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IN THIS ISSUEHow families in coastal Bangladesh 
adapt to sea-level rise foretells 
future decisions by hundreds of 
millions of families worldwide 

Poor households are often at a 
disadvantage in accessing land, 
and many end up settling in 

climate-vulnerable regions. The likely 
effects of climate change may pose 
further threats to their livelihoods 
and thus have serious implications for 
poverty reduction. This underscores 
the imperative for policy planning to 
cope with climate change. But efforts 
to design policies for this purpose 
have been hindered by lack of empiri-
cal information about the degrada-
tion of natural resources induced by 
climate change, its implications for 
livelihoods, and household responses. 
To enhance the understanding of such 
threats and of possible adaptation 
policies, Dasgupta, Hossain, Huq, 
and Wheeler, in a recent paper, under-
took an empirical analysis in coastal 
Bangladesh.   

Coastal Bangladesh has a high in-
cidence of poverty. Many poor families 
have been forced to settle in low-lying 
areas close to the coast as a result of 
high population density combined 
with land scarcity and inflexible land 
tenure conditions. Poverty data show 
that 11.8 million poor people were 
living in 19 coastal districts in 2010. 
Coastal Bangladesh is also prone to 
tidal surges and cyclones. Residents 
have already experienced widespread 
inundation and salinization of soil and 
water, contributing to the harsh living 
conditions. Earlier research indicated 
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that both soil and river salinity in the 
coastal region have increased over 
time and are very likely to further in-
crease with climate change.

The study looked at the impact 
of inundation risk and salinization 
on household composition, eco-
nomic welfare, and poverty in coastal 
Bangladesh. One part linked the per-
centage of resident working-age adults 
in households to travel time to the 
nearest urban center, soil salinity, and 
two components of inundation risk: 
distance from the coast and elevation. 
Another part evaluated the probability 
that households close to the sea, at 
low elevation, and with saline land 
are in the poorest fifth of the national 
wealth distribution. The research as-
sembled a number of databases and 
satellite maps and applied state-of-
the-art spatial estimation methods. 
The information on household demo-
graphics and economic welfare came 
from the Bangladesh Demographic and 
Health Survey.

The results show that compared 
with counterparts in nonthreatened ar-
eas, households at high risk of inunda-
tion and salinization have significantly 
higher outmigration rates for working-
age adults (particularly men) as well 
as significantly higher dependency 
ratios and poverty incidence. The criti-
cal zone for inundation risk lies within 
four kilometers of the coast, with less-
er impacts observed for coastal-zone 
households at higher elevations. But 
damaging salinity has diffused across a 
much broader area.

(continued on page 8)
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Ignoring the consequences of 
natural disasters for human welfare 
can limit the effectiveness of 
strategies for reducing poverty

Estimating the direct effects 
of natural disasters—such as 
human deaths and injuries, 

destruction of critical infrastructure, 
and disruption of economic activities 
—is generally quite straightforward. 
Quantifying the direct and indirect (as 
well as short- and long-term) effects 
of large shocks on the well-being of 
households and assessing how they 
cope with these risk factors is empiri-
cally more challenging. But it is also 
central to more fully estimating the 
economic effects of natural disasters 
and designing effective risk manage-
ment strategies. 

In a recent study Baez, Lucchetti, 
Genoni, and Salazar investigated 
whether natural disasters are likely 
to reverse gains in poverty reduc-
tion—and if so, by how much and why. 
The analysis focused on Guatemala, a 
lower-middle-income country where 
more than half the population lives 
below the poverty line. Because of its 
geographic location, the country is 
prone to frequent and high-intensity 
geological and weather-related shocks, 
such as storms, droughts, earthquakes, 
hurricanes, and volcanic eruptions. 

On May 29, 2010, Guatemala was 
hit by Tropical Storm Agatha, which 
dropped torrential rains at the highest 
levels recorded in more than 60 years. 
Using national meteorological data, 
the researchers tracked the trajec-
tory of the storm. And using detailed 
household survey data (collected 
before and after the shock) and geo-
referenced information, they allocated 
some clusters of households to areas 
that were greatly affected by the di-
saster and the rest to areas that were 
affected less or not at all. 

