compared to
countries (Karmokolias 1990). a 10 to 12 percent contribution by OECD

While air pollution from motor vehicles countries. Even a threefold increase in auto-
may not pose a serious threat to human health motive energy consumption in developing
and welfare in much of the developing world countries will not equal the current level of
today (except for some highly industrialized greenhouse emissions from motor vehicles in
regions and megacities), two basic consider- OECD countries. Since motor vehicles in
ations point to a worsening situation over the developing countries are about half as energy
next decade: efficient as in OECD countries, there is con-

* the fast pace of urbanization and the siderable potential for increasing the efficiency
concentration of motor vehicle fleets of automotive energy use in developing coun-
in major metropolitan areas; and tries. With appropriate energy conservation

* the rapid increase in the rate of mo- and pricing policies, motor vehicle use could
torization resulting from increasing conceivably double or even triple in develop-
reliance on road transport for freight ing countries with no appreciable increase in
and passenger transport. greenhouse gas emissions over current levels.

The interplay of these two critical factors Available evidence also suggests that
is likely to contribute to uncontrolled urban regional acidification and photochemical oxida-
sprawl in many developing countries with tion problems linked to motor vehicle emis-
increasing dependence on motor vehicles for sions in developing countries are either mini-
private and public transport. Rising incomes mal or not well understood but could become
combined with an increasing propensity for significant in some developing regions if cur-
personal mobility and travel are likely to result rent trends in urbanization and motorization
in a pronounced increase in automobile own- continue into the next century.
ership and bus transportation in much of AsSia, The main casualty of automotive emis-
the Middle East, Eastern Europe and parts of sions is urban air quality. The effect of auto-
Africa. Moreover, the requirements for fast motive pollutants on ambient air quality in
and reliable distribution of goods, the increas- urban areas tends to be more pronounced than
ing pace of containerization, and the selection their emission shares on a regional or global
of transport options on the basis of service basis. On highly congested streets, these shares
rather than price alone will increase the reli- can rise even further. As motor vehicles emit
ance on trucks for freight transport. The global contaminants in close proximity to the breath-
motor vehicle population crossed the 6D0 ing zone of people, they not only pose a
million mark in 1988 and is projected to dou- greater health risk but are frequently a source
ble before year 2020. of public annoyance and a cause of vociferous

Much of this growth in vehicles and public complaint. The smoke and malodorous
emissions will occur in developing countries. fumes emitted by diesel buses on busy congest-
Even if technological breakthroughs in vehicle ed streets are often perceived as more damag-
and fuel technology were to reduce pollutant ing to health by the public than the invisible
emissions from motor vehicles to near zero, emissions from automobiles.
the long fleet turnover in developing countries Available data, albeit fragmented, provide
(15-20 years) would guarantee an escalating significant evidence of the increasing contribu-

tion of motor vehicles to poor air quality in
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several countries and cities in the developing addressed motor vehicle pollution to the same
world. Pollutant emissions from transport extent (e.g., Athens in 1990, London in 1978,
sources in high-income petroleum-exporting Munich in 1974/75, Sao Paulo in 1987). The
and rapidly industrializing countries in Asia are magnitude of pollutant emissions in urban
beginning to creep to the levels observed in areas in developing countries is as severe and
industrialized countries and also appear to be often exceeds that in cities in industrialized
on the increase in Eastern Europe (Faiz 1991). countries (compare Mexico City with Los

Air quality in major urban areas around Angeles; Manila with Osaka). The share of
the world has been monitored by the Global motor vehicles in air pollution is significantly
Environmental Monitoring System higher in cities with a tropical climate (Manila,
(GEMS/Air), which operates worldwide net- Kuala Lumpur) or in cities with a dry sunny
works to monitor air quality under the auspices climate and stable atmospheric conditions
of World Health Organization (WHO) and (Mexico City, Santiago). Motor vehicles are
United Nations Environmental Program less important sources of air pollution in cities
(UNEP). Atmospheric pollutants commonly with low levels of motorization (Bombay,
associated with motor vehicles (CO, NOX , Delhi) or cities in temperate zones (Seoul,
SO2, particulate matter, and lead) often exceed Ankara, Sarajevo) that are dependent on coal
the WHO Guidelines in many large cities in burning for space heating and other domestic
developing countries such as Mexico City, Sao and industrial uses.
Paulo, and Santiago in Latin America; Ibadan How vulnerable cities in developing coun-
and Lagos in Africa; nearly all the megacities tries are to the adverse impacts of motor
in Asia (notably Bangkok, Bombay, Jakarta, vehicle air pollution depends on a number of
Manila, and Seoul) and some of the second- factors other than city size, population, and
order urban centers such as Medan in Indone- level of motorization. The location of station-
sia and Klang in Malaysia; Ankara, Cairo, and ary point and area sources and the magnitude
Tehran in the Middle East; and most of the of discharges from these installations (facto-
major urban centers in Eastern Europe, e.g., ries, refineries, small industrial plants, domestic
Belgrade, Budapest, Istanbul, and Sarajevo. sources) are important considerations in as-
Mexico City today is by far the most populous sessing the relative scale and magnitude of
and the most polluted metropolis in the world. pollution from mobile sources. Emissions from
If unchecked, these trends could lead to severe biogenic and other natural sources (e.g., vege-
air pollution problems in many developing tation, bogs, fugitive dust) may also contribute
countries, comparable to the scale presently significantly to pollutant emissions. It is meteo-
observed in Mexico City. The escalating pace rological and physiographical conditions, how-
of motorization in non-OECD countries clear- ever, that ultimately determine the relationship
ly suggests that automotive emissions, if uncon- between emissions and ambient concentrations.
trolled, will account for an increasing share of Altitude is an important factor; fuel combus-
air pollution in the urban areas of developing tion efficiency of motor vehicles declines with
countries, particularly in tropical regions where altitude resulting in increased pollutant emis-
area sources of emissions such as space heat- sions, particularly of carbon monoxide. Tem-
ing are not a significant factor in fuel con- perate zone cities located in valleys and basins
sumption. surrounded by mountains commonly experi-

With few exceptions, road transport ence thermal inversions, which compress
accounts for a major share of pollutant emis- pollutants within a reduced ceiling height.
sions in urban areas in both developing and Other meteorological factors include direction
industrialized countries (Table 2). The share of and speed of prevailing winds, amount of
motor vehicles is particularly high in cities that sunlight, atmospheric stability, precipitation,
have controlled stationary sources of air pollu- and humidity. Abundant sunshine, light winds
tion such as emissions from power plants, and frequent and prolonged inversions are
industry and domestic sources, but have not critical ingredients in the formation of photo-
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Table 2. Contribution of Motor Vehicles to Conventional Pollutant Emission in Selected Cities

Total Man made
Emissions Percent Attributable to Motor Vehicles

Population from all Sources
City Year (million) ('000 tons/year) CO HC NO, SO, PM Total

Asia

Beijing 1989 9.7 n.a. 39%/o 75% 46% n.a. n.a. n.a.
Bombay 1981 8.1 546 86% 20% 44% n.a. 3% 31%
Calcutta 1978 7.9 537 87% 15% 25% n.a. n.a. n.a.
Delhi 1981 5.6 360 84% 81% 67% 9% 24% 52%

1987 7.0 428 90% 85% 59% 13% 37% 57%
Hong Kong 1984 5.2 550 93% n.a. 47% 2% 18% n.a.
Kuala Lumpur 1987 1.3 435 97% 95% 46% 1% 46% 79%
Manila 1987 7.1 496 93% 82% 73% 12% 60% 71%
Seoul 1983 10.1 n.a. 15% 40% 60% 7% 35% 35%

Latin America

Mexico City 1987 16.7 5,027 990/o 89% 64% 2% 9% 80%
1989 19.4 4,356 97% 52%h 74% 20% 2% 76%

Santiago 1988 4.7 214 81% 48% 90% 13% 3% 63%
Sao Paulo 1977 10.1 2,629 94% 72% 73% 9% 7% 74%

1981 12.5 3,150 96% 83% 89% 26% 24% 86%
1987 15.5 2,110 94% 76% 89% 59% 22% 86%
1988 15.5 2,080 94% 77% 82% 73% 31% n.a.

Eastern Europe

Sarajevo 1983 0.3 n.a. 82% 35% 68% 5% 23% n.a.

OECD
Ankara 1990 3.6 690 77% 62% 44% 3% 2% 57%
Athens 1976a 2.3 394 97% 81% 51% 6% 18% 590/o

199ob 2.9 722 100% 79% 76°h 8% 13% 90%
Gothenburg 1980a 0.7 124 96% 89% 700/o 2% 50% 78%
London 1978 10.4 1,200 97% 94% 65% 5% 46% 86%
Los Angeles 1976a 8.9 4,698f 99% 61% 71% 12% n.a n.a

1982a 9.5 3,391c 990/o 50% 64% 21% n.a n.a
1985 10.0 3,461 87% 46%d 59% 29% 5% 63%

Melbourne 1976 2.6 n.a. 82% 44% 66% n.a. n.a. n.a.
Munich 1974/5 1.7 213 82°h 96% 69% 12% 56% 73%
Osaka 1982 8.3 141 100% 17% 60%h 43% 24% 59%
Phoenix 1986 1.7 1,240e 87% 64% 77% 91% 1% 28%
Sydney 1976 3.0 n.a. 89% 48% 75% n.a. n.a. n.a.
Valencia 1986 0.7 6.3 n.a. n.a. 83% 32% 87% n.a.
Notes: Pemcent shares apply to all transport. Motorvehicle accountfor 75-95% of the transport share.

The pemcentage figures apply to road traport ony; FC is VOC, SPM includes smoke.
Exzluding suspended particulate matter (SPM); estimiated at about 6MOaoo tons in 1985.

d Ony reactive organic gases (ROG).

Includes 49QO00 tons of dust from unpaved roads.

'Exeluding Co and HC emissions.
Source: Faiz 1991
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chemical ozone and smog as in Mexico City. The risk of exposure to dangerous levels of air
Most major air pollution disasters have oc- pollution will be high given the dense concen-
curred in areas where natural ventilation was trations of urban population and the life-styles
markedly restricted by terrain, so that pollution in many developing countries.
was intermittently channelled or confined in a Similarly, concentration of stationary
smali area for long periods of time. Santiago, sources of pollution such as refineries, thermal
Chile provides a striking example of how power plants, and chemical industries within
physiographic and meteorological conditions urban boundaries multiplies the level of air
can magnify the relationship between pollutant pollution and combined with automotive air
emissions and ambient concentrations. Al- pollution, exposes a much larger population to
though pollutant emissions in Santiago are 10 health hazards. Motor vehicle emissions can
percent of those in Sao Paulo, the magnitude aggravate the already elevated CO, HC, and
and severity of air pollution episodes in Santia- S02 levels from domestic heating and cooking
go equal those in Sao Paulo. with coal, lignite, firewood, charcoal and

The air pollution problem is sure to animal dung, as in Seoul, Ankara, Warsaw, and
intensify with increasing urbanization in devel- numerous cities in South Asia and Sub-Saha-
oping countries. In 1985, eight of the world's ran Africa.
12 urban agglomerations with a population of
10 million or more were in developing coun- Measures to control motor vehicle emissions
tries; their number will more than double (to
17 out of 23) by the year 2000, while an addi- A wide variety of options are available for
tional 18 metropolitan areas in developing controlling automotive emissions varying from
countries will have populations between 5 and direct mechanical control of emissions from
10 million. The Pan American Health Organi- vehicles to broader demand and traffic man-
zation estimates that an urban population of agement measures aimed at curbing the use of
81 million people in Latin America (26 per- motor vehicles (mostly in urban areas) and
cent of the region's urban population) is ensuring smoother traffic flows. These options
currently exposed to severe levels of motor may be grouped in the following categories:
vehicle-induced air pollution (Leitmann 1991). * Emissions standards are considered to
Without effective measures to curb pollutant be an effective instrument to achieve
emissions from motor vehicles, some 500 reductions in pollutant emissions in
million city dwellers in developing countries the absence of a direct tax on emis-
will become exposed to unhealthy and danger- sions as is the case for mobile sources.
ous levels of air pollution by the turn of the There are two major problems with
century. A 1990 study of pollution-related emissions standards. First, in order to
health risks in Bangkok concluded that two of determine the optimal standard, it is
the three most important problems were air necessary to assess and evaluate the
pollution and lead contamination, both of costs and benefits associated with the
which derived from exposure to motor vehicle reduction in emissions due to the
emissions. The health impacts included some implementation of any particular
900,000 minor headaches per day, 300-1400 standard. In practice this is a very
cases of excess mortality per year, 200,000- difficult process and standards are
500,000 cases of hypertension per year, and established on an ad hoc basis. Sec-
400,000 to 700,000 IQ points lost in children ond, since regulations on new cars
(Leitmann 1991). raise the relative price of new cars,

Extrapolating current trends to the year they induce substitution towards older
2000, motor vehicle air pollution in many large cars. In the short run this can actually
cities in the developing world will be much hinder the goal of the regulation by
worse than the projected levels for major cities lowering the scrappage rate for dirty
in industrialized countries (Faiz et al. 1990). and unsafe cars.
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* Control measures based on vehicle social costs (in wasted time, inconve-
and fuel technology which include nience, etc.) are counted in. Incen-
changes in fuel types and composi- tives to use mass transit and other
tion, changes in basic engine design forms of collective locomotion (such
and adjustments, and direct exhaust as car pooling) do not carry the same
and emission control systems. These high social cost, but they have gener-
measures have to be reinforced by ally proven to have limited effective-
emissions surveillance and recall pro- ness. There is a demonstrated willing-
grams as well as inspection and main- ness to pay substantial prices for the
tenance programs to ensure proper convenience of driving one's own car,
functioning and maintenance of emis- and no economically feasible subsidy
sions control systems. Emission con- level is likely to overcome this. Land-
trol programs should cover both new use planning, so that residential areas
and in-use vehicles. Programs to con- are closer to areas of significant em-
trol emissions from existing vehicles ployment generation, has some poten-
are an important complement to tial for limiting growth in transporta-
emission standards for new ones, as tion requirements in the long run.
emission rates tend to deteriorate This potential is limited, however, by
with increasing mileage and tamper- the tendency of workers to change
ing. employment, the number of multi-

* Traffic management aimed at improv- worker households, the tendency to
ing traffic circulation. These measures choose residence locations based on
can result in substantial fuel savings other criteria, and the fact that heavy
and reduced pollutant emissions ani industry, in particular, is an unattrac-
include a wide range of interventions tive neighbor.
directed to ensuring uninterrupted Economic incentives are often used to attain a
traffic flows with a stable speed to given level of improvement in vehicular emis-
minimize both fuel consumption and sions by influencing the behavior of private
pollutant emissions. economic agents via prices or taxes.

* Transport demand management and On the fuel side, differential fuel taxation
techniques to reduce or limit the can be used to promote the consumption of
growth of vehicle traffic. These are cleaner fuels. Fuel tax revenues, in turn, may
often considered an important part of be used to finance preventive measures related
vehicle emission control strategies and to the polluting characteristics of the product.
include (i) coercive measures such as Examples are the differential taxation of
no-drive days and, parking prohibi- leaded and unleaded gasoline, fuel price sur-
tions; (ii) incentives to use other charges based on the sulfur/heavy oil content
forms of transportation; and (iii) land of diesel, or lower taxes on clean fuels, such as
use planning to reduce the amount of compressed natural gas. A fuel tax alone will
travel from residential areas to com- reduce emissions as long as emissions and fuel
mercial and industrial employment consumption have a fixed relationship but it
sources. Coercive measures directed does not offer any incentive to reduce emis-
toward the general public are usually sions per unit of fuel consumed.
very unpopular (except in situations On the vehicle side, with the exception of
where ambient pollutant levels have use-related taxes, such as fuel or tire taxes,
reached unacceptable levels as in motor vehicle taxation is not a good instru-
Mexico City), and difficult to sustain ment to control automotive air pollution
in the face of the resulting political because it addresses ownership and not vehicle
pressure and evasion. They also have use. The lump-sum nature of vehicle taxes
very poor cost effectiveness if the full does not provide an incentive to reduce vehi-
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cle use since it does not affect the marginal tries is closely linked to the type and
cost of making an additional trip. Vehicle characteristics of the built-up environ-
taxation may be used to induce the scrappage ment, the pattern of distribution of
of old and high polluting vehicles. Differential economic activities, and to meteoro-
vehicle taxation, such as lower taxes on fuel logical and physiographical conditions
efficient vehicles, or on the purchase of low which ultimately determine the magni-
polluting vehicles with catalytic converters, tude and severity of pollutant emis-
provides an incentive to substitute cleaner sions; and
vehicles for high polluting ones. * the growth in motorization will aggra-

A comprehensive approach is necessary in vate urban air quality in developing
planning appropriate strategies to address air countries with mobile sources of air
pollution caused by motor vehicles. All the pollutants gaining in importance over
control measures and economic policy instru- industrial sources.
ments discussed above are interdependent in In general, there is a worsening of urban
the way they influence automotive air pollu- air quality in developing countries compared
tion. Moreover, some of the measures become with an improving trend in OECD countries.
a necessary condition for other measures to The effect of automotive pollutants on urban
have any effect. For instance, there is no case air quality tends to be more pronounced than
for introducing emission standards if an inspec- indicated by the emission shares of motor
tion and maintenance program is not in place vehicles on a regional or global basis, as urban
to monitor and enforce compliance with the airsheds have a finite capacity to absorb emis-
standards. Similarly, the argument to renovate sions within tolerable air quality limits. In
the vehicle fleet with new cars equipped with developing countries, the undesirable effects of
catalytic converters is seriously weakened if automotive air pollution are mostly confined to
sufficient supplies of unleaded fuel is not megacities or urban areas with unique meteo-
available, or if the price differential between rological or topographic conditions. The air
leaded and unleaded gasoline is such that pollution problem, however, will intensify in
there is a strong incentive to misfuel the developing countries with increasing urbaniza-
engine and destroy the catalytic converter by tion and the rapid pace of motorization. Urban
using leaded fuel. In this context, a major concentrations of carbon monoxide, airborne
challenge continues to be the design of a set lead, particulate matter, and sulfur oxides in
of economic instruments and regulations which many developing countries already exceed the
take into account these interdependencies and levels in industrialized countries. Without
prescribes a cost-effective sequence of inter- effective measures to curb pollutant emissions
ventions. from motor vehicles, some 500 million urban

dwellers in developing countries (mostly in
Conclusions and main findings megacities like Mexico City, Tehran, and

Bangkok) will become exposed to unhealthy
Notwithstanding the limited evidenced and dangerous levels of automotive air pollu-

noted in this analysis, it is possible to single tion by the end of the century.
out three main factors that in the absence of The response to automotive air pollution
corrective action will certainly contribute to problem in developing countries has to be
the environmental vulnerability of cities in differentiated by region and country. In the
developing countries, namely first instance, attention should focus on Latin

* automotive air pollution in developing America as it has the highest level of urbaniza-
countries is largely an urban problem tion and motorization-mnostly the major urban
confined to very large cities with a centers in Brazil, Mexico, Argentina, Chile,
high proportion of trip-making; and Venezuela and other cities with environ-

* the vulnerability of cities to automo- mentally sensitive locations (e.g., Bogota,
tive air pollution in developing coun- Quito, Guatemala City). Rapidly motorizing
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East Asian cities such as Seoul, Bangkok, estimates and subjective assessments. An
Manila, Kuala Lumpur, Jakarta also merit emissions inventory serves as a baseline to
priority consideration, with a major effort determine the contribution of motor vehicles
targeted at diesel-fueled vehicles and two- to pollutant emissions and for targeting emis-
stroke engined vehicles (motorcycles and sion control programs.
three-wheelers).
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8. Urban Vulnerability and Technological
Hazards in Developing Societies

E. L. Quarantelli

Introduction Thus, it cannot be said that technological
agents are currently major sources of many

This paper deals with the question of disasters in urban areas in the developing
urban vulnerability and technological hazards world. The consequences of technological
in developing societies. It could be questioned accidents that occur pale in significance to the
if this is a significant focus. The available consequences of natural disasters that
statistics would not seem to support such a recurrently devastate communities and whole
contention. For example, since 1950, only 13 societies in Latin America, Asia, and
acute chemical disasters in developing Africa-which have affected more than 900
countries have resulted in more than 100 million people, caused over 3 million deaths in
fatalities or 1,000 injured, and they include two decades, and in 1990 alone produced at
some major ammunition explosions (Cutter least US$45 billion of property damage and
1991). The figures, while undoubtedly economic losses (Krumpe and Sullivan 1991:
underestimating those sudden technological 1). This, however, is a short-sighted view of
disasters that have produced few fatalities or technological disasters. The future will not
casualties, do not suggest a major overall simply be the past revisited; it will get worse.
problem. Put another way, the highly visible A major finding of disaster studies is that
chemical poisoning that killed at least 2,000 crisis-relevant organizations tend to look at the
people, made tens of thousands ill, and made last, biggest emergency or disaster that
Bhopal (India) a household word for toxic happened in their jurisdiction. Such an event
crises (Bogard 1989) is atypical. Few is usually viewed as most probable to occur, as
technological disasters have occurred in cities, well as the kind of disaster for which there
and their effects have generally been similar to should be planning. Societies and communities
those of the chemical explosion in Port that take this unwarranted stance may suffer
Kelang, Malaysia, in 1980, which killed three, its dysfunctional consequences (for an
injured about 200, and forced the evacuation example, see Forrest 1979).
of about 3,000. This kind of thinking is not peculiar to

Even if the focus were broadened to crisis-relevant government agencies. The
include more diffuse and slower-moving kinds nondisaster organizational literature indicates
of events, the picture would change little. that most companies and industries tend to
Some mass human poisonings from toxic look to the past to plan for whatever they will
chemicals have not been widely noticed: (a) undertake. Studies, however, also conversely
10,000 people in Morocco in 1959 suffered show that the more successful firms are those
from cooking oil contaminated with degraded that look to the future. Such companies and
lubricating oil, (b) 50,000 people were affected industries almost always have strong research
in Iraq in 1971 from exposure to and development programs that project into
methylmercury, and (c) 7,500 people were the future and plan to meet upcoming needs.
made ill in Pakistan in 1976 from a misuse of Usually, too, social science researchers are
the insecticide malathion (see Weiss and asked to say something after problematical
Clarkson 1986: 217). Such incidents have issues emerge in an area. They often look at
affected mostly rural populations, and in all recognized difficulties-those already in
have not involved high absolute numbers of existence-and indicate the nature of the
different incidents. difficulties and how they might be dealt with.
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However, another major responsibility of For purposes of this paper, it will ignore
scientific research is to look into the future the growing argument among disaster theorists
and say something about yet unrecognized that all disasters can be attributed primarily to
issues-those that are latent and not yet fully human and group actions and decisions, and
manifested. Thus, this paper focuses that there is no distinction between 'natural'
particularly on urban vulnerability and and 'technological' disasters per se that is
technological hazards in developing societies. particularly significant for general planning or
In coming decades, cities in such societies will managing purposes. (See, for example,
suffer not only more, but worse technological Wijkman and Timberlake 1984; Quarantelli
disasters. This paper documents why this will 1987 and 1991b; Bolin 1988; Smith, North and
be the case. Price 1988; Stallings 1988; Mitchell 1990; and

Discussion will center on disasters that Rochford and Blocker 1991. For a contrasting
result from accident, failure, mishap, or misuse view, see Baum, Fleming, and Davidson 1983;
of some kind of technology-particularly those and Kroll-Smith and Couch 1991.) Some
crises generated by the threat of or the actual aspects of natural disaster planning in
impact of relatively sudden technological developing countries have been discussed
disasters (brought on by such agents as toxic elsewhere (Quarantelli 1990), and an earlier,
chemical spills, radiation fallouts, explosions unpublished paper for the World Bank
and fires, structural failures, transportation examined major institutional and
wrecks and crashes). Thus, the observations organizational aspects of natural disaster
may have to be selectively qualified for their recovery in developing countries. Some of the
applicability to related kinds of crises that observations made and implications drawn will
entail slower-moving or highly diffuse agents be partly revisited in the present discussion.
(for example, those in social occasions, such as The existing social science research
toxic poisonings through hazardous wastes, literature-somewhat uneven, but nonetheless
radiation contaminations through radon gas, fairly extensive-has been used for the present
air degradation from automobile and industrial analysis. (For English language sources on
emissions, and water pollution episodes field work studies done up to 1979, see
through the misuse of pesticides). Crises Quarantelli 1984a; for the work done in Japan
arising from social conflicts that may have a up to 1979, see Yamamoto and Quarantelli
technological component-such as in wars, 1984; for an inventory of research findings, see
riots, revolutions, terrorist attacks, acts of Drabek 1986 and Kreps 1991.) For this paper,
sabotage, and product tampering-will not be, examples and statistics are drawn from the
discussed. Despite occasional claims that they various cited sources-especially from
are the same (e.g., Meyers 1991), such conflict publications listed in the extensive annotated
situations last much longer and affect a much bibliography on hazardous materials disasters
wider scale than the typical natural or by Hughes (1991). Most of the unreferenced
technological disaster; they are also driven by illustrations and figures are drawn from earlier
an explicit intention to do harm to other works of the author (Quarantelli 1991b, 1991c,
parties. and 1991d), as well as from some unpublished

All social crises have certain material from the work of the Disaster
characteristics in common. Thus, many Research Center (DRC), which alone has
observations about technological disasters made over 530 field studies of disasters and
should apply across the board. The problem in mass emergencies, of which about a third are
extrapolating these observations is that technological in nature.
presently, because of the research base used, This paper will discuss the social factors
we cannot clearly discern what is generally directly involved in bringing about more and
applicable across all crises or what is only worse technologically derived disasters in the
partially applicable or not at all applicable in future in metropolitan areas in developing
the slower-moving or conflict-type disasters. countries. For the most part, the focus will be
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on the more immediate or proximate factors, democratization (identified by de Tocqueville
which exist within a larger social macroscopic as a driving force in the West in the
context. The implications of these factors, nineteenth century, but now very prevalent in
however, will be considered only in the section developing countries). This social inclination
on recommendations for policy and planning. also embodies a drive for the rights of

This paper focuses on developing societies citizenship, inclusion, and participation in the
and uses as many examples and data from polity, equality, justice, and adequate welfare
them as could be found. However, a major provisions (see Meyer, Boli, and Thomas
thrust of the thesis is that if developing 1987). Of course, many of the characteristics
countries follow the industrializing and exist far more as surface symbols than in
urbanizing paths of developed societies, they actuality in many developing societies. For
will produce at the very least the same kinds example, little modem technology is really
of problems, risks, hazards, and disasters. Thus, used, and there is no real political democracy
in some instances, examples and data are used in place. Nonetheless, the cluster of features
from Western-type societies to suggest what associated with industrialization and
the future might bring for developing societies. urbanization are factors in the social systems

Developing societies can be characterized involved.
in many ways. For purposes of this paper, These factors-as well as the more
however, they all exhibit varying degrees of proximate ones discussed in this paper-affect
two trends-movement toward becoming the appearance, characteristics, dynamics,
industrialized and toward becoming urbanized planning, and management of disasters. Any
social systems. Accompanying these processes, full understanding of what will happen requires
however, are other social features manifesting taking into account both the indirect
more and more the characteristics of background factors and the more immediate
developed societies at the macro level, since ones. However, this paper focuses primarily on
there is a perceptible but slow and uneven the more immediate factors, particularly the
movement toward a 'world societyw and increase in technologically risky agents and the
global culture (see Smelser 1991). ever-growing hazards of modem city living.

For example, as part of the trend toward Since we are looking for disaster-related
industrialization, developing countries have problems associated with continuing
been adopting cultural values and beliefs that industrialization and urbanization in the
emphasize economic growth, the productivity developing world, this paper will discuss mostly
of goods, and the increase in national wealth the negative and problematic aspects of the
and international competiveness. This two processes. This necessarily ignores the
orientation is based on improving technology more positive features that are also the
and its extensive application in all consequences of industrialization and
spheres-agricultural, industrial, and urbanization in developing societies. It could
informational, as well as the service sector. easily be argued that if on balance there were
The continuing drive toward technological not more favorable or positive effects than
growth and application means an acceleration unfavorable or negative ones, then the
of long-standing trends toward complexity and processes would eventually come to a halt, if
differentiation in social structure, which will not reversed. This should be kept in mind in
mostly be handled by bureaucratic reading what follows.
organizations. The next section discusses the socially

These related features are paralleled by generated increases in technological disaster
the growth of a cluster of others associated agents and occasions that certainly can be
with the second major process-that of expected in the future, some that are already
urbanization-whichisresultinginever-growing occurring, and others that are yet to appear in
urban centers in developing societies. This full form. There simply will be more risks that
includes an increasing pressure toward can turn into hazards and disasters as a result
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of the industrialization that is going on. The invention of new energy sources
section on the urbanization process describes together with large-scale production
some of the more social characteristics and and storage requirements; the
processes of urban life in developing countries. establishment of transportation
Vulnerabilities that stem from the urbanization modes, haulage routes and depots;
process generally magnify the negative impacts the need for disposal of unwanted or
of technological disasters. The section on unintended wastes; increasing
recommendations for policy and planning amounts and danger of atmospheric
discusses the disaster planning that would be pollutants; the development of mass
necessary and desirable to have in place ilto passenger transit sources, networks
deal with technological disasters in cities in and stations-...produced conditions
developing countries. Community mitigation, which, albeit inadvertent by-products
preparedness, emergency response, and of the push for 'progress',
recovery planning are separately examined (see jeopardized public safety and
McLoughlin 1985 for distinctions between the increased community vulnerability to
four). Almost all consequences of disasters are a range of hazards. (Britton 1991b: 1)
worse in developing societies because of the While this statement was made of developed
different evolutionary path t ha t societies, it can be applied equally to
industrialization and urbanization follow in developing countries.
such social systems compared with that of the
West. 1. The accelerating increase of technological

The paper concludes with some policy arid accidents and mishaps that began four decades
program recommendations for developing ago-particularly in the chemical and nuclear
countries and the World Bank. The focus is on areas-will generate more and worse disasters.
setting forth appropriate relevant policies and
implementing good disaster programs. The efforts of developing countries to

industrialize by adopting modern
Trends in technological hazards technology-whatever the genuine gains in the

standard of living- will be at a price. The
Almost all developing countries are history of the West strongly indicates what is

attempting to build domestic industries, likely to occur. To the category of natural
particularly building manufacturing plants i:n hazards has been added a relatively newer
cities. This effort primarily involves borrowing category of technological accidents and
and using the various technologies that have mishaps. These are the disasters resulting from
transformed Western societies in the last 150 human errors and collective mistakes of groups
years, essentially introducing in the productive in the technological area (see Lagadec 1982
activities of the society a variety of machines and Perrow 1984), which did not occur on any
powered by newer inanimate sources of energy significant scale before World War II. To the
such as coal, electricity, petroleum and natural 'Acts of God,' the human race has now
gas (Lenski, Lenski, and Nolan 1991: 225). added the 'Acts of Men and Women."
That there has been a measure of success iln The advent of this change has been
the effort at industrialization is partly indicated described in various ways. An Australian
by the fact that in the last 40 years, the disaster researcher wrote the following:
combined gross domestic product of In many respects, technological
developing societies has increased more than hazards are a relatively new class of
500 percent compared with 300 percent for danger to which contemporary
developed countries (Lenski, Lenski and society is only just beginning to face
Nolan 1991: 236). But even in the West, the up. Disaster wrought by the

. . . activities associated with unintended consequences of
industrialization-the discovery and technology has largely been a
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product of the large-scale industrial inherently hazardous, almost ensuring more
developments instigated by the and more worse disasters.
eighteenth century 'industrial
revolution'. Mishaps associated with Chemical Hazards
technology have occurred ever since
the first implement was developed by The chemical industry is massive. In the
a human. However, the scale of United States alone, it generates over US$200
consequences, in terms of social billion a year and manufactures tens of

.' disruption and the threatening of the thousands of different chemicals annually, with
social infrastructure, did not reach more than 20,000 of them produced in
conspicuous proportions until the amounts exceeding 1,000,000 pounds every

* ~ development and concentration of year. Thousands of new chemicals are created
large industrial complexes to mass every year adding to the more than four and
produce a myriad of goods. half million types currently registered by

He notes the following in developed societies: Chemical Abstracts. These created substances
As pre-conditions for disaster, have truly transformed the world and modern
however, their significance has not societies are impossible without them; their
penetrated the collective use reflects a widespread desire to have higher
consciousness to the point where standards of living and particular lifestyles that
they have sufficiently influenced otherwise could not be achieved. The
specific thinking and subsequent technology of chemistry has not imposed itself
practices of relevant public sectors on the human race; it has been consciously
such as emergency services agencies, developed and applied because of the
land-use and planning departments, perceived and actual substantial benefits
environmental protection bureaus, or involved. Modern lifestyles are impossible
occupational health and safety without a chemical industry. Thus, it is not
branches. (Britton 1991b: 1-2) surprising that in a country like India it has
The above observation was written about become a US$20 billion-a-year industry that

developed societies. However, if there is little accounts for 10 percent of the Gross National
sensitivity to the probability of technologically Product and 40 percent of the nation's gross
generated disasters in such social systems, industrial output. (Ramasubramanian, Mitra,
there is clearly even less in developing and Bandopadhyay 1987: 180).
countries, perhaps because in many such The chemical industry, however, is not a
societies, there has not yet been the massive totally benign enterprise. Multiple risks are
technological growth and associated risks associated with producing, transporting,
Britton mentions. There is actually little reason storing, and using, and disposing of dangerous
to believe that as developing social systems chemicals (U.S. law identifies over 1,000 of
move increasingly toward urbanized and them as hazardous; see Pavia 1990: 2). The
industrialized patterns, they will show much heterogeneity of the threats is not always
greater awareness of the technological hazards. recognized. In the instance of chemicals we
The paper will discuss the awareness of the have references to substances that can be
risks involved and the difficulty of liquid, gas or solid; we are talking of material
implementing relevant disaster planning that can explode, burn, asphyxiate, poison,
policies. corrode, and otherwise damage and destroy

The major technological threats have property, lives or the environment. Or put
emerged in the chemical and nuclear areas. another way, there are multiple ways in which
The manufacture, processing, transportation or human and other organisms, plant life and
distribution, storage, and the application or use fauna, and physical material objects can be
of many products of these two areas are destroyed, damaged or other directly negatively

affected by a dangerous chemical. In short, a
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chemical emergency or disaster can involve disasters from hazardous chemicals even
many perilous happenings unlike a typical though there be no manufacturing, storage or
earthquake or a volcanic eruption. The use facilities in the vicinity. Not all developing
referents of the term "chemical hazard" are societies or communities within them are
multiple (Quarantelli 1991a: 53). subject to major natural hazard threats; but

Even in the developed world, it has taken now many more are likely to be increasingly
time for recognition of the existence of such subject to risk as dangerous chemicals are
threats. Although the first systematic social more and more moved around.
science study ever undertaken was of a Furthermore, the threat of greater
munitions explosion from a ship collision in disasters of this kind is increasing because of
the harbor of Halifax, Canada, in 1917 that the greater amounts of dangerous material
killed nearly 2,000 people and destroyed a two involved. For instance, from 1960 to 1980, not
square mile area (Prince 1920), when we only has the number of seagoing tankers
started research about 40 years ago, chemical carrying petrochemicals doubled, but their
disasters were simply not mentioned as a major shipping tonnage has expanded sevenfold.
or frequent risk. Some work on isolated Economic considerations are leading to the
instances of such disasters was finally use of ever larger tankers. So, increasingly,
undertaken starting in the early 1960s by there is something bigger to spill, explode, or
DRC; similarly, a major fire at the refinery at burn on waterways as illustrated by the
Feyzin, near Lyons in 1966 also led to a Amoco-Cadiz oil spill off the Brittany coast
pioneering French social science study, see and even more dramatically the Exxon Valdez
Chandessais 1966. But highly systematic and oil spill near Alaska. Port cities in developing
continuing research did not occur until DRC countries are going to have this risk.
launched a massive three-year research effort Moreover, not only are there more trucks
in 1978 that looked at local preparedness for on the roads then ever before (e.g., 413,000
sudden chemical emergencies in 19 tank trucks regularly transport hazardous
communities, and studied 20 actual chemical materials in bulk in the United States), but
disasters in the United States and Canada (see they are increasingly larger. There as been the
Gray and Quarantelli 1981). advent of double and triple length trucks.

