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EXECUTIVE SUMMARY 

i. The Republic of Moldova is vulnerable to a range of natural trends and hazards that 
impact on rural livelihoods, including erosion, landslides, drought, rain storms, hail, frost, 
flooding and earthquakes.  This report was prepared by a joint World Bank/FAO team, working 
in close consultation with the Moldovan authorities and responsible institutions, to assess and 
evaluate the natural vulnerability of rural areas and agriculture, and to propose measures to 
mitigate risk.  This focus corresponds to the priorities of the Government of Moldova and to the 
World Bank Country Assistance Strategy (CAS). 
 
ii. Key natural risks impacting Moldova’s rural areas are characterized by a wide range 
of frequency distributions and categories of impact.  They include:  erosion and landslides 
resulting in permanent damage to the resource base, annual rain storms and hail causing transient 
damage, occasional deadly floods, occasional serious drought, and catastrophic earthquakes 
approximately thirty years apart that result in significant damage to infrastructure and loss of life. 
The recorded frequency and severity of damaging weather events is rising, which is variously 
accounted for by specialists as due to changes in climate or reporting methodologies, or as a 
statistical artifact of the limited time period covered by records, further complicating 
annualization and comparison.  There is no agreed, unified method for comparing the annualized 
costs and effects of these disparate risks.   
 
iii. As there is no globally agreed method to rank these disparate losses, risks are 
prioritized below in terms of their relative threat to Moldova’s agriculture and rural 
livelihoods, and in consideration of the Government’s scope for effective mitigation of 
losses.  In view of the prominent place of agriculture in Moldova’s economy, risks affecting rural 
areas and agriculture further undermine the country’s resilience to economic shocks and 
setbacks. Key risks to rural livelihoods are ongoing erosion, which is causing irreversible 
damage to Moldova’s farmland, and severe weather, including drought, flooding, heavy summer 
storms, hail, and frost, which reduces the productivity of agriculture and damages rural 
infrastructure. Moldova also has a high risk of earthquakes, which could cause catastrophic 
damage to infrastructure at any time in the next few decades.  Landslides are a significant but 
lesser threat.  
 
iv. Climate change.  Climate change is not analyzed as a separate threat in this report, but it 
may influence trends for several key threats, especially erosion, drought and flooding.  The 
principal recommendations made in Moldova’s First National Communication to UNFCCC 
(2000) concerning rural productivity are supported by this report.  These include the need for 
reinforcement of the system of reservoirs, rehabilitation of dams in areas with flood danger, more 
efficient irrigation, implementation of agrosystems to improve resistance to erosion, soil quality 
improvement, and identification of plant species adapted to Moldova’s trend toward higher 
temperatures and lower humidity.   
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Table i.  Key Natural Causes of Loss to Agriculture and Annualized Estimates of Damage 

 Natural Causes Estimated Annualized 
Losses (US$/yr) Losses Measured As Remarks 

Erosion 40 mln 

Annual cost of foregone 
agricultural production due to 

erosion.  PRSP and other 
sources. 

 Probably additional costs 
associated with 

downstream impacts have 
not been estimated due 

lack of data. 

Earthquakes 40 mln 

 IGS.  Assumes that the 1986 
earthquake has recurrence of 
once per 30 years.  Estimate 

includes both direct and 
indirect damage.   

Damage to infrastructure. 
Frequency unclear but, 
apparently, not rising. 

Drought Max estimate:  20 mln; 
min estimate:  1.6 mln 

Net loss in crop production for 
the country.  Estimate is 
dominated by cost and 

assumed frequency of the 
2000 drought catastrophe.  

Low estimate assumes this 
was a once per century event, 

since its impact was more 
severe because it involved 
coincidental frosts.  High 

estimate assumes catastrophic 
losses recur once every 7 

years, and that frequency may 
increase due climate change.  

Consultant and staff estimates. 

Damage every few years, 
intermittently very severe.  
Rising trend in damage, 
whether due to climate, 

infrastructure or reporting 
not clear. 

Severe weather, 
especially heavy 
rain, hail, wind 
and frost 

More than 7.5 mln 

Direct damages reported to 
SDES, average 1998-2005.  

Indirect damage not included.  
Reported hail damage limited 
to large events, hence under-

estimate considering hail 
events tend to be small-scale. 

Annual significant 
localized damage to crops 
and infrastructure.  Rising 
trend in damage reports, 

reason unclear. 

Floods 5 mln (Acvaproject) 

Occur irregularly.  
Acvaproject data from 1947 to 
2000 shows average damage 5 

mln/year.  Average direct 
damages reported to SDES 

1998-2005 (no major floods)  
0.6 mln/year. 

Annual significant 
localized damage to crops 
and infrastructure.  Rising 
trend in damage reports; 
not clear whether due to 
climate, infrastructure or 

reporting. 

Landslides 1.3 mln SDES and AgeoM estimate 
$1.3 mln annually. 

Annual significant 
localized damage to crops 

and infrastructure.   
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v. With these caveats, Table i. above presents an estimate of annualized losses from the threats 
to Moldova’s rural productivity.  Losses shown in this table sum to 3.5–7% of Moldova’s annual 
GDP, broadly comparable to international experience that average annual losses to natural 
hazards rise to approximately 13% of GDP in the world’s poorest countries.     
 