The analysis revealed that house-
holds severely affected by Agatha cut 
back on their expenditures. Per capita 
consumption among urban house-
holds fell by 12 percent relative to 

three-quarters of the cultivated land 
was used to grow maize, beans, coffee, 
and sugarcane. The shock occurred in 
May, a month in which excessive rain-
fall was for the most part not harmful 
for the typical annual cycle of planting, 
growth, and harvesting of these crops. 
Indeed, annual yields did not vary 
much from the levels of production 
recorded in years before the storm. 

Finally, social protection policy may 
have helped smooth basic consump-
tion in rural parts of the country. A 
conditional cash transfer program (Mi 
Bono Seguro) targeted almost exclu-
sively to rural areas has been in place 
since 2008. At the time of the disaster 
this program was benefiting nearly 
800,000 families, many of them located 
in parts of the country severely affected 
by the floods. 

In 2012 the Guatemalan authori-
ties reported that the national poverty 
rate had risen from 51 percent to 53.7 
percent between 2006 and 2011, an 
increase concentrated largely in urban 
areas. Government officials and most 
analysts were quick to attribute this 
increase to the collateral effects of the 
global financial crisis. But the study’s 
findings suggest that this is only part 
of the story—and that the adverse ef-
fects of the storm also contributed to 
the increase in poverty. Ignoring the 
consequences of natural disasters for 
human welfare can thus limit the ef-
fectiveness of development policy, par-
ticularly antipoverty strategies. 

Natural Disasters and Household Well-Being
its median level at baseline. The fall 
in consumption attributed to Agatha 
raised the poverty rate by 5.5 percent-
age points (18 percent) among affected 
households. Roughly speaking, these 
effects translate into 80,000 more fami-
lies in poverty. 

The adverse effects of the shock 
touched other areas of human welfare 
as well. Households in highly affected 
areas reduced food consumption by 10 
percent on average, which corresponds 
to as much as 108 fewer calories per 
person per day. This adjustment is not 
trivial; 43.4 percent of all children ages 
0–5 in Guatemala already had stunted 
growth.

The study’s findings reveal that ur-
ban settlements are just as vulnerable 
as rural ones. Indeed, urban house-
holds appear to have suffered greater 
consequences as a result of Agatha 
than rural households did.

The study investigated four pos-
sible factors that may help explain the 
adverse impacts of the shock as well as 
why urban households bore the heavi-
est burden. The first has to do with the 
magnitude of the shock itself. Impact 
studies often fail to quantify and map 
the intensity of natural shocks to the 
units under analysis. This study shows 
that urban households experienced 
substantially stronger rainfall shocks 
than rural households did. 

The second factor is associated 
with food shortages likely triggered by 
the destruction of infrastructure and 
the disruption of markets and other 
economic systems. The study found 
statistically significant average price 
increases in affected urban areas for 
items such as milk (27 percent), sugar 
(16 percent), meat (8 percent), and 
beans (6 percent). Prices were much 
more stable in rural, less affected 
areas.

A third factor is the favorable tim-
ing of Agatha for the local agricultural 
cycles, which may help explain the 
low sensitivity of rural households to 
the shock. Using agricultural census 
data, the researchers mapped the 
main crops grown in the affected ar-
eas at baseline and found that nearly 

Javier E. Baez, Leonardo Lucchetti, Maria E. 
Genoni, and Mateo Salazar. 2015. “Gone with the 
Storm: Rainfall Shocks and Household Well-Being 
in Guatemala.” Policy Research Working Paper 
7177, World Bank, Washington, DC.
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Balancing forest cover with 
development needs remains a global 
priority. A new approach can help 
minimize conflicts between the two

Roads and other infrastructure 
are often a precursor of defor-
estation, especially in tropical 

forests. Traditional responses to such 
threats have been reactive—relying 
on “safeguards” to mitigate impacts 
through physical measures or pro-
posed changes in environmental 
management. There is widespread 
concern that such approaches fail 
to halt the loss of forests, especially 
in areas where economic potential 
is significant and incentives for land 
conversion are strong. A recent study 
by Damania and Wheeler proposes a 
novel and proactive approach to de-
velopment planning and environmen-
tal policy aimed at minimizing adverse 
impacts on forests. 