Since those studies, existing statistics show Furthermore, at any given time around 10
that the incidents of chemical emergencies and percent of all trucks on roads will be carrying
disasters have continued to increase around some hazardous materials. But "with the large
the world. For our purposes, several number of trucks on the roadway system, an
interesting aspects of their more recent accident involving the release of dangerous
appearance as socially problematical issues substances is inevitable' (Kozub and Stone
should be noted. 1990: 1).

It is said that 'geophysical hazards are While the just cited statistics refer to the
neither uniformly distributed in space nor in United States, there is every reason to think
time' (Wallis 1989: 295). In one sense, this is that the riskiness of truck transportation in
relatively less true of technological hazards. developing societies is almost certainly higher,
Thus, even localities that in the past had none given the training of drivers, road construction,
or few risks from natural disaster agents, are safety measures in loading, etc. In fact, a
now vulnerable if they have any roads, recent USAID analysis of seven road projects
railways, or navigable waterways in the vicinity they had supported overseas found that both
of toxic chemical spills, explosions, or fires. Io routine maintenance and preventive periodic
some extent, the growth of major maintenance were recurrent problems
transportation infrastructures has partly (Wunsch 1991: 6). While this was said mostly
reduced the geographic selectivity of possible about rural roads, as will be noted later, city
disaster impacts. Almost any inhabited areas of streets are not necessarily better treated. In
societies have now become vulnerable to any case, even as early as 1958, seven trucks
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loaded with dynamite exploded in a slum and sometimes necessitate relatively quick
squatter area in the center of Cali, Colombia, emergency responses. Love Canal and Times
demolishing around 2,000 buildings and killing Beach in the United States are examples of
about 1,200 people, the second largest total disasters expected more frequently in the
after Bhopal of dead in developing countries future.
from a nonammunition explosion (Cutter 1991: Developing countries will not only have
276). the chemical risk problems that have appeared

It might be argued that there has been in developed countries, but additional ones.
only one Bhopal scale type disaster so far in They are not likely to be able to create as
developing countries (and only one Seveso effective safety and accident prevention
scale type in developed societies). But it will programs for their own industries as has been
be astounding if we do not have others done in the West, and they also are recipients
eventually. Now the safety and accident of hazardous industrial wastes from developed
prevention programs of the chemical industry societies. As such, it must be anticipated that
in many developed societies are elaborate and they will have future chemical disasters.
impressive (see Quarantelli 1984b). Moreover, Furthermore, while chemical hazards are more
according to the National Safety Council, for randomly distributed than natural disaster
example, in the United States the chemical agents, they are nonetheless more likely than
industry yearly has the lowest serious accident not to be in urban areas because of the
rate-deaths and days away from work among location of plants, storage depots, and user
42 reporting manufacturing industries. But the industries.
safety programs and the accident picture is far
less positive in developing countries (see Nuclear hazards
Shrivastava 1987). Furthermore, the
indiscriminate or inappropriate deployment of The nuclear power industry was developed
chemical technology as well as the because initially it seemed to offer a relatively
mismanagement of complex technologies dependable and inexpensive source of energy,
creates numerous hazards in such social especially for industrial expansion. Certainly it
systems (Bowonder and Kasperson 1988: 104). seemed so compared with other energy

In addition, the multiplicity and range of sources, such as oil, which was judged to be
what can go wrong in the chemical area has so eventually depletable and increasingly costly to
increased, that statistically there is increasing obtain. Unlike the chemical industry, the
vulnerability in all societies. (A good and nuclear industry has a much shorter history:
detailed description of the multiple things that less than half a century.
went wrong at Bhopal is given in Bowonder, Inherent major risks, however, are
Kasperson, and Kasperson 1985). In view of all associated with nuclear power. Particularly
this, not surprisingly, some scenarios for an with the accidents at Three Mile Island and
LPG explosion in or near a major port area in Chernobyl, it has increasingly come to be seen
Southern California have projected casualties as a source of danger. For instance, in June
of 70,000 and US$325 million of property 1987, a retiring member of the Nuclear
damages (Bahme 1978: 189); a similar risk Regulatory Commission predicted a 45-percent
analysis around even more densely populated chance of a meltdown in a nuclear plant
seaport urban areas in many developing somewhere in the United States within the
countries would undoubtedly project even next 20 years (James K Asselstine, quoted in
higher figures. The New York Times, June 7, 1987). This

Additionally, to the in-plant and possibility exists not only in the United States:
transportation kinds of acute chemical types of in February 1991 at the nuclear power plant in
disasters, have been added the more slowly Mihama, Japan-one of 40 in the country-after
developing and diffuse types associated with tons of mildly radioactive water poured into
hazardous waste sites (see Peck 1989), which the steam generator, "an emergency system
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flooded the reactor to prevent a meltdowni per year, worldwide from 1989-2005
(Sanger 1991). Such an event would probably ... . The estimated average range of
have made the negative effects froim annual growth rates of nuclear power
Chernobyl pale in comparison, since-contrary production for developing countries
to popular and official thinking-Chernobyl was in the Middle East and South Asia
far from a worst-case scenario. (combined), and Latin America are

More important for us is the following: 19.5-24.2 and 12.8-16.5 percent,
an increasing number of developing respectively (Meshkati 1991: 134-
countries are embracing nuclear 135).
power to gain greater economic Larger global events and trends may affect
independence and to achieve a what will occur. For example, the
permanent relief to their worrisome disintegration of the Soviet Union and the
balance of payment and foreign debt Eastern European bloc with its accompanied
burden, which is aggravated by their by the elimination of aid and oil to certain
continuously increasing need for developing countries, could work both ways
imported energy. Attesting to this is with respect to establishing a nuclear power
Cuba's aggressive nuclear industry. The loss could undermine efforts to
program-two nuclear power plants set up nuclear plants, or it could spur attempts
under construction and two [under] to create national independence on outsiders.
planning . . . nuclear power will Apart from in-plant nuclear plant
reduce Cuba's heavy need of problems, risks are associated with the
imported energy and her dependence transport of nuclear wastes over long distances,
on Soviet oil and economic aid .... including the increasing byproducts of the
India, another developing country, deactivation of nuclear plants. In the United
has recently announced that 32 new States, by the year 2000, there will be about
nuclear reactors will be operating by 47,900 metric tons of spent fuel, compared
the year 2000. with 12,900 tons in 1985, to be shipped to

In fact, some deposit. In addition, there will be
This emerging phenomenon among hundreds of shipments of military generated
the developing countries prompted radioactive material. In 1979, there were 1,904
the IAEA [International Atomic separate shipments totaling about 25 tons.
Energy Agency], in 1986, to establish Finally, hazardous wastes will be associated
the Senior Expert Group to assist with the closing or deactivation of nuclear
developing countries in the plants, some of which are now reaching the
promotion and financing of nuclear end of their lifetimes. The material will have
power programs ... . Also, according to be transported from many places to some
to a study . . . of the IAEA, chosen sites, which naturally raises the
developing countries' present share probability of some accident. As developing
of the world's installed nuclear power countries increasingly adopt nuclear power,
plants is 7.1 percent. A total of 21 and to the extent that they become recipients
developing countries either have of nuclear wastes (some nations ship their
nuclear power plant(s) in operation, nuclear wastes overseas), the risks of
or have plants in the construction or transporting such wastes will increase,
planning stage .... This number will primarily in urban areas.
certainly increase at a 'modest rate" With 435 commercial nuclear plants in
in the future. existence at the start of this decade and with

The report goes on to note the following: nearly 100 more under construction (Meshkati
Based on a recent estimate by the 1991), the problems will not go away by
IAEA, nuclear energy production will themselves. Because nuclear power is
grow an average of 2.8 to 3.9 percent politically so controversial, its use has been
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slowed around the world. However, this energy structures in urban areas. The 1974 fire in Sao
source, which has a number of significant Paulo in a 25-story building killed 189 people.
advantages compared with other sources, will Lee Thomas, a former Federal Emergency
continue to entice some developing societies. Management Agency official and later the

A highly problematical area has been head of the U.S. Environmental Protection
overlooked: There are at least several dozen Agency, said the following:
nuclear power and weapons facilities in It is entirely possible that somewhere
existence; some developing countries will likely in the country toxic metals are being
build more. These facilities, often close to removed from the air, transferred to
urban areas, have been plagued in the United a waste water stream, removed again
States by a series of technical and process by water pollution controls,
failures that 'make some of the errors in the converted to a sludge, shipped to an
civilian nuclear reactor program appear incinerator and returned to the air.
benign' (Hohenemser, Goble, and Slovic (New York Times, May 11, 1986)
1990:196). He is pointing to the fact that many

technologies that reduce or prevent the
2. Some technological advances reduce development of certain kinds of risk or
hazards, but add complexity to old threats. environmental threats do so with solutions that

often generate their own dangers or hazards.
Of course modern technology can and is In fact, at times the hazard is merely

used to try to eliminate or reduce some risks. redirected elsewhere. For example, laws have
The medical health area is marked by any been passed in developed countries to prevent
number of such successful efforts. industries from discharging any constituents
Unfortunately, sometime the positive into surface waters. Businesses have frequently
consequences are accompanied by negative met this requirement by building large surface
effects of a different kind. There are two impoundment containers to hold wastes. But
aspects to this: (a) preventive or protective the impounded material often results in air
measures that indirectly lead to other kinds of discharges through evaporation and
possibly disastrous occasions, and (b) the scale groundwater discharges through leaching.
of chain reactions possible in modern societies Thus, the initial problem is primarily deflected
that, as a result of network linkages, can turn elsewhere (Williams 1991: 73). In meeting the
a minor emergency into a major disaster. Clean Water Act of 1972 in the United States,

An example of the first is that fires in the wastewater treatment of sewage was found
high-rise buildings, in combination with the to lead to the production of sludge that
highly combustible and toxic construction and contains viruses, toxic substances, and heavy
furnishing materials presently used, have metal. Sludge can be treated, but methane gas
brought an additional threat dimension to that and carbon dioxide will frequently be
kind of situation. People are prevented from produced. Production of such gases in turn
being burned by raising the probability of their probably contributes to global warming, which
being asphyxiated. The MGM Hotel fire in Las can lead to changing climatic and agricultural
Vegas several years ago, which killed 85 and patterns, and which could contribute to
injured more than 600, is an example of what melting polar ice caps and subsequently raising
is more likely to occur in the future (Best ocean levels. This last point is controversial,
1982). Apart from that, the very heights of although if accepted, flooding could occur in
buildings can create protective and response seaport cities such as Bombay, Rio de Janeiro,
problems. Some spectacular fires in high-rise Manila, and Shanghai (Cohen 1991: 93).
buildings in Brazil and South Korea a few Hence, an initially good measure may set off a
years ago indicated this emerging possibility in chain reaction of bad effects. To the extent
developing countries as they build ever taller that developing countries apply such Western

technologies to reducing risks, they will
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ultimately have the same negative balance of can something in a distant place have local
hazards and dangers as Western nations. effects, but the complicated linkages almost

Even plane crashes show similar bad ensure that sooner or later, there will be large-
effects arising from initially good measures. scale effects. Of course we are assured in the
Research has shown that the ensuing fires United States that such a crisis as that of 1965
generally kill more passengers than the crash cannot happen again; but then, before that, we
itself Eighty percent of those who die from also had similar assurances.
the fire actually succumb to the gas and smoke Presently, many developing countries have
produced by the more economical, lightweight serious trouble with their urban telephone and
cabin material as it burns (FAA, Airline electric power systems. Outages and
Industry 1987: 7). The airlines of developing 'brownouts' are everyday occurrences in
countries buy almost all their planes from many cities. As in the West, in a partial and
developed countries. In addition, for various reasonable effort to reduce such problems,
reasons, plane crashes are proportionately developing countries are linking these systems
more likely to occur in airports in such into larger grids and networks. These linkages
countries, which tend to be located in or near will probably reduce routine emergencies
urban areas. However, given the overall somewhat, but they almost ensure a large-scale
advantages of air travel and transport, disaster because of the possibilities of chain
especially for an industrial society, the reaction inherent in the use of larger-scale,
developing world is likely to use this form of linked technologies.
modem transportation increasingly. Perhaps many of the potential problems

Now the linkages between events that are summarized in a statement by an expert on
may have ultimate negative effects can be even telecommunications networks, the core of
more direct. This is because as technologies which tend to be located in cities. He stated:
are elaborated and enlarged to meet the My basic message ... is quite direct.
economics of scale, a small mishap at one First: Our public switched networks
point can bring down the total network or are becoming more vulnerable to
system. It has sometimes been noted that small disruption because of the
scale failure can be produced very rapidly, but introduction of new technologies.
that large scale ones can only be produced if Second, because of economic
large amounts of time and resources are incentives to cut the costs of normal
involved. commercial operations today's
For example, there have always been, since networks are being designed without
their coming into being, accidents and failures sufficient attention to emergency
in electric power systems. In fact, outages preparedness. Third: Accidents,
occur on a small scale almost every day even disasters and attack threaten
in developed societies. They are recognized as tomorrow's networks with more
such, and coped with as normal emergencies extensive damage than they did
by the public utilities. However, the 1965 yesterday's integrated network.
blackout in the northeastern United States Fourth: Our Information Society
suggests how, in the modern world, large areas relies absolutely on smoothly
of a country are vulnerable to electric grid functioning communication networks
system malfunctions. Nothing of this and thus the consequences of
magnitude has occurred recently, although network failure are more severe
New York City had major power blackouts in (McDonald 1989:4-5).
1977 and 1989, as well as all of France in 1978 This is more than a possibility. In 1991, eleven
and Brittany in 1987 (Lagadec 1990: 107). major phone system outages affecting major
They have been relatively minor compared metropolitan areas occurred just in the United
with what could happen, given the extensive States alone. In the report accompanying those
grids and networks that are involved. Not only figures it is noted that: 'modem fiber optics
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carry 10,000 times more calls than the old around the world are faced with shortages or
copper cables they replaced. An accidental cut reduced water supplies. In part, this is because
of a single fiber optics can cut off entire their populations and manufacturing activities
metropolitan areas' (Lee 1991: 8). require larger per capita quantities of water

There are many positive consequences of than in rural areas (Jones 1991:19).
most technological advances. They may also set In particular,
the stage for disastrous occurrences. To the . .. freshwater resources are being
extent that developing societies move to use used up at such rapid rates that
modern technology to reduce risks along groundwater supplies are dwindling
certain lines, they will probably increase and surface waters are fouled with
hazards along other lines, and hence multiply pollutants from industries,
negative effects. municipalities and agriculture. In

much of sub-Saharan Africa, the
3. New versions have developed from old or Middle East and parts of Asia, water
past dangers. consumption will reach 30-100 per

cent of available reserves in 10-15
Certain dangers have been around for years-a result of population growth

centuries. However, in modern societies, the and inefficiencies in use (Population
risks involved have taken on new forms as and the Environment 1991: 5)
large cities have evolved. Inevitably these kinds So far in America, the drought
of communities require elaborate lifeline emergencies have been coped with by reducing
systems that are the actual physical or industrial water usage, but in coming years
mechanical infrastructures on which they rest. there will be a disaster if a major section or all
For a small village, a well or two can provide of an urban area runs out of water or has
the necessary water. For metropolitan areas, enough only for the most crucial of water
on the other hand, distant reservoirs, dams, needs. This kind of crisis is most likely to
pumping stations, pipelines and gauges, occur in combination with the collapse of a
monitoring points, and other technological major tunnel, pumping station or other critical
apparatuses linked together in complicated facilities of a water supply system. In the
ways are needed to generate and distribute the Western world, there are the risks associated
water. This can create new versions of old or with a deteriorating physical and public works
past dangers. infrastructure of lifeline systems in a large

For example, increasing chronic water number of older cities. The prevalence of
shortages are affecting many societies, decaying bridge and tunnel structures,
including developing ones. This is partly crumbling highways, obsolete and overloaded
related to the great need for water to support wastewater and sewage treatment plants, worn-
the process of industrialization. A recent out sewer and water mains, aging subway
report of the Worldwatch Institute noted that systems and stations, and outdated pipeline
besides parts of the western United States: networks suggest a variety of many potential

Many areas could enter a period of disastrous possibilities beyond the isolated and
chronic shortage during the '90s, occasional accidents of the past (for the
including northern China, virtually all existing hazards of this nature in New York
of northern Africa, pockets of India, City, see Sims 1991: 6E). Bridge collapses in
Mexico, much of the Middle East. . 1983, 1987, and 1989, as well as major water
. . Where scarcities loom, cites and main breaks in several U.S. cities, and the
farms are beginning to compete for Kings Cross underground station fire and the
available water. (Postel 1989: 1) Cannon Street train crash in London-all

Droughts used to be thought of as mostly a happenings in the last few years-are
rural problem. This is no longer the case. forerunners of more such disasters in the
Increasingly, urban and metropolitan localities future.
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Put another way, these problems are chemical disaster where because the computer
starting to appear because much of the monitoring system failed, it took hours before
physical infrastructure involved is reaching the the population in the communities surrounding
end of its normal lifetime. One can project the plant was warned; in pre-computer days,
that this also will become a problem for urban the warning would almost certainly have been
areas in developing countries compounded by issued hours earlier (see Quarantelli, Phillips,
the fact that there is reason to believe there is and Hutchinson 1983).
even less maintenance on the urban lifelines in More important, many sectors of
them than exist in developed societies. This government and business are increasingly
perhaps is illustrated by the recent major computer based for the data and information
failure of a Soviet gas pipeline (Porfiriev they need to function, sometimes literally from
1991a), as well as the explosion of a natural minute to minute. Thus, it has been written:
gas pipeline in Gahri Ohoda, Pakistan, in 1984, It is presently estimated that more
which killed 60 people, and a gas pipeline than 85 percent of the largest firms
fracture in 1978 in Huimanquilla, Mexico, in the US are totally or heavily
which resulted in at least 58 deaths. dependent on computer technology

None of the actual or potential disasters and that, on average, a business
we have mentioned above are totally new, at would lose 25 percent of its daily
least in the geophysical or physical sense, but revenue after the sixth day of its
they represent new versions of old threats, system breakdown, while this figure is
either because of where they could occur or close to 40 percent for the financial,
because of the large number that could occur banking and public utility industries.
as industrialization proceeds. And (Pauchant, Mitroff, Weldon, and
industrialization will probably continue because, Ventolo 1990: 254)
of the advantages of a society becoming These figures presented are for American
urbanized. society but it is probable comparable figures

could be found for countries in Western
4. New kinds of technological accidents and Europe as well as Canada. To the extent that
mishaps are emerging that can and will lead to developing countries move to computerize
disasters. their businesses and industries, and there are

many advantages to doing so, they will
Several major new threats have just increasingly become vulnerable to the failures

started to appear. of computers.
It can be predicted with certainty that

Developments in computer technology computer systems and their networks will, for
various reasons, cease to function, or function

A major new threat that is being created incorrectly (even leaving aside deliberate
is associated with all the disastrous sabotage by the use of computer viruses). We
consequences that will come from the will then have a really new kind of disaster-a
computer revolution that human society is computer disaster, with all kinds of negative
presently undergoing. Use of computers chain reactions. In part, this is related to the
undoubtedly have improved disaster planning large scale of operations, mentioned earlier,
and managing, as well making life easier for within which it makes sense to use this
most of us in very many ways. But, and it is an technology. As a recent report noted:
important but, our increasing dependence on Failures that once would have been
computer technology will magnify future minor in nature now induce
disasters and turn some minor ones into major widespread disruptions of services.
ones. When the technology fails, and it will fail The computerization of telephone
at times, what will those who have come to switching centers means that where
depend on them do? DRC studied one five years ago an AT & T switching
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center handled about 180,000 calls consequences from their use. To emphasize as
per hour, new computerized switches do some advocates of new technologies only
handle 700,000 calls an hour. The the good that results, is to be unrealistic and
loss of a single switch (AT&T has to bring into question at times the use of the
114 around the country) now means whole technology as can we witnessed in the
a much wider disruption of service. nuclear area in many places around the world.
(Lee 1992: 8)
Several computer-linked disasters in the Biotechnological advances

United States (as well as Japan) have had
-' negative chain reactions. For example, on May There are also going to be disasters that

8, 1988, a fire disabled a major Bell Telephone will be produced by biotechnology, especially
switching center in the Chicago area, at genetic engineering. Basically, this technology
Hinsdale, Illinois. This telephone outage as a involves altering the blueprint of living
result of its links to computers affected both organisms-plant, animal or human-and
voice and data communications for more than creating new characteristics, some of which are
a half million residents and business customers very useful (e.g., various kinds of oil and
in six metropolitan suburbs for periods ranging chemical waste eating bacteria have been
between two days to three weeks. In addition, created that can be used to help clean up
local and long distance communications for spills!). In fact, the favorable and positive uses
both telephones and computer networks were of biotechnology are just beginning to be
also severely affected since the Hinsdale noted.
center was an aggregation point for major However, there clearly are all kinds of
telecommunication links. The outage potential disaster possibilities in this kind of

. . . affected the normal operations technology. There can be and will be the
of dozens of banks, hundreds of creation of, or the escape from control of,
restaurants dependent on reserva- some altered organism that cannot be checked
tions, three large catalogue sales by present known means. For instance, some
companies headquartered in the variants of the oil-chomping organisms that
Chicago area, about 150 travel have been created for cleanup purposes could
agencies, most of the paging systems go ahead and attack lubricants on all
and cellular telephones in the machinery. Our ability to custom design living
affected area, and hundreds of organisms almost ensures that one day there
businesses located in the area or will be some almost Frankenstein-like bacteria,
others not located in the affected plant or animal let loose on a relatively
area but conducting business with defenseless world.
those that were ... . At present, a This is not science fiction! In fact, we
conservative estimate of the business think that the risks in genetic engineering in
losses and the repair costs of the principle are more dangerous than risks from
accident are set at US$200 to 300 nuclear power. Of course we get constant and
million. (Pauchant, Mitroff, Weldon, continuing statements about the safety of the
and Ventolo 1990: 244) whole process. Thus, a National Science
Computers, like chemicals and nuclear Foundation report stated the following:

power, undoubtedly contribute to the welfare . . . there is a broad consensus
of the human race. It cannot be expected that among biologists that R-DNA
developing countries will forego their techniques are safe . . . basic and
beneficial effects. In fact, a failure to move in applied scientists generally agree that
such a direction will put developing societies many contemplated introductions are
even further behind those in the West. But as either virtually risk free or have risk-
almost anything created by human beings, to-benefit rations well within
there can be both functional and dysfunctional acceptable bounds . . no hazard



200

particular to genetic engineering has production,storage, transportation, distribution
yet surfaced. (quoted in Schmeck and use of the products involved.
1987: 7) Biotechnology will bring us a major

The term R-DNA is the scientific shorthand disaster sooner or later. It might even be said
label for recombinant DNA, the technical that just as the 1970s was the time when the
name for the process of rearranging genetic world became aware of nuclear power threats,
material-DNA-or combining genes from the 1980s of the chemical hazards risks, the
diverse sources. decade of the 1990s could very well be when
But as someone wrote in a letter that same we have a Chernobyl or Bhopal-scale like
year: biotechnological disaster. For a variety of

The advocates of recombinant DNA reasons, such a major disaster is likely to be
technology claim that it is safe outside of highly developed societies, in some
because they cannot see how a developing country that has imported this new
disaster would occur and because no technology without instituting (or importing)
disaster has ever happened yet. That the safeguards that has tended to have evolved
amounts to saying that the in the West for such matters.
technology is as safe as the Titanic, There are ideological and political values
the Chernobyl nuclear reactor or the around the world that result in very strong
space shuttle. (Letter of Robert J. anti-nuclear, anti-chemical and anti-genetic
Yaes in 1987, New York Times) engineering views. These positions are often
We remember giving a talk in Chicago incorporated in social movements of different

about 10 years before Three Mile Island and kinds. However, our views should not be
saying that sooner or later it was certain that confused with the polemic ones. We believe
there would be an accident and a disaster in that the industries and activities involved have
some nuclear plant. Our remarks were strongly and will continue to substantially improve
attacked by some of those in attendance who human and social life. But the reality is that
said we did not understand all the redundant they also bring with them certain risks that at
safety systems in place, and anyhow nothing times will produce major disasters.
had happened anywhere up to that time (the:
latter was not factually correct, but few of the 5. There will be an increase in multiple or
problems had then received much public synergistic-type disasters resulting in more
attention). Our reply was that if the severe consequences, sometimes from distant
technology was created by human beings and sources.
developed by social groups, it was inevitable
that there would be serious accidents and There has been very little recognition given to
disasters. the fact that natural disaster agents will

Actually a forerunner of what could occur increasingly generate or magnify concurrent
in the biotechnological area is suggested by a technological disasters (and even possibly in
related although slightly different kind of the other direction). Increasingly so, because
disaster in 1979. In that instance, biological of the increased production, transportation and
toxins were accidentally released at a Soviet storage of hazardous substances of all kinds,
research center. Probably 1,000 workers were disaster agents, which in the past would have
killed and a 20-square-mile area around the simply produced natural disasters, can now
city of Svardlovsk was contaminated by the create technological disasters. For instance, a
accidental release of highly toxic anthrax flood could inundate a chemical plant complex.
spores (Thompson 1987: 11A). To the extent The convergence of a tornado and a
that any country anywhere in the world sets up radiologically contaminated cloud could pose a
manufacturing facilities for biotechnological very threatening situation. That the general
purposes, there will create some risks in the possibility is not an idle threat is indicated by

the fact that increasingly disaster planning is
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taking into account possible hazardous the maximum possible intensity for hurricanes
chemical releases and spills after earthquake could rise to 40 to 50 percent generally and 60
shocks (see Tierney 1990). In Edmonton, percent in the Gulf of Mexico. Projections of
Canada, a tornado with a wide scope created when the atmosphere's carbon dioxide content
14 different toxic chemical sites. will double range from about the year 2035 to

The link between two hazards may not be 2080, according to the National Center for
an immediate temporal one. As a concrete Atmospheric Research.
example, we might cite one from Russia. In What this also suggests is that
1961, windstorms spreading radioactive increasingly, localities will have disastrous
material (plutonium and strontium) in the conditions from, originating sources that may
Lake Karachay region in the Southern Urals be quite distant. Sometime the problem is
increased by about 30 to 50 percent the land within a relatively limited geographic area,
area previously contaminated by an earlier although still threatening localities away from
nuclear disaster (see Porfiriev 1991b). The the original point of impact. For example, in a
technological disaster that had happened Crestview, Florida incident, a chlorine gas
earlier was magnified by a later natural disaster cloud drifted 28 miles from where the train
agent. accident occurred (Tierney 1980); if the same

Not often noticed is that this process can derailment had occurred in a metropolitan
also go in the other direction. Several area rail yard anywhere, millions of people
examples can be cited. Over 15 years ago, it could have been put at risk. As another
was suggested that the pollution by example, the pollution of the Po River in Italy
automobiles exacerbated the incidence of extended over 60 miles in 1980 and affected
tornadoes in cities (Isaacs et aL 1975). almost all the cities on that stretch.
Moreover, it has long been known, for More important, however, are when
instance, that the injection of fluids into the disastrous conditions go over important
ground for purposes of recovering oil and jurisdictional boundaries sometime of nation-
disposing of waste can trigger surface land states, affecting both rural and urban areas.
faulting. In one case, in 1963, this led to the For instance, significant radiation fallout from
collapse of a dam, the emptying of the Baldwin Chernobyl fell on certain European countries.
Hills Reservoir and some deaths and property A more recent example of pollution in the
loss in metropolitan Los Angeles (Hamilton Rhine River, which started near Basle,
and Meechan 1971: 333). Or just the building Switzerland, affected about six different
of dams for the purpose of creating reservoirs nations and polluted the river upstream for
to impound water for residential or industrial almost 800 miles. or the Ohio River pollution
use may also trigger earth tremors. In one of which had severe consequences for several
the least seismic areas of the world, a reservoir states (Comfort, Abrams, Camillus, and Ricci
behind Koyna Dam apparently set off a series 1989), are again harbingers of what we might
of shocks that devastated the village of Koyna expect more in the future. In fact, West
Naga in India on December 10, 1967, which Europeans have recently expressed
killed 177 people, injured around 2,300 and considerable concern for future hazards to
damaged or destroyed most of the buildings in themselves, not over their own domestic
the community (Earthquake 1972). nuclear plants, but about deteriorating

On a larger scale is another possibility. An complexes of such plants in Eastern Europe,
MIT study recently suggested that continuing especially at the six Kozlodui nuclear plants in
pollution may result in stronger hurricanes. Bulgaria.
Continued air pollution that increase carbon Apart from that kind of threat, developing
dioxide levels, according to this research, could countries are at risk from the products of some
make some hurricanes up to 60 percent technological disasters. For example, no
stronger in the next century. If the nations outside of Europe were threatened by
atmosphere's carbon dioxide content doubles, the radiation fallout from Chernobyl. However,
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after that disaster several European countries population will be predominantly urban, 51.8
exported food products which were percent (Jones 1991:5). In addition, 40 more
contaminated from that disaster to developing such large cities will be added every five years
countries. Brazil, for example, had to ban the so that 15 years later, there will be 639
sales of powdered milk imported from Western metropolises with over a million residents, with
Europe because it was found to be 486 of these in developing countries. In fact,
contaminated with radioactive residue, in the of huge urban agglomerations exceeding four
instance of that from Austria at a level more million inhabitants in size, 114 of 135 will be in
than twice the country's own permitted level the developing world. Of interest, for our
(Simons 1987: 10). purpose, is that the metropolitan explosion will

In addition, certain kinds of technological be greatest in Africa and Latin America (for
type disasters can reach far away in both time most of the statistics just cited, see Dogan and
and space. This occurred in a PBB Kasarda 1991). By the year 2000, 77 percent of
contamination poisoning of dairy cows in the population in Latin America, 41 percent of
Michigan in the early 1970s (Egginton 1980) that in Africa, and 35 percent of Asia's will
which worked it way through the ecological live in urban areas (Population and the
life chain and got into the second generation, Environment 1991: 10).
the children of the original victims later living Other writers have already analyzed in
thousands of miles away from the original depth the social forces behind this growth of
pollution source. We might anticipate the urban areas and giant cities (e.g., Jones 1991).
more slowly moving and diffuse kinds of As such, we will not discuss the matter except
disaster threats to cut across such space and to note very briefly some of the themes from
time dimensions, and we can expect them to the numerous studies undertaken that are
increase in the future. relevant to our later discussion of

This last example suggests that not only technological disaster planning and managing.
are disaster agents and occasions increasing as Thus, most researchers seem to agree that the
a result of industrialization, but that because urban population growth, which is about
of human and group behavior, there will be an double the general rate (Environment and the
enlargement of social risks and vulnerabilities Population 1991: 3), can be accounted for by:
in the future, a matter to which we now turn. natural population increase in rural

areas, limited rural economic
The urbanization process development, and the decision-

making calculus of urban migrants.
While the population of the world Demographic forces are now well

continues to increase, 96 percent of this known: declining mortality rates in
massive growth is in developing countries rural areas of most developing
(Population and the Environment 1991: 3). nations have not been matched with
Concurrent with this is the multiplication and corresponding fertility declines. The
runaway expansion of cities of huge sizes, resulting increase of population
fueled in part by massive migration from rural cannot be sustained by stagnating
to urban areas. In an important way, rural economics which leads to

The world is becoming more and growing demographic-employment
more a world of great cities, and opportunity imbalances in the
these cities are increasingly located in countryside. Migration becomes the
less-developed countries. (Dogan and only mechanism to relieve this
Kasarda 1988: 12) imbalance. Rural migrants pour into
This is supported by UN projections. They the cities, exacerbating already

indicate that there will be 511 metropolises overcrowded conditions in urban
exceeding a million inhabitants by the year subareas. The age selectivity of rural
2010, when for the first time the world migrants (largely teenagers and young
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adults) further contributes to city and will accelerate this possibility. Where in
growth through new family formation the past there was marsh or swampy areas,
and natural increase. (Dogan and there will be housing complexes and industrial
Kasarda 1988: 19) parks. Where very sparsely populated space
Any kind of disaster planning and might have been hit in the past, in the future

managing in developing countries has to take many people and building structures will be
place within this general but basic context. The affected. Such increase in density and
urbanization process is deeply rooted in the concentration of course is distinctive of the
very structure of such societies. urban communities in developing social

In addition, for our purposes, important is systems.
that parallel to the increase or negative Particularly in the developing world there
changes in disaster agents we enumerated is practically nothing of the reverse process,
earlier, there will certain transformation in the that is, abandonment or withdrawal of human
urban populations and communities which can activity from potentially dangerous areas or
be impacted. The end result of these risky locations. Can a single case on any scale
associated features of urbanization is an be cited? A way to document the probable
enlargement of social risks and vulnerabilities greater future impact is to ask the following: if
in metropolitan areas in developing societies. the last major disaster to hit an area more
Actually, even if there were absolutely no than 10 years ago was to hit exactly in the
change at all in hazardous agents for same way in the future, would there be more
developing societies, we could still expect more or less of an impact? We think that 'more'
and worse disasters just from the changes that would have to be the answer in almost all
have and are occurring in the individuals and cases. In particular, it would be difficult to find
groups living in cities that are potential desertion of or retirement from any
candidates for impact in the future. inhabitable area in developing societies. While

it is possible to cite some cities in developed
1. Technological disaster agents will have more countries which now have less population and
of an impact on built-up urban concentrations, sometime even less manufacturing facilities
which along some lines can also create than in the past (e.g., a number of cities in the
especially difficult response and recovery northeastern United States), it is almost
problems. impossible to give examples from elsewhere.