MITIGATION OF DAMAGE 

Recommendations  
   
vi. Erosion control could be promoted through agro-technical measures, including choice of 
crop and production techniques, afforestation, and hydro-technical measures such as water 
harvesting and physical structures to limit run-off.  Depending on the effectiveness of the 
measures undertaken, investment to avert or remedy erosion losses can be well justified.  
However, benefits may take a long time to materialize and do not accrue only to the communities 
where measures are undertaken.  Therefore, Government intervention is required to achieve 
potential gains. Moldova has developed an ambitious national erosion control program but it is 
underfinanced at approximately US$1.5 million per annum. 
 

Sustainable land management techniques to avert and remedy erosion should be 
refined and incentives to adopt them promoted.  Public financing should supplement 
private efforts. 

 
vii. Southern Moldova is at risk from earthquakes centered in Romania that cause 
devastating damage to Moldova every few decades.  Regional specialists believe that stress is 
currently building within the Vrancea fault, and that a catastrophic earthquake may occur at any 
time.  A priority list of activities at an estimated cost of US$0.13 million would make some 
contribution toward seismic risk management. Proposed improvements could facilitate seismic 
mapping, vulnerability and risk assessment, feeding into the urban planning process and 
decisions regarding seismic retrofitting and/or reconstruction, such as structural reinforcement of 
buildings and lifelines, which would further reduce vulnerability.   
 

Vulnerability can be reduced through improvement in seismic mapping, vulnerability 
assessment, monitoring, and retrofitting of key public facilities, such as hospitals, 
schools, emergency response facilities, etc.   
 
The effectiveness of current building code enforcement and land use planning and 
permitting system should be assessed.    
 

viii. Drought risks can be mitigated through adoption of appropriate agricultural practice and 
crop varieties, through improved weather forecasting and response, and through irrigation in 
specific limited areas. Insurance schemes may provide options for spreading risk in future.   
 
ix.  Opportunities for the use of irrigation to mitigate the risks of drought are limited to less than 
100,000 ha.  Moldova’s once-large irrigated area contracted during the transition.  Irrigation 

 x



rehabilitation would be economically justified in some areas. A program developed in the mid-
1990s defined a set of works with ERR (then) estimated from 12% to 42%.    
 

Individual proposals for irrigation rehabilitation should be supported on a case-by-
case, on-demand basis following feasibility and economic assessments. Public 
investment in feasibility assessments, and assistance to small farmers to collectively 
access the necessary technical and financial support would be warranted.  

 
x. Large areas in the south and south-central areas of the country that are subject to drought are 
not irrigated or proposed for irrigation.  Mitigating the risk of drought in these areas will be 
reliant on adapting agrotechnical measures and the guidance of drought-monitoring systems.  
(i) Drought forecasting would require access to long-term forecasts such as those prepared by the 
European consortium ECMWF, satellite data on soil moisture and drought onset, a reinforced 
network of soil moisture monitoring at key points throughout the country, and communications 
capacity to transmit relevant measurements more rapidly to the Hydromet Service and 
agricultural communities.  (ii) Delivery of effective extension advice will require enhancement 
of MAFI capacity to develop and disseminate guidance on appropriate agricultural techniques 
adapted to Moldova’s variable (and changing) climate, guided by improved Hydromet 
forecasting outlooks for a range of time scales. 
 

Drought forecasting capacity at the Hydromet Service of Moldova should be upgraded 
through access to European forecasts and EUMetsat satellite data, an upgraded 
network of agromet measurements, and more-rapid communication of measurements 
to the Hydromet center. 
 
Agricultural extension should be reinforced in coordination with irrigation and 
forecasting upgrades, to assure dissemination to farmers of techniques to minimize 
their vulnerability to weather and climate. 

 
xi. Priorities for flood risk mitigation include improving hydrological forecasting and ensuring 
the safety of selected small dams. The most damaging floods in Moldova are those of its 
small internal rivers, which are caused by local storms.  These rivers are not well controlled 
by infrastructure or natural watershed vegetation.  The propensity of small dams to fail during 
major storms is such that flood risk may be increased by the dams’ presence.  Basic flood 
protection against events at the 1% level of recurrence probability is included in a $60 million 
package of flood control measures proposed by Government.  However, until such infrastructure 
is in place, the least-cost option for reducing vulnerability would be through a combination of 
enforcement of flood plain zoning where feasible, and dissemination of improved flood warnings 
to enable short-term risk management measures to be operationalized locally.  Improvements in 
flood warnings would entail upgrading hydromet capacity.  The type of storms that are the 
usual cause of flooding in Moldova’s secondary basins are local and sudden; hence prediction 
would require establishment of the capacity for well-resolved “nowcasting”, i.e., locally-resolved 
forecasting in the 0-6 hour time frame.  Mitigation would also require the capacity to relay 
information immediately to the authorities who would need to act on it.  Radars currently in use 
with the anti-hail service could be configured to support nowcasting capacity, and also contribute 
to European radar mosaics. 
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xii. Flood forecasting is less problematic on Moldova’s large transboundary rivers, the Prut 
and Nistru, since flooding of these rivers is caused by heavy storm rainfall or snowmelt events 
upstream of Moldova in the Carpathian upper watersheds.  Moreover, the Prut, Nistru and Bic 
rivers have been effectively controlled by infrastructure works undertaken in the 1960s and 
1970s. However, flooding of the larger rivers could have potentially catastrophic impacts should 
flood control infrastructure fail. Reinforcement is included in the Government’s proposed 
US$60 million package of flood control works; however, until such strengthening has occurred, 
systems aimed to provide dam-break alerts should be a high priority for installation.  The 
estimated cost of dam-break alert systems for Moldova’s four major dams is US$3 million. 
 