Nowhere are the trade-offs be-
tween forests and infrastructure needs 
more severe than in the Democratic 
Republic of Congo. The country’s natu-
ral endowment—in the form of land, 
minerals, and forests—is unparal-
leled. The right mix of policies has the 
potential to unleash incentives that 
could transform the economy. 

The Democratic Republic of 
Congo’s best-known natural asset is its 
vast forest estate. Home to more than 
145 million hectares of rain forests, 
the country has the second largest for-
est endowment in the world and more 

Road Improvement and Deforestation
than 60 percent of the total forest area 
in the Congo Basin. These forests are 
of global importance as the world’s 
second largest carbon sink. They also 
have great potential to generate in-
come for the country through forest 
carbon offsets. 

At the same time, the country has 
among the sparsest and most di-
lapidated roads in the region and the 
lowest density of roads in the world. 
Moreover, given its vast distances and 
extreme variations in spatial distribu-
tion of GDP, connecting relatively flour-
ishing regions with relatively lagging 
ones could substantially boost eco-
nomic growth. So it is no surprise that 
there are plans for massive investment 
in roads, much of it to be financed by 
donors. 

The study develops both an ap-
proach and a set of tools that can 
guide the location of roads to mini-
mize damage to forests. These draw 
from the state of the art across a vari-
ety of disciplines—spatial (GIS) analy-
sis, spatial econometrics, economic 
theory, and conservation biology. 

Estimates for the Democratic 
Republic of Congo indicate that road 
upgrading has significant effects on 
the intensity and extent of forest 
clearing in well-defined corridors. 
Predicted effects of deforestation 
around improved road corridors vary 
widely with prior road conditions and 
locational economics, but increases 
in deforestation of 10–20 percent are 
typical. Two patterns are noteworthy 
(figure 1). First, upgrading roads from 

very poor to good condition 
produces nearly complete 
deforestation within a nar-
row corridor straddling the 
road (in a radius of about 
1–1.5 kilometers). Second, 
deforestation intensity falls 
rapidly as distance from the 
road increases. Most of the 
deforestation occurs within a 
radius of about 2 kilometers 
from the road. This suggests 
that small changes in loca-
tion could have significant 
environmental benefits. 

Since not all forestland is of uni-
form value ecologically or economi-
cally, the study also develops a novel 
metric to identify areas that are of 
high ecological value and at higher 
risk of degradation. This composite 
index combines information on spe-
cies as well as ecosystems, including 
measures of geographic vulnerability, 
extinction risk, and other aspects of the 
ecosystem captured through a mea-
sure of biomes developed by the World 
Wide Fund for Nature. Using the index, 
the study develops a high-resolution 
map of ecological vulnerability for the 
Democratic Republic of Congo in which 
regions are ranked from most to least 
important. 

In addition, the study presents 
analysis clearly showing that sequen-
tial decision making—whereby loca-
tion decisions occur first, followed 
by an environmental impact assess-
ment—can lead to economically less 
favorable outcomes, outcomes that 
can be avoided through careful up-
stream planning.

Overall, the results suggest that the 
siting of infrastructure needs to take 
impacts into account at the very outset 
of the planning process. The availabil-
ity of geo-referenced information on 
forest cover and economic data makes 
such upstream planning both feasible 
and cost effective. The approach can 
be extended to prioritize investments 
and identify hazards, win-wins, and 
areas where difficult trade-offs may 
need to occur.

Richard Damania and David Wheeler. 2015. 
“Road Improvement and Deforestation in the 
Congo Basin Countries.” Policy Research Working 
Paper 7274, World Bank, Washington, DC.

Figure 1. Effect of Road Quality on Forest Clearing Intensity 
in the Democratic Republic of Congo
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Pathways toward Zero-Carbon 
Electricity
Stabilizing climate change will 
require carbon-free electricity—as 
well as the substitution of electricity 
for carbon-intensive fossil fuels 

Power generation plays an impor-
tant part in global warming, for 
at least two reasons. First, it is 

responsible for a large share of anthro-
pogenic greenhouse gas (GHG) emis-
sions. Electricity accounts for about 
12 billion tons of carbon dioxide (CO

2
) 

emissions a year, 28 percent of total 
annual GHG emissions, so reducing its 
carbon content would make a substan-
tial difference. Second, electricity can 
substitute for carbon-intensive fossil 
fuels. Today’s road transportation and 
housing sectors together account for 
about 16 percent of total emissions, 
and industrial energy consumption for 
another 18 percent. Technologies such 
as electric vehicles, heat pumps, elec-
tric furnaces, and industrial electric 
motors can in part replace fossil-fuel-
based counterparts in these sectors—
indirectly reducing GHG emissions if 
the carbon content of electricity is low 
enough. 