Now increasingly the targets will be
It is easy to overlook that disaster agents densely packed and highly urbanized locations.

have consequences only if there is the As a result of certain facilitating social
possibility of some kind of social vulnerability. conditions, some alluded to and illustrated
Thus, a potential dangerous agent which is earlier, the build up will be concentrated in
present only in an uninhabited area will usually relatively little space. As Jones points out,
not create a disaster (e.g, the several sunken present projections indicate that the total
Soviet and American nuclear powered urban population will occupy less than four
submarines that rest on the bottom of ocean percent of the earth land area. He notes that
floors, which at worst, might result in some the concentration of more than four billion
long run ecological problems; see Solomon people in less than two million square miles is
1988). A disaster is a social occasion involving a staggering prospect given that in the same
some vulnerable entity, not merely the area there will be most of the manufacturing
presence of some risk or hazard. production and other urban economic activities

However, the urbanization process (1991: 19). This means that more than ever
everywhere is increasing vulnerabilities by before there are greater number of people and
providing more to be hit by either natural or greater amount of property vulnerable to the
technological disasters. Building pressures for risks of different disaster agents. While density
both living quarters and working places have does not necessarily sharply differentiate cities
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in developed and developing countries, urban economy, any major disaster in those localities
communities in the latter kind of social systems would not only have serious local but
tend to have very high rates, such as the consequences
55,000 persons per square mile in the central for the society as a whole.
city of Madras, India (Dogan and Kasardla In addition to the higher quantitative
1988b: 13). losses, there also may be some qualitatively

But the threats will be particularly the difficult responses and recoveries from
technological ones given that their sources are technological disasters impacting urban areas.
more likely than natural disaster agents to be For example, chemical poisonings and
located in or near urban communities. As radiation contaminations often require
Jones has noted, although he was not complex, sophisticated and labor intensive
specifically discussing technological threats: kinds of medical treatment. They can and do

for many very good reasons, put much more of a strain on emergency
hazardous sites are frequently the medical services than the "ordinary" disaster,
ones with the greatest locational as was the case in Bhopal, India where the
advantages for situating human local system was overwhelmed both by the
activities. (1991: 22) numbers and by the kinds of medical problems

Most of the new or changed technological faced. The city's biggest hospital, the 760-bed
changes discussed earlier require or necessitate Hamidia, admitted 1,900 seriously ill patients
an urban setting. As some Indian writers have the first day and eventually treated more than
written about the expanding chemical industry 70,000 victims (Bowonder, Kasperson, and
in India: Kasperson 1985: 32).

Due to availability of infrastructural Often too in these kinds of disasters,.
facilities, most of the industries are material things, equipment, land, can be
located in urban areas only. polluted, soiled and contaminated on a massive
Concentration of potentially scale which in natural disasters might be found
hazardous industries in some areas is only in volcanic eruptions. The cleanup often
alarmingly high. Conglomeration of requires specialized knowledge and typically is
industries lead to the possibility of very costly. Also, in some instances, there are
domino effect in case of emergency second order effects; for example, health
in one plant. (Ramasubramanian, consequences can surface years later, a major
Mitra, and Bandopadhyay (1987: 180) concern in Russia and the Ukraine following

To the extent that developing countries the Chernobyl disaster. There might be cancer
industrialize and concentrate much of thait cases which would not be the kind of long-run
process in urban localities, the more a target medical consequences of most natural disaster
they will present for technological disasters, agents (although some students of negative
such as the hydrocarbons explosions which mental health consequences would dispute
occurred in Tacso, Venezuela, in 1982 which this). So, qualitatively, these kinds of disasters
killed 145 people (Cutter 1991: 277). can be rather different, and there will be more

In fact, in a number of such systems, the of them.
megacity or cities in the society will have a
large part of the industrial production of the 2. Cities in developing countries have many
country. For instance, Mexico City generates everyday problems that not only magnify the
one third of Mexico's gross national product, impact of disasters when they occur, but that
while Sao Paulo with 10 percent of the probably wfll get worse before they get better.
population of Brazil, contributes over 40 of
industrial value-added and 25 percent of net Any disaster, technological or otherwise,
national product (Kasarda and Crenshaw will be worse in cities in developing societies
1991:8). Because such kinds of communities than elsewhere, because they will impact
contribute disproportionately to the national
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localities already burdened by numerous, water, and the city of Cairo has a water and
everyday problems. sanitation system devised for a population of

Almost any account of Third World two million while it actually has over eleven
urbanization of cities reads like a million inhabitants (Davis 1987: 6). The typical
litany of seemingly intractable metropolis too has overloaded and congested
problems. What is more, by transportation systems. Municipal and state
interchanging a few names and transport companies regularly operate at
adjusting some figures slightly, the substantial losses and with marginal
litany is depressingly similar effectiveness (Wunsch 1991a: 445). In almost
throughout much of Asia, Africa, and all cases there is air, water and noise pollution
Latin America. (Dogan and Kasarda from cooking, traffic and manufacturing
1998b: 24, quoting an unreferenced activities.
McNulty writing) In particular, cities in developing societies

Whether they make reference to particular typically have huge slums and squatter areas.
cities or generalize to urban communities in In fact, from two thirds to three quarters of
developing societies, almost all commentators the population of such very large cities as
draw a rather bleak picture. For example, Calcutta and Dhaka is made up of squatter
although the specific reference is to a large settlements (Davis 1987: 6; see also Costello
African metropolis, the following could be said 1987). As Davis notes:
of many other large cities elsewhere in the Through a process of organized and
developing world: unorganized invasions of urban real

[it] teems with inadequate services, estate and illegal subdivision and sale
uncollected garbage, unmoving of land, many cities in the developing
traffic, inefficient institution, and world are dotted with non-standard,
unbridled corruption in the public poor-quality housing units
and private sector (Dogan and interspersed with sanctioned land use
Kasarda 1988b: 24 quoting an . . . these settlements rest on land
unreferenced report by McNulty and typically unserviced by public utilities
Adalemo) and infrastructure . . . it is estimated
In more general terms, there is that between one-fifth and one-half

considerable agreement that large cities have of all urban residents . . . live in
the following negative characteristics (see informal shelters, and this figure
Dogan and Kasarda 1988a and 1988b; Bartone increases to over 70 percent for some
1991; and Jones 1991). Many have very high cities such as Casa Blanca, Ibadan,
unemployment and underemployment rates and Addis Ababa. (Kasarda and
because industry cannot absorb all rural Crenshaw 1991: 17)
migrants. There is insufficient, inadequate, In some instances, when technological
overcrowded and poor quality residential disasters occur, the impact is much greater
housing as well as work places. For example, than would otherwise be the case because of
72 percent of families in Lagos live in a single squatter settlements. For example, the gasoline
room with the average family size being eight leak from a pipeline which exploded in
members (Dogan and Kasarda 1988b: 14). Cubatao, near Sao Paulo in Brazil in 1984 set
There usually is poor health and medical off fires in a nearby shantytown that resulted
facilities and social services. Often there are in 508 deaths (Cutter 1991: 276).
inadequate water supplies, sanitation and All the above problems are important for
sewerage disposal services for the existing our purposes in several ways. A 'bad' social
housing and industrial users. For instance, in setting cannot be other than bad for any
some large cities, such as Jakarta, Kabul, disaster impact. Equally as important, it means
Mogadishu, and Rangoon, fewer than 10 that very little priority will be given to low
percent of the dwellings have inside running probability although high effects incidents such
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as technological disasters. This will be true poor are probably likely to reside in
both of individuals and officials. Thus, with the path of both natural and
respect to the latter, that is governmental and technological hazards. (Bowonder
organizational personnel, it has been observed and Kasperson 1988: 104)
that Furthermore, the situation in cities in

Any risk assessment of disaster prone developing countries is more likely to get
cities reveals that the normal pattem worse before it gets better. As Jones has
of governments is to pay minimal written:
attention to the issues of public Environmental conditions in many of
safety in squatter settlements . . . . the huge agglomerations that will
Reasons for the lack of normal emerge over the next few decades
concern include a number of factors: can be expected to be very bad and
their 'illegality' which places them represent a deterioration over
outside the sphere of many present standards. (Jones 1991: 19)
governments concern; the limited Thus, it is easy to project that the normal
resources of governments in poor problems in developing cities will magnify the
countries which are focussed on day impact of disasters, that the everyday problems
to day survival needs, not on long- will deflect attention away from a concern with
term planning; but perhaps the major a low probability occasion such as a
reason concerns the formidable technological disaster, and that both the
problems in introducing disaster problems and the magnification of disaster
preparedness or mitigation planning effects will increase at least in the near future.
in the light of severe social, However, it must be noted that the dismal
economic, political and technical picture can be somewhat overdrawn. For one,
constraints. (Davis 1987: 6) there can be considerable variation in the

Or as another author has written of political urban way of life, particularly so called social
institutions in developing countries: pathological features even in developing

Insufficient political will, especially countries. For example, there is evidence that
when environmental impacts are far generally "Latin American urban crime rates
removed in time or space or when are ... much higher than those of Asian and
traditions of public environmental African cities' (Dogan and Kasarda 1988b:
awareness and action have not been 20). Not all large cities in developing societies
developed . . . inadequate have all the problems we noted earlier.
institutional capacity for Furthermore, even the slum and squatter
environmental management, areas may not be all negative:
especially for setting standards and The picture emerging from case
for monitoring and enforcing studies does not suggest that informal
regulations. (Bartone 1991: 412) settlements can be characterized as
But an unwillingness to take any relevant defeated, socially disorganized

actions with respect to disasters is probalbly neighborhoods, bur rather vital, if
even stronger at the individual or personal oftentimes poor, communities.
level. For it has been said that: (Kasarda and Crenshaw 1991: 18)

People who are already barely eking In fact, the generally negative view of life
out an existence will not avoid a risky in large cities in developing countries echoes
flood plain or the shadow of a what used to be commonly said about eastern
volcano any more than they will cities in the United States in the late
eschew the squatter settlements nineteenth and early twentieth centuries.
around a pesticide factory in Bhopal Sociologists in the late nineteenth and early
or a liquified gas facility in Mexico twentieth centuries, such as Tonnies,
City. In short, the poorest of the
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In fact, the generally negative view of life inhabitants. As one participant from
in large cities in developing countries echoes Mexico City stated at the Barcelona
what used to be commonly said about eastern Conference on Giant Cities: 'We
cities in the United States in the late 19th and didn't feel we were in such dire
early 20th centuries. Sociologists in the late straits until you told us how awful
nineteenth and early twentieth centuries such our conditions were.' Perceived
as Tonnies, Simmel, and Wirth, took the view deprivation, no doubt, is relative.
that much of urban life was pathological and (Dogan and Kasarda 1988a: 21-22)
rife with social problems (see Light, Keller, To indicate that rural migrants to cities
and Calhoun 1989: 231-235). However, later might have a better life than remaining where
more specific social science studies showed they were born, of course does not deny that
that what seemed widespread social at the community level their migration could
disorganization and personal pathology was an create social problems. If this is true, for our
inaccurate misreading of life in urban America purposes it is important. For the reasons
(e.g., Gans 1962 and Suttles 1968). There now indicated above, even if the problems are only
seems to be the beginning of a recognition at the community level, they almost ensure
that the situation is not a totally negative one that there will be a magnification of any
even in urban communities in developing impacting disaster. Unfortunately there is
societies. Thus, a recent review notes that every reason to believe that the urban social
perhaps a distinction ought to be drawn problems indicated will get worse, so it follows
between social problems at a community level that future technological disasters in those
and the perception of recent migrants to a communities will also be worse.
city:

Whereas additional numbers of 3. The social organizations and group
migrants may bring more costs than configurations that emerge in metropolitan
benefits to the city, migration areas are not particularly well suited for coping
improves the conditions of the rural with disasters.
migrants who view the economic and
social benefits of moving to a large For reasons already indicated,
city as substantially outweighing the metropolitan areas will be more likely than
costs. ever before to be the impact locus of

The point above was frequently technological disasters. In general, many social
overlooked in the early literature on characteristics of such localities tend to
urban growth in developing nations increase the difficulties in coping with many
where giant cities were often kinds of crises. We particularly want to note
depicted as abnormal and unhealthy two such factors: the highly bureaucratic
and life-styles of the residents were nature of urban organizations, and the
cast in appalling terms. Even today, heterogeneous sociocultural patterns of urban
some popular press and academic groupings. Since both make crisis planning and
writers appear surprised when they managing more difficult, the more there are
observe the high degree of optimism disasters in metropolitan areas, the more there
and satisfaction elicited by recent will be problems (in this instance, this applies
migrants residing in the most densely equally well to natural disasters).
compacted, impoverished Third
World cities. Residents of these Urban bureaucracies
cities, in turn, often are puzzled by
the Western, middle-class It is necessary to avoid stereotypical and
perspectives writers apply to the negative notions of bureaucracies when
economic, social, and environmental discussing such types of social organizations. In
circumstances confronting the principle, bureaucratic social arrangements
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whether in public or private groups are some analysts argue that in most developing
intended to standardize and routinize many of countries, the local governmental structures
their operations to achieve certain specified are weaker now than they were several
goals. Thus, it has been noted that: liby decades ago being devoid of revenues,
providing for the performance of tasks on a autonomy and technical capabilities (see
regular and orderly basis, bureaucracies permit Cohen 1991: 93).
the efficient planning and coordination of Put another way, since municipal
activities' (Vanderzanden 1988: 124). bureaucracies are not the best social

Given this, it is nevertheless true that organizations to prepare for and respond to
bureaucracies are not the best adaptive social disasters, their presence in the midst of such
organizations to cope with fluid and ambiguous crises, can only magnify the problems that will
occasions, among the very hallmarks of the appear. But in the main, it should be
emergency periods of crises. Disasters involve anticipated that urban bureaucracies in
nonroutine occasions. In those kinds of developing societies will magnify emergency
situations, as disaster studies have consistently problems, and as such make populations more
reported, new or emergent rather than vulnerable to disaster impacts.
traditional or standard behavior patterns are
more adaptive for the problems that surface Heterogeneous subcultures
(see Kreps 1991). In line with this, DRC
research has found that decentralized Heterogeneity tends to be the outcome of
organizational decision making and ignoring of large population size. That is, the larger the
rules is often the best coping behavior in the population in a community, the more there
early stages of a disaster. For example, will be social dissimilarities among the
hospitals and the hospital system can better members (Wilson 1986). This is true both in
provide emergency medical services if the terms of individuals and groups.
bureaucratic authority structure, the usual Now, as already noted earlier, it is widely
decision making process, and even the believed that many segments of urban
traditional division of labor, are not completely populations live in very disorganized and
followed (see Quarantelli 1983). anomic social settings. But as previously

The situation does not seem to be any discussed, this is incorrect. Particularly when
better in developing countries. A recent there are many dissimilar groups in a
examination of some government agencies community, there is a tendency for officials
stated that flexibility, adaptability, creativity and some groups to see collective lifestyles
and speed were found wanting in most other than their own as reflecting a high
centrally managed development efforts. degree of social disorganization if not
Although focused on bureaucracies dealing pathology. This perception usually reflects the
with rural problems: view of the dominant and the majority groups

To make matters worse, central when they look at the nonmainstream social
offices of bureaucracies are slow in groupings that increasingly live in urban areas.
responding even in routine support But far from disorganization and anomie, what
tasks and responsibilities, not to is usually present are different social worlds
mention extraordinary ones. (Wunsch and subcultures whose members have different
1991b: 10-11) group values and beliefs than the dominant
Urban bureaucracies certainly could not social pattern and culture, many of these

be expected to perform better or as has been stemming from different ethnic and/or religious
said: "there are few defenders and marny backgrounds. Many of the cities in developing
critics of the centralized, bureaucratic, countries are the end point of migration from
hierarchical organizational strategy dominant different ethnic and tnbal groups. It has been
since independence in Third Worlld said about African communities that: 'Even in
administration' (Wunsch 1991a: 431). In fact, cities and towns, tribal loyalties are still
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meaningful" (Leslie 1963: 32). A major source of civil strife and disorder. Thus, the
consequence is that heterogeneity and urban areas of such countries as Lebanon,
different subcultures characterizes the urban Afghanistan, Sudan, Iraq, Sri Lanka, Somalia
communities of such societies. and Myanmar, to mention but a few obvious

These kinds of population mix can affect examples, are often the locus of open conflict
disaster response in a variety of ways, make and violence. Cities also are often the end
disaster planning even more complicated than point of refugees from such strife. In both
usual, and generally raise the risks and cases, the end result are the existence of many
vulnerabilities for the persons and groups in subcultural enclaves and neighborhoods in
the mix. We cannot paint a systematic picture urban communities in developing countries.
of all that could be involved. But let present The particular heterogeneous subcultural
some general examples (for research studies mix that will exit in any metropolitan area will
supporting the following assertions, especially differ somewhat from one locality to another.
see Bolin 1982; Perry and Greene 1982; Perry, However, our point is that any kind of
Greene, and Mushkatel 1983; Bolin and sociocultural mix along any of the lines
Bolton 1986; Drabek 1986; and Perry 1987). indicated will complicate and generally make
Although most of the specific work deals with less efficient and effective any aspect of
developed societies, the general principles disaster planning or managing. A relatively
derived should be equally applicable in homogeneous population is much easier to
developing societies. plan for and will have less risks and

For instance, some ethnic and minority vulnerabilities in disasters.
groups see risks differently from other groups,
with some assuming hazards can be overcome 4. Certain lifestyles of urban populations leave
and others assuming human beings have to them especially vulnerable to disasters.
accept and adjust to threats. Depending on the
belief, this can affect efforts at disaster Populations in future disasters, because of
mitigation or prevention, with for example, social changes associated with urban living, will
those having a fatalistic cultural ideology be more vulnerable to negative effects. We
unlikely to take any actions (for different cannot provide a systematic coverage of all
cultural ideologies, see Thompson, Ellis, and factors, but we will illustrate three of them:
Wildavsky 1990). People from different the large number of socially disadvantaged
cultures can also vary in their support for people, the varied household composition and
protective actions, with some taking a the youthful age distribution of urban
somewhat fatalistic and resigned position populations.
because of some religious values. Adoption of
emergency preparedness measures can be The sociaLly disadvantaged
affected by this. Also, some groups have very
extended kinship systems which can provide It has long been observed that for a
considerable support at times of crises; variety of reasons, the socially
conversely, other disaster victims because they disadvantaged-essentially the poorer, less well
trust no one other than their own kind, may educated, and less skilled segments of
have few or none to turn to for social support. populations-usually suffer the most from
As another example we may note that studies disaster impacts. In urban communities they
show some minorities often have the most are more likely to be initially impacted because
problems recovering from disasters because they live in more dangerous areas or zones.
they frequently are not that socially visible to While this is probably true for any kind of
those providing help. disaster agent, it is very likely for technological

These kinds of intergroup subcultural hazards. This is because the risks from them
differences may be especially exacerbated in are not evenly distributed throughout any
developing countries because some are the
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society. As Britton notes, the social geography tial neighborhoods-and, when they
of technologically risky sites in Australia: are not, they are surrounded by slums

is quite explicit. They correspond to and shantytowns populated by rural
the nation's major population centres immigrants who cannot find housing
.... .. All these centres are major elsewhere. (Shrivastava 1987: 33)
distribution locations from which Not surprising also, there are estimates
hazardous materials either that "40 per cent of the work force in many
commence, or complete journeys, and developing countries are unemployed'
hence represent important locales for (Population and the Environment 1991: 9).
related hazardous materials transport Overall, this suggests that these urban dwellers
and storage. are overwhelmingly made up of socially

More important, is the urban location of disadvantaged individuals. In that sense, major
technological hazards as Britton notes: components of future urban populations at

Hazardous industries are not risk will be less able to cope with the losses
randomly distributed within cities. and disruptions to be expected in disasters.
Industrial zones in general, and While social class differences have yet to
hazardous industry sites in particular, be found to be significant in emergency time
tend to be located in less-affluent behavior by the research undertaken up to
areas characterized by low socio- now (e.g., practically no such differences are
economic residents less able to cited in Drabek 1986), the evidence is
capably deal with, or respond to, considerable that those at the bottom of
crises .... whatever socioeconomic levels exist in a given

For instance, when the LPG community will both suffer the most and be
storage tanks exploded at the Boral least able to rebound from disaster impacts.
Gas depot in Sydney's inner western The problem is compounded by the fact that
suburb . .. the residential group most certain of these populations in urban areas are
endangered was markedly over- particularly heterogeneous, as discussed earlier.
represented in terms of the That is, all the socially disadvantaged do not
classification of youth and adult come from one particular ethnic or tribal
unemployment: overseas born non- group. This preimpact variety in behaviors,
English speaking background; attitudes and values necessitates different
unskilled: low income: and the least approaches to them for disaster planning,
formal qualifications. (1991a) difficult enough to undertake even in wealthy
While this is a description of a situation in communities in developed societies and all but

a developed society, the situation in urban impossible in impoverished cities in developing
communities in developing countries is likely countries.
to be even worst. A UN report said that in
1990 roughly a billion people lived in slurns Household compositions
and squatter settlements. In a typical
expanding city in a developing society, it is not Ongoing changes in family patterns and in
uncommon for over one third of the entire lifestyles can increase vulnerabilities to
population to live in substandard housing, disasters. The form of the family typically
while thousands more are forced to live on the changes in an urban setting. For example,
streets where they find shelter in makeshift more and more, the traditional type of the
shacks. Or has been written: family in developing countries, the extended

in highly congested cities like kinship one, becomes generally less important
Bangkok, Bombay, Calcutta, Cairo, in urban settings. Much disaster planning
Lagos, Mexico City, and Rio De everywhere implicitly assumes either the
Janeiro, industrial plants are located nuclear or extended kinship family type. But
in the middle of established residen- both are a diminishing social pattern. In
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particular, the kinds of households more likely equated the magnitude of impact to
to be seen in cities of the future, are those the number of people killed or
whose members are likely to have less injured, or to the amount of property
psychological and social support available for damaged. Unfortunately, things are
crises than was true when extended family not this simple. The accident at
systems predominated. Three Mile Island (TMI)

Furthermore, the other types of growing provided a dramatic demonstration
kinds of urban households we have mentioned that factors besides injury, death, and
all present different kinds of issues and property damage impose serious
problems for disaster planning and managing. costs.
For example, on the whole, they are less likely He goes on to note that although there was
to get involved in any kind of preparedness not a single death at TMI and that few if any
planning. They also are more difficult to warn latent cancer fatalities are expected:
about impending dangers. They are not as . . . no other accident . . . has
likely to be found and serviced by disaster produced such costly societal impacts.
relief organizations. For these and other The accident .. . certainly devastated
reasons, the newer forms of households have the utility that owned and operated
greater vulnerability to disaster impacts. the plant. It also imposed enormous

costs (estimated at 500 billion dollars
Age distributions . . . ) on the nuclear industry and on

society.
As a last example we may note that there It did this through stricter regulations and the

have been and are changes occurring in the reduced operation of reactors worldwide,
demographic characteristics of populations in greater public opposition to nuclear power and
developing societies. These can result in greater reliance on more expensive energy
qualitative changes in vulnerability. For sources, and increased costs of reactor
instance, we are increasingly getting a young construction and operation. Slovic further
population in at least the majority of notes:
developing societies around the world. In fact: It may even have led to a more
'40 percent of the people living in developing hostile view of other large scale,
countries are under 15 years of age" modern technologies, such as
(Population and the Environment 1991:9). It is chemical manufacturing and genetic
not by chance therefore, for example, that engineering. The point is that
deaths were disproportionately concentrated traditional economic and risk analyses
among children, especially infants, in Bhopal tend to neglect these higher-order
(Bowonder, Kasperson, and Kasperson 1985: impacts, hence they greatly
10). Overall the age distribution makes for underestimate the costs associated
vulnerability. with certain kinds of mishaps.

Although the reaction to . . .
5. Because of the complex social links in the TMI . . . was extreme, it is by no
modem world, certain future disasters will means an isolated example. Other
have catastrophic potential even if they result recent events that have had
in no casualties nor have physical impact enormous indirect impact include . .

. the discovery of pollution from
We are initially talking here of disasters chemical wastes at Love Canal . . .

that in terms of their direct effects, would be and Times Beach . . . the disastrous
primarily economically costly. Slovic, for launch of the space shuttle
instance, has written: Challenger . . . . Following these

Some events make only small ripples; extreme events are a myriad of lesser
others make big ones. Early theories incidents events varying in the



212

breadth and magnitude of their For obvious reasons, they are more likely to
impacts. (1987) occur in urban centers. There is every reason
As a variant of this, we may note that to think that such communities in developing

some future disasters will be very socially countries will be increasingly vulnerable to
disruptive, less because of their direct physical such disasters. Views that take the position
effects, but from consequences because of the that, for example: "the so-called disaster of
way they will be perceived. We had a very Seveso in 1976 did not claim one victim:
good example of this in Brazil a few years ago. phoney catastrophe presented to the world
A cancer treatment machine abandoned in a through the media as a chemical apocalypsew
junkyard released some dangerous cesium 137. (Tazieff 1991: 14) would seem to equate
The radioactive contamination killed about disasters only with fatalities, a rather narrow
four people and seriously affected about 44 and almost completely discarded notion in
others. most of the social science research literature.

But far more consequential was the
perceived risk to anyone in the affected The disaster planning in place and necessary
locality, namely Goiania, Brazil, a city of 1.2
million. The occasion is almost a classic case of Clearly a major way of coping with the
the potential negative impacts of perceived kinds of technological disasters that have been
risk. Over 100,000 residents out of a total projected will occur in the future is to have
population of about one million in the area good disaster planning in place. Planning can
underwent Geiger counter examinations to make a significant difference in preventing
detect possible contamination; it was reported disasters from occurring, help to better
that bout 8,000 formal certificates were issued prepare for their occurrence, improve the
to counter the effects of being stigmatized as emergency response to them, and make better
a hazardous carrier of radiation. This was not the recovery after their impacts. This has
an unreasonable coping effort since the anxiety occurred to a degree in Western societies for
over potential contamination led hotels all kinds of disasters. In principle such
elsewhere in the country to cancel reservations planning should be as equally possible in
of persons from Goiania, buses and airplanes developing societies. In fact, along some lines,
to refuse to take Goianians as passengers, and some countries in the developing world have
some doctors and dentists to take new patients materially improved their disaster planning for
who did not have the certificates. There was natural disasters.
also cancellations of scheduled conventions in
Goiania. One estimate was that regional Disaster planning in place
tourism fell over 40 percent and it was
reported that property values fell, with salves The degree and kind of disaster planning
levels for the entire city and state being that is in place in developing societies varies
affected. Possible as much as 50 percent of the considerably. In some societies such as India
state's export sales were lost during one month and Iran it is significant; in other countries,
with the area's agricultural products being there is not even a national disaster plan for
boycotted (or purchased at 50 percent of any kind of crisis. There is also considerable
value). Even textiles and clothinig variation in planning for any aspect of
manufactured in Goiania were affected-some technological disasters within whatever more
losing nearly 40 percent of their value (from general planning exists. Thus, a recent survey
press accounts and observations in 1987 lby of mitigation and other preparations for
John Petterson of Impact Assessment). disasters in many developing countries in Asia

These kinds of future disasters resulting and around the Pacific found that while there
mostly in nonphysical but massive social, was at least minimal planning for natural
economic and/or psychological disruptions disaster events in almost all societies, there
present many and major planning problems. was almost none for technological disasters
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(Disaster Mitigation 1991). In a few nations avoid the trials and errors efforts and the
there is planning for both kinds of disasters. simplistic plans attempted in Western societies
Despite this variability, nevertheless, it is during the course of the last half of the
possible to make some generalizations about twentieth century. Planners in the developing
the kind of disaster planning, and the world can also use the social science research
organizational and institutional capabilities that on disasters accumulated over the last four
exists for technological disasters in developing decades, which only slowly and erratically
societies. became available to crisis mangers in the West.