xiii. In all watersheds, updated mapping of flood risk areas and their existing and proposed 
land use would enable land use planning to avoid or discourage settlements in the floodplains, 
and a comprehensive survey of the safety conditions of small dams may be justified. 
 

Flood forecasting capacity at the State Hydrometeorological Service should be 
upgraded to improve 0-6 hour forecasting:  the Hydrometeorological Service should 
obtain access to forecasts from ECMWF, satellite data from EUMetsat, and data 
delivery from a strong measurement network.  Operational nowcasting should be 
enabled and hydrological models linked to precipitation models.  MAFI’s anti-hail 
radar network should be reconfigured to serve meteorological use, and should share 
data with EU and CIS radar data-sharing networks. 
 
Floodplain designation and land use should be updated and mapped, and flood risk 
mitigated through appropriate land use planning and enforcement. 
 
Dam break alert systems should be installed on the four main dams of Moldova. 
 
Basic flood protection should be undertaken against events at the 1% level of 
recurrence probability.   
 
A survey of the safety of small dams should be undertaken and an action plan 
developed to mitigate any priority risks identified. 

 
xiv. Severe weather events of many types affect Moldova, but the largest share of damage is 
caused by convective events from May to August, and by May frosts.  The May-to-August 
storms (including the subcategory noted above as causing floods) are by nature very local and 
sudden: hail, torrential rains causing floods on small rivers, and strong winds.  As for flood risk 
mitigation, these very damaging events highlight Moldova’s need for improved forecast capacity 
able to resolve and provide warning of sudden local events.  Relatively small incremental 
investments, primarily in forecasting workstations, would be required for a focus on storms (as 
distinct from flooding).  To forecast May frosts, warnings would also require microclimate 
mapping.  Hail risk mitigation via anti-hail rockets is expensive and the benefits are uncertain. 
Hence further expansion of the service is not advocated. However, reconfiguring the existing 
anti-hail radar coverage could greatly assist high resolution weather forecasting capacity to help 
mitigate the impacts of severe weather as well as flooding. 
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xv.  Hydromet Service warnings will be valuable only if supplemented by SDES or MAFI 
guidance on risk mitigation actions to be taken in response to forewarning of oncoming events. 
 

Moldova’s microclimates should be mapped to facilitate well-resolved and accurate 
frost warnings. 
 
Further investment in weather modification is not recommended.   
 
Agricultural extension and emergency warning capacity should be reinforced to 
identify and disseminate risk mitigation measures adapted to frost-, hail- and storm-
vulnerable regions, and appropriate to the lead time the Hydromet Service could 
provide. 

 
xvi. The landslide hazard is not viewed by this report as the highest stratum of risk to 
agriculture and rural areas (i.e., the stratum that includes erosion, drought, flooding, and 
severe weather).  Priority measures to mitigate landslide risk should emphasize monitoring and 
risk management:  On a case-by-case basis, and when the value of threatened infrastructure 
equates with the cost of engineering options (estimated at US$7,000 per hectare), engineering 
interventions may make sense. However, where appropriate, the most cost effective means to 
prevent and control landslides is afforestation of vulnerable areas. 
 

The landslide monitoring network should be upgraded, hazard mapping should be 
developed, and awareness campaigns should also be supported. 
 
Stabilize agricultural lands affected by landslides through afforestation. 

 

RISK TRANSFER OPTIONS 

xvii. Insurance schemes represent a cost effective way to spread risk over a long time and a 
large number of people. In the agricultural sector, insurance could address some of the risks 
associated with extreme weather events such as hail, frosts or important droughts.  
 
xviii. A subsidized insurance scheme for agriculture was introduced in Moldova by enactment 
of a law in 2004. The scheme is being implemented by the state-owned company Moldasig.  
Experience across many countries has shown that such traditional multi-peril crop insurance 
(MPCI) schemes have many disadvantages, including being very complicated and costly to 
implement, requiring significant government subsidies. Therefore, this report argues that MPCI 
is not an appropriate risk mitigation strategy for agriculture in Moldova.  Instead, analysis would 
recommend:   
 

Piloting of a privately run index-based weather insurance for broad-based threats like 
drought and frost, and. 
 