Stabilizing climate change to any 
level (such as 2, 2.5, or even 3°C) 
requires reducing global carbon 
emissions to near-zero levels. A well-
established result from integrated as-
sessment models (IAMs) is that both 

decarbonization of electricity supply 
and electrification of the energy sys-
tem can play a decisive part in this. 
But policy makers are unfamiliar with 
this result, despite its importance in 
informing the policy debate. Part of 
the reason is that no estimate of the 
carbon content of electricity consis-
tent with climate stabilization targets 
has been available. In a recent paper 
Audoly, Vogt-Schilb, and Guivarch fill 
this gap by computing and reporting 
the carbon content of electricity in a 
set of existing prospective scenarios.

The authors analyze more than 50 
pathways generated with 10 different 
IAMs for a recent IAM comparison 
study called AMPERE, an international 
effort funded by the European Union. 
IAMs compute cost-effective pathways 
of the socioeconomic and energy 
systems under the constraint set by 
climate targets. They factor in a wide 
range of parameters, such as long-term 
demographic evolution, availability 
of natural resources, and countries’ 
participation in emission reduction ef-
forts. Technology costs and maximum 
penetration rates, in particular, are cal-
ibrated using a mix of historical uptake 
rates and assumptions on learning 
by doing and autonomous technical 
progress.

The pathways of the carbon con-
tent of electricity from AMPERE show 
several things: Near-zero-carbon 

electricity is necessary to reach GHG 
concentrations consistent with global 
warming anywhere from 2 to 3°C. It 
can be achieved even if some of the 
key low-carbon technologies—such as 
nuclear or carbon capture and storage 
(CCS)—turn out to be unavailable. And 
it can and should occur in every major 
country or region for climate targets to 
be met.

The authors report pathways at the 
global level as well as for China, the 
European Union, India, and the United 
States (figure 1). In scenarios con-
sistent with a 2°C increase in global 
temperatures, the carbon content of 
electricity reaches zero by 2050, then 
proceeds to negative values with the 
use of bioenergy coupled with CCS. In 
3°C scenarios there is more time: the 
carbon content of electricity reaches 
zero by 2070 or, if nuclear power and 
CCS turn out to be unavailable, by the 
end of the century.

These pathways, and the assump-
tions on technology underpinning 
them, may be useful to planners and 
policy makers designing emission 
reduction strategies. They provide a 
reference on the speed at which decar-
bonization of the power sector should 
happen to meet a given climate target 
in a cost-effective way. Thus they can 
be used to benchmark existing mile-
stones or to inform new ones. 

The pathways are also useful for 
assessing the impact of specific electri-
fication technologies. Existing studies 
have focused on the impact of elec-
trification on today’s GHG emissions 

Note: The figure shows the evolution of the carbon content of electricity that is consistent with different climate stabilization targets, averaged across models. kWh = kilowatt-hour; CCS = carbon capture 
and storage.

Figure 1. Evolution of the Average Carbon Content of Electricity in Three Scenarios
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Economic analysis can be useful 
in climate change assessment, but 
needs to be complemented by other 
types of information 

The application of cost-benefit 
analysis to the evaluation of cli-
mate change risks and response 

options is fraught with difficulties 
related to factual uncertainties about 
climate change impacts and the costs 
and efficacy of responses. Some critics 
use this as an argument for why eco-
nomic analysis of climate change is 
not very useful. But measures of eco-
nomic costs and benefits inevitably, 
and appropriately, play an important 
role in public policy evaluation and 
resource allocation, and this is true 
for climate change as well, even in 
the face of uncertainties. Done well, 
economic analysis can provide an 
organized and transparent approach 
to assessing climate change risks and 
response options and identifying key 
gaps in knowledge. 