First, we are not talking of a static situa- Thus, the potential of "short-circuiting'
tion insofar as such planning is concerned. In some of the historical evolution of disaster
fact, just looking at the historical situation planning undoubtedly exists. However,
from the past to the present, one might be knowledge of problems and how they might be
encouraged in terms of dealing with future handled does not automatically translate into
disastrous occasions. The present is certainly concrete implementations of policies and
better than the past if one looks at most programs. In addition, even if disaster planning
developing countries around the world. In the is in place, it does not mean that it will
last few decades planning for and responding necessarily be administered and managed well.
to disasters has improved. There has been a This is presently true even in many Western
particular acceleration of the process in societies where disaster planning and
countries such as Bangladesh and Mexico. emergency managing often falls far short of
Where nothing once existed, much has been the ideal. Given this, with the usual lack of
created; where there was something in place it resources married to sometime unawareness of
has been made better. Actually almost hazards and of good disaster planning, and
anywhere, except perhaps sub-Saharan Africa, inefficient and ineffective management and
that one looks the present as compared with organizations, it should be expected that
the past is an improvement (Quarantelli 1990). planning for disasters will almost necessarily

There is no reason to think that the always be worst in cities in developing
indicated improvements will not continue to countries.
occur. Major or image creating disasters in Now some in-plant planning to cover the
particular (such as a Chernobyl or a Bhopal) emergency time period is not unknown in the
tend to generate efforts at crisis planning operations of many transnational chemical
whether the occasions occur in western companies, but as Bhopal showed this is far
Europe (see Lagadec 1982), in the Soviet from a universal pattern. Even when
Union (see Porfiriev 1991b), or in a something exists, it seldom is at the level found
developing country. Additionally, general social in developed societies. Moreover, such
conditions such as greater expectations by organizational planning typically focuses almost
citizens that they should be protected against only on some aspects of the preparedness and
environmental threats, as well as particular response phases and not the mitigation and
happenings such as the UN Decade for recovery time periods of chemical disasters. In
Natural Disaster Reduction, assure that in addition, as found even within Western
almost all societies we can anticipate, at a societies, there is little linkage to community
minimum, symbolic if not actual increased emergency management systems; the plans
attention to disaster planning. often stop 'at the plant gate' (Quarantelli

In fact, it could be argued as suggested 1984b).
earlier, that the developing world has a Overall then, disaster planning has
particular advantage over the developed world improved and will improve further in devel-
with respect to planning and managing oping countries. Nevertheless, when all is said
disasters of any kind. They can directly apply and done, the planning is not that good and it
the more current advanced models of disaster is difficult to see it soon approaching the level
planning that exist in developed societies and that presently it is at for technological hazards
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in cities in developed societies, which itself is, There might be a question if these general
far from ideal (Quarantelli 1984b). But there principles are equally applicable in developing
is a social base upon which improvements can countries given that they were primarily
be made if the proper disaster planning is derived by Western researchers doing studies
undertaken, the essence of which we will now mostly in developed societies. The evidence is
discuss. that these notions can be reasonably imported

to developing systems from developed ones, in
Good disaster planning the same way as the principles for the building

of bridges or inoculating against particular
As any number of researchers on the basis diseases can also be used anywhere. The

of their studies have concluded, good disaster principles at the level at which they are stated
planning typically has a number o[ are seemingly universal, applicable across
characteristics that can be stated as general different social systems.
principles. Presently in the West, for example, Along some lines, the above listing can be
it is generally recognized (Sorensen 1988: 242, used as a checklist to evaluate whatever
and Quarantelli 1991a) that the best planning general planning is in being or being
to have in place considered. The principles enunciated do not

(a) views disasters as quantitatively specifically mention technological disasters.
and qualitatively different from But of course that is one of the points (no. 2)
accidents and minor emergencies; being stressed-overall there should be general

(b) is multihazards rather than single planning initially for all disasters whatever
in focus, generic rather than their agent source. This does not preclude
agent specific; additional specific planning for technological

(c) includes all four time phases of risks and hazards within the larger framework.
the planning process rather than In fact, we turn now to noting what are
just one time phase; more specific planning principles, again

(d) aims at multiple rather than research derived, principally addressing
single hazard or risk reduction mitigation, preparedness, emergency response,
goals; and recovery planning for technological

(e) focuses on general principles rather disasters, mostly at the local community level.
than specific details; Now one general guidebook on planning just

(f) highlights a continuing process for chemical emergencies and disasters
rather than an end product, such outlined 71 pages of topics and dimensions
as the production of a written which should be considered in the process
plan; (Planning Emergency Response 1981). Clearly

(g) builds on research findings derived we cannot address here the full spectrum of
from systematic data rather than just issues involved in the range of specific
personal experiences; planning necessary. Thus, we confine ourself

(h) emphasizes the need for intra- and to those that are major, that we think can
interorganizational as well as make a significant difference, and that are
community coordination rather than more or less realistic in the context of the
control; average city in developing countries. Some

(i) assumes potential victims will react communities can do more than we suggest,
rather well times instead of poorly others could not reach the proposed level.
during the emergency time periods of
major crises; and Mitigation planning

(j) distinguishes between planning and
managing, between the strategies and With respect to disaster mitigation the ultimate
the tactics necessary. prime goal is to eliminate the threat. But this

is mostly an ideal. Apart from the eradication
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of a few diseases which could take epidemic cases there should be consideration of the
form, such as smallpox, there are almost no options usually available for the kinds of
cases in which this has happened historically technologies to be installed in urban areas.
and usually the elimination of any threat has With respect to most technologies, there are
been only along very narrow lines (e.g., what almost always alternatives available which can
used to be frequent explosions of boilers, has be used to produce, store, transport or dispose
been because of some safety features the waste of the chemical, nuclear or biological
introduced, reduced to a rare occurrence). As substances involved. Some are more inherently
such, reduction of risk is a much more viable risky than others, although the decisions that
possibility. It can and does occur. For example, will be made are more likely to involve social
strengthening building practices, structural rather than technical factors. If so, it follows as
codes, housing standards and inspections, etc. Bowonder observes:
have substantially lessened the number of In the case of pesticides and other
deaths and injuries after earthquakes in cities toxic materials, governmental
in developed countries. In the area of our decision making systems for
concern, the effort would aim at preventing or technological choice decisions should
reducing those disasters and their effects which examine the various alternative
are associated with industrialization and routes. (1985: 93)
urbanization, as discussed earlier. However, we which are less hazardous. Furthermore, while
primarily discuss technological matters in what decisions about the specific location of
follows since mitigation/preventive measures industries have to be made considering other
are far easier and more likely to be accepted than just safety criteria, certainly reduction of
for the industrialization process, than for the risk could be deemed as one important
urbanization one. element. In developed countries, for example,

the concentration of hazardous facilities in
1. It is important that there be local awareness industrial complexes or parks is one way
of the technological threats that exist in the dangerous chemical operations have been
community. segregated.

Unfortunately along some lines, in many Z Greater attention needs to be paid to the
cases community agencies often can only react safety of the neighborhoods around the siting
to a threat that is already in place. For of hazardous plants in urban areas
example, much if not almost all technology is
often imported from the outside into Even where the local community might
developing countries. Siting decisions about have little input on the placement of
nuclear power plants are typically made at the technological hazards in their local area, they
national rather than local level (Towfighi 1991: can often undertake actions which will reduce
107). In the instances where this is the case, it the risk to vulnerable populations. Clearly an
is even more crucial that urban municipalities important step would be to keep large
be at least cognizant of the kinds of threats population concentrations away from
that are entering into their communities. For dangerous facilities. There are difficult political
this they need a local agency which can considerations that can enter into any decision
monitor the advent or increase of such risks. about keeping people away. Nevertheless, it is
While a local organization with disaster simply a fact that restrictive/exclusionary land
responsibility would be the ideal choice, use measures and zoning codes can be used to
community planning agencies could carry out attempt to reduce risk.
the task since it is somewhat relevant to their Furthermore, it is possible to project some
normal operations. of the degree of risk that is present by the

In some countries however there is the undertaking of environmental impact
possibility of relevant local input. In these assessments before locating a plant in a
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particular location, and by an impact start has to be made for without awareness of
assessment if a facility is already in place. At local risks, for instance, nothing else is even
Bhopal, two of the largest slum colonies in the likely to be considered. Furthermore, as we
city lived across from the Union Carbide plant shall indicate later, a case can be made that
even though the area was not zoned for mitigation measures are not necessarily those
residential use (Shrivastava 1987: 4). that should have the very highest priority in

planning. Creating resiliency to react to
3. Plant designs and operations in urban disasters when they occur perhaps should be
communities can sometime be made safer by greater weight in the process than just trying
local monitoring and inspections. to achieve unattainable levels of elimination

and reduction of risks. If so, preparing for
Again, because of governmental structures disasters becomes very important.

and assigned levels of responsibility this is not
always possible for local agencies. However, in Preparedness planning
some cases it is well within their prerogatives.
In these instances there should be efforts This kind of planning is intended to
toward the use of safety technology and an improve the emergency time response if a
effective regulatory system. Although we disaster were to occur. It includes a number of
indicated some of the possible unwanted long ahead of time activities as: (a) might
negative effects earlier, it is nevertheless true minimize disaster damage-such as the creation
that technology can be used to increase the or improvement of forecasting and warning
probability that key installations are properly systems, or training people ahead of time on
designed and run, and that appropriate how to safeguard themselves at times of
monitoring systems be used. A regulatory impact, and also (b) which could enhance
system controlled by community authorities, if response operations at emergency timess-6uch
correctly administered, can increase social as the prior stockpiling of medical supplies and
pressure for proper maintenance and correct food stocks, or the conducting of disaster
procedures. exercises or drills.

As was said of Bhopal:
Had the plant been properly 1. Urban communities have to at least put
operated and maintained the whole preparedness planning for technological
tragedy would have been avoided. disasters on their community agenda.
Design lacunae were amplified by
poor maintenance factors. (Bowonder Apart from areas that are frequently
1985: 96) subject to disasters and have a disaster
It is of course possible to overregulate as subculture expectation (such as for typhoons in

many have said is the case of the American southern Bangladesh), it is very rare to find
nuclear industry, but that said, it is true that populations to be self interested much less
even including the Three Mile Island disaster, concerned about such threats before they
there has been no nuclear plant accident in materialize. The great majority of people in all
the United States that has resulted in societies are oriented to the 'here and now.'
casualties outside of the facilities. Current As such, the idea of a possible future disaster
regulations and supervision of lifelines in in which they will be directly involved is seen
developed societies, although far from perfect;, as so remote, unlikely and uncertain that the
also seem to make a difference in increasing threat does not enter into consciousness, or if
safety and reducing accidents. it does, is usually quickly dismissed. Human

It might be said that none of the three beings are unlikely to be engaged by
recommendations we make regarding disaster something they do not see as personally
mitigation are either unusual or likely to be involving themselves (or what they value such
fully implemented. This may be true, but a as their family), which is not immediately
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present, and which is not certain to occur. The However, it probably would not be wise to
ordinary individual is preoccupied with day-to- just undertake planning for possible
day concrete problems of living, and is not technological disasters alone. That risk should
interested in remote, abstract, rare statistical be considered as part of overall disaster
risks (for a review of the relevant literature, planning. But even this might not be too viable
see Drabek 1986: 320-331). a position given that in many cases in

All this suggests that insofar as developing countries, there are few specifically
preparedness planning is concerned, the major disaster oriented agencies at the local
initial effort ought to be given to raising local community level. Establishing a new group is
organizational sensitivity and awareness of almost always more difficult than assigning a
local dangers and threats. Awareness of threats new task to an already established organization
by citizens and their taking precautionary steps whose traditional activities might have some
is certainly desirable. But citizen participation connection to whatever change is being
is not the panacea the much writing about proposed. Thus, it should be easier to make
developing countries seem to imply. Insofar as disaster planning part of community
technological threats are concerned, it might developmental planning. Such a link to local
be more important initially to improve the developmental planning would additionally in
emergency stance and preparations of those the long run allow the possibility that local
urban agencies and groups which will disaster mitigation and recovery planning could
necessarily respond if a major disaster occurs. also be linked in the same way.
Charles Fritz suggested this thirty years ago Making a link between forms of planning
insofar as American natural disaster planning at the national level has of course been long
was concerned. While a number of things advocated by some (e.g., Cuny 1983) as well as
might be desirable, when everything cannot be ourselves. An even stronger case can be made
done at once, priority ought to be given to for a local level linkage. The actual carrying
that which can be more easily done and which out of the great majority of disaster planning
on balance would have the more immediate of necessity takes place at the community
and greatest payoff. Thus, he suggested that level, be this a city, town or village. This is
priority be given to having local emergency because human beings everywhere are
groups in the United States undertaking organized at the local community level to carry
disaster preparedness planning, instead of first out collective tasks.
attempting to teach citizens through mass
educational campaigns about disasters and how 2. The major organizations likely to be
they could personally prepare for them. We involved in responding to technological
think this view is equally applicable to disaster hazards in urban areas need to be identified by
preparedness in cities in the developing world. some local group and their roles and

Now given all the problems the typical responsibilities spelled out ahead of time.
metropolitan areas have in developing
countries, it is rather unrealistic to expect they Convergence of people, goods, equipment,
would give any high priority to disaster communication, is a very common occurrence
planning. Many cannot even cope with in almost all disasters (Drabek 1986: 174-175).
everyday municipal problems. However, it For a variety of reasons, technological disasters
would be an improvement simply to get such are especially likely to create a massive
planning or some part of it on the community convergence of many extra-community and
agenda, that is, at least given some formal even transnational groups, as well as
attention by the local political and organizations from the private as well as public
governmental system. Otherwise, many other sector undertaking a variety of technical and
necessary preparatory steps, such as a local nontechnical tasks. Who they will be, what
risk assessment and some of the measures we they will do, and their legal and other
suggest later, cannot even be initiated. responsibilities, cannot be primarily left to
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emerge spontaneously at the time of an 3. There is need to have extensive and
emergency. While there is little reason to think continuing dissemination of information about
much of the convergence can be stopped, prior likely technological risks and how to cope with
planning has to occur so that many them to those who need to know in local
problematical aspects could be lessened. In areas.
particular the local community organizations
and government must know with whom they This necessarily is dependent on a local
are likely to have to deal with at the time of risk assessment being made in the first place.
crisis. To be maximally useful, it has to be agent and

Otherwise, there can be the confusion locality specific. Only some cities are seaports.
that occurred at Bhopal: Not all have nearby chemical and/or nuclear

Not confirming the leak when the plants. Some have high rise buildings, while
civil authorities telephoned the others have huge squatter settlements. Certain
factory staff to enquire about the urban areas are populated by a vast array of
leak, delayed the evacuation process. ethnic groups. A few are just entering the
This caused confusion among the computer age, many others have barely
police and civil authorities. functioning lifeline systems. Particular localities
(Bowonder 1985: 250) have many natural disasters whereas a few
Advantage can sometimes be taken of have almost none. These features all affect the

relatively minor crises to learn what might risks and vulnerabilities of any specific urban
happen, although it is important to remember area.
that disasters are more than simply a big However, it is not enough to know what
accident. In any case, some kinds of drills the threat is. For example, as studies in the
involving all major social entities should be United States have shown with respect to
undertaken. While the planning and exercises hazardous chemicals (given also as we
required around nuclear plants in the United indicated earlier, the different forms the threat
States, based as it often is on extensive use of can take), even a correct identification does
computer technology, probably should not be not automatically translate into knowledge of
used as a prototype for communities iin the correct protective actions that should be
developing countries, but many of the general taken. In fact, there have been instances
ideas and activities involved are certainly where because of lack of knowledge,
relevant and ought to be incorporated into responding fire departments by inappropriately
greatly simplified local plans. spraying water on an otherwise inert chemical

Crucial for this kind of inventorying and have provoked an explosion or fire
preparing activities is that some local (Quarantelli 1991c). In part, this is why it is
organizations take the lead role at least to get necessary to prepare ahead of time before an
it going. If the locality is accustomed to natural emergency situation emerges.
disaster experiences, there probably is an With correct knowledge of the threat and
already existing group which takes the how it might be coped with, then relevant
leadership in such crises. Perhaps some regular information can be circulated to potential
social service agency has or could take such a victims, emergency organization officials and
role. It should also be noted that in Western the medical sector (the latter being especially
Europe and the United States, certaiin important because many technological hazards
segments of the private chemical industry have can generate serious and complicated health
taken a leadership role in preparatory problems).
measures insofar as that threat is concerned.
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For example, with respect to Bhopal it has undertaking of a systematic damage assessment
been written: or the arranging for temporary sheltering and

The information that MIC is a toxic housing.
material should have been available
to the public staying in the vicinity of 1. Planning is necessary for some potentially
the plant, the public health problematic emergency time responses in
authorities, and government agencies. technological disters in cities, such as the
The possible precautions which termination of evacuation.
should necessarily be taken in the
even of a leak should have been While there can be many emergency time
publicized. Mere inhalation through problems, evacuation can be especially
a moist towel would have made MIC problematical. For a variety of reasons,
inactive. If this information had been although evacuation is a very common
disseminated . . . a number of lives occurrence in all kinds of disasters (see Lindell
could have been saved. (Bowonder and Perry 1991), it is extremely likely in
1985: 96) technological ones. Sometime this behavior

Of course in the case of nuclear material, can involve large numbers even when the
hazardous waste, biotechnology substances and occasion results in only a few casualties. Thus,
some other things that involve technological a toxic sulfur trioxide release in New Delhi,
threats, both more specialized knowledge and India in 1985 forced around 100,000 to
equipment would be needed. evacuate and a crude oil explosion resulted in

In the above discussion, our emphasis has around 200,000 evacuating from a crude oil
been on organizations, the leadership roles explosion in Guadalupe, Mexico in 1989
they must have, and on their having relevant (Cutter 1991: 280), even though in both cases
information and circulating it. Almost anything there was no significant damage to human
else that might be advocated about beings. Moving such large numbers efficiently
preparedness planning we would suggest could and effectively requires both prior planning
not be undertaken without such organizations and good managing. That it can be done rather
in place and ability to communicate about well is illustrated by the Canadians evacuating
different matters. Again, a start must be made around 215,000 residents in a Toronto suburb,
someplace, and we have indicated where it Mississauga, as a result of the perceived spill
should be with respect to this phase of the of dangerous chemicals from a train wreck
planning process prior to any disaster impact. (Scanlon and Padgham 1980).

However, it is the termination of
Emergency response planning evacuation that is especially problematical

when the disaster agents involved have been
This generally has to do with those actions toxins and other dangerous chemicals as well

that most closely follow a disaster impact. as radioactive materials. In part this often
Generally these include activities which are makes the termination of evacuation conflict
designed to: (a) provide emergency time ridden (Stallings 1991: 193). It is typical that
assistance such as search and rescue or setting there is disagreement over the level of danger
up emergency operations centers (EOCs) remaining and thus whether it is safe for
where coordination of the multiple groups that evacuees to return. At least in developed
will converge on the disaster site can be societies, although there is no reason to think
attempted; (b) reduce the probability of it would not be the same in developing
secondary damages such as setting up countries, evacuees tend typically to be more
roadblocks or evacuation routes so that skeptical about what is safe than are
evacuees will not go toward but away from government personnel. In addition, local
danger; and (c) help speed the initiation of officials often want to terminate an evacuation
recovery operations such as through the because of the costs involved whether this be
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for overtime pay or the economic losses from management are somewhat different from the
work stoppages and business interruptions; principles of disaster planning. These
whereas residents are often more leery about principles are not simply two sides of the same
going back. coin. Perhaps if a parallel is drawn, the last

Furthermore, most evacuations in point can be made more clearly. The military
chemical and nuclear disasters involve draws a distinction between strategy and
situations where there is no visible threat tactics. The former has reference to the overall
(such as in the case of radiation) from the approach to a problem or objective. But there
perspective of citizens (Stallings 1991: 195). are always some situational factors or other
Thus, there may be no physical clues that the contingencies which require particular
emergency has ended. This makes both adjustments to attain a specific goal if the
evacuees and public officials dependent oni overall objective is to be attained. This is the
experts, who may or may not be readily area of tactics. In somewhat parallel terms,
available, unless preplanned. The crisis good disaster planning involves the general
situation is often exacerbated in that no strategies to be followed in readying for
official guarantee can be made that even the disasters. In good crisis management, particular
absence of current symptoms does not rule out tactics are used to handle the specific situation
the future occurrence of negative effects contingencies which are present or which arise
(possibly even in yet unborn infants). during the course of the emergency.

Clearly implied in these observations is Technological disasters are particularly
the necessity to both plan and manage characterized by all kinds of situational
evacuation well. Much of the planning can be contingencies. For example, a transportation
done ahead of time and should be undertaken accident which might involve dangerous,
by the local authorities. But there is also the chemicals, 'nuclear material or biological
matter of managing the evacuation which, as substances, does not just happen; it occurs in
we shall discuss later, is often rather agent and a particular locality at some social time in the
location specific which precludes too much community life. In every locality, and
prior planning. particularly urban ones, there is a rhythm to

social life with certain activities ebbing and
2. As much attention needs to be paid to increasing in particular patterns and cycles
principles of managing as to those of planning. which vary and not always directly to the time-

of the day, the day of the week, and the
Technological disasters are particularly season. Such situational contingencies have to

characterized by all kinds of specific be well managed to avoid problems in
contingencies which cannot be handled well by mounting an effective and efficient response.
general planning (Quarantelli 1991c). Now it While it is not possible here to even indicate
is very easy to assume that if there has been the full range of contingencies that are
community disaster planning there will be possible, let us illustrate further by giving a
successful crisis or emergency management. different example.
That would seem to be the purpose of For instance, a dangerous biological,
planning ahead of time. But often there is a nuclear or chemical incident in most places
big gap between what was planned and what around the world can occur on private
actually occurs in a major disaster. The reason property, a mixed public-private setting, or a
for this is twofold. One is that the planning, public location. There are different
particularly preparedness and response implications in managing the emergency
planning, can be poor in the first place. Poor response depending on which was the
planning can only lead to poor management situation. They range from the degree of
activities. knowledge about the occasion that is likely to

But more important, is a failure to become publicly available, to the probable
recognize that the principles of emergency courses of action that responding organizations
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will or can take. Thus, DRC in its studies continue to exist. Therefore, whatever the
found that when chemical accidents occurred emergency time planning, it has to build on
inside the company's property, the larger what is in place as well as taking into account
community rarely found out quickly about such that management issues and questions will
happenings unless there were immediate force some deviation from old often
casualties or fatalities. In nearly all cases DRC bureaucratic patterns.
examined, there was a time delay in the time Technological emergencies and disasters
between when the accident on private that stem from transportation accidents or
property was turning into a disaster and when mishaps present difficult problems for planning
this happening became public knowledge purposes. The transporter entity, whether it be
(Quarantelli 1984b). Until the accident at a plane, truck, train, ship or whatever, can
Three Mile Island, many internal mishaps in crash, be wrecked or otherwise disgorge its
nuclear plants elsewhere never came to the dangerous chemical cargo at almost any
attention of outsiders. location. Given this, it is all but impossible to

prepare any site-specific emergency time plan.
3. In responding in the emergency period of The best that can be done is to undertake
technological disasters, a balance must be flexible planning suggesting a wide range of
achieved between organizations undertaking coping mechanisms for such demanding
traditional tasks and engaging in new ones. occasions.

In the discussion above we have been
A general disaster planning principle is generally suggesting the necessity of putting in

that it should stay as close to possible to place a responding emergency systemn that
everyday patterns. However, in all disas- would be relatively resilient. Particularly in
ters-typically even more so in technological technological disasters, some happenings ir the
ones-there often is the emergence of many response phase are more likely Lo ee

new behaviors and groupings in the attempt to problematical than others, and there will be
cope with the multiple contingencies created. the necessity of coping through nontraditional
This is because the usual patterns cannot deal and nonroutine patterns. The emergency time
with all the demands created by a disaster. In period demands more managing than planning,
fact, the greater the disaster, the more which partly distinguished it from the recoverv
organized improvisations of all kinds appear phase where the more institutionalized
accompanied by pluralistic decision making in structures can come into play again.
tasks ranging from evacuation and the provid-
ing of emergency medical services to inter- Recovery planning
organizational coordination and community
priority setting. While the emergent pheno- This has to do with those disaster relevant
mena is partly rooted in and comes out of activities that are undertaken after the
preexisting structures and functions, there is emergency response period is over in an
also always an element of the new, novel, attempt to return to relatively normal
nontraditional or nonroutine in what can be functioning. In the short term, the focus is on
seen at the height of a disaster (see Kreps restoring infrastructures, delivery systems and
1991). other activities to minimum operating

However, metropolitan areas, particularly standards. In the long term, the attempt is to
those in developing countries, have to deal restore community life to normal. The .
with everyday emergencies, for instance with measures can range from the providing of
respect to traffic and parking congestions, financial assistance or of technical information
garbage and waste collection, delivery of on how polluted farm lands can be restored to
health services, and so forth. There is relative production, to the restoration of major lifeline
effective if not efficient activities in almost all services and the rebuilding of damaged and
cases, otherwise the cities involved would not destroyed facilities. Often in this time period
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there is the possibility to amend old laws or support improvements in overall community
pass new ones with respect to disaster disaster planning. In part, this would reduce
planning, or legislation which will facilitate the the tendency for governmental bureaucracies
rebuilding, restoration, and recovery of to set up a uwe-theyh confrontational stance.
populations and communities. Of course this will not always be easy for some

such citizen groups tend to be co-opted, led,
1. Citizens sometimes can be involved in or used by political activists of different kinds.
disater planning as a result of being exposed
to a technological hazard. 2 Local social mechanisms or procedures

should be set up to learn from the experience
Even in the aftermath of a disaster, many of technological disasters and in various way

citizens have little interest in becoming better plan for them, although there are limits
involved in disaster planning. But some people to likely changes.
may organize themselves, sometime with the
assistance of political activists. For a variety of Real experiences of a threat or a disaster
reasons, technological hazards and threats are much more powerful than anything else in
would more likely generate such citizen convincing community officials that prior
groups. At least in developed societies, if planning should be undertaken. However, the
people come to define a serious, likely, full implications of the realization of a
probable threat in their immediate community risk cannot be adequately captured
neighborhood, and if they judge the local unless the experience is carefully looked at
authorities as illegitimately dismissing the and analyzed. Thus, as part of recovery
concern of residents over the danger, tlhe planning there should be a standby activating
groups may emerge (Quarantelli 1988a). These mechanism or procedure to ensure that such a
groups, only a small fraction of whom are record is made. Some agency should have the
successful in any way, often try to pressure responsibility to document the occasion and its
governmental entities to do something about problems. Without such information, as
the specific threat. On occasion, this involves hospitals and the medical sector have
attempting to get laws, ordinances or frequently found, it is all but impossible to
regulations passed to prevent, reduce, or to assess what the actual problems were, what
prepare for the threat. Such informal groups was done effectively, and what could be done
may also at times try to prepare the local more efficiently in future disasters. In Bhopal,
population for a possible danger from the for instance, it was found that physicians and
particular threat involved. To the extent such hospitals in the absence of any prior planning
groups are successful, and only a few do about the real nature of the threat only gave
sometime succeed in a localized area, the symptomatic treatment to those ill from an
awareness and preparations for specific unknown poisoning (Bowonder 1985: 86). In
disaster agents may increase substantially in both the Three Mile Island and the Chernobyl
certain neighborhoods of a community. While nuclear accidents, the iodine pill that would
such citizen groups are currently less likely to reduce some of the effects of radiation had
emerge in developing countries than neither been stored enough nor well
developed ones, they do appear as they did in distributed during the emergency time period.
Mexico City after the 1985 earthquake (Dynes, However, expectations of major changes
Qtuarantelli, and Wenger 1990), and in Bhopal as a result of a disaster should not be too high.
after the chemical poisoning. At the organizational level, in the immediate

These emergent groups should be planned post impact period there usually is much public
for in the sense that the local authorities discussion of how improvements should be
should be cognizant of their possible made in preparations for future crises. This is
appearance during the recovery phase and particularly likely to occur in the case of
have some ideas of how they might be used to technological threats to the extent they are
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seen as subject to human control and 3. Recovery activities in connection with
reduction in ways not thought of with respect technological disasters should be preplanned as
to 'Acts of God." However, even in part of overall community developmental
developed societies there typically is relatively planning.
little actual change in group structures and
functions after major disasters (Anderson To plan for disaster recovery by itself is
1970). The talk seldom gets translated into not usually very viable in either developed or
much concrete actions. But there are developing societies. Such efforts isolated from
occasional exceptions. A few crisis-type local other social forces operative in any community
organizations have sometime markedly usually do not go very far. Unfortunately, that
changed their preparedness planning after is usually what is attempted. Better would be
undergoing a disaster (Ross 1978; see also to link recovery to more traditional and
Drabek 1986: 284-288). Usually the impetus is existing social patterns so that one
the willingness of some key officials to lead an consequence would not only be helping
effort for better disaster preparedness. recovery from disaster but contributing also to

At the community level, across-the-board the general developments in the community.
change is even less likely but not impossible. At the individual and family level, it is
In developed societies, there is some evidence important that in some technological disasters
that there can be community changes as well the victims see themselves as facing an
as functional and dysfunctional consequences uncertain future as regards their health and
(Scanlon 1988). As to the former, there is that of those psychologically close. This can
some evidence (see Drabek 1986: 293-298) become very stressful. The consequence is that
that disasters can both accelerate some those initially exposed, for example, like at
ongoing community trends (e.g., toward more Chernobyl, Bhopal, Love Canal, and Three
efficient local governmental arrangements), Mile Island, the duration of the disaster
and generate limited new patterns (e.g., continues indefinitely for them. Much of this
mitigation measures). In rare cases, new results from the perceived uncertain but
disaster-related laws can be passed if the possibly drastic consequences of radiation
experience is well examined and documented. fallout, chemical poisoning, or toxic waste site
As to dysfunctional effects there is some contamination. Clearly efforts ought to be
indication, for example, of magnification of directed to reducing the stress for such people
preimpact community conflicts and generation in the recovery period.
of new ones (Quarantelli and Dynes 1976); Often in the West this is attempted
some of this, as a study of a major explosion through psychological crisis intervention
found, is manifested in blame assignation programs. But the evidence of their
which however may deflect attention away effectiveness is far from clear (Quarantelli
from social structural flaws to a mass media 1985) and they define this part of recovery as
influenced search for individual scapegoats requiring a special and primarily disaster-
(Drabek and Quarantelli 1967). Widespread focused effort. Perhaps victims can better be
scapegoating and blaming tends to occur after reintegrated into normal life through a
major technological disasters such as occurred reinforced or expanded use of traditional
in the instance of Chernobyl and Bhopal. service delivery systems concerned with health,

So overall while post-disaster change is poverty, unemployment, etc. This would
not widespread, it can occur if efiorts are indirectly support overall community
made that are meaningful in the situation. It development programs already in being,
would be necessary to try to direct the changes because the additional funding, resources,
toward functional rather than dysfunctional personnel that could be used instead of going
outcomes.
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into a defined disaster social envelope, would social system than the community.
instead be part of the larger community social Consequently, we will now turn to this issue.
patterns and processes.

At another level, many technological Rccommendations for policy and planning
disasters contaminate and pollute objects,
buildings and even the very ground itself in a lhemc
qualitatively different way and on a scale that
takes it beyond the effects of a typical natural On balance, matters are going to get
disaster (but not all of them for in relative worse, at least in the short run. We will be
terms some volcanic eruptions can do the faced with more and worse disasters in the
same). These disaster effects need to be dealt early twenty-first century in cities in
with relatively quickly otherwise the developing countries, no matter how much
community recovery effort is considerablly disaster preparedness and personnel could
slowed because normal work, school, religious, improve in that time in any realistic sense. If
office, etc., routines cannot be reestablished. we look not from the past to the present, but
Here too, perhaps local personnel could be from the present to the future, the outlook is
trained for the more specialized tasks and less favorable. Such changes as will occur in
existing means and facilities that can be used disaster planning while in the right direction
for decontamination, etc. ought to be will not for the time being be able to match
enhanced. In the long run, such a way of the quantitative and qualitative increases in
proceeding would not only forward disaster disasters.
recovery, but also leave in its wake a body of Of course this is no different from what
skills, community personnel and resources others have observed of more general
useable for nondisaster problems. environmental problems that face the world.