Traditional, private sector insurance products for localized threats like hail. 
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INSTITUTIONAL STRENGTHENING 

xix. Institutional arrangements for disaster mitigation were reviewed and recommendations 
emerged as follows. 
 
xx. Develop a national inter-sectoral preparedness and risk reduction strategy. A large 
number of institutions currently have roles and responsibilities in monitoring or responding to 
the various types of risk, and there is a need for overall coordination, rationalization of 
responsibilities, as well as prioritized allocation of scarce resources.  An overall view is needed 
to ensure that monitoring, public awareness or extension, and public measures such as civil 
defense are coordinated. International experience suggests that a focal point is needed.  Options 
to assure coordination include empowering an existing agency, designing a new agency, and/or 
developing a coordination mechanism among agencies.  In view of the multi-sectoral nature of 
the challenge, development and agreement on the substance and measures for implementing a 
national risk reduction strategy should be conducted through a multi-stakeholder participatory 
process. 
 
xxi. Lead responsibility for coordination and mitigation of natural-hazard threats to 
rural livelihoods should not necessarily be emergency-related.  The key hazards to rural 
livelihoods in Moldova are rarely of an emergency nature.  The perceived linkage between 
hazards and emergencies tends to minimize the perception of the danger posed to the economy 
by gradual-onset hazards such as drought and erosion, where a longer term view and response 
strategy is needed. Responding to the challenge to mitigate gradual onset hazards could fall 
within the remit of MAFI and MENR. A network of extension offices organized under MAFI 
could play a key role in Moldova’s natural-hazard preparation, warning and damage-mitigation 
network. There are significant opportunities for these two ministries and their subordinated 
institutions to enhance national capacity for hazard mitigation and management through 
improved data sharing, information flow and planning. 
 
xxii. Develop a mapping and GIS database capacity to improve mapping of risk and 
vulnerability, including erosion and landslide prone soil types and land use, hydrology and 
flooding, frost-affected micro-climates, and seismic risk; as well as linkages between threats 
(e.g., floods, earthquake and erosion enhance the landslide risks). 
 
xxiii. Improve emergency preparedness, early warning and communication.  Emergency 
communication and disaster management information systems are deficient in Moldova, and 
emergency response equipment is currently absent or antiquated.  Moldova experiences severe 
damage from summer storms that are by nature very difficult to forecast.  While the Hydromet 
Service can certainly improve the timeliness of its forecasts through technical measures, making 
use of those forecasts to achieve better outcomes will require adaptation of current approaches. 
In this context, data consolidation and sharing, using modern information technologies, will be of 
key importance. 
 
xxiv. Land use planning should draw on improved hydrological and seismic mapping, with 
the goal of avoiding settlements in the flood prone areas, and informing rural development and 
urban planning processes, and decisions regarding seismic retrofitting and/or reconstruction. 
 



Table ii.  Risks to Rural Productivity — Mitigation Options, Scope and Estimated Costs 

 
Hazards Mitigation Options Scope and Cost of Mitigation Options 

1. Erosion 

1. Develop and implement an Erosion 
Control Program, including agro-technical 
measures, afforestation of seriously 
eroded agricultural lands and/or affected 
by ravines, and some hydro-technical 
investments. 

All of Moldova with emphasis on priority areas. Estimated cost US$3 million.  Would entail provision of guidance 
on how to customize techniques to suite local conditions and use, and introduction of incentives to prevent erosion.  
Implementing the program will entail capacity building, some catalytic on-the-ground investments, afforestation of 
degraded agricultural lands, and may be supported by some policy reforms measures.  Opportunities for supporting 
afforestation with carbon finance should be explored. 

 
2.a.Prognosis, monitoring, and warning 
systems  
 

All of Moldova. $132,000 
Upgrade of the Institute for Geology and Seismology’s continuous seismic station equipment, and training for 
monitoring the entire country, could help reduce human losses from a possible seismic event. 

2. b.  Zoning and refinement and 
enforcement of construction standards 

Urban areas. US$127,000. Institute for Geology and Seismology building impact assessment and pilot risk 
assessment, could help mitigate impacts on infrastructure. Review and possible revisions to the urban development 
plans.  Review of the existing building code and enforcement practices. 

 
2. Earthquake 
 
 

2. c.  Seismic retrofitting 

High risk infrastructure in the earthquake-prone areas.   
The seismic strengthening should mostly focus on the urban key public facilities and lifelines, but may also be 
required for rural infrastructure (e.g., dams, rural schools and hospitals).  The scope and cost can be determined 
only after the prior vulnerability assessment. Estimated cost US$200,000 to $500,000. 

3.a. Irrigation Infrastructure Rehabilitation 

Less than 100,000 ha - Irrigation is not an appropriate response to address drought risks in all drought susceptible 
areas. Other non-structural interventions should be also adopted.  A mid-1990s program covering 83,000 ha at a 
cost of US$54 million derived an ERR range from 12-42% across program sub schemes. More recently, an average 
ERR of 60% was estimated for 20ha FAO supported pilot plots, although supporting circumstances enhanced the 
economic benefits.  Estimates of costs per hectare for those pilots range from US$500 and 1200.  Guided by ERR, 
priority areas could be identified and costs shared with potential beneficiaries. 

3.b. Forecast and early warning system 
All of Moldova.  Estimated cost US$3 million. Would entail upgrading Hydro-meteorological Service’s agromet 
capacity to forecast throughout the country.  This would also enable establishment of forecasting and early warning 
systems needed to help mitigate floods and severe weather hazards (see rows 3 and 4). 