Nevertheless, there are limits to 
what economic analysis can accom-
plish in informing climate change 
debates. Some criticisms of economic 
analysis embody deep disagreements 
with the assumptions—and even the 
framing of issues—that go into the 
economic calculus. In a recent paper 
Toman argues that these criticisms 
imply at the very least a need for other 
types of information to complement 
economic analysis of climate change. 

One area of concern involves philo-
sophical and psychological arguments 
questioning the practical ability to 
express all potential climate change 
impacts in economic (and thus mon-
etized) terms. This concern arises 
especially in addressing the potential 
effects of climate change on large-
scale and complex ecosystems, be-
cause most people are unfamiliar with 
how these systems function and what 
the consequences of their degradation 
would be. Moreover, people may ob-
ject as a matter of principle to compar-
ing such ecosystem impacts with mon-
etary measures of benefit and cost. 

Climate change involves potential 
impacts that are irreversible as well as 
large scale. This has implications for 
how society evaluates ethical aspects 
of climate change risks and responses, 
particularly the implications for inter-
generational fairness. This is one rea-
son why large and irreversible impacts 
tend to be those for which monetiza-
tion of costs is most difficult. 

In addition, the nature of these 
impacts is subject to “deep” uncertain-
ties, meaning that it is very difficult 
to quantify them statistically. In these 
kinds of situations people often have 
great difficulty in comparing the poten-
tial consequences of different policy 
options. They may, for example, tend 
to overstate risks of dreaded conse-
quences or understate risks that are 
unfamiliar. This hinders economic 
comparison of expected benefits and 
costs. 

One implication of this discussion 
is that providing information about the 
physical nature, the potential scale, 
and the degree of irreversibility of cli-
mate change impacts could be a valu-
able complement to estimates of eco-
nomic benefits and costs. Information 
is needed in particular about the speed 
and the magnitude of climate change. 
This information is useful for gauging 
risks faced by hard-to-value ecosystem 
services and by ecosystems that may 
irreversibly convert to a fundamentally 
different state. 

Better understanding also is need-
ed about the physical consequences of 
ecosystem vulnerabilities for human 
well-being. This kind of information 
improves the capacity for making in-
formed judgments about the extent to 
which other investments (for example, 
improved technologies) can substi-
tute for natural systems that become 
degraded. In addition, making better-
informed judgments about climate 
change risks and policy responses 
requires better understanding of how 
the public perceives climate change 
risks and how these risks compare with 
other policy-relevant risks. Because 
individuals may systematically over-
state or understate the significance 

of climate change risks, information 
about how members of society evalu-
ate other risks (for example, the degree 
of public support for expenditures to 
reduce other types of ecological risks) 
can complement information on public 
attitudes toward climate change risks 
themselves. Moreover, better informa-
tion is needed about the flexibility and 
robustness of potential responses as 
well as their expected benefits and 
costs. 

All these issues—the physical 
impacts of climate change, public at-
titudes toward climate change risks, 
and the characteristics of alternative 
responses—represent areas where re-
search needs to advance considerably 
to provide the information desired. 
There is some irony in this observa-
tion, however. The uncertainties that 
economic analysis is accused of down-
playing are to a considerable extent 
outside the purview of economists; 
they involve various physical and life 
sciences. 

The Need for Broader Information 
in Climate Change Assessment

Richard Audoly, Adrien Vogt-Schilb, and Céline 
Guivarch. 2014. “Pathways toward Zero-Carbon 
Electricity Required for Climate Stabilization.” 
Policy Research Working Paper 7075, World 
Bank, Washington, DC.

Michael Toman. 2014. “The Need for Multiple 
Types of Information to Inform Climate Change 
Assessment.” Policy Research Working Paper 
7094, World Bank, Washington, DC.

and concluded that it depends on the 
carbon intensity of power generation 
at the location where it takes place. 
Studies have reported that electric ve-
hicles may emit more GHG than con-
ventional ones if they are charged in 
places where (or at times when) elec-
tricity is produced from coal; similar 
results have been reported for build-
ings and industrial electric furnaces. 
Such results are too often interpreted 
as showing that electrification is to be 
avoided. The authors’ findings show 
that the relevant question for policy 
makers is not whether to electrify but 
when to do it.