Of course both of the efforts suggested As Smelser has written:
would be enhanced if a built in pre-impact The various environmental crises that
procedure existed for allowing and moving the world is facing-exhaustion of
some of the everyday personnel, facilities, resources, spoilage, toxicity, and
resources, etc. to being used (and augmented pollution-will grow worse before
for the occasion) for disaster recovery they grow better. The logic behind
purposes. The best arrangement would be if this assertion is that the impulse
this stand by procedure was a part of prior among nations to develop
community developmental planning. If the economically and compete with
community is already doing similar work or others is so strong that they will give
undertaking similar tasks, there should be less this greater priority than impulses to
need for specialized disaster-related only protect the environment. In the short
recovery activities. run, environmental considerations

In the section above, we have in sonme constitute a cost and a liability in the
respect been suggesting that the recovery drive towardcompetitive productivity.
phase of technological disasters offers some This effect will no doubt be stronger
windows of opportunities of which advantage in those nations struggling to catch
should be taken to improve city life. Citizens up-the former Eastern bloc and the
can be involved in disaster planning at this Third World countries-than in the
stage, lessons can be learned from the developed nations with developed
experience, and the planning can be made part environmental movements. (1991:
of larger social forces already at play in the 519)
urban area. But to some extent this requires Nevertheless, this does not mean nothing
that disaster planning be part of existing can be done. At the most general level, the
policies and programs at higher levels of the industrialization and urbanization processes do
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not have to be completely stopped or In addressing the issue of technological
somehow undone. As Shrivastava has written: disasters there is a tendency that seduces

Sustainable development does not many. That is, it is thought that the solution
mean deindustrialization or lies in more or better technologies. This is not
regression to preindustrial modes of surprising because even when just natural
production. Instead, it simply requires disasters are addressed, there is also a
a create search for safer, tendency to fall back on technological and
environmentally less stressful, labor- engineering solutions. So a major criticism of
intensive "appropriate" technologies the approach taken in the UN International
that can be operated on a Decade of Natural Disaster Reduction is that
decentralized scale to fuel more it
balanced economic and social holds a narrow view of hazard and
development. (1987: 120) hazard reduction. The concept of
In any meaningful sense, the important hazard as interaction among physical

question is not whether industrialization and risks and human responses is largely
urbanization will continue in developing bypassed in favor of a focus solely on
countries but in what way the processes can be physical risks . . . . In perhaps the
modified to reduce the present negative program's most glaring flaw, no
effects. attempt is made to take hazards and

Furthermore, with respect to emergencies hazards reduction into account in the
and disasters, if the general and the specific context of economic development . .
disaster planning principles discussed in the . [it] rest on expansive and optimistic
previous section were more or less put into assumptions about the role of natural
place, that would be a tremendous science and engineering knowledge in
accomplishment, substantially altering the the hazards policy arena. (Mitchell
social landscape of cities in the developing 1990: 147)
world. But even if only some of them were put A general implication of our research
into and manifested in local disaster planning, based observations is that solutions are not to
there would be a notable improvement over be found primarily in new technologies or
the existing situation. Some achievement is greater use of existing ones. To import more
better than none even if it is not all. or different disaster technology into

However, rather than readvocating the developing countries will not solve the
implementation of the disaster principles problem. The difficulties noted stem from
already discussed, in this section we first want social factors although they may have a
to stress that it is the social rather than the technological component. Social problems can
technological arena where the future effort to only be dealt with socially; improvements in
improve planning is needed. We move from technology, and those are possible, can only
that to recommendations as to policies and address technological problems.
programs for both developing countries and In fact, as noted earlier, new and different
the World Bank. technologies can in themselves aggravate or

introduce new problems. This is not always
The social arena foreseen. For example, an English physician in

1902, blamed the massive air pollution of the
Much can be attempted, but to be even time on the dust kicked up by the numerous

moderately successful, the "right' approach horses galloping across the slowly
has to be taken. If the sources and facilitating disintegrating pavements of London. However,
conditions for technological disasters are not he confidently asserted that:
correctly identified, even good planning will the general introduction of motor
accomplish little. vehicles and the entire banishment of

the horse to the country should do
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much to remove from the from village women to higher levels of
atmosphere its most prevalent source national governmental bureaucracies);
of pollution. (quoted in Shaw 1971: 5. once identified, implementation of the
1) programs by whatever governmental
This is not an argument against the use of and/or private organizations are

technology per se or its improvement, only appropriate;
that if something is socially problematical, 6. application of both the general and
social answers and explanations must be specific disaster principles we have
sought. Sometime in disaster planning an already discussed, and
argument is made that it is necessary, for 7. the need t o assess the
instance, to have more radio transmitters to implementation, that is, to obtain
improve intra- and interorganizational feedback on whether the desired
communication. But studies have consistently changes are being achieved (partly
shown that good information flow, for taken from Wenger and Drabek
example, is mostly dependent on preimpact 1987).
established consensus regarding who plays While there are a number of implications
what roles, accepted legitimacy for decision for developing countries and programs on the
making, social mechanisms for facilitating, matter being discussed, we would suggest the
coordination, preimpact interaction among, following ten could be among the more
local officials who are likely to be involved in important ones.
crises, etc., rather than an increase in the
mechanical means used for communicating. Recommendations for developing countries

If the social arena is what needs to be
addressed, it can be approached in several The following suggestions are primarily
ways. We have already indicated general andl intended for the national government and its
specific planning principles that should be agencies. Even in developed societies with
applied to cope with technological hazards and relatively decentralized governmental systems
disasters in cities in the developing world. such as in the United States, without
However, in some senses, such principles leadership and assistance from the top of the
ought to be the end result in thc political hierarch, not much will usually
implementation of more basic policies ancd happen. Some of the steps may be primarily
programs. We now turn to such matters in symbolic but important nonetheless, whereas
making some recommendations developingr others may require concrete steps.
countries and the World Bank might want to The governments of developing countries,
adopt to improve technological disaster as indicated earlier, currently have varying and
planning. different kinds of disaster planning, ranging

Among other things, it is necessary to from almost nothing to arrangements that are
recognize that at least in ideal type terms at least minimally satisfactory. But in all cases
there are different stages in the total planning there should be attempts at improvement.
process, namely: Planning can be improved. But because

1. a need to formulate relevant policies; something can be done, such as undertaking
2. once formulated, adoption by some disaster planning, and that something should

relevant government agency or social be done, such as undertaking good
institution; planning-the can and should in this case will

3. then the development of appropriate not occur unless there is also the attitude that
county specific programs; something will be done. The 'can,' the

4. once adopted, identification of the "should,' and the 'will" are not the same,
more relevant target audiences for even though they are related.
such programs (these could range The will refers to the point that there

must be an explicit policy by those responsible
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for such, that disaster planning and its sometimes reluctant to admit that
implementation is not only worthwhile but their industrial activities could lead to
something to which time, effort, and resources serious crises (1987: 118)
must be directed. Put another way, there has While a fair number of governments in
to be a clear commitment by policy and developing countries know and accept the
decision makers in and out of government if probability of natural disasters, this is not true
anything is going to happen. A passive of the technological ones we have discussed,
willingness to let disaster planning is not and certainly some of those we have projected
enough. Implicit rather than explicit support is for the future.
not enough. If anything is going to happen, 4. There is a need of specific risk anal-
there has to be open leadership and provision ysis of all the possible technological
of some wherewithal to do something. hazards in particular countries, includ-
Leadership as the term indicates means taking ing those associated with imported
the lead, getting out in front. The wherewithal technologies. The particular threats
involves not only some degree of material will vary from one social system to
support, but the providing of legitimacy and another, as well as brought in from
saliency for the undertaking is also crucial. the outside. Perhaps the use of envi-
Disaster planning has to be on the regular ronmental and social impact assess-
agenda, not something turned to after a ments can be made part of the licens-
disaster has already occurred. This leads us to ing process for technologies that are
our first recommendation. used or will be used by relevant public

1. Systematic disaster planning, as a and private organizations. In addition,
matter of policy, must be at least the possible risks in new technologies
placed on the agenda at the highest should be ascertained in the early
governmental level. Disaster planning stages of their creation, and carefully
may not be given the highest priority, examined before they are allowed to
but it must be given some official take root in the country. Now it may
attention. not be possible for some developing

2. More attention needs to be paid to countries to assess the risks involved,
urban disasters as compared to those for example, in using biotechnology or
more likely to impact rural areas. As computers. But these are likely to be
we have indicated there are some imported from outside the country,
disaster problems that have some and thus can be subject to questioning
particular urban related qualities, and regulations. There might be a
especially with respect to risks and lesson from the Bhopal occasion in
vulnerabilities. Furthermore, as Jones that almost every group and
(1991) suggests, given future social organization involved could be faulted
trends it is imperative that increasing for inactions or poor actions before
attention be paid to the urban and at the time of the disaster.
problems of developing societies. However, it is clear that all

3. The probability of technological governmental levels from the local to
hazards and disasters needs to be the national one failed to have a
recognized. Awareness of the risks preventive or mitigatory stance
and threats involved is a crucial (Bowonder 1985). This should not be
precondition for almost any allowed to occur for new
meaningful actions. As Shrivastava technologies.
noted a first step for planning is to: 5. All four aspects of disaster
acknowledge the possibility of crisis planning-mitigation/prevention,
potential. Corporations and preparedness, emergency response
governments, particularly are and recovery-need to be concurrently
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addressed. They are as we have technologically rooted. Thus, national
written elsewhere linked to one planning has to spell out which
another in a circular fashion-what is organizations have what
done in one stage will have ' responsibilities when disasters cut
consequences for what be planned at across all kinds of local and regional
the next later stage. While all phases boundaries. The evidence suggests
should be attended to, it does not that the best models put emphasis on
follow that all should be given equal coordination by and not control by
weight. As we have implied earlier, the national level (Dynes 1990).
we feel that planning to create 7. There is need for greater cooperation
resilience in the emergency response between the government and the
should be given greater priority thai private sector. The private sector, and
attempts to eliminate threats, and we probably increasingly so given trends
think this is particularly important for in developing countries, needs to be
technological hazards. For many linked to disaster planning. This
developing countries this would be involves not only domestic operations
the best approach to take. Even withi but transnational corporations as well.
respect to planning for natural There must be insistence that relevant
disasters, analysts of the problem have industries and particular
increasingly argued for such a establishments, that is those handling
position. For example, as Cuny states, in some way dangerous materials, be
In recent years there has been some required to submit planning for

debate among the experts about approval. While it is very important to
which activity to emphasize. In the avoid paper requirements for
1950s, most of the emphasis was on bureaucratic gratification, it is possible
preparedness .... In the 1960s, there in different ways to provide economic
was intense interest in prevention . . incentives and disincentives to plan.
= . In the 1970s, there was a shif-t While in some cases a socially
toward mitigation ... . The pendulurn responsible corporate culture may be
seems to be moving back toward operative in the instance of particular
preparedness, though on a much companies, it is not something that
more sophisticated level" (Cuny 1983: cannot be depended upon to be a
206; see also Dynes, forthcoming). factor.

6. There needs to be an overall national 8. There needs to be some kind of
policy with respect to disasters and national level center or agency whose
the planning for them. With a policy, major responsibility would be disasters
a system then can be put in place. In generally. A simplified model might
almost all cases in developing be derived for a developing country
countries, there is need to strengthen by looking at the different systems in
national-local links and relationships existence, perhaps less those in
with respect to disaster planning. In developed societies such as the U.S.
some cases the national disaster Federal Emergency Management
system needs to be activated to Agency (FEMA) or in Japan, but
handle the problems affecting a more some of those that have been
number of different communities at recently established in developing
the same time in the country, when countries (Mexico, for example, seems
the crisis occasion is regional if not to have a good model). Such a central
national in scope. These kinds of point should have, for example, a
disasters, as indicated in earlier in the monitoring system to keep track of all
paper, are increasingly likely to be disasters as well as technological
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accidents and mishaps, draw up model limits. A risk free society is a chimerical dream.
plans for local communities, provide As someone has said, if the production of
guidance documents, maintain a data mushrooms were invented today, there would
bank with information which would be those that would urge their total
include the special problems of prohibition. The notions that risks and hazards
recovering when the disaster has can be completely eliminated is not borne out
polluted land or perhaps left latent by history. In fact, historians who have
medical problems for victims in the examined past attempts to deal with cholera,
future, etc. Such a center or agency hazardous aspects of electricity and the Dust
could also provide training, courses Bowl in the United States, have written that
and workshops and other educational beliefs that advances in science and technology
activities (such as a lending library of could:
audiovisual materials) for disaster control and guarantee . .. almost no
purposes, similar to the activities risk proved illusory .... Society is no
undertaken by the US National longer sure that 'magic bullets" exist
Training Center at Emmitsburg run by for every problem of risk, and new
FEMA. values questioning the earlier

9. As we have stated several times, it is assumptions have gained increasing
very important that disaster planning strength. (Tarr 1990: 95-96)
of any kind should be part of Second, apart from what can realistically
developmental planning. It is also be done, is the question of what should or
imperative that technological disaster ought to be done. The disaster area,
planning be compatible with planning technological agents or otherwise, does not
for other disasters as well. lend itself to a nice, neat adding of pluses and

In both cases this policy must be explicit and minuses, or purely economic cost-benefit
actually manifested in practice. analyses. In fact, most social science disaster
10. Finally, more attention needs to be paid to researchers would probably agree with the
the extreme disaster in two senses of the term. following. Even though the discussion is about
First, there is the catastrophic disaster which developed societies and emergency time
massively impacts a society, and is truly planning, the argument is relevant to
national in scope. Some developing countries developing societies in that it is said such
have of course experience such catastrophic planning:
occasions from natural agents as Bangladesh cannot be designed or implemented
has from several recent floods and cyclones. It on a benefit/cost basis for two
is to be anticipated that some technological reasons. First, the benefits of
disaster will reach such a level sooner or later. planning are not readily quantifiable.
In addition, as we indicated and illustrated Second, even if they were, the
earlier, there will increasingly be those kinds of benefits are not comparable to the
major disasters whose origins will be quite costs of responding or not
distant from where they eventually spatially responding. Establishing a plan is a value-
impact. In both cases, such occasions present laden activity and is done for
very difficult problems for planning and humanitarian, not for fiscal, reasons.
managing. They need to be at least thought (Sorensen 1990: 253)
about by some relevant officials and agencies It is also perhaps not accidental that social
in each country around the world. philosophers have increasingly started to

examine the ethical issues involved in disaster
Three concluding observations planning (Bentley 1989,It is also perhaps not

accidental that social philosophers have
First, there is a need to be realistic about increasingly started to examine the ethical

what can or cannot be achieved. There are issues involved in disaster planning (Bentley
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1989, and Jackson and Janssen 1990). Among Delaware: Disaster Research Center,
other things, it might suggest that enough is University of Delaware.
known about different planning and managing Bahme, C. 1978. Fire Officer's Guide to
that could be attempted with respect to Dangerous Chemicals. Boston, Mass.:
disasters, that it becomes increasingly National Fire Protection Association.
important to consider the various criteria that Bartone, Carl. 1991. "Environmental
can be used to consider different options and challenges in third world cities."American
alternatives (Mitchell 1990: 152). These kinds Planning Association Joumal 57: 411-415.
of possibilities will necessarily be presented Baum, David, Raymond Fleming, and Laura
more by philosophers than by scientists. Davidson. 1983. 'Natural disaster and

Finally, we should note that we have technological catastrophe." Environment
extrapolated and projected existing trends to and Behavior 15: 333-354.
the future. It is a reasonable thing to do. Bentley, Timothy. 1989. 'Toward a moral
Nevertheless, we should also be reasonably philosophy of natural disaster mitigation."
cautious. We can probably assume that the Intemational Joumal of Mass Emergencies
future will not necessarily be all that we have and Disasters 7: 5-32.
forecast; it may be somewhat better or Best, Richard. 1982. Investigation Report on
somewhat worse. Who would have predicted the MGM Grand Hotel Fire. Boston:
the current political state of the world, even National Fire Protection Association.
just a decade ago? For as Toffler has written: Bogard, William. 1989. The Bhopal Tragedy:

Most people-including many Language, Logic, and Policies in the
futurists-conceive of tomorrow as a Production of a Hazard. Boulder,
mere extension of today, forgetting Colorado: Westview.
that trends, no matter how seemingly Bolin, Robert. 1982. Long-Tern Family
powerful, do not merely continue in Recovery from Disaster. Boulder,
a linear fashion. They reverse Colorado: Institute of Behavioral Science,
direction. They stop and start. University of Colorado.
Because something is happening now, Bolin, Robert. 1988. In Mary Lystad (ed.)
or has been happening for three Mental Health Responses to Mass
hundred years, is no guarantee that it Emergencies; Theory and Practice. N.Y.:
will continue. (1980: 129) Brunner/Mazel, pp. 22-51.
Nevertheless, we do think we have Bolin, Robert, and P. Bolton. 1986. Race,

projected a realistic picture of what we might Religion and Ethnicity in Disaster
expect in the twenty-first century. Whatever Recovery. Boulder, Colorado: Institute of
variations and deviations there might be in the Behavioral Science, University of
basic trends we have discussed, the general Colorado.
outcome is very unlikely to be markedly Bowonder, B. 1985. 'The Bhopal incident:
different from what has been depicted. Implications for developing countries."
Therefore, if forewarned is to be forearmed, The Environmentalist 5: 89-103.
we hope that we have provided some armor. Bowonder, B. 1988. 'Managing hazardous

facilities: Lessons from the Bhopal
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9. Issues and Trends in Emergency
Preparedness for Technological Disasters:

Moving beyond the "Natural' and "Technological" Labels

Ronald Steven Parker

L Urban vulnerability apparent. In many well-known cases, such as
to technological hazards Minamata and Love Canal, hazard

identification occurred only after years had
Technological hazards: overview passed and irretrievable damage had been

done to people's lives and the surrounding
Technologies invented to improve the environment.

quality of human life increasingly place people Perhaps the greatest complexity that
and their habitat in serious danger. The first confronts attempts to deal with hazardous
synthetics were created only 50 years ago. materials involves chemicals. According to one
Throughout the world, hazardous substances recent publication more than 10 million
are commonly used in manufacturing, energy, different chemicals are now listed with the
and the home. This rapid development has not Chemical Abstract Services. wrhrough the
given industries and government the time to period of 1980 to 1988, an average of over
develop necessary safeguards and to establish 500,000 chemical substances were added
emergency preparedness measures to limit the annually to the list. That translates to the
damage that inevitable accidents pose to public addition of more than 50,000 substances e
health and the environment. and every month through the period' (Federal

Because technological hazards are so new, Emergency Management Agency (FEMA),
no consensus yet exists on the meaning of U.S. Environmental Protection Agency (EPA),
terms used to describe such hazards. They can and U.S. Department of Transportation 1990).
be classed into four categories: hazardous Not all of these new chemicals are hazardous,
materials, hazardous wastes, hazardous however. Usually, manufacturing-stage
substances, and extremely hazardous chemicals constitute the greatest threat to
substances. However, the significance of these communities that use them. Finished products
classifications varies across countries and even that are produced in modern factories contain
among agencies within the same country. stable compounds that ordinarily present few

Technological hazards can result in both risks.
rapid-onset and slow-onset disasters. Some- In every major city, a potentially serious
times industrial processes fail dramatically in threat to the environment and public safety
cataclysmic accidents. A series of devastating exists when the quantity of toxins released into
and highly publicized industrial the environment by every household and small
disasters-perhaps foremost among them business in the community is added to the
Bhopal and Chernobyl-have provided ample dangers posed by accidents at major industrial
evidence that the risks are enormous when complexes. The damage caused by minor
technology is not controlled. More commonly, misuses of hazardous substances can result in
chemical substances not believed to be major dislocations throughout a local area.
pathogenic are released continuously into the Major accidents can cause disequilibriums that
environment until their lethal impacts become affect regional and even national ecosystems.
slowly apparent. Tragically, only when accident Members of the community, workers at
or disaster strikes is the true extent of the risks industrial sites, and even emergency
presented by many modern technologies responders can be killed or severely injured by
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relatively small spills. Direct damages to hazardous technologies are more widely
property from one incident can easily reach understood and compensated for, national
millions of dollars. governments and major donors will need to

The release of hazardous chemicals into help communities prepare for the results of
the environment can have long-term impacts. their inevitable misuse.
Soils can be severely contaminated, sometimes Scientists have not reached the stage of
to the extent of having to relocate entire understanding, predicting, or effectively
communities. In one incident, chemicals preventing all the causes of naturally occurring
penetrated 18 feet into the ground in only two events. In the meantime, communities need to
weeks. In developed countries that pioneered prepare their response plans for when and
the use of technological manufactures, most where these emergencies occur. Safety experts
people vastly underrate their own exposure: in industry-even though they feel that all
'One study found traces of over two hundred industrial accidents are preventable-are
industrial chemicals and pesticides in members realistic enough to prepare response plans
of an American sample group" (FEMA et al. should such accidents occur (UNEP 1988, p.
(b) 1990, pp. 1/2-1/3). 10).

Technological disasters have primary and Even today, when no community
secondary impacts. While primary impacts are awareness or emergency preparedness work
immediately obvious and often great, has been carried out, vulnerable communities
secondary impacts can easily exceed them if can be totally unaware of their risks. As
the incident is not properly managed. The metropolitan areas grow, risks associated with
Bhopal accident, for example, resulted in 3,500 high density environments, dangerous
deaths, although as many as 200,000 to 300,000 technologies, and inadequate preparedness
survivors also suffer chronic, long-term health become compounded. For example, transporta-
problems. At a chemical facility, which cost tion accidents involving hazardous cargos
US$3 million to build, cleanup and almost inevitably occur in heavily populated
decontamination took eight years and cost areas where traffic patterns are complex and
US$40 million. Secondary impacts on ground distracting. In spite of the best preparation,
and surface water can disrupt the drinking accidents will happen.
water supply and even destroy the economic To deal effectively with emergencies
infrastructure of the community if the produc- involving hazardous materials, emergency
tive capacity is water based (for exampl[e, response teams must keep large inventories of
fisheries or wetland rice farming). emergency supplies close at hand. These teams

Technological disasters can also have need accessible supplies of extinguishing
political and career ramifications on those in agents, such as sand, foams, and dry chemicals.
public office who are in positions of trust and Other supplies that need to be kept in stock
who do not measure up to their include the following:
responsibilities. Also, the image of a company * neutralizing agents (such as soda ash
or its leader may forever be compromised if and lime)
the company is involved in an incident which * dispersants
is later perceived to have been avoidable, or if * protective clothing (special helmets,
early information is seen not to be truthful and hoods, coats, pants, boots and gloves)
honest. * protective equipment (positive

pressure breathing equipment,
The role of emergency preparedness chemical and thermal protective gear)

* communications equipment (two-way
Local authorities often find themselves radios)

unprepared when natural or technological * analytic and sensing devices (oxygen
catastrophes strike. Until the risks of using sensors, explosimeters, vapor and
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radiation monitors, air and water emergency command and communication
monitors) structures. Even relief-bearing agencies, which
* heavy equipment are well equipped, often find themselves in
If such supplies have not been acquired in situations where they can do little because of

advance, they will not be available to the first such gaps in community preparedness
responders-those called upon to take action planning.
first. The efforts of first responders largely Over the last 20 years, however, humans
determine the eventual scale of whatever have been learning how to cope with tech-
disaster ensues. Minor and controllable nological hazards effectively. Careful
accidents can easily turn into major tragedies preparation has proved to be one of the best
due to communities' failures to take even ways of ensuring that when accidents do occur,
minimal precautions. the damage is kept to an absolute minimum.

It is now common for industry and the The case in 1979 in Mississauga, Canada,
local community to work together. Chemical illustrates the importance of a good emergency
companies have sponsored some of the most plan and response. When a train carrying
innovative recent emergency preparedness chlorine, butane, and other toxic and explosive
work in developing countries. Communities materials derailed in an urban area, a quarter
increasingly insist on being kept informed of a million people were evacuated according
about the hazards presented by local industrial to a carefully designed emergency plan, with
operations. Also, workers prefer to be close to no loss of life and little damage (Liverman and
their places of employment to minimize Wilson 1981, cited in Liverman 1986).
transportation costs and commuting time. After reviewing some of the better recent
Together, these two tendencies imply that preparedness plans, some organizational issues
businesses need to keep local government were identified, which are presented below in
informed and that local governments need to question-and-answer format to highlight the
work with industry in the event of an accident. important decisions that emergency planners

face.
HI. Organizational issues conEronting

emergency responders 1. Who should be involved in preparing the
emergency plan?

The paradox that confronts governments
that would like to be better prepared to deal All parties and groups that could
with technological accidents in metropolitan potentially play a role in an emergency should
areas is that they must be ready to protect meet to discuss their potential involvement
many people from a range of dangers that are and commit themselves to a widely agreed-
statistically unlikely to occur. On the one hand, upon response. Further, officials who will
countries with limited resources find it hard to oversee any emergency response should
justify purchasing expensive equipment that participate in the planning to be aware of
may never be used. On the other hand, with potential dimensions of the response and to
many manufacturers using hazardous materials begin developing those human relationships
and processes in urban areas, the results of upon which any successful response will
unlikely accidents are too dangerous to leave depend.
emergency response to chance. high Since an emergency plan seeks to identify
population densities can result in high death capacities and resources that can be used in
tolls if the right actions are not taken quickly. case of a catastrophic event, a diverse group of

Only a handful of communities in the individuals needs to be actively included in the
developing world are prepared to deal with the planning process. A recent Organisation for
manmade dangers that confront them. Economic Co-operation and Development
Sometimes, even communities that have (OECD) publication (1990, pp. 10-11)
prepared emergency plans have no established
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suggested involving the following groups when determine the accident's impact. Therefore,
drawing up an emergency preparedness plan: on-site and local emergency actions are of

* elected and/or administrative officials critical importance. For this reason, there is
* emergency management or civil consensus that one of the most important

defense agencies decisions in preparedness planning is to
* fire departments, police, and/or militia determine who is to do what under certain
* industrial facilities that use hazardous circumstances. For example, the EPA and the

substances U.S. Coast Guard (as well as several other
* public works or transportation agencies) have a predesignated position called

departments, environmental agencies, the On-Scene Coordinator.
public health agencies, and planning Roles and responsibilities of all concerned
departments parties at the local level must be clearly

* public and/or private utilities, schools, specified. Any emergency plan must designate
hospitals, and emergency medical the authority responsible for a range of
services contemplated accidents and establish a chain

* media (newspapers, local radio and of command and coordination. Once roles and
TV stations) responsibilities have been determined, a

* volunteer services, business communication network must be established.
community representatives, labor
union representatives, communiity 4. What type of emergency headquarters
leaders, and public interest and citizen should the plan advocate?
group representatives

In planning for any emergency, gaps in In all disasters, operational management
essential services and equipment must be should take place in the field-near or at the
identified. Those involved in a sector under scene of the incident or highly damaged area.
normal conditions will be the best informed At times, the operations center springs up
about potential gaps that could bring spontaneously-usually when a certain office
everything to a halt during a crisis. has a map or a two-way radio. Then,

emergency responders decide to congregate in
2. Who makes decisions for an these centers because they need to know what
emergency preparedness plan as it develops? others are doing.

When technological disasters occur, the
Although all potentially involved parties speed with which an emergency operations

must be allowed to shape the plan, as it affects center (EOC) is established is critical because
their activities, one office must coordinate the there is no time to wait and see where such an
ongoing work. Circumstances will vary among office will spring up. For that reason, the most
countries, but in general, a specially named important functions of emergency planners are
committee, a regional or national authority, or to establish integrated emergency management
even a specified local or municipal official systems that outline incident command systems
must be designated to take day-to-day and specify where EOCs will be set up and
responsibility. This office should monitor the who will manage them. The use of "command
plan's development by sector, ask for periodic vans" (trucks that can be parked at a safe
updates, coordinate activities and resources, distance within view of the emergency
and constantly monitor the plan to perceive situation) is growing in popularity. Normally
any remaining gaps. the highest-ranking official in authority

associated with the disaster will manage the
3. Who will implement the plan? EOC.

The EOC should address management of
Recent studies show that actions taken the operation on a community level, as well as

immediately after an industrial accident largely the nonoperational aspects. One manual, for
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example, lists seven tasks that emergency they can think through a range of hazards and
managers face in EOCs during technological responses with personnel from many areas and
disasters: learn about the existing potential for response

1. Gather information on the type and and how to mobilize it.
magnitude of the emergency. This
includes the name of the hazardous 6. What should the plan contain?
material involved, the amount present
at the site, data on the containers the The emergency preparedness plan should
hazardous material is kept in, and the reflect the ideas of all potentially involved
immediate environment surrounding parties. It should outline widely shared
it. objectives. It should catalog all known

2. Determine or estimate the probable potential hazards, identifying each installation
course of the incident. that presents a known risk. In the case of

3. Determine the appropriate strategic hazardous materials, the plan should describe
goals. these materials, explain their risk to both the

4. Assess options and estimate resource site and the surrounding area, and establish a
needs. quantified range of possible inventories.

5. Develop and initiate a plan of action. The plan should contemplate mutual aid
6. Evaluate the ongoing result of agreements. It is common for communities in

emergency actions. the developed world to share equipment and
7. Review the entire situation every time personnel in a technological accident. In

new information becomes available. developing countries where resources available
Too much as well as too little information to cope with disasters are limited, careful

can be problematic. Experts advise managers consideration should also be given to sharing
to take time to modify information that is equipment and other materials between
obtained in advance. For example, all the communities. Mutual aid agreements work best
information on each chemical likely to be when they are written down in clear language
found at an industrial plant would be over- and when responders have trained together.
whelming. By editing the data, the risks posed While certain resources are likely to be too
by massive exposure to each chemical will be costly at the local level, and might
immediately visible and accessible. consequently be reserved at the state or

national level, it should be accepted that what
5. What happens when an event is not is not at hand might not arrive in time when
contemplated by the plan? needed.

Emergency plans typically describe the
It is rare for a disaster to happen means to access specialized, needed

according to the book. Every disaster is differ- information. Emergency managers will require
ent and presents certain aspects not covered in such information as available machinery and
the emergency plan. Preparing detailed equipment, with a range of their possible uses
contingency plans for every conceivable prioritized. One World Bank publication
eventuality is almost impossible. In fact, to the suggests that three medical aspects be covered
degree that an emergency plan can be made by the emergency plan: (a) first aid and
general and can establish broad principles to emergency treatment for the surrounding
guide action, its utility increases. Almost community, facility workers and emergency
inevitably, the disaster that occurs will either responders; (b) medical education and advice
be unexpected or will differ in important for preventing avoidable injury, trauma, and
particulars from the one that was anticipated. disease; and (c) initial and periodic laboratory

Officials gain considerable experience by tests and medical examinations for personnel
reviewing the entire planning process. Since exposed to hazardous materials (World Bank
they will be in charge of eventual coordination, 1985, p. 16).
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Emergency plans need to take into World Bank's Environment Department has
account potential complicating factors. These received background materials on this subject,
could include meteorological conditions, which include planning guides for several
natural hazards, communications breakdowns, hazardous materials and information about
broken lifelines, and other secondary events computer-accessible data bases for emergency
which could credibly take place and make management of technological disasters.
emergency operations more difficult. Recently, several computer programs have

been created to help workers who have to deal
7. How detailed should emergency plans be? with hazardous materials. Many of these are

commercially available.
There is a tradeoff between comprehen- Given the rate at which new chemical

siveness and utility. Time spent making plans substances are being discovered, it should not
"user friendly' ensures their usefulness when be surprising that planning for technological
they are needed. Several experienced disaster hazards at the local level in developing
managers recommend including simplified countries has lagged behind. It would make
desktop checklists in emergency plans to little economic sense for each developing
ensure that key provisions are always fall country to try to keep up-to-date with recent
available. Backup plans are certainly worthi developments in chemistry. For this reason,
being included in any manual so that an developing country officials have tended to
unforeseen gap does not become paralyzing. rely on developed country experiences to
Communication systems are famous for not inform public policy. Fortunately, recent
doing what was anticipated. Also, backulp translations of computer data bases and the
coordination schemes are warranted. availability of complete preparedness systems

A frequent cause of an emergency plan's have made catching up for developing
failure occurs when warning is given and no countries relatively easy, inexpensive, and
one knows what to do next. During the quick.
volcanic eruption that destroyed Armero, The program most likely to be of use to
Colombia, the civil defense team stationed on local authorities is called CAMEO (Computer-
the mountain blew sirens to warn people of a Aided Management of Emergency
major eruption. Unfortunately, there was no Operations). It was originally developed by the
agreed upon action plan following the warning Hazardous Materials Response Branch of the
signal, and tens of thousands people died. A U.S. National Oceanic and Atmospheric
similar situation has prevailed following Administration. CAMEO has been designed to
technological accidents. The OECID help identify hazardous chemicals by using an
Environment Directorate notes the following: index called Codebreaker, and to provide

A concerted and continuous effort should guidance on responses to substance spills that
be undertaken to ensure that those are particularly complex and difficult to
potentially affected in the event of an combat and control. CAMEO contains
accident receive and understand: decoded information for chemical synonyms,
instruction on what to do in the event of United Nations identification numbers,
an accident; the meaning of warning Emergency Response Book (DOT)
signals; and how to obtain additional identification numbers, and detailed
information. (1990, p. 13) information on over 3,000 commonly

transported chemicals. Inside CAMEO,
8 Which computer data bases or other another program called ALOHA models the
specialized programs can help? dispersion of chemical clouds and estimates

downwind spreads. ALOHA prints out
Emergency planning involves gathering schematic diagrams with layouts of hazard

information and knowing where to obtain it. sectors and response plans in minutes.
The Policy and Research Division of the CAMEO has been specially adapted and
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translated into several languages to support a variety of topics by contractual arrangement,
the APELL process sponsored by the United and a correspondence-based curriculum for
Nations Environment Programme (UNEP). home study leading to a diploma in disaster

To use CAMEO, an extensive data base management. The second institution is the
needs to be assembled before any emergency Emergency Management Institute (EMI),
takes place. For example, the program should located at 16825 South Seton Avenue,
contain detailed maps of the city and its Emmitsburg, Maryland 21727. The EMI
railyards, floor plans of fixed facilities, typical maintains a library with over 50,000 books and
chemical inventories at specific locations, and periodicals on emergency management, and it
so forth. Railyard maps should indicate key provides current information on technological
features such as the location of the control hazards. It is funded by FEMA. Aside from
tower, isolation tracks, and stored hazardous residential courses and a wide array of
materials, as well as equipment and supplies educational publications, it also provides home
for responding to emergencies involving study courses in emergency program
hazardous materials. High-risk areas, such as management.
air intakes for major buildings and tunnels, and
the locations of storm sewers and pipelines, m. Identification of trends
should also be indicated (FEMA 1991, p. 37). in preparedness planning

The Hazardous Materials Information
Exchange (HMIX) is a data base sponsored by Most existing emergency plans share a
FEMA. It provides a computerized 'bulletin number of common features. They identify
board' designed especially for the distribution hazards that are likely to threaten the
and exchange of information on hazardous community, potential situations that would
materials. The HMIX data base provides place life, health, property, and the
emergency managers with information on environment at risk, and describe geographic
training, resources and technical assistance, areas and populations that would be
and pertinent federal and state regulations, as vulnerable to such events. Plans typically
well as information on the emergency discuss risk analysis, the probability of a
management of hazardous materials. disastrous occurrence, and its likely severity.
Individuals with a personal computer and Emergency plans almost invariably discuss
modem can trade information with other users, the role of emergency planners. Mechanisms
or simply 'converse' with peers through the for coordination and communication are
exchange of typed messages. A brochure that reviewed regularly. Evaluations of existing
includes telephone numbers and emergency plans and actual response
communication protocols is available from capabilities are also made. In addition, most
FEMA. plans analyze the response capabilities of local

Another computer program, the Industrial industries and the local community. Another
Chemical Response Information System common plan focus involves identifying needed
(ICARIS) is available via modem. It provides resources, supplies and equipment, since
the Emergency Action Guides and downwind almost inevitably there is a shortfall where
modeling capabilities to personal computers needs outstrip availability.
which can be connected to the telephone lines. Developing and maintaining a plan is a

There are two specialized institutions dynamic process. The continual review and
based in the United States that provide improvement of emergency plans is usually the
courses for local government officials and goal of emergency managers. Any change in
disaster professionals. The first is the Disaster hazards, risks, or equipment/resource needs
Management Center at the University of warrants an immediate revision of the plan.
Wisconsin, located at 432 North Lake Street, Most plans mandate the ongoing testing of
Madison, Wisconsin 53706. This center systems and processes through exercises and
provides residential courses and workshops on drills. Even the simplest simulations duplicate
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some of the stress inherent in real operations. describes how emergency planning has moved
Numerous exercises have been designed which toward providing an information-gathering
force responders to make decisions with process and crisis management system.
incomplete information, reveal areas where Greening notes that the first step is to be
there are overlaps or gaps in planned prepared for any and all disastrous events, and
responses between responding agencies, and the the second step is to begin preparing for
indicate the need to prioritize the use of spe- the small differences which categorize each
cialized equipment and communication specific hazard.
facilities. By repeatedly testing the plan and Early work on technological hazards has
management systems under nonemergency concentrated on emergency response.
conditions, deficiencies which slip into evety Experience has shown that preparedness is a
plan can be identified, and the plan's overall more useful approach-much in the same way
effectiveness can be determined. An additional as public health projects first focused on
advantage of periodic testing is that it gives curative medicine and then, after discovering
emergency managers experience under that the same patients were returning with the
pressure, and prepares them to cope with same problems, switched to preventive
mistakes that are unavoidable under emer- measures.
gency conditions. In referring to a list of those activities

The following trends in emergency which are common to all emergencies (search
preparedness planning were identified by a and rescue, etc.) one training publication notes
series of interviews with environmentalists and the following:
emergency preparedness professionals. Each of these activities have specific

procedural and resources needs that must
AUl-hazards preparedness be addressed through planning. Once the

specific needs, methods and procedures
For both natural and technological for providing these activities has been

disasters, the basic objectives of most developed, a system takes form and a
emergency plans are to save lives, protect the capability is developed. Now it is a simple
environment, and reduce property losses. process to identify the unique needs
Because of these commonalities, designers of associated with different types of natural
emergency systems now believe that it is best or technological hazards. The [all-hazards]
to prepare responders to deal with all possible framework . . . allows a jurisdiction to
emergency conditions. address these unique needs without

In the United States, FEMA has been having to develop a series of separate,
promoting an all-hazards approach called stand-alone, hazard-specific plans.
Integrated Emergency Response Systems. (FEMA, EPA, and U.S. Department of
Under such a plan, activities are spelled out Transportation 1990, p. vi)
regarding work in the following areas: commu-
nications, hazard warning, public information, Working at the local level
evacuation, emergency shelter, fire/search-and-
rescue, and law enforcement. Justifying the all- For emergency action to be effective, it
hazards approach is easy: These contingencies must be quick. Decision makers on the local
would need to be covered in plans for any and level inevitably have the most and best
all types of emergencies. The main goal of information on local capacities and
preparedness planning is to create a system vulnerabilities at any given moment, as long as
that is activated in the event of any their preparation has been adequate; too
emergency. often, there is no time for critical decisions to

In an article Greening (1989, p. 311) be sent along to national level officials. For
wrote for municipal engineers, he describes the these reasons, the local governing authority
current practice in emergency planning and has become the jurisdiction of choice for
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dealing with emergency preparedness for emergencies, and disasters. Two notable
technological disasters. projects are now particularly well adapted to

This 'trend' is so far developed that it is provide guidance to developing country
better described as a norm. A UNEP planning officials. The OECD's Environment
document notes the following: 'Developing Directorate has drawn up guidelines and
awareness of and preparation for emergencies principles to deal with technological and
at local level is a basic duty of local authorities manmade hazards appropriate for worldwide
... local governments have a critical role to application. A series of conferences has
play in the development of emergency generated excellent working papers on key
preparedness' (APELL 1988). FEMA refers issues of preparedness and response, and a
to the notion of local government always being document that spells out guidelines and prin-
the primary responsible party as the 'Iron ciples was published in 1992.
Law of Emergency Management."