3. Drought 

3.c. Dissemination of land, water, and crop 
management practices through improved 
advisory services and training  

All of Moldova.  Upgraded agricultural extension services would provide guidance to all Moldovan farmers in 
making use of drought monitoring, forecasting and other agromet information. 
Formerly irrigated areas:  Assess the case for rehabilitation or maintenance of irrigation systems. 

4. Floods 
4.a. Flood control systems and 
infrastructure (e.g., dams, dikes) 
maintenance and rehabilitation  

All areas under threat of dam failure – estimated area under threat approximately 73,000 ha.  Estimated cost  
US$60 million.  A national program to build or rehabilitate flood control infrastructure to provide basic flood 
protection from floods of annual probability greater than 1%, including areas at threat from large and small dams.  
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4.b. Monitoring and Warning Systems  
 

All areas in the floodplains of large and small rivers would benefit from establishment of warning systems. 
(i) For areas downstream of the four major dams alarm systems were and broadcast alerts of potential dam failure.  
Estimate, US$3 million. 
(ii)  For all floodplains areas - upgrade of Hydro-meteorological Service capacity to provide forecasts and nowcasts 
of heavy precipitation events at high resolution, enhanced capacity of SDES act on hydromet information through, 
for example, management of infrastructure or local evacuation where appropriate.  Overall upgrade of Hydromet 
Service capacity is estimated at US$3 million, assuming use of existing radar networks. Needs assessment, 
including cost estimates, for SDES capacity building has not been possible in the scope of this report.  
(iii) Review and updated mapping and designation of flood risk areas should be undertaken and guidelines adopted 
to limit flood susceptible economic development and settlements in high risk areas. Study, not costed. 

5.a. Severe weather warnings (hail, frost, 
storms)  

(i)  For severe convective events May to August - all areas.  As for flood warning and forecast systems, could be 
achieved through upgrade of Hydro-meteorological Service capacity, and enhanced capacity of SDES and local 
authorities to provide guidance and coordinate appropriate responses to hydromet forecasts and nowcasts.  
 
 (ii)  Frost warnings (a second priority in this category) selected at risk areas.  In addition to hydromet capacity 
upgrades required to predict severe convective events and flooding, susceptible microclimates should be mapped, 
and MAFI’s capacity to provide guidance to agriculture at risk should be reinforced.   

5.b. Active influence on hail clouds  
Requires a good meteo forecasting capacity, network of radars, and ground to sky rockets.  
Current cost is US$1.4 million per year (or 9.4% of Moldova’s public expenditure on agricultural services in 2006); 
full coverage of the country would cost US$3.9 million per year. Annual benefits are unverifiable. 

5.c. Dissemination of appropriate 
agricultural  techniques, and crop varieties  

All agricultural zones and all conditions.  Upgrade advisory services and communications delivery mechanisms 
to provide guidance on risks and the benefits of adopting appropriate seeds and seedlings, optimizing planting and 
harvesting regimes, etc. Limited costs associated with training and dissemination. 

5.  Severe 
Weather 

5.d. Insurance schemes 
Could spread risk among farmers so none are exposed to absolute loss.  However, State subsidy of crop insurance 
in not recommended, the development of private sector insurance in Moldova would be difficult to catalyze, and 
hence private insurance products for agricultural losses are not likely to be available in the medium term. 

6.a. Improve monitoring capacities, 
develop risk mapping and undertake 
awareness campaigns. 

All hilly areas. Could safeguard against future losses to agriculture and infrastructure in areas at risk.  Not costed. 

6.b. Engineering work to protect valuable 
infrastructure and buildings 

High value at risk buildings and infrastructure 
High cost (US$7,000 per ha), hence only justified for very valuable assets, infrastructure and buildings. 
A proposed National Program for Protection against Hazardous Geological Phenomena, would cost $9.26 million 
over 15 years (or $618,000//yr.), and would includes national risk assessment and specific investments in Chişinău, 
Soroca, and Villages in the Districts of Orhei, Bălţi, Ungheni, Soroca, Lăpuşna, Chişinău, Cahul, Taraclia, Tighina 

6. Landslides 

6.c. Afforestation of degraded agricultural  
lands. 

All hilly areas affected by landslides (about 15,000 ha).  Develop and implement a landslide mitigation program 
that would entail capacity building, and afforestation of affected agricultural lands, and introduction of incentives.  
Afforestation costs are US$400-1000 per ha.  Opportunities for supporting afforestation with carbon finance should 
be explored. 

7a. Disaster Management: contingency 
planning for rescue and assistance 
services 

For hazards that have an emergency aspect US$1 million 
Contingency planning and capacity building and equipment upgrades. 7. Cross-cutting 

Issues 
7b.  Coordination National level.  Development and adoption of a cross-sectoral national hazard mitigation strategy for rural areas, 

and upgrade and link relevant spatial data bases as common GIS accessible to key institutions 
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1. INTRODUCTION 

OBJECTIVE 

1. The objective of this report is to inform discussions leading to the development of 
concrete proposals to mitigate hazard risks in Moldova.  In current global best practice, natural 
hazard risk management draws on the insight that risk arises when natural hazards are 
accompanied by vulnerability, and in turn risk can be minimized either through natural hazard 
mitigation, or by addressing vulnerability. This report draws on both approaches and aims to 
highlight key opportunities for mitigation of risk.     
 