(continued from page 4)

Pathways toward Zero-Carbon 
Electricity
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Effectiveness of Protected Areas
Do protected areas have lower 
deforestation because of their 
protected status, or do other factors 
explain the difference? 

Many country studies have 
found that forest clearing 
is lower in protected areas. 

Although these studies have produced 
many useful insights, the scarcity of 
reliable time-series data on deforesta-
tion has forced them to take a cross-
sectional approach. Without studies 
that measure deforestation before and 
after protection, the basic question of 
causality remains: Do protected areas 
have lower deforestation because of 
their protected status, or do other fac-
tors explain the difference?    

A theoretically appropriate test 
of protection would resemble quasi-
experiments that have been performed 
in fields where data have been more 
plentiful. It would require observations 
on changes in protected areas and in 
comparable nonprotected areas both 
before and after the establishment of 
protection. Such a study could employ 
a spatial panel of high-resolution data 
that permits measurement of forest 
clearing before and after protection is 
established, with observations inside 
and outside park boundaries in con-
tiguous zones that are sufficiently nar-
row (and therefore indistinguishable 
on locational grounds) to allow nearly 
precise matching. 

Such quasi-experiments are now 
possible, thanks to the recent publica-
tion of global forest clearing data at 
30-meter resolution for 2001–12 by  
M. C. Hansen and a team of coauthors 
(“High-Resolution Global Maps of 
21st-Century Forest Cover Change,” 
Science 342 [2013]: 850–53). Focusing 
on the pantropics, a recent paper by 
Blankespoor, Dasgupta, and Wheeler 
investigates the effectiveness of pro-
tected areas in slowing tropical forest 
clearing in 64 countries in Africa, Asia 
and the Pacific, and Latin America and 
the Caribbean for the period 2001–12. 
Using the Hansen data, the authors 
estimate annual deforestation rates 

for contiguous zones that straddle 
park boundaries for more than 4,000 
protected areas. For each park they 
calculate the ratio of deforestation 
rates outside the boundaries to the 
rates inside the boundaries in each 
year. This “outside-inside ratio” serves 
as the measure of protection. 

Although the three regions and 64 
countries are quite diverse, the results 
have strikingly common patterns. As 
the 12-year averages show most clear-
ly, each region’s 25th percentile parks 
have outside-inside ratios that are 
generally less than one, showing that 
the parks offer no protection as mea-
sured by the authors. Data for median 
parks (at the 50th percentile) tell a 
more hopeful story. In each region the 
median park appears to offer sufficient 
protection for the outside-inside ratio 
to be greater than 1.5:1 in all but one 
case. And parks at the 75th percentile 
offer substantial protection in all re-
gions, with ratios of 3:1 or greater. 

The results reveal interesting differ-
ences between parks established dur-
ing the 2000s and those established 
in earlier periods. This is particularly 
true for Africa, where typical median 
ratios rise sharply for parks estab-
lished more recently. These results 
may reflect recent progress in gover-
nance as well as more emphasis on 
cost-effectiveness by conservation aid 
donors. Conversely, in Latin America 
and the Caribbean ratios are lower for 
more recently established parks in all 
three percentile categories. Results 
for Asia and the Pacific are mixed, 
with approximate stability for the 25th 
and 50th percentiles but a somewhat 
higher ratio for the 75th percentile in 
the 2000s.

The authors test associations be-
tween park characteristics and the 
measure of protection using two sets 
of panel estimates. These panels are 
formed by joining the Hansen panel 
to extensive data on park character-
istics from the World Database on 
Protected Areas, a joint project of the 
International Union for Conservation 
of Nature (IUCN) and the United 
Nations Environment Programme. 

In the first exercise the authors use 
random effects to test the effect of 
parks’ age, size, IUCN status, manage-
ment mode, and legal status on forest 
protection. The results show that some 
of these variables have no significance. 
But the authors find that park size, 
national park status, and management 
by indigenous peoples are particularly 
important, with large, positive, highly 
significant associations with effective 
protection across regions. 