The national government's role in disaster The APELL process
response is that of oversight: seeing that local
preparedness is at an appropriate level, and Of all the emergency plans for
providing guidelines, training, resources and technological hazards reviewed while preparing
information which local institutions need. For this paper, one UNEP document, APELL
additional information on the role of national (Awareness and Preparedness for Emergencies
authorities, see APELL, pp. 15-16, and the at the Local Level) is likely to be the most
OECD Guidelines, pp. 13-14. These sources useful to developing countries. This is because
are described in more detail below. other emergency plans are agency-specific.

That is, they describe in concrete terms what
Intemationalization of technical guidance the agency that wrote the plan ought to do in

a given series of circumstances. In sharp
For some years, environmental officials contrast, the APELL process has been

from developed countries have tried to provide designed as a "how to' manual. Rather than
technical advice to developing countries on describing what the UNEP would do in case of
hazardous materials and other technological a disaster, it provides a process that is
hazards on a bilateral basis. Although these universally applicable.
efforts are well intentioned, there are many The UNEP's Industry and Environment
reasons why sending U.S. or Western Office began to develop APELL in 1986. It
European officials to consult with colleagues was intended to be i. . . a series of measures
in the developing world might produce a less to help local governments, particularly in
than ideal outcome: (a) the regulatory developing countries, minimize the occurrence
framework is usually quite different-many and harmful effects of chemical accidents and
developed countries are only now modifying emergencies' (UNEP 1988).
their legal codes to deal with environmental The UNEP and the Conseil Europeen des
issues; (b) the equipment available to Federations de l'Industrie Chemique have
emergency responders in the two regions created an easy-to-use and comprehensive
differs in cost and complexity; (c) the level of program for preventing the loss of lives and
resources budgeted for emergency response property and ensuring community safety by
tends to be limited in countries that have dif- building on an already-developed Community
ficulty providing more basic services to their Awareness and Emergency Response program
populations; and (d) some developed nations developed by the United States Chemical
had been slow to arrive at an all-hazards Manufacturers Association. The APELL
approach because they could afford several process is appropriate for responding to
specialized response organizations. technological and natural hazards of all sorts.

Developing world responders are usually Although APELL designers believe that
called upon to deal with a series of accidents, industrial accidents can be avoided through



246

training, system design, and other measures, of the APELL process: its objectives; key
they feel that it is important to be realistic and actors (referred to as APELL partners) at
recognize that accidents will continue to occur. both the local and national level;

The basic APELL process explained in responsibilities of the partners; and the role of
four chapters and eleven annexes. Although it the UNEP. Chapter 3 describes how to form
has the divisions described above, the APELI, an APELL coordination group and, in general,
process can be conceptualized as having two how to get the process started. Chapter 4
main aims: (a) to make sure that the describes the community's needs for different
community is aware of the possible hazards types of information on hazardous installations
involved in the manufacture (and relate(d and concrete steps to take in designing an
activities) of hazardous materials, and aware of appropriate community awareness component.
the steps currently being taken to protect the Chapter 5 outlines a step-by-step response
community from those hazards; and 2) to plan and a timetable that coordinating groups
develop, in cooperation with the community, should follow as they develop an emergency
an effective emergency response plan that response plan for their community.
could be put into practice should an
emergency arise. International cadres

In addition, UNEP is developing
supplementary materials that support the maini Several cadres of experts have been set up
APELL document. After acquiring both an to travel anywhere in the world to help out
overview of the emergency preparedness localities that have not yet developed their
process and a fairly detailed understanding of own emergency response capability. The
specifics, policymakers can consult the United Nations Volunteers have set up a cadre
supplementary publications to learn about of coordinators. They are experienced people
particular aspects of the preparedness process who assist in coordinating local and national
in greater detail. The APELL annexes are as responses. The Office of the United Nations
follows: Disaster Relief Coordinator (UNDRO) has

1. Elements of a safety review for an developed a Search and Rescue International
industrial facility. Team Directory. Countries without sufficient

2. Typical components of an industrial local capacity in this area can consult the
facility emergency response plan. directory to find out about the various groups

3. Criteria for assessing local which can be called upon for assistance, and
preparedness. the terms and conditions under which they will

4. Emergency response planning come. OFDA has trained almost 600 Disaster
elements. Management Instructors in 16 Central and

5. Checklist for the evaluation of an South American countries. Trained to work in
emergency response plan. a series of disaster-related fields, the

6. Emergency response plan evaluation instructors may sometimes be available to
matrix. augment local capacities on national emer-

7. Big city crisis management. gency committees, and in fire, communications
8. Example outline for an emergency and medical responses.

plan test drill scenario.
9. Examples of APELL process status Worst case scenarios/maximum credible

reports. incidents
10. Officers and agencies with emergency

responsibilities. Preparedness plans used to be most
11. Useful references. concerned with worst case scenarios: in effect,
The basic APELL document is short and planners saw their task as imagining the worst

easy to read. Its key features are explained in sequence of events which could possibly
a few sections. Chapter 2 provides an overview happen and then preparing accordingly.
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Increasingly, however, planning seems to focus information, recognizing that gaps will exist in
on what have come to be called "maximum available information (1990, p. 12).
credible incidents' (MCIs). The major On-site and off-site plans need to be
difference between these two points of view is carefully coordinated and fully compatible up
that the latter requires planners to go beyond to the maximum credible incident level.
catastrophic thinking, and to arrive at more
realistic hazard assessments. Obviously, the Acceptable risk
effective use of MCIs as the basis of planning
requires industries to temper optimism with No country in the world can afford to be
realism. totally prepared to meet every possible

Maximum credible incidents are disaster. On the other hand, the price of no
determined based on a careful analysis of the preparedness is demonstrably too high. Each
worst case followed by a deliberate scaling country needs to carefully determine the
back from implausible levels of threat. For amount of potential harm and damage its local
example, a chemical plant might have X communities are willing to accept. Clearly,
amount of a certain highly toxic chemical, but although there will be differences between
keep it stored in two (or more) widely distant localities, peoples' willingness to put up with
tanks. Planners might take into account as a the risks of technological hazards is changing,
maximum credible incident a leak of the and every year it is likely that the public will
contents of just one tank at a time. Similarly, demand higher levels of protection. One
the worst case scenario might involve an calculation that is inevitably made is
industrial accident at night (when the air is risk/benefit. How much will preparedness cost
more likely to be still). If a given chemical and how likely is an accident to occur? While
plant does not work at night, the threat posed there are rarely simple answers, it is often
by a potential spill could be calculated based surprisingly clear how significant are the risks
only on daytime average prevailing winds. posed by a given substance to life and

property. The legal environment in a given
On-site plans country with regard to liability also exerts great

influence in determining how much prevention
Just as the need for timely action has led industries are willing to invest in. One training

to decision making and planning at the local manual suggests the following question;
level, local authorities should expect industrial suggesting that it can be helpful to planners
facilities to be the initial responders. Sites both for moral and ethical reasons as well as
which present significant risks of spills and to defend against lawsuits after the fact:
accidents are increasingly expected to have a If a hazardous materials incident were to occur
facility emergency response plans. On-site and a member of your family were on a
emergency plans are almost always required of response team, an employee of the facility, or
nuclear and chemical facilities. The OECD a resident of the affected neighborhood, do
Environment Directorate states: you feel that you have adequately prepared to
Operators of hazardous installations must minimize or eliminate the impact of the
ensure that they have information concerning incident upon them? (FEMA, EPA, and
the operations and the hazardous substances Department of Transportation 1990, p. SM
involved (including information on Imaximum 1/27.)
credible incidents) which is critical to the
development of the off-site emergency The Right to Know
preparedness plan. Those responsible for the
preparation of the plan should be provided Communities are increasingly insisting on
without reservation with this information and their "right to knoww if hazardous materials
should take into account all additional relevant which could have an impact upon their safety,

health and environment are produced, used or
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transported through their community. Many might have been run by one individual, are
countries have recognized this as a legal right now often run by teams of workers in order to
with specific right-to-know laws. Industrial lower risk to ALARA (As Low As Reasonably
spokespersons have also supported the right to Achievable) levels. Attention is also being
know, in part because it can be impossible tci given to ensuring an adequate flow of
mobilize the community in the event of an information within an organization. Both
emergency unless the population is cognizant vertical and horizontal communication
of the danger that it faces. The right to know channels must remain open so that the people
has been recognized by International Chamber who understand the system, those that operate
of Commerce and it is contemplated in most it, and those that maintain it keep each other
emergency action plans. fully informed regarding important

developments.
Worker errors now seen as system failures

Operational approaches
It is still common to hear technological

disasters ascribed to the error of a single Many years of experience responding to
operator or group of operators. We now know technological disaster have taught valuable
better. Any system that is so delicate that it lessons. Paramount among them are the
causes a major disaster simply because one different ways to deal with accidents and the
gauge was ignored or one valve opened has knowledge of when they are to be used.
been improperly designed. It is now very There are four distinct operational
widely believed that technological disasters are approaches which are commonly utilized when
more appropriately considered to be system dealing with accidents involving hazardous
failures. materials. The nature of the materials and the
An analysis of major technological disasters capability of response organizations dictate
such as: Bhopal, Chernobyl, Exxon Alaska Oil which approach will be selected. The availabil-
Spill, Kings Cross Underground fire, etc. ity of specialized equipment and the level of
indicates a similar pattern; 80-90 percent of expertise and training of the individuals on the
the failures are in the hierarchy of the response team influence the mode of
management and organizational system and operation.
only 10-20 percent can be attributed to the The worst types of incidents are known as
operator and equipment failures that are sci 'losers.' Often there is a high degree of dan-
often the focus of blame (Rasmussen and ger associated with a chemical or other
Batstone 1989, p. 3). characteristic of the event. Responders

Governments should give this sort of characterize a situation as a loser when there
"scapegoat-ism' little credence. 'Rather than is nothing at all that they can do, not even
being the main instigators of an accident, remain at the site. The only response to a
operators tend to be the inheritors of system loser is to withdraw, sometimes isolating the
defects created by poor design, incorrect accident with a corridor several miles in
installation, faulty maintenance and bad diameter. The role of responders in such an
management decision' (Reason, quoted in event is to patrol the perimeter, totally prevent
Rasmussen and Batstone 1989, p. 7). all entry, and to allow the incident to proceed

As a consequence of our deepening on its own to its inevitable conclusion.
awareness of managements' responsibility for Another approach to hazardous incidents
technological catastrophes, there has beerL is known as the "defensive mode.' Incidents
renewed attention to the details of system such as fires involving explosives require
design. The primary focus has been to design nonaggressive interventions. Defensive
machinery which will continue to function approaches may also involve withdrawal. Other
safely within reasonable margins for error. 'defensive' actions might involve trying to
More complex apparatus, which in the past maintain the level of the problem at its current
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magnitude. One defensive strategy is country. There is substantial help available to
'protection in place:' leaving people in countries that undertake this. The Emergency
buildings, sealing windows and preventing Management Institute has a special Train-the-
outside and inside air from mixing. Fires Trainer program. USAID/OFDA has been
involving pesticides are also best dealt with funding Training Trainers programs in Latin
defensively: America. In addition, there is a movement to
If the fire is of any magnitude, usually it is create learning environments locally, and to let
better to allow the container (building, vehicle, the people who will be in charge of dealing
etc.) and the pesticides to be consumed by the with a crisis event to train each other.
fire. The application large volumes of There is a widespread consensus that
firefighting water would simply spread the intensive drills, exercises or simulations must
chemicals over a greater area, and most be a part of keeping emergency preparedness
probably greatly increase the toxicity of the plans up-to-date, and they are also commonly
smoke. As a result, such actions would create used to improve the skills and coordination of
a greater problem and higher potential loss in key personnel/teams. Community response
the long term (FEMA et al. 1990, c. 1 p. 12). agencies and local governments report large

There is also a "defensive/offensive" improvements in their readiness to deal with
mode. This typically involves letting the main emergencies as a result of establishing a
incident run its own course, but engaging in regular schedule for exercises. A recently
aggressive action to protect a nearby area released text (1990), Developing a Hazardous
from, say, fire or toxic runoff. Materials Exercise Program: A Handbook for

"Offensive Mode' operations are State and Local Officials should be of interest
surprisingly rare. Offensive operations attack to developing country officials with relevant
the problem to minimize its impact. Gasoline responsibilities. It is available through NRT,
fires are sometimes dealt with offensively when the U.S. National Response Team.
there is ample fire fighting foam present.

Combatting even small hazardous material Guidelines for multilateral financial institutions
incidents is time-consuming. A typical oper-
ation might last from 6-24 hours. Training The current draft version of the OECD
materials emphasize that responses to techno- guidelines, "Guiding Principles for Chemical
logical disasters should always start out with Accident Preparedness, Prevention and
the defensive operational mode in order to Response," contain policy guidelines which
protect the lives of the response team. As should be taken into account in the design of
information is gathered and responders are Bank projects. The guidelines state:
convinced that more aggressive action is "multilateral financial institutions should
warranted they may opt to proceed more promote appropriate safety practices by
actively. Almost invariably there is criticism enterprises which are to receive financial
from people outside the response operation credits for transfer of technology with the
because of the slow shift to aggressive action. potential for a major accident by actively
Government officials should be prepared to encouraging such enterprises to follow these
explain the reasons for slow action to an angry Guiding Principles and by taking into account
public. the resources necessary to do so in

determining the level of their financial assis-
Preparedness training and exercises tance" (OECD 1991, p. 87). Additionally, the

same document calls upon development banks
Neither sending staff to training courses to do the following: 1) develop and apply

abroad nor bringing in expatriates to train policies and procedure to minimize the risk of
local officials have produced lasting benefits. accidents at installations they help finance; 2)
Governments should develop their own assist non-OECD countries to undertake risk
disaster and emergency training capacity in- analyses at existing institutions; 3) not assist
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any project which poses an unacceptable risik of one chemical at a time from a chemical
of a major accident; 4) inform host plant. If for some reason two different
governments when projects they propose to chemicals were released simultaneously, they
finance would create, increase or sustain a risk would be very likely to combine. The risk
of accident involving hazardous substances; posed by the accidental combination of most
and 5) in all lending to make adequate modern chemicals is likely to remain unknown
assessment with regard to the OECI) for years to come. A similar pattern prevails
guidelines. with agricultural chemicals. Studies have

tended to focus on the long-term impacts of
Interorganizational agenda differences individual agricultural chemicals even though

fertilizers and biocides are almost always used
One environmentalist consulted in the in combination.

preparation of this report identified an
ongoing problem common to industry and the Transportation nodes
financial structure which supports it:
shortsighted concentration on the bottom line. An area which is likely to be receiving
The informant was of the opinion that the increasing levels of attention is the interface
biggest problem facing emergency planners was between manufacturing and transportation.
that financial people do not understand the Many major accidents have taken place at
importance of what they are doing. When ports and loading docks, for example. Expect
everything seems to be going well, investment;s to see more programs aimed at hazardous
in preparedness look like a waste of scarce materials transport accidents. Research and
resources. It is only when eventual cleanup improvements in practice can be expected at
costs far exceed the original cost of a given different types of transportation nodes.
installation that the financial logic behind the Pipelines in particular will receive much
original preparedness plan makes sense. The attention, in part because many major ones are
expert cited above estimated worldwide losses starting to age and the risk of failure is
due to technological accidents at US$40 billion increasing.
a year. His assessment was that a 10 percent
investment in preparedness would stop 75 Aging infrastructure
percent of those losses.

Many aspects of chemical and hazardous
Likely future developments materials manufacture are being done in and

around aging infrastructure. Expect research
The trends discussed above are well and public scrutiny on this topic.

established. The paragraphs below deal with
aspects of emergency preparedness that the Small and medium-size enterprises
Bank should expect to see in the coming
decade. Most of the work that has been done up

to now has concentrated on large complexes
Research into chemical interactions where the risks of major spills have been

greatest. Expect to see more work in the
Research on hazardous chemicals is still in future with small and medium enterprises

its infancy. The work that is going on now where the risk of major events is lower, but
tends to focus on interactions between the likelihood of minor spills greater.
hazardous chemicals (taken one at a time) at
different concentrations as they mix with fire, Relevant Future Plans of Major Agencies:
air and water. Very little work has been done UNEP: The United Nations Environment
on chemical interactions. For example, there is Program should find itself very busy
information about the risk posed by the leak implementing its excellent APELL process
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worldwide. It would be reasonable to expect as a way to move towards more sustainable
that there will be a need to clarify host patterns of living, both with regard to the
country responsibilities in the UNEP environment and in an array of social activities
framework. basic to modern society.

USA1D/OFDA OFDA has just entered Several speakers at recent Bank colloquia
into a cooperative agreement with the World on natural disasters noted that in their studies
Environment Center. Plans call for the of 'acts of God' the hand of man was
development over the next five years of Local everywhere apparent. They cited examples of
Accident Mitigation and Prevention (LAMP) drought and famine which at first appeared to
programs in six high-risk cities which already be caused by natural phenomena but which
have the necessary disaster relief institutions in upon closer examination could also be seen to
place, and where there is strong local demand be the result of multiple acts of poor
and cooperation. The LAMP programs are stewardship including: overgrazing; lowering
intended work with local and visiting experts the water table with too many pumps;
from public and private sectors to develop deforestation, and a myriad of inappropriate
sustainable capacities to analyze local chemical agricultural practices. Similarly, other speakers
and technological hazards. Additional goals reported on earthquakes that knocked down
include implementable response plans and buildings, which further study revealed had
generally enhanced preparedness and been improperly sited, poorly built and
prevention capabilities within the host inadequately reinforced. Given all the above,
communities. LAMP is planned so that it it seems logical that beginning to prepare for
includes the APELL process, and it is disaster by making a distinction between
intended to go a few steps further. LAMP is 'natural' and 'man-caused" catastrophic
likely to include a hazardous materials events will misdirect our focus of attention and
transport accident response system and a lead to an analytic error.
poison control center in each selected urban Decision makers called upon to craft
area. These six areas are considered pilot disaster-related policies may find it useful to
programs, and USAID will presumably drop the natural and technological labels, and
replicate LAMP over a wider area in the to group disasters by type of human causation.
coming years. We need to begin the analytic process by

EPA The EPA has been actively looking for human error, rather than starting
supporting the OECD guideline effort, the out by blaming nature and technology. At the
APELL process, and the USAID/OFDA very least, nature and technology should be
program. It should continue to do so. left out of emergency preparedness, at least

until including them becomes unavoidable.
IV. An integrated framework Most of the vulnerability of urban areas to

technological disaster lies in the potential for
Beyond the 'natural' and 'technological" failure in key human systems, specifically
labels formal and informal channels of

communication. The majority of technological
Developing an integrated framework to catastrophes are caused because designers,

orient the way in which we prepare for all managers, and implementers fail to
types of disaster requires several steps: 1) communicate critical information. This paper
analyzing the similarities between natural and stresses that this one aspect-existing
technological disasters before concentrating on information not arriving where and when it is
their differences; 2) entertaining the possibility needed-is the area most amenable to
that disaster vulnerability is more a function of improvement which can significantly reduce
communications breakdowns and/or lack of the vulnerability to natural and technological
education than it is an attribute of poverty; disasters which exists in cities. More detailed
and 3) conceiving of emergency preparedness information on this topic is available in two
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recent Bank publications (Why Do Complex complex, the likelihood of lifesaving infor-
Organizational Systems Fail and Towardl mation arriving in time is remote. Disaster
Improved Low Risk Operation of High Hazardf managers who specialize in technological disas-
Systems, Rasmussen and Batsone 1989 and ters use the term "losers" for disasters from
1991). which it is best to withdraw. This is another

When emergency plans are being drawn commonality across disaster types. As will be
up, the most productive way to think about discussed further below, emergency planners
disasters is to see them as critical breakdowns dealing with natural disasters also find
in the flow of information. Interruptions in themselves called to face losers upon occasion.
information flows have often been identified in
follow-up studies of almost all major tech- Dealing with "policy impasses"
nological disasters. The engineers who
designed the Union Carbide Bhopal plant Poverty has an undeniable impact on
knew that methylisocyanate gas was highly disaster vulnerability, but like "natural' and
toxic and that it would react with water "technological' it is an inappropriate concept
explosively. Maintenance staff did not report with which to begin exploring policy options.
the problems they were experiencing cleaning Looking at the same phenomenon (in this case
clogged pipes. And the plant worker who disaster vulnerability) with a different lens can
removed the blockage with water was totally sometimes lead to more productive
out of the information loop. alternatives. An example from a related field

How different is Bhopal from the disasters illustrates how certain insights lead to policy
which follow earthquakes and storms, where impasses, and how further thought and, more
many poor families are killed by the collapse importantly, different ways of seeing can show
of their own homes, when simple and low-cost promising alternatives.
techniques have long been known to make Some years ago, the U.S. Office of
even the most basic mud or pole house much Education undertook what became a famous
more disaster-resistant? Where people died study of minority education in the United
from natural disaster, and a technology which States, Equality of Educational Opportunity
they could have easily afforded exists to make (better known by the name of its principal
their homes safe, they died because they too author as the Coleman Report, 1966). This
were out of the information loop. study concluded that student achievement

In both "natural" and "technologicaP could be best explained by looking at the
disasters the information which could save socioeconomic status of the students'
peoples' lives does not arrive because no parents-a finding that stunned educators.
system exists to transfer it from the people Relatively more prosperous minority students
who have it to the people that need it. A did better in school than their less affluent
similar pattern wherein there was a breakdown peers. In effect, none of the variables that
in the flow of information prevailed in the could easily be acted upon (such as curriculum,
Chernobyl and Kings Cross disasters. Likewise type and number of textbooks, or school
with the space shuttle Challenger and the environment) were as important as parental
EXXON Valdez. income in determining how well children

Sometimes in fires or accidents at nuclear would do in school. For a period of years
facilities or chemical plants the situation educational policymakers found themselves at
becomes so out of control that intervention is a crossroads: they knew that minority children
contraindicated. Although in most cases of from poor families did not do well at school,
disaster it is possible to conceive of systems but (believing that it was beyond them to raise
and/or programs which could make the critical family incomes) they were at a loss as to how
information arrive, there are exceptions. These to attack the problem. Finally, after more than
are situations where the problems are so a decade a conceptual breakthrough was
complicated and the information required so achieved. Proxies for socioeconomic status
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were sought-there were other ways of looking only left the people as vulnerable as they had
at the same phenomenon that permitted been before. After financing several similar
policymakers to act-and this discovery allowed operations in the same countries, a new way of
educators to break through the impasse. The seeing emerged, and donors began to include
researchers who eventually helped educators reducing disaster vulnerability among the goals
break through the policy deadend had of relief efforts.
hypothesized that the reading habits of rich Planners crafting all-hazard emergency
and poor parents were different, and that it preparedness policies need to identify when
was those reading habits which the children they are facing losers: insurmountable
were observing which had an impact on how breakdowns in the flow of information (given
they did in school. Ultimately, the reading today's resources and technologies). In the
habits of parents have come to be seen as a very poorest countries of the world, one could
far more important determinant of educational argue that certain disasters are caused by
success than parental income. Currently a peoples' willingness to risk their lives for what
whole new arena of action exists for dealing in more normal circumstances would be called
with the educational problems of minority short-term benefit. Citizens of several poor
children. Educators have communicated to countries inhabit dangerous coastal deltas
minority parents that they need to learn to which experience severe floods almost yearly.
read, and/or to read in front of their children Thousands of families farm these dangerous
and to discuss what they are reading with them delta lowlands because they see no alternative
if they want better results from the schools. way to suppor-t their families. Knowing that

The example above illustrates the power floods are a fact of life in the delta, they
of new insights when 'policy impasses' are choose to prioritize short-term survival in the
reached. In this case from minority education, flood plain over starvation in the higher
once policymakers saw how to get around the elevations.
poverty "policy impasse" they were able to Everyone in the world hopes that the time
begin prioritizing the parents of at-risk chil- will come when improvements in regional
dren, and to design programs which dealt with economies and levels of education will free
reading at home. families from living in such precarious condi-

The disproportionate vulnerability of the tions. Some affordable infrastructure
poor to disaster is similar to the example improvements might make selected areas safer.
above because it is a partial truth which has However, there will always be some places in
led to a policy impasse. Although it is the world, just as there are some industrial
inarguably true that taken as a homogeneous processes which cannot be made safe.
group the poor suffer more than the A potentially greater danger is to build
prosperous-and indeed multiple and well- public policy around these exceptions. Dealing
documented reasons why it should be so leap with the poorest-of-the-poor is a perennial
quickly to mind-what can policymakers do issue in all areas of international development.
with this insight? We should think very carefully before allowing

Several times during the short span of our sympathy for the poor or our very real
years in which nations have been concerned concern about particular technologies to lead
with helping their people to cope with disaster, us to craft emergency preparedness policies for
courses of action have been followed into all segments of the population, based on those
blind alleys until the need for new ways of unfortunate exceptions with which we d;a n<~
seeing the same problem became inescapable. know how to deal.
For many years disaster interveners felt called There are certain times when entire
upon to bring disaster victims back to the disciplines reach blind alleys, points when all
status quo ante until recurring disasters of the available information disheartens. Currently,
same sort made it obvious that restoring a our insights into the disaster vulnerability of
vulnerable population to a predisaster state the poor seem to indicate that little or nothing



254

can be done. Over the millennia few inroacds poverty which can reduce overall disaster
have been made in reducing relative poverty. vulnerability.
Yet, in these early years of the United Nations A similar situation prevails with regard to
Decade for Natural Disaster Reduction, a the vulnerability of the poor to technological
major segment of the literature on disaster disasters. Liverman notes that, "the
highlights the excessive vulnerability of the vulnerability of cities to technological hazards
poor. depends very much on the socioeconomic

The vulnerability of the poor to disaster is characteristics and vulnerability of themselves
not uniform. The prospects for the immediate .... The severity of the damage in the Bhopal
future are not heartening: 'given current and Mexico City disasters has been closely
directions and trends, more and more people associated with the poverty, illiteracy and
will be living in situations where life cannot be immobility of the local people' (1986, p. 146).
sustained . . ." (Anderson 1991, p. 29). But In effect, the poor tend not to move when
there are groups that' live safely and industrial accident-caused dangers face them
sustainably in dangerous circumstances. Well- because critical information about the nature
organized communities and those that have of the technological hazards either did not
either preserved or been taught safer reach them or it was presented in a manner
agricultural and housing technologies do better which they did not understand.
than their peers who do not share these
attributes. Disaster managers with experience Looking at similarities
in developing countries have long been aware
that the poor who occupy traditional housing It is becoming increasingly difficult to
suffer far less mortality and morbidity distinguish between technological and natural
following earthquakes and storms than their disaster. Take as an example global warming
peers in other types of dwellings. By and large, and rising sea levels (caused through the
it is the urban poor that live in substandard or industrial release of greenhouse gases and a
transitional housing which are most at risk melting of the poles)-would a flood caused by
following natural events. In many earthquake- rising sea levels be a natural or technological
prone Latin America countries the poor that disaster? Chernobyl was a technological
live in traditional wattle and daub houses have disaster, but dealing with its impact on crops,
death rates that compare with the middle class agricultural soil, and livestock exceeds the
following major quakes. In coastal Africa and capacity of nuclear-related responders.
the Pacific, families that live in traditional pole Similarly, would earthquake damage to a
houses with natural fibre roofs at a 30- to 45- hazardous chemical plant or an oil pipeline
degree angle still have a home after hurricanes represent natural or technological disasters?
and cyclones. The people who live in (higher The APELL document notes: 'It is now
status 'modern') homes made out of universally acknowledged that every disaster,
galvanized sheeting or adobe are much moire whatever the cause, has an environmental
likely to result homeless and injured followinig impact' (UNEP 1988, p. 10).
a severe natural occurrence. Emergency planners need to recognize

If disaster vulnerability is a consequence that it can sometimes be inappropriate to start
of poverty, reducing disaster vulnerability their work by looking at the ways natural and
would require the eradication of poverty-very technological hazards are different from each
desirable, but not likely to be achieved in the other. Analyzing the differences leads to an
short term. If, on the other hand, there are examination of ever more unimportant particu-
particular practices which make one large lars, and causes us to overlook enormous and
segment of the poor differentially vulnerable useful similarities. A recent OECD monograph
than another, then clearly there are actions touches upon this issue:
which can be taken short of eliminating Emergency preparedness planning for

chemical accidents involves most of the
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same requirements as contingency hazards in many social ways, and the activities
planning for natural disasters . . . . involved are virtually identical: hazard
Consequently, those responsible for identification, identification of vulnerable
emergency planning and response for populations, establishment of coordination and
natural, civil defense, and chemical communication and so on. No matter what
emergencies should consider undertaking kind of disaster strikes, almost all the activities
these activities in an integrated way. that need to be done are the same: search and
(OECD 1990, p. 14) rescue, damage assessment, on-site
The notion that disasters are best coordination, response program planning etc.

prepared for (and responded to) without In most developing countries, the same
significant distinction is often called the 'all- responders will be called upon whether the
hazards approach.' In a recent Bank disaster is natural or technological. The
publication, Quarantelli noted: problems are also the same: mobilizing large

Four decades ago . . . most researchers in populations, communicating health and safety
disaster planning accepted the everyday warnings, etc. All these activities involve
distinctions between different kinds of gathering and passing on information.
disaster agents (such as floods, explosions,
hurricanes, and fires). Soon these Sustainability
distinctions tended to be collapsed into
two general categories: natural disasters Disasters are rarely caused by any one
("acts of god") and technological ones factor, either mechanical or human . . most
(those supposedly brought about by of the significant root causes are present
human actions). Recently these surface or within the system long before an accident
manifest distinctions are increasingly sequence is identified. In short, violations very
questioned .... (1991, p. 97) likely turn into 'resident pathogens' to use [a]
Quarantelli goes on to state that the . . . very illustrative medical metaphor.

majority of social scientists who study disaster Accidents thus involve a number of resident
favor treating them as generic phenomena. pathogens along with local triggers

Quarantelli explores the manner in which (Rasmussen and Batstone 1989, pp. 8-9).
failures of human social systems can be seen to In the quote above, two extremely
be the only disaster indicators: important points are made which apply to both

... an event such as an earthquake or a natural and technological disasters. First, that
chemical explosion does not automatically disasters are not caused by a natural event or
result in a "disaster." That is, a natural a human error: there was a flaw inherent in
land movement of a certain kind is an the industrial (or wider) social system. Second,
earthquake, and the transformation of an that the flaws only become apparent wheii the
inert liquid into an expansive gas is a system is stressed: the 'local trigger" referred
chemical explosion. But unless there are to above. To pursue the medical metaphor a
significant social negative consequences of little longer, human social systems are sick
some kind, these happenings remain only when their design results in their not being
a geophysical event or a chemical process sustainable over the long term. Healthy social
(for example an earthquake in systems should be able to coexist with those
uninhabited land or a safely ccntained potentially destructive natural events and
chemical explosion). From this potentially hazardous industrial processes
perspective, a disaster can be identified without which life on this planet (at least as
only in terms of a social occasion, by the we currently choose to structure it) is not
characteristics of individual and groups possible. Healthy social systems are
reacting to a situation (1991, p. 98). sustainable: in industry they should tolerate
Preparedness measures for technological reasonable levels of worker error and in

hazards are related to those for natural human settlements houses need to be
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constructed to withstand cyclically reoccurring when they are harmony with their surrounding
natural events. ecosystems: industrial processes are only

Making human systems more sustainable sustainable under the same circumstances. The
involves maintaining open channels for hori- dual role of emergency preparedness is that: 1)
zontal and vertical flows of information. In it must defend man from both technological
industrial complexes this process can involve and natural disaster, and 2) it must defend the
more of a team approach so that, included environment from manmade disaster.
among those who run and maintain the system Education and prevention can eliminate the
are people who designed it or, at least, fully need for emergency preparedness.
understand it. Similarly, a community which is Disasters of all types are opportunities to
informed about local hazards, aware of risks move society towards more sustainable pat-
and cognizant of what to do in an emergency terns of living. Postdisaster housing education
is much less vulnerable-and consequentlly programs are attempts to gather sustainable
more sustainable. know-how and to spread it. Following a major

catastrophe housing educators survey which
Integrating plans for natural and construction styles withstood the disaster,
technological disaster identify why certain houses did not fall, and

teach the wider community the lessons
Moving towards sustainability reduces the learned. Such programs have been attempted

incidence of damage to humans, their property in many countries and, although they still have
and their systems from 'natural' disaster, much to learn about how to get community
moderates disasters' severity when they do awareness messages across, they have
occur, and breaks the interaction patterns demonstrated that it is possible for all but the
between 'technological' and 'natural' very poorest on the planet to live in
disasters within the environment. sustainable (disaster-resistant) housing units.