LINKAGE TO STRATEGY OF THE GOVERNMENT OF MOLDOVA 

2. A number of policy documents, including the following, refer to enhancement of national 
capacity to mitigate natural hazards and minimize hazard impacts (particularly on the poor and 
rural communities), establishing an enabling environment for a hazard mitigation initiative, and 
providing support for it.    
 

− The Economic Growth and Poverty Reduction Strategy (2004-2006), approved by Law 
No. 398-XV as of December 2, 2004 (Official Monitor, 2005, No.5-12, Article 44) 

− The Government Activity Program for the years  2005-2009 “Country Modernization – 
Welfare of People”, 2005 

− The EU-Moldova/Action Program (2005-2007), approved through Government Decision 
No.356 as of April 22 2005 (Official Monitor, 2005, No.65-66, Article 412) 

− The Central Public Administration Reform Strategy and Implementation Plan, approved 
through Government Decision No. 1402  as of  December 30 2005 

− Strategy for Development of Agro-Food Sector for 2006-2015 (draft), March 2006 
− National Action Plan to Combat Desertification in the Republic of Moldova, approved 

by Governmental Decision No. 367 as of April 13 2000 
− National Strategy for Sustainable Development of Forestry Fund, approved by the 

Parliament of Moldova in 2001 
 

LINKAGE TO WORLD BANK STRATEGY 

3. The World Bank Country Assistance Strategy (CAS).  The current CAS (FY05-FY08) 
notes the priority for Moldova of sustaining and improving recent gains in economic growth and 
poverty reduction.  The overall goal set out by IDA and the Government of Moldova is reducing 
the high level of poverty by: (a) promoting conditions for sustaining growth and employment 
creation; (b) improving access to social capital, social services, and community infrastructure 
and minimizing environmental risks; and (c) improving public sector governance and combating 
corruption.   

 1



 
4. The CAS notes the importance to the agricultural sector of weather-related risk.  
The CAS program matrix (extract below) proposes development of a strategy to reduce such 
risk. 

Table 1.  CAS Program Matrix Extract 

Identification Narrative 
Constraint High vulnerability of agricultural production to inclement weather (see 

poverty in rural areas). 
Action Initiate implementation of strategy to help farmers mitigate against 

weather-related risk and reduce growth instability. 
Target The Government adopts a hazard mitigation strategy and action plan, in 

coordination with donors, by the end of 2007. 
 
5. The CAS adds that the agricultural sector is confronted by a number of other key 
constraints which depress the farm-gate prices and slow recovery. At the farm level, the 
continued threat of reversals in land privatization prevents the emergence of restructured and 
consolidated farms.  The combination of low returns and weak growth performance in 
agriculture hampers the development of the non-farm economy and development of off-farm 
employment opportunities that could pull rural dwellers out of poverty.   
 
6. This report supports the CAS target directly, laying the groundwork for initiation of a 
strategy to help farmers reduce weather-related risk.  An integrated risk-management approach 
toward Moldova’s hazards will help ensure that limited resources are targeted toward 
investments that will safeguard the agricultural natural resource base, sustain growth, protect 
rural infrastructure at risk, reduce the impacts of natural hazards on poor rural farmers, and 
improve the productivity of land.  Participatory development of a national hazard mitigation 
strategy would be supported by this report. 
 
7. Carbon Finance.  Access to carbon finance could be instrumental in combating erosion 
and stabilizing landslides.  Despite the agreed and urgent need to restore 50-100,000 ha of forest 
in areas most severely prone to degradation, in the decade following independence and prior to 
initiation of the Bank-supported Prototype Carbon Fund project, only several thousand hectares 
of erosion-prone lands were afforested in Moldova.  However, in the last three years 34,000 
hectares have been afforested, about 20,000 ha directly under the PCF project, and the remainder 
apparently the result of the project’s catalytic effect in drawing attention to the need for such 
initiatives.  Forestry authorities have already expressed interest in the possibility of scaling up or 
repeating the project.  The report considers options for harnessing carbon finance to assist in 
containing erosion and landslides. 
 

CONTENT OF THE REPORT 

8. The next section, Chapter 2, characterizes the key natural hazards affecting Moldova’s 
rural sector and agriculture including their occurrence, impact and estimates of their damage.  
Proposals to mitigate the hazard or reduce vulnerability are analyzed, with indicative benefit 
estimates of chief proposals as practical. Chapter 3 discusses insurance schemes as risk-sharing 
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mechanisms to mitigate the impacts of natural hazards; Chapter 4 presents other institutional 
issues.  The final section, Chapter 5, summarizes key recommendations.   
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 2.  KEY NATURAL HAZARDS – OCCURRENCE, IMPACT, 
MITIGATION 

9. Moldova’s key hazards derive from the variability of its climate, rather than its harshness; 
the landscape’s fragility, rather than the hazard to people; and the lack of preparation for 
earthquakes, rather than a geography that is intrinsically menacing.  These circumstances cause 
real losses.  For example, the relatively mild average values of Moldova’s temperature and 
precipitation represent a climate marked by alternation between periods of drought and periods 
of torrential rainfall occurring at variable times during the growing season.  Likewise, hail and 
frost do great damage, intermittently and (in the case of hail) locally.  Moldova’s farms have lost 
productivity in recent decades, as deforestation and other uncontrolled land use trends have 
encouraged soil erosion and an epidemic of landslides.  Earthquakes are rare and usually have 
epicenters in adjacent Romania; however, unprepared areas of Moldova suffer great earthquake 
damage on the occasions this hazard manifests itself, as it is certain to do from time to time given 
the presence of an active regional fault zone.   
 