In the second exercise the authors 
use fixed-effects estimation to inves-
tigate the effect of park establishment 
on protection for a sample of 726 parks 
established since 2002. The analysis 
controls for other exogenous changes 
since 2000. The results show a posi-
tive, highly significant effect for estab-
lishment only in Asia and the Pacific. 
The authors tentatively conclude that 
the results reflect the net balance be-
tween two forces: potentially enhanced 
effectiveness after a park is formally 
established, and accelerated defor-
estation before its establishment as 
forest proprietors anticipate the effect 
of legal closure. Interpreted in this 
light, the results suggest that the two 
forces are roughly balanced in Africa 
and Latin America and the Caribbean 
while the first one dominates in Asia 
and the Pacific—though other forces 
may well be at play. Further insight will 
undoubtedly be gained as the Hansen 
team and others continue to extend 
the temporal range of high-resolution 
deforestation measures. 

Brian Blankespoor, Susmita Dasgupta, and David 
Wheeler. 2014. “Protected Areas and Deforesta-
tion: New Results from High Resolution Panel 
Data.” Policy Research Working Paper 7091, 
World Bank, Washington, DC.
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Vulnerability to Malnutrition in the West African Sahel
In the West African Sahel the share 
of children who are vulnerable to 
malnutrition is far larger than the 
share who are already malnourished

As documented by a large litera-
ture, households in low-income 
settings suffer short- and long-

run welfare losses from uninsured risk, 
especially in rural areas where agricul-
tural production risk is prevalent and 
markets are thin or nonexistent. While 
the short-run welfare losses are bad 
enough, it is now widely acknowledged 
that the long-run losses that typically 
manifest in forgone investments—in 
human capital, enterprises, high-yield-
ing crops, and so on—are especially 
damaging. 

The concept of vulnerability has 
gained currency in recent studies of 
well-being because the static analysis 
of poverty has been found to be too 
limiting in capturing the dynamic real-
ity of poor populations: focusing only 
on the poor leaves out a significant 
portion of the population who live 
at a constant risk of becoming poor. 
Vulnerability is an ex ante statement 
about future poverty, before the veil is 
lifted and the uncertainty is replaced 
by the knowledge of the actual facts.

But defining vulnerability conceptu-
ally has proved to be a lot easier than 
measuring it. Empirically, because vul-
nerability is a prediction about the fu-
ture, the ideal data sets—which would 
involve panel data over several years 

for each individual (or household) 
along with the shocks experienced, the 
responses to the shocks, and the out-
comes (such as welfare)—rarely exist. 
The literature has therefore proposed 
alternative models that exploit the 
most commonly available data sets.

In a recent study Alfani, Dabalen, 
Fisker, and Molini examine vulnerabil-
ity to malnutrition induced by rainfall 
shocks in the Sahel belt of the West 
African drylands. The study includes 
five countries: Burkina Faso, Ghana, 
Mali, Nigeria, and Senegal. For Ghana 
and Nigeria the statistics and evidence 
on welfare losses apply only to house-
holds in the northern part of these 
countries, the only part lying in the 
Sahel belt. 

The authors first estimate the im-
pact of shocks on child health using 
spatial and historical variation of a 
measure of drought that is not affected 
by anthropogenic activities. They then 
use the historical and spatial distribu-
tion of drought to obtain a distribution 
of the “expected loss.” This is obtained 
by multiplying the average effect of a 
shock by values of the authors’ drought 
measure for each cluster and point in 
time. This makes it possible to evalu-
ate the probability that a child in a 
given location will be malnourished in 
a hypothetical future period. 

As a point of reference, the study 
also provides data on actual malnutri-
tion rates. The data show that roughly 
20 percent of children ages 1–3 in the 
West African Sahel belt are stunted 

Federica Alfani, Andrew Dabalen, Peter Fisker, 
and Vasco Molini. 2015. “Vulnerability to Malnu-
trition in the West African Sahel.” Policy Research 
Working Paper 7171, World Bank, Washington, 
DC.

and the same share are underweight 
(table 1). The highest shares of chil-
dren with nutritional deficiencies are 
found in Northern Nigeria, Northern 
Ghana, and Mali, and the lowest 
shares in Senegal. 