The earth has complex systems which Once again the problem is getting existing
protect ecosystems from many destructive information to those that need it. A recent
forces. For example, coastlines in a natural Harvard University study which looked at over
state have estuaries, tidal flats, marshes, 40 cases of successful disaster relief (Anderson
mangroves and sand bars to protect them from and Woodrow 1989) concluded that even
storms and flooding. Living sustainably extremely poor societies which are well
requires human settlements near the sea to organized and cohesive can make themselves
respect these natural defenses. Although more resilient to disasters relatively easily.
beaches may shift from year to year there is no With both natural and technological
chance that they will go away: they only disasters, emergency preparedness is good, but
require "stabilization" when the dwellings of education and prevention which lead towards
influential persons are threatened. sustainability are better. In most cases of dis-

Other "disastrous" natural events such as aster vulnerability it is possible to conceive of
riverine flooding and volcanic eruptions turn systems and/or programs which could make the
out to have productive and regenerating critical information arrive. Sustainability is
impacts. Educating land owners and farmers achieved by facilitating and systematizing
about the natural processes to which their real information flows in a timely fashion. That we
estate is subject can lead to improved need emergency planning in any area is really
agroforestry practices which reduce the an indicator of system failure. In a sense,
impacts of drought and flood, prevent famine, disaster preparedness is a second line of
sustain water tables, stop erosion and defense: it is twice removed from living in a
landslides, provide an endless supply of sustainable equilibrium.
potable water, mitigate the effects of storms, To return to a medical metaphor, there
allow more productive use of pastureland and are no medical emergency preparedness plans
so on. Human settlements thrive and prosper for dealing with smallpox or polio epidemics
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because most doctors believe that medicine presently available means. Events and trends
has advanced beyond the point where these can be visualized (plotted) relative to the
diseases constitute a threat. In the realm of equilibrium line.
disasters, just as in medicine, an ounce of Rapid-onset disasters would be
prevention is worth a pound of cure. perpendicular, extending on both directions to

There is an equilibrium where human the extent that there is damage to human
activity in any area is neither the subject nor systems and the environment. Trends would
the cause of a threat to other humans or the parallel, angle away from, or approach the
environment. Nonsustainable practices sustainable equilibrium depending upon
eventually result in a disaster which impacts whether risk was increasing or decreasing.
either humans, the environment, or both. We Emergency preparedness could be seen to
can imagine the equilibrium as a straight line either hold the level of threatened damage
in the center of a series of parallel lines on constant, be insufficient to compensate for
both sides. As we move away from the increasing levels of hazard or lead to a
equilibrium in one direction, nonsustainable renewed approach to the equilib-
activities or isolated events begin to cause rium/sustainability line (if the preparedness
damage to humans, their systems and their plan led to improvements in system design).
property. Moving away from the equilibrium This simple heuristic model performs
line in the other direction results in damage to several functions. It integrates natural and
the environment. Moving away on both sides technological disaster. It gets us past the
at once results in damage to both humans and poverty impasse by showing that vulnerability
the environment. The surrounding parallel is not exclusively a function of the availability
lines represent levels of risk and (finally) of financial resources. It identifies policy
damage. Early intervention either through options by showing the importance of
preventive measures or educational efforts can education and prevention. And perhaps most
be timely enough to bring us back to the importantly, it shows that the ultimate goal of
equilibrium line without significant damage or emergency planners is not to limit damage, but
suffering. When not enough has been done to rather to help move society toward sustainable
avert danger, we come to a second line: where patterns of living on this planet.
effective emergency preparedness is required
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Case 1
Benin Floods and Bank Response: The Case of Cotonou

Bemard Peccoud, Patrick Canel, and Jenifer Comet-Vessa

The city of Cotonou (650,000 2 km of the storm water sewerage system
inhabitants) in Benin is located on a narrow suffered from limited collapse.
strip of land between the Atlantic Ocean and
a series of interconnected lakes and lagoons. Bank response and outlook
Since it is built on a flat area barely above sea for the future
level, it suffers regularly from severe flooding.

Heavy rainfall during the rainy seasons In response to an urgent government
leads to rapid soil saturation and increased request in June 1991, an engineer from the
surface runoff. Serious flooding is a result of Bank's Africa I Infrastructure Division was
poor drainage of seasonal storm water through sent on an emergency mission to help assess
its natural storm water outlet, Lake Nokoue, the damage and propose remedial measures.
into the Atlantic Ocean. Of 7,000 constructed As a result, the Bank proposed a program of
hectares, 1,600 hectares are situated below the short-, medium-, and long-term measures.
level of the aquifer. Only 15 percent of the To address the short-term problems, the
city has a drainage system; 56 percent of the destroyed pavement in key streets was
households are flooded regularly. Wells used reconstructed immediately, and the Godomey-
by a large proportion of the population are Cotonou road was repaired. These urgent
contaminated, and 90 percent of the streets repairs were financed under an amendment to
are unpaved. the ongoing Transport Rehabilitation Project.

These difficult environmental conditions Flooding will continue to be a problem,
are further exacerbated by nonexistent urban however, until more radical steps are taken.
planning, the obstruction of natural drains To this end, the Benin Urban Rehabilitation
from construction of land subdivisions, and by and Management Project (negotiated in
dams resulting from inappropriate road design October and effective in mid-1992) in the
or from fill from port dredging, along with an medium term is improving the overall existing,
insufficiently developed and poorly maintained drainage network by rehabilitating, repairing,
drainage network. and cleaning the drains. The project also

supports the management of orderly
The 1991 floods settlements in peripheral areas.

The African Development Bank has
The floods of September 1988 and July financed long-term mitigation measures to

1991 were particularly severe. The periodicity improve the drainage system in Cotonou based
of the July 1991 floods was evaluated at ten on areawide studies. The recently prepared
years. During these floods the economic life of Urban Rehabilitation and Management Project
the city virtually stopped for seven days. Two included an institutional study. The second
people were reportedly killed. The component of the Bank Transport
deterioration of the drainage system and the Rehabilitation Project will address the
roads-already in poor condition-accelerated. management of urban road maintenance and
The floods subsided to a normal level for the sanitary services. Furthermore, in response to
season after ten days. About 2 km of the gravity of the flood situation, IDA
pavement of the main roads were destroyed; financing was increased from US$11.5 million
Godomey-Porto-Novo road had to be repaired to US$16.5 million.
quickly to avoid interruption of traffic. About
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Case 2
Modem Urban Infrastructure: The Armenian Case

Frederick Krimgold

The most important experience of the there is always the possibility of the 1,000-year
Armenian earthquake (1988) was the flood that will spill over the dam and destroy
widespread failure of relatively new what was assumed to be safe settlement. In the
construction in urban areas. This pattern of absence of the dam, dense settlement and
damage and resultant casualties re-emphasizes investment are unlikely to have been
the experience of Mexico City (1985), Skopje, encouraged in such an area.
and many urban earthquakes in rapidly Urban infrastructure provides service
developing areas of the world. Rapid adequate to attract large populations and to
urbanization resulting in dense settlements on encourage exclusive reliance on the system.
hazardous sites with hazardous structures Like the dam, the infrastructure system is
eventually results in disaster. Although subject to failure and collapse under extreme
defining optimal size or density of urban pressure (i.e., the 1,000-year event or war-time
development in economic terms may be bombing). Although the infrastructure reduces
impossible, we may begin to perceive the the consequences of moderate events (such as
relevance of environmental limits of size, the 100-year flood), it increases the possibility
density, and character of urban development. of massive catastrophic events because of the

Modern cities are artificial creations large dependent population concentrated in
totally dependent on transport systems for one area. Through its very success in coping
gathering resources to serve concentrated with minor disasters, urban infrastructure may
populations and for disposing of the waste contribute to mega disasters.
produced by concentrated populations. The
larger the concentration of population, the The vulnerability of lifelines
greater is the dependence on infrastructure
and the greater is the cost of transport. "Lifeline' is an earthquake engineering

The development of modern term used to identify systems essential to
infrastructure systems for transporting goods, urban life. Lifelines convey food, water, fuel,
energy, water, and waste has made possible and other materials necessary for human life
enormous concentrations of population in from distant areas of production to
what are now termed mega cities. Urban concentrated urban areas of consumption.
infrastructure systems have made this level of Disruption of lifelines, such as the water
urban concentration possible, although it is supply or electric power for a city or urbanized
unclear whether they have made this level of region, would inevitably lead to major
concentration sustainable. The infrastructure economic losses and serious deterioration of
has mitigated the initial "mini disasters' of public health. More and more advanced
public health, which previously limited urban technology has made urban areas increasingly
growth. dependent on a reliable supply of lifeline-

The sense of security that infrastructure related commodities, such as electric power,
systems give to urban populations may be fuel, and water.
compared with the protection dams provide. Natural disasters, such as earthquakes,
Although a dam may be designed to provide floods, and tropical storms, have the
protection for the 100-year flood and demonstrated capacity to debilitate lifeline
consequently encourage development and functions severely. Because urban lifelines
habitation in the protected downstream area, cover extensive areas and because network
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systems are atypically made up of critical nodes incapacitation because of deteriorating
and extended links, urban lifelines are institutional and financial resources, such as in
particularly vulnerable to natural disasters that New York City and Washington, D.C. Modern
affect wide areas. Network systems are more urban development has been made possible
vulnerable to damage than individual because of engineered infrastructure systems,
structures because their function can be but unquestioning faith in their reliability has
effectively canceled or reduced through failure led to settlement design and construction that
of any one of a number of distributed invite catastrophic consequences in the event
elements. Generally, the greater the expanse of their failure.
of a network system, the greater is its
vulnerability to any level of disruption. Reducing the vulnerability

The importance and vulnerability of of urban infrastructure
urban infrastructure in natural disasters were in developing countries
clearly demonstrated in the earthquake and
ensuing fires in San Francisco in 1906. By far Development is generally assumed to
the greatest part of the damage and loss of life result in greater security for populations, such
was attributable to the failure of infrastructure as reduced exposure to calamities and natural
systems. They included failures in gas disasters. Unfortunately, this is not the case.
distribution and service lines, which led to Often, the concentration of population in
outbreaks of many fires and widespread high-risk areas, such as flood plains and
interruption of water distribution systems: seismic zones situated on deep alluvial soils,
hence, the total loss of water for fighting fires. has encouraged extensive coastal zone
The failure of a relatively primitive urban development in both developed and
infrastructure in a small city at the turn of the developing countries, generally without regard
century led to the most serious earthquake for the potential effects of natural hazards.
disaster in U.S. history. Aside from situating new concentrations

A debilitating aspect of the Armenian of population in hazardous areas, modern
earthquake was that the urban populations urban technology has also introduced a new
were totally dependent on infrastructure order of risk. The paradox of modern urban
systems that failed during the earthquake. technology is that it reduces vulnerability to
Because of the lack of water, sewerage, frequent small-scale events at the same time
electricity, or gas, the authorities decided that that it encourages development and investment
evacuating the population from the area was in areas that remain vulnerable to less
necessary. More than 120,000 people were frequent major events which often exceed the
forced to leave their possessions and familiar limits of the protective technology. The result
surroundings for lack of an alternative to the is a tradeoff in near-term protection from
centralized network of infrastructure systems minor events for catastrophic long-term losses
for delivering essential services. from major events.

This dependency on infrastructure The deceptive, particularly protective
systems illustrates another fundamental technologies include both building technologies
vulnerability caused by the way in which and infrastructure technologies. The failure of
modern cities are planned and built. Hundreds partial mitigation measures can be seen in
of millions of city dwellers depend on the many recent natural disasters. In the recent
precarious assumption of uninterrupted earthquakes of Mexico City (1985) and
continuity of service from the infrastructure Armenia (1988), the greatest physical damage
systems. However, these systems are subject was found in new construction-which was
not only to the damage from natural disasters, previously assumed to have incorporated a
but also to the damage from war, as in Beirut higher level of development and more
and the cities of Iraq. Infrastructure systems sophisticated level of technology.
are also subject to gradual increases in
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Over the past 30 years, the urban Following this line of questioning back to the
population of northern Armenia has lived in basic pattern of settlement might be more
four principal cities. Each of the four cities is reasonable: Why was this level of urban
located near a river and is at least partially density justified? Why did this population have
situated on alluvial soil, which significantly to be concentrated in vulnerable structures on
amplifies the ground motion of an earthquake. hazardous sites? What kind of economics
Leninakan, the largest of the four cities, had justified these decisions as reasonable?
the most extensive construction on alluvial The density of population in Leninakan
soils. To accommodate the high population could easily have been accommodated in low-
density, mid-rise construction was employed. In rise structures in one level. The simple step of
Leninakan, this included nine-story precast reducing building height significantly reduces
concrete frame structures. In theory, these the earthquake load on the structure and
structures were designed to withstand the level dramatically simplifies the process of providing
of ground-shaking expected for the area. adequate structural resistance.
However, the interest in mitigating the cost of The approach of developed societies
new construction led to lower building (such as in California and Japan) has been to
standards. The desire to build more quickly resist and reinforce against the threat of
and efficiently led to further ysimplification natural disaster. Such investments in defense
and weakening of the structural concept, and of vulnerable urban developments-that is,
the political imperative of ameliorating the building the walls higher-may not be feasible
housing crisis led to poor-quality construction for the developing world. The more
and lax quality control. appropriate approach for developing countries

In hindsight, the resulting tragedy-more may be that of diffusing the targets of natural
than 25,000 dead and as many injured, as well hazards, that is, inhibiting the development of
as the physical and social devastation of the concentrations of population in hazardous
region-is the cumulative result of many areas and avoiding the dependence on
mistakes and miscalculations. Looking back, vulnerable infrastructure systems. As
one might imagine that if only quality control unrealistic as they may seem, sustainability and
had been adequate or if standards of design disaster mitigation may signal the first call for
had been higher, all might have been saved. reversing the tide of global urbanization.
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Case 3
Urbanization and Vulnerability in Brazil:

The Current Challenges

Martha Preece

The combined phenomenon of cheap and overcrowded houses built on land
environmental degradation and urban subject to floods and landslides.
vulnerability is becoming increasingly difficult As most developing nations, Brazil is
to manage in the urban areas of Brazil-and currently experiencing an economic crisis that
more conspicuously so in its metropolitan has had an enormous repercussions on the
regions. The threat of natural disasters has urban environment. In the past decade, the
been exacerbated by a combination of national economy stagnated. Average national
uncontrolled population growth, chronic growth and per capita income were only 2.1
poverty, physical exposure, and mistargeted percent and zero percent, respectively (World
social expenditures. Added to this, the role of Bank 1991a). The percentage of the
the federal and local governments in managing population persistently poor remained
the urban environment and reducing risk has extremely high (10 to 20 percent-or
been vague, complex, and sometimes approximately 11.2 to 22.4 million people-of
contradictory. Conflicts among institutions, urban dwellers are poor). Between 1980 and
short-term approaches to resource allocation, 1985, the percentage of total population under
ineffective planning, and the abrupt slowing of the poverty line in the major metropolitan
economic growth in the 1980s have halted the regions increased more than twofold. In 1985,
emergence of more realistic strategies for more than 25 percent of the population of Rio
disaster reduction in the cities. de Janeiro, nearly 50 percent of Recife's, 42

percent in Fortaleza and 38 percent in
The roots of urban Salvador were below the poverty line (World

vulnerability Bank 1989a). More strikingly still, each year
the country spends a significant share of its

In the last decade, the urban population gross domestic product on social services. For
has been growing at a constant rate of about example, in 1986, total social expenditure was
3 percent per year. Overall, the growth is an estimated 25 percent of gross domestic
adding approximately 4 million people each product (GDP). However, for the same year,
year to cities and towns. Of the total 41 percent of the population received only
population of about 150.2 million, 77 percent about 20 peFcent of social expenditures (World
reside in urban centers with the highest Bank 1991a). In other words, inefficiency and
concentration in nine large metropolitan areas: mistargeting are major problems in Brazilian
Sao Paulo and Rio de Janeiro in the public spending, which often neglects the
southeast; Belo Horizonte in the central west; services that are most likely to improve the
Curitiba and Porto Alegre in the south; living conditions and reduce the vulnerability
Fortaleza, Recife, and Salvador in the of the vast majority of poor urban dwellers.
northeast; and Belem in the north. Mismanagement of resources within agencies
Environmental problems associated with and programs, and lack of incentives for cost-
uncontrolled expansion have increased the effective approaches at the public and private
vulnerability of these cities to major disasters. sector levels contribute to a lack of social and
Vast contingents of low-income migrants have infrastructure services in urban slums (World
settled on the poorest, most vulnerable land in Bank 1988a). The combination of extensive
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development on ill-suited land, faulty Meanwhile, in the south, large cities are
construction, and overcrowding all contribute sprawling over areas prone to natural disasters
to both environmental degradation and where many of the most dangerous sites have
increased vulnerability to natural hazards. For been occupied. In Rio, for example, roughly
this reason, it is virtually always the poor 1.6 million people have settled rapidly on
neighborhoods that suffer the most every time unsafe lands. Unplanned squatter settlements
a disaster occurs. (favelas) have located on hillsides, in and

Further, the failure to incorporate around garbage dumps, and in flood-prone
environmental management into development lowland areas along riverbanks (Munasinghe,
planning has proved to be enormously costly Menezes, and Preece 1991). In greater Sao
for the country in terms of lost resources and Paulo, the robust growth of manufactures has
increased disaster risks. In the northeast-the had analogous effects on the pattern of
country's poorest region-indiscriminate distribution of low-income urban dwellers.
development on high-risk sites associated with Environmental problems have escalated as a
deforestation and large, environmentally result of a combination of three main factors:
sensitive infrastructure projects have had a (a) the significant growth of the population
perverse impact on urban areas. As Mahar living in squatter settlements; (b) lack of basic
(1989) noted, the development of road- services-one third of the population are living
building programs--6even major highways, the in areas without any service for collecting solid
largest public investments in the Amazon waste, and only about half the city population
region-to link Amazonia with the northeast of 14.5 million have access to sewage systems
and south, has generated rapid population (World Bank 1987); and (c) the growing
increases that have been the leading cause of citywide polluting emissions from industrial
intensive land speculation and widespread operations.
deforestation.

Between 1970 and 1990, the population Natural and manmade
of the Amazon region quadrupled, growing disasters in Brazil
from under 4 million in 1970 to over 17
million in 1990 (Wood and Carvalho 1988). Brazil is a telling example of how human
Urban growth in the Amazon has accompanied intervention can increase the vulnerability of
Brazil's overall transition from primarily rural ecosystems and the natural resources base to
to urban activities. Between 1940 and 1980, natural forces. The rapid growth of low-income
the share of the urban population in the north slums and squatter settlements around major
grew from 25 to 51 percent. However, the urban agglomerations is high enough to have
urban transformation of the frontier was never become the major risk factor in areas exposed
integrated into comprehensive urban to the most serious natural hazard problem in
development programs to help the region the country-namely, floods, landslides, and
absorb the massive flow of migrants (Wilson desertification. The mudslides and floods in
and Alicbusan 1991). Thus, gradual and Rio de Janeiro in 1988, and the 1985 floods in
massive, spontaneous invasions took place in the Northeast region serve to illustrate the
ecologically fragile lands. The same pattern devastating effects of natural events when
can be noted along the major rivers in the combined with poverty, environmental
northeastern states of Maranhao, Piaui, Ceara, degradation and mismanagement of urban
and Rio Grande do Norte. In these extremely ecosystems.
vulnerable areas, the risk of disasters has Almost one fifth of the 10.2 million
accelerated. Both flooding and drought-flood inhabitants were affected by the devastating
cycles have been exacerbated by deforestation floods following relentless rain in Rio.
in the steep slopes on much of the cities' Economic losses were estimated at US$935
peripheries. million. The single largest damage impact was

on squatter settlements that had developed
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along environmentally fragile areas. absence of judicious land policies have
Encroachment in narrow coastal strips, initiated a destructive chain of environmental
riverbanks, steep hillsides and in unstable soils degradation, geophysical vulnerability and
susceptible to landslides and debris flows, disaster-proneness. To compound the problem,
coupled with faulty construction and the reduction in municipal revenues due to
absence of basic infrastructure, created the droughts have forced rigorous cutbacks in
conditions that devastated the city. Severe gaps maintenance and flood protection works. Thus,
in emergency response and preparedness plans at the time of the severe floods of 1985, the
compounded the crisis; rescue and salvage region was almost totally unprepared to
equipment were inadequate and located far confront the crisis. After three months of
from the emergency sites. Preventive measures heavy rains, an area of approxirmately 322,000
and risk reduction were not on the list of square kilometers was seriously affected and
regional priorities and local and regional more than 5,300 dams and reservoirs of
governments were notoriously lax in restricting various sizes were destroyed. The cost of
encroachment in flood hazard areas where damage to urban infrastructure, commn ity
basic needs for housing and services have not facilities, shelter and the productive sectors
been met (Munasinghe, Menezes, and Preece was estimated at over US$950 million. In
1991). addition, over US$10 million was spent on

Similarly, in the Northeast region, temporary shelter, flood, medicine and
populations at risk are increasing. The region clothing. In the states of Maranhao, Piaui,
sprawls over 1.5 million square kilometers-18 Ceara, and Rio Grande do Norte, 700,000
percent of the country's total area-over a urban dwellers had to be evacuated and 414
narrow alluvial coastal plain. With half of its municipalities were declared in state of
35 million inhabitants living in urban areas in emergency. Much of the economic actiNity of
1980, the physical evolution of the cities has about 190 cities and towns was paai,a .I
been shaped historically by the characteristics communications disrupted, and several areas
of its surface hydrology. Eight major rivers remained under water for more than three
flow across the region to the east and form the months. Many towns had to be abandoned
networks on which the urban settlements have while others were totally cut-off from the road
developed. Its three principal cities, Recife network. The poor neighborhoods settled on
(2.2 million inhabitants), Salvador (1.8 million) low-lying areas suffered the most; some of
and Fortaleza (1.5 million) were early them were deluged by meters of water and
recognized as key ports for Brazil's foreign completely isolated from emergency relief and
trade and became the center of industrial rescue operations. The disruptive nature of tlie
development during the 1950s. New urban flood was not only due to the extension of the
developments were largely influenced by two stricken areas, but also to the permanence oi
main factors: (a) the periodic and worsening the water which blocked rescue efforts and
crises of drought in the semiarid lands of the restoration of economic activities in severely
interior which have forced out-migration of the affected regions (World Bank 1985).
rural population to the cities-rural areas were According to a World Bank report, the
hit by five successive years of major drought country's 7,408 km of coastal zone has been
between 1978 and 1983; and (b) government exposed to severe environmental degradation
policies directed at industrial and service sector resulting from high population densities and
development which have promoted the competing urban, industrial, fishing, K4i:.
concentration of highly capital intensive tourism and strategic uses. More than half dcx
industries in metropolitan areas. Brazil's population live within less than 60 km

As in the case of Rio de Janeiro, of the coast, and most petrochemical centers
squatters have settled in make-shift dwellings and 40 industrial districts are located within
on flood plains and unstable soils which the same range. Air and water pollution, and
combined with geophysical characteristics and sanitation problems are among the most
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devastating environmental effects of these only about half have access to sewage systems.
extraordinary changes in the coastal As a result, water pollution is more acute each
ecosystems (World Bank 1990b). As Estache year. Ground water supply is exposed to
(1991) points out, "the pollution threat l:o contamination from open discharges and septic
Brazil's cities stems from the increase iin tanks, and most of the city's bodies of water
residuals or byproducts of the production and are exceeding their self-purification capacity.
consumption activities arising from population In 1978, pollution in the Tamanduatei River
growth .. . Improper collection, treatment amounted to 20 times the international
and disposal of solid waste, insufficient and standard for drinking water (World Bank
deficient sewer systems, and insufficient 1980). All the rivers crossing the central
provision and improper design of urban metropolitan zone have become open sewers
transport, are leading causes of urban and thus create a serious public health hazard.
pollution problems' (p. 1). In greater Sao In the peripheral areas, where shallow wells
Paulo, for example, one of the fastest growing are frequently used to compensate for the lack
metropolitan areas in the world, the failure to of a water supply network, there is a high
expand public services in line with urban and incidence of typhoid fever and paratyphoid,
industrial growth has led to severe air and bacillary dysentery and other diseases such as
water pollution levels. As a result, the city is amoebic dysentery, infectious hepatitis, and
permanently exposed to health related hazards. meningitis (World Bank 1980). Furthermore,

The failure to design and implement discharges of raw domestic and industrial
zoning and land regulations properly in most effluents into the rivers, combined with low
Brazilian cities has led to inefficient resource water flows, have already led to siltation along
management with the subsequent transforma- the Pinheiros, Tiete and Tamanduatei Rivers.
tion of natural environments into residential, Increased sedimentation in the Tiete
commnercial and industrial settings. River-greater Sao Paulo's most important

The combined effects of buildings, streets river-could become a serious threat to the
and parking lots have altered the natural city. A reduction in the river capacity may
drainage characteristics and decreased the increase the risk of flooding during the rainy
permeability of soils, thus exacerbated the season. This, combined with water pollution
potential effects of flooding. Environmental and uncollected garbage can set the stage for
hazards in greater Sao Paulo are the result of rampant epidemic outbreaks such as the
the uncontrolled expansion of the city. The leptospirosis epidemic following the floods of
sloping terrain and natural embankments late 1987 (Guha-Sapir 1991). Increased
towards the Tiete River, have been filled and pollution in the Paraiba River-the major
raised to increase building-land, thus reducing source of drinking water for the Rio
natural drainage capabilities, and steep region-have become a major risk factor to the
hillsides and areas prone to flooding have been 8 million people it serves (Estache 1991).
occupied by low-income settlements. Growth in industrial production and
Consequently, following heavy rainfall, the other economic activities in greater Sao Paulo,
river system is quickly filled beyond its has been accompanied by a parallel
capacity-hence, the city's frequent flooding. In deterioration of urban air quality to the point
Sao Paulo City, 400 areas have been identified that in some of the city most densely
as being at risk from flooding, and an populated and industrialized areas the air
estimated 75,000 people are periodically pollution far exceeds the natural, self-cleansing
affected., while 25,000 run are at high risk capacity of the environment. The damage is
from landslides (Leitmann 1991, p.ii). compounded by the area's special atmospheric
Deficient sanitary conditions of the urban and climatic characteristics-extended periods
slums compound the problem. One third of of air stagnation and frequent temperature
greater Sao Paulo dwellers live in areas inversions-have led to episodes of acute air
without any service to collect solid waste, and pollution. Air pollutant discharges in the



271

greater Sao Paulo are comparable to those license instruments by understaffed and
recorded in some of the largest cities of the financially constrained municipal agencies.
United States. In 1987, they amounted to In 1989, in parallel to the preparation of
8,000 tons daily. Carbon monoxide constituted an environmental program supported by the
65 percent of the emission, sulfur dioxides 13 World Bank (1990b), the Government adopted
percent, hydrocarbons 10 percent, particulate the Nossa Natureza program which included
7 percent, and nitrogen oxides 5 percent. proposals to protect and control the use of
Motor vehicles are by far the main natural resources, particularly, the rainforest.
contributors to total pollution-94 percent of The program will provide for long-term
carbon monoxide, 74 percent of hydrocarbons, conservation and control of environmental
and 73 percent of nitrogen oxides-while degradation, particularly in the Amazon. At
industrial processes and stationary fuel the same time, the environment sector
combustion are the principal sources of underwent a major institutional reform with
particulate and sulfur dioxides-about 80 the merging of previously dispersed
percent and over 90 percent, respectively government agencies into a single National
(Thomas 1987). The linkages between Environmental Agency-the Brazilian Institute
concentration of sulfur dioxide and particulate for Environment and Natural Renewable
matter and adverse human health effects in Resources (IBAMA). Brazil's national
Sao Paulo, have been demonstrated by several legislation emphasizes the protection and
studies (World Bank 1980). Increased improvement of environmental quality and
frequency and severity of respiratory symptoms have established the bases for the
and pulmonary complications, along with incorporation of environmental considerations
cardiovascular problems, chronic bronchitis, in development planning. However,
bronchiestasis, pneumonitis, pneumonia, enforcement of environmental laws still faces
asthma, and emphysema are the result of serious constraints mostly due to severe
repeated exposure to heavy concentrations of institutional and financial problems,
air pollutants. As the World Bank (1980) institutional coordination, and discrepancies
notes, greater Sao Paulo is the only between environmental objectives and broader
metropolitan area in Brazil where respiratory economic policies and incentives. Also, lack of
and cardiovascular problems rank second to appropriate knowledge, scarce or nonexistent
infectious and contagious diseases to explain public participation in the design and
mortality rates. implementation of intervention (Leitmann

1991), insufficient research and scarce
Alleviating the problem dissemination of scientific information, and

lack of public awareness as to the risks
Over recent years environmental involved in the irreversible damage of the

problems have become a major issue in Brazil's environment, have been major obstacles
development programs. The government has towards and effective implementation of the
made significant efforts to establish a law.
systematic policy and institutional framework In 1988, after the serious floods in Rio
with emphasis on building national and local de Janeiro, the Government embarked in a
capacities for effective environmental special prevention and reconstruction project
management and prevention and mAtigation (World Bank 1988b). The objectives were to
measures. As Leitmann (1991) points out, increase the city's resilience to natural disasters
policy guidelines, command and controls by promoting long-term multisectoral
regulations-such as emission and ambient-and development strategies. Special emphasis was
economic and fiscal measures have been placed on the links between unsound urban
designed to control urban environmental development practices and vulnerability and
degradation. At the local level, environmental thereby on the need to change traditional
policies are enforced through zoning and approaches by integrating environmental
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policies into the normal planning and a full range of strategies where environmental
administrative activities of public institutions. management and increased resilience become
However, from the earlier stages the project the organizing principle to reduce social and
confronted a common difficulty: lack of economic vulnerability.
institutional capacity, exacerbated by absence Although there has been marked
of both well defined standards and regulation progress in that direction, particularly after the
and a clear understanding of the critical need implementation of the Rio Flood
to develop an integral program based on the Reconstruction Project (Munasinghe,
coordination of efforts to reduce disaster risks. Menezes, and Preece 1991) and the Northeast

Most measures to reduce disaster hazards Urban Flood Reconstruction Project (World
ins the country--mostly dikes and levees to Bank 1985), and the Recife Metropolitan
control flooding-have been limited. In 1985, Region Development Project, among others,
after the devastating flood in the Northeast overall environmental management and
region, the Government embarked in a protection remain weak. Major obstacles are:
rehabilitation program that gave priority to the (a) the lack of systemic consideration of
restoration of essential services and economic environmental and vulnerability factors in
activities in the most affected urban areas. regional, urban and sectoral planning; (b) the
Between 1986 and 1989, the government-with lack of clear standards and guidelines for
World Bank support-constructed four major hazard reduction; (c) shortage of personnel
dike systems, five major drainage works, and trained in disaster mitigation techniques; (d)
the channelization of the Camurugipe River. inadequate disaster-prevention information and
The completion of these large-scale protection community involvement in training programs
works have increased control of river flows and for hazard prevention; (e) and insufficient
often resulted in less inundation of densely scientific and technological knowledge for
populated areas. At the same time, critical hazard and risk assessment.
flood hazard evaluations were initiated to Housing, squatter upgrading, low-cost
identify priority areas for flood protection. infrastructure, transport, and pollution control
Nonetheless, flash floods still remain a programs are another example of the
problem despite the engineering works. It was Government's efforts to confront the main
found that preventive measures were not roots of hazard vulnerability in the cities. Since
synonymous with structural control and that 1978, most of these projects have been
floodplains, now perceived to be safe, were supported by the World Bank and have
being occupied by poor settlers. Efforts to stop focussed on assisting with fundamental reforms
resettlements have been hampered since in in urban development and urban
most cases people cannot afford safer sites. environmental policies. In 1973, the federal
Further, public resources constraints have government, through the National Commission
made maintenance very difficult and clogged for Urban Policy and Metropolitan Regions,
drains have become a main risk factor in began to develop a program aimed at
periods of heavy rainfalls. The main lesson to coordinating federal sectoral investments,
be drawn from this experience is that building up new institutional arrangements for
traditional flood control solutions are effective planning and coordination, improving local
under some conditions, but cannot succeed planning and management capabilities, and
alone. Moreover, given the increasing costs of providing infrastructure and housing for the
structural measures and the difficulties the country's nine metropolitan regions. This
country is facing, attention should be driven to proved to be a very ambitious program which
non-structural preventive measures which suffered numerous setbacks due to the fast
would complement engineering controls. changing political and economic scenarios in
Among them, warning systems, water and land the country. Nevertheless, the implementation
regulations, environmental education, and of the Recife Metropolitan Development
community involvement should become part of Project (World Bank 1982) provide the basis
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for creative preventive solutions to government levels, limits on the enforcement
environmental problems. For example, capacity of local institutions, financial
ingenious technical and cost-effective technical constraints, largely explain the difficulties to
solutions were developed for slope efficiently implement ongoing initiatives.
stabilization utilizing rocks and plastic netting,
and low-cost new housing areas were provided What remains to be done
with a Mcondominial" sewerage system
comprising small localized treatment plants. In In general, Brazil's urban environmental
upgrading urban developments for the poor, policies have evolved over the past decade,
the project wisely built upon local know-how, and progress has been made in recognizing the
making the most of established skills and urgent need to address environmental
techniques (World Bank 1991). pollution and risks in densely populated areas.