10. Moldova’s people and their 
national economy, especially the 
rural sector, are vulnerable to these 
hazards, which have limited growth, 
increased poverty and damaged the 
environment.  The Government can 
do much to reduce damage by 
enhancing its capacity to assess, 
forecast, prepare for, and mitigate 
hazards.  However, because of 
resource constraints, not every useful 
measure can be undertaken.  It is 
therefore necessary to set out a 
strategy that prioritizes key 
investments, organizes synergies and 
draws on analyses of cost and 
benefit. 

 
Figure 1.  Disaster losses total and as share of GDP, in the 

richest and poorest nations, 1985 to 1999 (Munich Re) 

 
11. The key data with which to initiate preparation of a national strategy for risk reduction in 
the rural sector is assessment of the frequency, impact and damages of the most costly types of 
natural hazards affecting it.  However, available data show that Moldova’s key hazards are 
characterized by the widest range of time frames and statistical distributions, from regionally 
devastating droughts that occurs rarely, and earthquakes that occur even more rarely, to yearly 
losses from highly localized hail, to the long-term erosion of Moldova’s extremely rich soil that 
occurs as an uneventful ongoing deterioration of the country’s economic base.  In addition, 
weather hazards impose a regular and heavy annual cost, led by the flood hazard that is 
occasionally catastrophic.  There is no agreed, unified method for assessing the recurrence and 
costs of these disparate events, especially considering that the available data suggests that the 
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recurrence and severity of flood and drought hazards appears to be rising (Annex A, Table A2), 
driven either by underlying climate trends, or possibly by changes in infrastructure, or 
reporting;3 otherwise these changes may be merely statistical artifacts of a short record.  
 
12. With these caveats, the following table summarizes the impacts and damage estimates of 
the main hazards affecting Moldova.  The table indicates that Moldova’s annual hazard damage 
averages 5-15% of national GDP.  Noting that these include non-disaster losses, the estimate is 
consistent with international experience, which suggests that annual disaster losses range from 
2% of GDP in the world’s richest countries, to 13% of GDP in the poorest. 

Table 2.  Key Natural Causes of Loss to Agriculture and Annualized Estimates of Damage  

Natural Causes Estimated Annualized 
Losses (US$/yr) 

Losses Measured As Remarks 

Erosion 40 mln Annual cost of foregone 
agricultural production due to 

erosion.  PRSP and other 
sources. 

 Probably additional costs 
associated with 

downstream impacts have 
not been estimated due to 

lack of data 
Earthquakes 40 mln  IGS.  Assumes that the 1986 

earthquake has recurrence 
once per 30 years.  Estimate 

includes both direct and 
indirect damage.   

Damage to infrastructure. 
Frequency unclear but, 
apparently, not rising. 

Drought Max estimate:  20 mln; 
min estimate:  1.6 mln 

Net loss in crop production for 
the country.  Estimate is 
dominated by cost and 

assumed frequency of the 
2000 drought catastrophe.  

Low estimate assumes this 
was a once per century event, 

since its impact was more 
severe because it involved 
coincidental frosts.  High 

estimate assumes catastrophic 
losses recur once every 7 

years, and that frequency may 
increase due to climate 

change.  Consultant and staff 
estimates. 

Damage every few years, 
intermittently very severe.  
Rising trend in damage, 
whether due to climate 

change, infrastructure or 
reporting not clear 

Severe weather, 
especially heavy 
rain, hail, wind 
and frost 

More than 7.5 mln Direct damages reported to 
SDES, average 1998-2005.  

Indirect damage not included.  
Reported hail damage limited 
to large events, hence under-

estimate considering hail 
events tend to be small-scale. 

Annual significant 
localized damage to crops 
and infrastructure.  Rising 
trend in damage reports; 

reason unclear 

Floods 5 mln (Acvaproject) Occur irregularly.  
Acvaproject data from 1947 to 
2000 shows average damage 5 

mln/year.  Average direct 

Annual significant 
localized damage to crops 
and infrastructure.  Rising 
trend in damage reports, 

                                                 
3 Since the 1990s, the definitions of dangerous and severe events have been revised.  At present, they reflect extrema 
within the Moldovan context; formerly, they were linked to averages over the Soviet Union territory. 
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damages reported to SDES 
1998-2005 (no major floods)  

0.6 mln/year. 

whether due to climate 
change, infrastructure or 

reporting not clear 
Landslides 1.3 mln SDES and AgeoM estimate 

$1.3 mln annually. 
Annual significant 

localized damage to crops 
and infrastructure.   