The authors find that vulnerability 
to malnutrition is considerably more 
widespread than actual malnutrition. 
For example, while 19 percent of chil-
dren ages 1–3 are already stunted, 
around a third face a 50 percent risk of 
becoming stunted in the near future. 
The share at risk of becoming under-
weight is even higher, at 35 percent. 
The places with the largest difference 
between vulnerability and actual 
malnutrition are Burkina Faso for un-
derweight (28 percentage points) and 
Northern Nigeria for stunting (24 per-
centage points).

Finally, the authors compute the 
share of children in each cluster who 
can be considered vulnerable. The esti-
mated rates of vulnerability at the clus-
ter level range from zero to almost 100 
percent. These show that Senegal has 
the lowest vulnerability, while Burkina 
Faso and Mali, in the northern Sahel 
belt, have substantially higher num-
bers of clusters with high vulnerability. 
Northern Nigeria also has a large num-
ber of clusters with high vulnerability.

Source: Calculations based on data from Demographic and Health Surveys for various years from 2001 to 2010.
Note: Underweight (low weight-for-age, when a child is either thin or short for his or her age) reflects a combination of chronic and acute malnutrition. Stunted growth (low height-for-age) 
reflects a failure to reach linear growth potential as a result of suboptimal health or nutritional conditions or both.
a. At 50 percent risk in the near future.

Table 1. Malnutrition and Vulnerability to Malnutrition among Children Ages 1–3 in the West African Sahel
Actual rates of malnutrition (%) Rates of vulnerability to malnutrition (%)

Underweight Stunted Underweight Stunted

Full sample 19.7 19.0 35.5 32.6

Burkina Faso 21.9 17.9 49.4 36.4

Northern Ghana 25.1 24.5 35.9 30.1

Mali 25.6 23.7 32.0 26.9

Northern Nigeria 24.1 28.6 40.7 52.7

Senegal 15.2 5.4 18.2 6.2
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To illustrate the magnitude of the 
threats, the authors looked at how 
the results change when the projec-
tions for salinity, inundation risk, and 
market access are switched from the 
least harmful to the most harmful level 
within the four-kilometer coastal band. 
They found that reallocation of labor 
to outside earning opportunities leads 
to a 53 percent reduction in resident 
working-age men and a 22 percent re-
duction in resident working-age wom-
en. The ratio of old and young depen-
dents to working-age adults increases 
by 160 percent. And the probability of 
a household being in the poorest fifth 
of the wealth distribution rises sixfold, 
from 8 percent to 56 percent. If all the 
determinants of risk impact (distance 
to urban center, soil salinity, and eleva-
tion) are set at their median value, the 
probability of being in the poorest fifth 
is 16 percent.

The results paint a sobering picture 
of future prospects for households in 
coastal Bangladesh threatened by in-
undation and salinization, particularly 
those that are relatively isolated from 
market centers. These households re-
spond by “hollowing out,” as economic 
necessity drives more working-age 
adults to seek outside income. And 
those left behind face a far greater like-
lihood of extreme poverty than their 
counterparts in less-threatened areas. 

What might the findings mean 
for adaptation policies? While stan-
dard adaptation measures, such as 
saline-resistant crops and low-salinity 

drinking water supply, focus on direct 
compensation for welfare loss from cli-
mate change, infrastructure investment 
offers indirect compensation through a 
reduction in poverty. The study’s pow-
erful results on market access suggest 
that investment in infrastructure—
especially road improvement—to 
improve access may offer a promising 
option for coastal Bangladesh. People 
living in isolated coastal settlements 
face travel times to market centers of 
as much as nine hours. Reducing these 
travel times by two and a half hours 
would significantly improve economic 
welfare. These benefits are enlarged 
by the threat of climate change but 
exist even in its absence, making such 
investments an attractive, low-regret 
option. 

The families in coastal Bangladesh 
are already on the “front line” of cli-
mate change. Worldwide, about 600 
million people live in low-elevation 
coastal zones. With a virtual certainty 
that sea-level rise will continue beyond 
2100 even if greenhouse gas emissions 
are stabilized today, how families in 
coastal Bangladesh adapt foretells fu-
ture decisions by hundreds of millions 
of families worldwide that will face 
similar threats by 2100. 
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