In the last ten years the Government has However as mentioned above, much remains
strengthened its efforts to address to be done to support and improve current
environmental issues associated with industrial efforts, at both the national and the local
pollution in metropolitan areas. Although, in levels:
1975 the federal government introduced an First, the design of macroeconomic and
obligation for all industries to prevent or sectoral policies should incorporate their
correct environmental pollution and potential implications on the natural resource
established means-such as restrictions on fiscal base as well as on the urban environment.
incentives and the suspension of production Second, since many state and local
activities-to enforce pollution control administrations have a Constitutional mandate
throughout the country, in practice, only a few to enforce some of the federal decisions on
states- among them, Sao Paulo, which has the environmental matters (Estache 1991),
largest pollution problem in the country-have environmental guidelines and regulations
the capability to monitor pollution sources, should be supported by national and local
design control strategies and enforce the law strategies aimed at building the financial and
through fines and penalties. Minimum managerial capability of local institutions, so as
standards are set at the federal level, and tend to increase efficiency in the implementation of
to be uniform across states. Also, laws.
environmental zoning are used in some states Third, economic instruments should be
to control the location of polluting firms designed so as to increase public revenues to
(Estache 1991). The State of Sao Paulo, for help finance appropriate infrastructure and
example, provides financing to industries for hazard mitigation projects.
pollution control at subsidized interest rates, Fourth, hazard and risk assessments
and location decisions of new producers have should be integrated into zoning, land-use and
been influenced through licensing and zoning building regulation, so realistic mitigation
regulations. Toxic wastes are being regulated measures can be adopted in project design and
by water pollution control programs. With construction practices.
World Bank's support, Sao Paulo has Fifth, disaster-mitigation and
implemented 119 pollution control subprojects. environmental management strategies should
Between 1980 and 1986, particulate matters consider incentives for public participation
and sulfur dioxide emissions from industrial including private enterprises, nongovernmental
sources were reduced to 65 percent and 60 organizations (NGOs), and community
percent, respectively (World Bank 1987). organizations.
Some of the economic and fiscal instruments Sixth, training and the exchange of
currently in practice in Sao Paulo include experiences with other countries confronting
rationing, pricing, user changes, property taxes similar problems could become a most
and direct public investment (Leitmann 1991). effective instrument to enhance and accelerate
However, problems of coordination across
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the flow of information and foster application preventive management of risks remains weak.
of prevention techniques. Both national and local governments have

The goal of these strategies is to foster customarily ignored essential environmental
actions that will increase resiliency of cities to and disaster risk inputs in their urban
extreme environmental degradation. In the development strategies. Limited understanding
specific context of hazard reduction, the first of the merits and relative cost-effectiveness of
step is to organize and plan for concerted planning for environmental protection and
national, regional and local programs to hazard reduction in urban areas has been a
increase resilience in densely populated areas. major factor in preventing the best use of

Much can be done to overcome these limited resources.
difficulties, and the country is already moving
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Case 4
Geology, Planning, and Geologic Hazards of Coastal Cities

in Asia and the Pacific
Jon L. Rau

Impact of geology on the development providing warning signals shortly before they
of coastal cities erupt. Volcano specialists can interpret these

in Asia and the Pacific signals. Volcanic hazard and seismo-tectonic
maps have been shown to be useful in the

Introduction region, although more work needs to be done
in this area.

Some parts of Asia and the Pacific are The coastal cities of Asia also have many
located in areas frequently affected by damag- physical characteristics in common and share
ing geological disasters. A geological disaster the problems of low-lying terrain, such as
or catastrophe is the occurrence of a severe flooding, extensive and poorly drained back-
hazardous event. A geologic hazard is defined swamp areas, and soft clay soils. Moreover,
as a geological condition, process, or potential many of these cities have overexploited their
event that poses a threat to the health, safety, groundwater reservoirs and have introduced
or welfare of a group of citizens or to the sea water into aquifers which once supplied
functioning or economy of a community or fresh water to city wells. Since groundwater
larger governmental entity. The part of Asia levels have been severely lowered, many of
extending from the Himalayas through the these cities have suffered regional lowering of
Pacific rim is particularly vulnerable to earth- the land surface or subsidence' in response to
quakes and volcanic eruptions because of the dewatering and compression of the underlying
constant movement and collision in the region soft sediments. Cities of Asia continue to
of lithospheric plates just beneath the surface experience explosive growth and have out-
of the earth. The circum-Pacific "ring of fire" paced any plans that were originally made for
has been the source of more than 50 percent them to supply water, provide drainage, and
of the earth's eruptions. The volcanoes in this treat sewage.
belt tend to erupt explosively and cause more Many coastal areas of the region consist
fatalities and property damage than volcanoes of unconsolidated sands and clays, which
in the interior of continents. There seems to contain no economic mineral deposits. Geolo-
be a relationship between the length of pre- gists have tended to ignore these areas of
ceding inactivity and the volume and violence surficial sediment in favor of the study of hard
of the ensuing eruption: the less frequent the rocks containing economic mineral deposits.
eruption, the greater the violence. Most of the Only in areas of rich alluvial and beach tin
region's active the potentially active volcanoes placers have detailed studies of these sedi-
are in densely populated areas where few ments been undertaken, and these few studies
people living near them are protected by any are limited in their application to the needs of
form of early warning system or contingency coastal cities.
plan. The endangered residents may be un- Although nearshore and offshore waters
aware that a risk exists. Recent work has have been the focus of intensive studies for
shown that eruption forecasting can save many decades, coastal plains2 and deltaic regions
lives, since, fortunately, volcanoes in these have not been mapped in detail. Geology may
areas have been shown to behave in a predict- be only one part of the complex coastal eco-
able manner. Many potentially dangerous and system, but it affects urban development more
known violent volcanoes have histories of than any other single factor. Yet geology is
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perhaps the most ignored and least understood * Most of the larger cities of the
of the elements of the physical environment of South Paciric are located on coastal
the city-.probably because geological data have plains or atolls.
not been presented in a form that urban * Several schemes can be used to
decision-makers can use. Also, extensive sub- classify coastal areas: (1) based on
surface investigations in these areas would be the dominant sediment type (for
relatively costly time-consuming because of the example, rocky, muddy, or sandy);
mostly flat areas covered with a thick sequence (2) based on the geomorphology
of soft sediment. Because of the cost, urban (for example, atoll, coast plain,
development generally proceeds in piecemeal plateau, or mountain); (3) based on
fashion, and geologic data are assembled as the origin of the dominant rock or
needed; no overall detailed geologic assess- sediment type (for example, deltaic,
ment has been made. It is only later after the alluvial, lacustrine, volcanic, marine,
city has sprawled over several hundred square or complex); or based on whether
kilometers and suffered flooding, subsidence, the coastline has been advancing or
groundwater depletion, sea water intrusion, retreating.
etc., that the geologist is asked to help solve * Any development activity in the
its problems. It is often too late for anything coastal area, offshore or onshore, is
other than partially effective remedial mea- a potential source of stress to the
sures. coastal environment.

0 Essential inputs for land use plan-
Elements of coastal urban geology ning in the coastal zone include a

knowledge of the baseline condi-
In assessing the impact of geology on the tions in each ecosystem, along with

development of coastal human settlements in a knowledge of the principles of
the Asian-Pacific region, following are some socioeconomics.
useful generalizations: * The effects of geologic processes

- An assessment of the geologic can be predicted, although the
constraints to development in coast- times and magnitude of impact are
al cities should be considered a rarely known in advance.
progress report. To be effective, the
assessment should be updated regu- Applying geology to city and land use planning
larly to account for regular varia- From experience, planners can predict
tions in data and their interpreta-. which areas of the urbanizing fringe will be
tion. most rapidly developed. Corridors (highways

* Many of the world's large human and railways) undergo strip development first.
settlements are found in coastal Geologists can use traditional techniques to
areas of Asia and the Pacific and identify which areas of the developing corridor
include the following: Adelaide, offer the least physical constraints (for exam-
Bangkok, Bombay, Brisbane, Busan, ple, the right depth to bedrock to avoid poten-
Calcutta, Colombo, Chittagong, tial foundation problems). They can help direct
Dhaka, Fushou, Guangzhou, development into areas with adequate water
Hangzhou, Hanoi, Hobart, Ho Chi supplies and good drainage. The terrain on
Minh City, Hong Kong, Jakarta, which a project is going to be constructed will
Karachi, Kobe, Madras, Manila, ultimately affect the cost. The most economi-
Melbourne, Nagasaki, Osaka, Perth, cal solution should include as much geologic
Rangoon, Seoul, Shenyang, Singa.- data as necessary to assure the proper design
pore, Surabaya, Tianjin, Tokyo, and planning of the project.
Wellington, Yokohama.
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Assessing and analyzing available data * location of historic soil-flow failure
In the preliminary stages of project areas within and adjacent to the

planning and design, the investigation of the proposed project activity;
area begins with a field reconnaissance and * areas affected in the past by tsuna-
review of all available geologic information mis, storm surges, landslides, urban
from previous studies, boreholes, geophysical floods, and other hazards;
investigations, soil engineering tests, and * areas of previous dike failure and
groundwater studies (including logs of existing tidal flooding, and the probability of
and abandoned water wells). A documentation various floods in the proposed
map is prepared that shows all sources of urban development;
available data and the location of the data * areas affected by damage from
points and areas already mapped. A complete parent materials that yield expansive
bibliography of published and unpublished soils, along with an evaluation of
geologic reports is prepared. their effect on various types of

If no geologic map yet exists, the area structures;
should first be mapped, since this is the single, * areas with potential for developing
most import source of geologic information. building materials, sand and gravel,
More time devoted to collecting and synthesiz- mineral extraction, and the location
ing available data can help avoid costly mis- of economic placer deposits; and
takes and revisions later. Critical analysis of * location of areas with old mines and
field data relating to bedrock and surficial abandoned shafts and pits.
geology, hydrogeology, and urban mineral
deposits is useful for choosing appropriate Geologic data for mapping urbanizing areas
construction materials. Thematic mapping and application of

basic geology to planning is one method for
Geologic data for sites in urban areas analyzing and evaluating terrain on an urban

A preliminary report of the site should basis, so that all unsuitable locations for pro-
consider the following information: jects can be eliminated.

- types and locations of bedrock and
their structural relationship; Urban geology of four cities

* presence of soluble rocks; in Asia and the Pacific
- presence of conditions resulting

from intense tropical weathering; Bangkok- geotechnical problems of
* Quaternary history; development
* presence of major faults and their

age; Bangkok, the capital of Thailand, has a
* depth of the bedrock surface; population of over 5 million. It is situated in
* depth to the geologic unit suitable the southern part of the Central Plain of

for founding piling if no strong Thailand, about 25 km north of the Gulf of
units occur at the surface; Thailand. As of 1980, the metropolitan area

* general groundwater conditions in covered 472 sq km on the flood plain east and
the various terrains and the poten- west of the Chao Phraya River where the land
tial for subsidence and salt water is only 0.5-1.5 m above sea level. The explosive
intrusion; growth of Bangkok is evident: in 1900 it cov-

* history of damaging earthquakes ered only 13.33 sq km and in 1958 96.37 sq
within a 100-km radius of the pro- km. The city relies on a drainage system con-
posed urban development; sisting of canals that were constructed over the

* presence of active or Quaternary last 200 years. Since the 1950s, the growth of
volcanoes, historic ash deposits, and the city has led to a rapid lowering of the
lahars; water table and compression of the clay. This
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subsidence began to affect drainage, so that since they are not founded on deep piling. A
during high tides, floodgates were closed on all sharp break in slope occurs where bridge
the major canals to keep salt water out of the ramps meet streets, which causes a bump to be
klong network. The drainage system could not felt in vehicles using the bridges. This bump
discharge the water from the floodplain when becomes worse with time.
high tides were combined with heavy rains and With the awareness of Bangkok's geo-
strong onshore winds, which made for frequent technical problems, the Department of Miner-
floods that created health hazards, produced al Resources (DMR) is mapping the Quater-
profound damage, and made living and work- nary geology in several areas of the lower
ing in the city difficult for one to three months Central and Coastal Plains of Thailand. This
every few years. The city attempts to control mapping program will provide the necessary
urban runoff with a vast system of portable geologic input for investigating the problems
pumps that gradually move the water from one associated with urban development and land
drain or canal to another. Eventually, the use. Studies are planned on the environment,
water is pumped over the floodgates (during the geotechnical and geological properties of
high tides) in the Chao Phraya River. Quaternary sediments, and the groundwater

The urban geology of the city is influ- regime and aquifer characteristics of surficial
enced by a soft, thin (10-16 m), highly com- sediments. DMR will be able to assess subsoil
pressible marine clay termed Bangkok Clay. Its conditions, groundwater availability, mineral
geotechnical properties present an important resources, drainage patterns, and natural
geologic constraint to the development of the hazards.
city. Bangkok is now the most rapidly sinking In the early 1980s, strict controls on
metropolis in the world, and is approaching a groundwater use were enacted to reduce
rate of 13 cm per year in some areas of heavy pumpage. Also, groundwater fees for consum-
groundwater pumpage. The construction of ers were introduced. Both actions contributed
roads, canals, and rail lines increases the load to lower pumping rates and higher piezometric
on the clay. Bangkok has utilized the expertise levels in Bangkok within the first year-both
of various government institutions to assess promising signs.
and mitigate the geotechnical problems associ-
ated with development. For example, builders Kuala Lumpur: geological problems of
have avoided the problem of compression by development in the urban center
preloading the clay before roads and rail lines
are constructed or by sinking piling to more The geological hazards affecting the
stable sand substrata. development of Kuala Lumpur include the

Although field evidence of subsidence properties of the material beneath the city,
exists, no estimates of damage can be made such geologic processes as deep chemical
yet. Direct evidence was noted when casings weathering or downslope movement, and
for water wells were found to protrude above recent activities in the mining industry. The
the ground surface from 0.5-1 m, even though geological problems related to the develop-
they has been founded in deep sands). Struc- ment of Kuala Lumpur have been the focus of
tural damage is evident where city pavement several geological investigations by the Geo-
and sidewalks meet buildings that are con- logical Survey of Malaysia, including hazard
structed on deep piling. One cosmetic solution investigations which first began in 1917. The
to this problem has been to add a step periodi- tropical climate and high rainfall of Malaysia
cally to the stairs leading into the buildings. result in rapid weathering of geologic materi-
Buildings that are connected, but supported by als. Natural rock exposures are extremely rare.
piling driven to different depths, suffer differ- In Kuala Ltimpur,the dominant rock types are
ential subsidence, as evidenced in the cracks in (a) the Kuala Lumpur Limestone (containing
walls and floors where they are linked. Bridges minor intercalations of phyllite); (b) granites of
do not subside, but ramps leading to them do, Mesozoic or younger age; and (c) the Kenny
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Hill Formation (consisting of interbedded structures have been severely damaged when
quartzite and phyllite). Each of these rock they were near completion because their loads
types gives rise to a different set of geotech- could not be supported by the cavernous
nical problems. limestone. Construction costs and schedules

In addition to the thick sequence of are often underestimated because of these
weathered material above the bedrock, the problems.
lowlands of the city are covered with river The top of the bedrock is difficult to
alluvium of Quaternary age that masks the locate in granitic terrain because of the effects
bedrock and older weathered regolith. Also, of intense weathering that has left huge,
extensive open-cast alluvial mining has left residual boulders embedded in the unconsoli-
behind ponds and mine pits. The ponds are dated debris derived from the decay of the
filled with slime, which must be removed granite. These blocks are called floaters be-
before the pits can be refilled and the land cause they are found well above the bedrock
reclaimed. Improper compaction of the materi- surface. Since construction engineers are
al used to refill the ponds is a potential cause seeking firm substrata to anchor the founda-
of geotechnical problems in some areas. tions of tall structures, the problem of distin-

Cavities and sinkholes are common in the guishing a floater from the real bedrock sur-
highly irregular bedrock surface developed on face is particularly acute. Buildings that have
the Kuala Lumpur Limestone. Tropical weath- piling sunk only to the top of a floating boul-
ering in Malaysia has created some of the most der may tilt or be structurally damaged as the
spectacular and extensive networks of caves piling founded on the boulder begins to sink.
seen anywhere in the world. Half the city is The alluvial plain upon which Kuala
situated over limestone, which lies at a depth Lumpur is built was formerly mined extensively
of less than 100 meters. The foundations for for tin placer deposits. Many mining ponds
older, low-rise structures are footed in the were left behind in the depressions created by
alluvium or in stiff layers within the regolith. the dredges. Reclamation has been carried out
The foundations for more recently built, high- in many part of the city, although some of the
er-rise structures had to be placed in the fill was evidently not properly compacted, since
bedrock, which called for accurate knowledge some houses have continued to settle after
of the depth and exact location of the top of they were built.
the Kuala Lumpur Limestone. Research is Mining close to populated centers poses
under way to develop a methodology for several problems in Malaysia. When pits for
identifying the location, depth, size, and orien- the mines are dug, the alluvium is dewatered,
tation of the cavities by using such techniques which draws down the water table in the
as seismic reflection, microgravity, downhole adjacent limestone areas. This dewatering
radar, and electromagnetic methods. So far, lowers the strength of the sediment that fills
these techniques have not been refined the sinkholes and causes the alluvium in the
enough to formulate a precise picture of the sinkhole to drain out through the base, which
top of the bedrock in the limestone area. This then causes the land surface to collapse. In
information will be useful for planning the 1984, this problem caused a row of nine two-
growth of the city around this unique and story townhouses under construction on re-
complex set of problems. claimed mine tailings to collapse.

As an example of the difficulty in (and Many other geological characteristics
necessity for) assessing the depth and location present problems for Kuala Lumpur. On some
of the top of the limestone, in some building of the steeper hillsides and beneath cuts,
sites, up to 20 holes have been drilled (an rockfalls and soil flow have occurred. Careless
expensive and time-consuming program) to blasting in nearby quarries also contributes to
define the bedrock surface, although this slope instability. Intense rainstorms often cause
number is insufficient to locate surface cavities soil flowage. Heavy rainfall also saturates
just below the top of the limestone. Several colluvium and generates semicircular failure
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planes where cut slopes are more than 10 The western edge of the city adjacent to
meters high. Subsidence often occurs in Kuala Manila Bay lies on modern deltaic deposits,
Lumpur for the following reasons: (a) reduced consisting primarily of unconsolidated silts,
volume of soil by compaction (air removal) or sands, and clays. The uppermost unit consists
consolidation (water expulsion); (b) collapsed mostly of silty clay with a low shear strength.
limestone cavities because of removal of sup- All these units range from soft to very soft,
port; and (c) swelling and shrinking clays with low shear strength, and present problems
(because of changes in their water content). if foundations are improperly designed. Engi-
Erosion has also caused problems, especially neers have so far been reluctant to found
near areas where sand was quarried from the larger structures on the soft unit of the upper
river bottom. sequence in western Manila. Heavy structures

mostly have been founded on piling driven to
Manila: geological and geotechnical problems sands of the deeper and older delta units.
of the urban center Smaller structures can be founded on the soft

topset deposits by using a shallow raft, spread,
The City of Manila, with an area of only pad, or floating type foundation. Invariably,

38.56 sq km (6 percent of metropolitan Ma- piling is used where the soft and compressible
nila), had a population 1.6 million in 1980. clay units are very thick.
Flooding has always been a major problem in
Manila, but since a P 1.5 billion flood control Sydney: geological problems
drainage program was launched in 1976, only
4.43 sq km (0.7 percent of the metropolitan The most costly natural hazard in New
area) are floodprone. These areas, however, South Wales is recurrent flooding, followed by
are heavily populated, and many of Manila's damage from landslides and coastal erosion.
residents annually face substantial losses from Sydney lies on a deeply weathered crust cov-
flooding. ered in placed with younger windblown or

Manila faces problems associated with fluvial sediments. In other places, the weath-
overpumping of ground water and intrusion of ered rocks have been stripped away, exposing
salt water from Manila Bay into the main fresh bedrock. The result is that the rocks of
aquifers that supply water to 96 wells. Like Sydney have a patchwork of geotechnical
Bangkok, the groundwater level has dropped properties that reflect their various lithologies
below sea level through most of the metropoli- as well as their weathering and tectonic histo-
tan area, and is declining at a rate of 4-10 ry. This has affected their rippability and, in
meters per year. The problems faced by Ma-- turn, construction costs.
nila are not unique; well-known techniques are Another geological problem stems from
available for modeling groundwater flow sys- the varying permeability of weathered rocks. A
tems in cities and evaluating and predicting large landfill at Lucas Heights, sited on weath-
changes in water quality, declines and water ered sandstone, has leached polluted water
level, and subsidence that occur in heavily rapidly into the weathered part of the sand-
exploited areas. stone. The unweathered zone has low perme-

Studies of the geotechnical properties ability and prevents deep migration of the
and engineering geology of the metropolitan toxic water from the landfill, which restricts
Manila are just now beginning with detailed such water to shallow depths in the vicinity of
mapping of the city conducted by the Philip- the landfill. The geotechnical solution involved
pine Institute of Volcanology. Routine investi- placing drains in the weathered zone to collect
gations of specific sites of construction in the undesirable water for treatment.
Manila are currently conducted by the Bureau Several expressways in Sydney have 50-
of Mines and Geo-Sciences, Ministry of Natu- to 100-meter high vertical cuts in the
ral Resources. Hawkesbury sandstone. Without proper geo-

technical analysis, the steep walls of the high-
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ways would have collapsed periodically. The by groundwater leaking from fractures and
differences in the properties of weathered and joints in the underlying bedrock.
unweathered bedrock and the abundance of
subsurface openings made construction of the Urban geology of some major cities of Asia
first dams in the Sydney area in the 1950s and
1960s difficult because of the extra excavation Urbanization of Asia and the Pacific
and extensive grouting programs that were
needed. Hence, few concrete arch dams have Among the 25 cities of the world with
been built in Australia since then. populations expected to exceed 10 million by

Various problems encountered with the year 2000, 14 are likely to be in the Asian-
tunnels in Sydney relate also to the differences Pacific region: Bangkok, Beijing, Bombay,
in drainage of the rock at various points along Calcutta, Dhaka, Hong Kong, Jakarta, Karachi,
the shafts. Tertiary weathering was so exten- New Delhi, Seoul, Shanghai, Tianjin, Tehran,
sive in one case that when access shafts were and Tokyo. During the last decade, the cities
constructed to reach a tunnel beneath the in the region have gone through a period of
Sydney rail yards, so much water drained from profound and accelerated transformations, not
the weathered shale that pumps had to be the least of which were the radical changes in
installed in the shafts. the environment and the hectic pace of life

Some suburbs and nearby towns have that now exists. The encroachment of the
periodic landslides because they are situated cities onto lands that are unsuitable, even
on shale of low shear strength and highly hazardous, has been an unfortunate result of
slakeable clay. The clay contains a disordered urban growth. Most of the growth has been
illite that become unstable in the presence of unplanned and has affected both the national
water. Regoliths and colluvium are both unsta- environments and ultimately human life. (For
ble in parts of Sydney and are slowly slumping an example from the region, see the case
or flowing down the sides of valleys. The history of Bombay in the box.)
weathered material at the surface is lubricated

-: ' -- ' :Bom bay -: '-:.-- :: -. - -

Bombay is India's richest and second largest city'with a population of 8.2 million (1981
census) and a growth rate of 4 percent a year. It has one of the finest harbors in the world and
handles 21 percent of the total exports of India. In its early years,. Bombay was situated on a
rock island. After its first: spurt of growth in 1770, the area between the seven islands was filled
in, resulting in the present site of the city. A new area on- the, mainland-New Bombay-has
grown rapidly along the coast since 1970. The water on the island and in New Bombay is.
insufficient; sources of water have had to be tapped farther and farther away froni the city, at
greater cost.

After inany years of suffering from water shortages and rationing, the Government of
Maharashtra constructed two great dams that supply 325 million- gallons of water a day to
Bombay. Demand was expected to grow to 730 milnlion gallons a day by 1991,-again to outstrip
the supply. Geology has been used to locate new reservoirs, and to provide the appropriate
data and mapping for such activities in the volcanic rock, since it has many permeable zones.
The Government of India was: the first country in the region to apply the concepts of environ-
mental geology to the planning and development of its large urban areas.
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Conclusion Notes

Urban and engineering geologists are 1. Subsidence is the gentle lowering of the
needed to help plan human settlements so that surface due to the removal of water from
geologic hazards can be assessed before devel.- the underlying sediments and the subse-
opment begins. To understand the geological quent compression of clays in the se-
foundations of areas where cities will expand quence. This problem is related to the
in the next few decades, detailed mapping of exploitation of groundwater and to the
Quaternary or surficial sediments is needed. geological characteristics of the underly-
Urban planners will be better able do their ing sediments. A city founded on rock
jobs with maps that clearly show the hydrologic cannot experience subsidence of this
and geologic constraints to development. The type. A city situated on soft sediments,
contributions of geologists can be expected to mostly sand and clay, has a geologic
ease the burden on the poor who tend to live framework that favors profound subsi-
in areas more vulnerable to extreme geophysi- dence.
cal events, such as earthquakes and volcanic 2. Coastal areas referred to in this case
eruptions. Geologists should learn how to study include the area extending from the
present their technical data in a more appro- shore to about 50 km inland, as well as
priate way so that nonspecialists can use them., nearshore coastal waters.
The wise use of geologic information can help
improve the quality of life of urban dwellers
only if decision-makers recognize its impor-.
tance.
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Case 5
International Collaboration for Local Earthquake

Response and Recovery Planning

Shirley Mattingly and Valerie Melloff

Mexico City and Los Angeles-both cities city's EOO. Participants in the exchange will
vulnerable to earthquakes of major magni- be drawn from a broad range of disciplines
tude-have launched a program to exchange involved in planning or managing emergency
knowledge of their respective hazard mitiga- response or recovery functions. They will be
tion, response, and recovery programs. Both selected on the basis of their specialized skills
cities have historical, cultural, and economic and ability to contribute to specific exchange
ties, in addition to sharing vulnerability to topics.
earthquakes. This vulnerability led policy- Topics selected for study with Los Angel-
makers in both cities to initiate hazard mitiga- es reflect Mexico City's determination to
tion, earthquake response and recovery pro- establish a cohesive organization for respond-
grams to reduce the threat to life and property ing to future earthquakes and improving public
from earthquakes. Officials in each city have education and training efforts in this area.
also been actively seeking out information Examples of the key preparedness topics for
about such programs in other locales. These the exchange include the following:
factors spurred representatives in the two Mitigating structural and nonstructural
cities to look to each other for further ways to hazards. What policies, laws, cr -dur a-
improve preparedness for emergency response tional programs are in place to miti-
and recovery. gate the effects of earthquakes on

Informal fact-finding visits on the part of seismically vulnerable buildings-in-
officials from both cities evolved into a formal cluding historical buildings-and their
commitment on November 14, 1990, binding contents?
both cities to an ongoing cooperative exchange * Designing and implementing
of information from the research and experi- exercises. How should exercises be
ence of the other city. The agreement moves designed for testing components of
beyond the simple recognition of the need for the city emergency response plan,
an exchange and establishes a multidisciplinary such as the functioning of the emer-
and organizational basis for implementing the gency operations center and building
process. In a broader sense, the cooperative damage assessment teams, and the
agreement is significant because it is the first way in which the exercises are coordi-
tangible transfer of knowledge between local nated?
governments. Both the National Science Foun- * Planning for sheltering. How
dation and the Federal Emergency Manage- does the city organize shelter opera-
ment Agency are interested in the Mexico tions? How are shelters managed?
City-Los Angeles Exchange as a demonstration * Preparing government employ-
project for the United Nations International ees. What is the status of the Buildinr
Decade for Natural Disaster Reduction. Emergency Coordinator Program,

A Bilateral Committee, co-chaired by the employee education and training,
directors of the Emergency Operations Orga- floor wardens, city employee response
nizations (EOOs) of each city, was set up to teams, business resumption planning
identify and develop objectives, workshops, and capabilities for government agen-
and programs relative to the needs of each cies?
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Training by business and com- Mexico City is particularly interested in
munity organizations. What are the the multifaceted program Los Angeles has
purpose and function of business developed over the last two decades to reduce
councils, such as the Business and earthquake vulnerability. Highlights of the
Industry Council on Emergency Plan- program include emphasis on developing
ning and Preparedness (BICEPP) and seismic reinforcement legislation; creating a
Downtown Emergency Preparedness multidisciplinary emergency response organiza-
Action Council (DEPAC). Are there tion; acquiring specialized equipment (such as
training and organization of communi- a mobile emergency operations center; estab-
ty and business emergency response lishing planning partnerships with the private
teams, and development of systems to sector; and implementing numerous training
track and coordinate volunteers? programs for government employees, as well as

Examples of key topics in the area of for business and community groups.
emergency response include the following: In spite of the accomplishments of Los

* Organizing for preparedness and re- Angeles, the city does not claim to have all the
sponse. How should multidisciplinaiy answers. Los Angeles is still working on many
aspects of planning, coordination, and basic issues-such as improved coordination,
building be carried out? and communications and emergency backup

* Delivering medical services. What power-some of which seem to afflict respons-
emergency medical services are avail- es to disasters in well-prepared, as well as
able? What plans are in place for underprepared, cities. Los Angeles is also
activating and implementing hospital interested in planning for post-earthquake
emergency responses? recovery and reconstruction, and has begun an

* Implementing urban search and rescue unprecedented effort in this area. Some unre-
plans. How is the urban search and solved recovery and reconstruction planning
rescue program set up? issues remain:

* Assessing damage. How should infor- - Integrating the financial, technical, and
mation on damage and situation as- social aspects of reconstruction and
sessment be compiled and communi- rehabilitation.
cated? * Financing recoveryprivately orpublicly.

* Disseminating emergency information * Coordinating recovery and reconstruc-
to the public. What are the plans to tion.
ensure that the media provide the Since Los Angeles is likely to encounter
public timely and appropriate informa- many of the same social problems experienced
tion? What is the concept and use of by Mexico City in the aftermath of the Sep-
the Emergency Broadcast System? tember 1985 earthquakes (for example, thou-

* Reestablishing lifelines. What are the sands of resident may be temporarily dis-
plans for reestablishing utilities and placed), Los Angeles has much to gain from
transportation systems, as well as for Mexico City's findings after the 1985 earth-
using and transporting heavy equip- quakes.
ment to remove debris?
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