    

 
13. The main sources of information are the following. 
 

• Institute of Geology and Seismology of the Academy of Sciences of Moldova (IGS) 
monitors earthquakes. 

 
• The State Department of Exceptional Situations (SDES) every year coordinates damage 

assessments of natural disasters and provides early relief and assistance.  
 

• Acvaproject is the design institute of Water Management Concern Apele Moldova 
dealing with dams, dikes and irrigation systems.  

 
• Institute of Soil Science and Agro-chemistry “N. A. Dimo” (ISA) deals with land 

degradation and soil erosion phenomena.  
 

• The State Geological Agency (AGeoM) deals with landslides phenomenon. 
 
14. Most losses and damages are borne by individuals (usually the rural poor) as 
compensation is rarely made, with the following three exceptions: (i) in case of earthquake, the 
Government mobilizes exceptional funds for partial compensation of physical and indirect 
losses; (ii) a reserve fund is annually set aside by the central and local government, and managed 
by the State Department of Exceptional Situations (SDES), to provide for disaster relief for 
localized exceptional events (floods, extreme climatic events, etc.). These funds only partly 
compensate for losses and are in the range of US$1 to 2 million from the national budget (in 
2006, US$2.3 million) and 2% of local budgets; (iii) an insurance program in rural areas to cover 
these risks commenced operations in 2006 as further noted below. 
 

EROSION 

Occurrence and Impact 

15. Moldova is subject to erosion driven by water and by wind, an on-going process that 
results in irreversible damage to the agricultural resource base, as well as downstream impacts.  
Moldova’s chernozem soils, the country’s principal natural resource and historically the key to 
its economy, are becoming eroded and losing fertility.  Most of Moldova’s soils, originally of 
loess origin, are relatively deep, but organic matter content is concentrated in the uppermost one 
meter where it is vulnerable to erosion.  Water erosion occurs as sheet erosion triggered by 
overland runoff, or as the sequence rill-gully-ravine by which tracts of land are eaten out at 
increasing width and depth, and wind erosion plays a role in Moldova’s southern zone.  The rate 
of erosion depends on four factors:  (i) erosivity of rainfall; (ii) topsoil properties; (iii) slope 
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gradient and length; and (iv) land use, cover, and management.  Moldova’s risk is naturally 
elevated by the first three factors:  high-intensity torrential rains are common; the silty topsoil is 
highly erodible (more so in drought conditions), and Moldova’s terrain is hilly with long slopes. 
 
16. About 43% of the agricultural land of Moldova is eroded to some degree, with about 
6.4% considered “highly eroded”. Annual loss of soils ranges from 5 to 10 tons per hectare for 
slightly eroded land to over 30 tons per hectare for highly eroded soils.  Table 3 below presents 
the status of Moldova’s land and the magnitude of the trend toward deterioration.  The eroded 
area increases by about 7,700 ha per year on average.  As Table 3b shows, the literature presents 
a range of estimates of the economic costs of erosion.  This report conservatively bases the 
estimate of the economic costs of erosion on the on-site impact of foregone agricultural 
production, which is estimated by ISA to be US$40 million per year4. Additional downstream 
impacts associated with the deposition of sediments are likely; however, quantification has not 
been possible due to the paucity of data (further details are presented in Annex D). 
 

Table 3a.  Key Features of Soil Erosion in Moldova (2005) 

 Non Eroded Slightly 
Eroded 

Moderately 
Eroded 

Highly 
Eroded 

Total 

Agricultural Land (‘000 ha) 
 

1,211 511 255 135 2,112 

Annual Change in Eroded 
Agricultural Land (‘000 ha) 

- 7.7 + 2.6 + 1.0 + 4.1  

% of land in the Country in 
2005 

57.3% 24.2% 12.1% 6.4% 100.0% 

Average Annual Losses of 
Soils per hectare eroded 

 5-10 tons 10-20 tons 20-30 tons  

Losses in soil fertility 
 

 < 20% 20-40% 40-60%  

Annual Average Total 
Losses of Soils (million tons) 

    about 26 

Source: ISA: data collected and analyzed by the mission (2006). 
 

                                                 
4 An analysis of the costs of Soil Erosion in the United States found that about 75% of costs were due to on-site 
losses, and that the most significant component of erosion cost is the loss of soil nutrients (“Environmental and 
Economic Costs of Soil Erosion and Conservation Benefits”, Science Magazine Vol. 267, Feb. 1995). 

 7



Table 3b.  Range of Estimates of Economic Loss from Erosion  

Source Loss Due to 
ISA, PRSP 50-200 M$/yr surface erosion 
TACIS Prut River 75 M$/yr surface erosion 
PRSP 1500 M Lei/yr surface erosion 
Land already wasted 371 M$ ravines 
(ISA) 7 M$/yr ravines 
PRSP 200 M Lei/yr ravines and landslides 
PCF Baseline study 8,4 MS/yr landslides 
SDES (Table A) 10 M Lei/yr landslides 
PRSP 1400 M Lei/yr production loss 
PCF Moldova 53 M$/yr production loss 

 

Erosion Risk Mitigation 

17. Gullies and ravine formation can largely be avoided and stopped. Their physical control 
should have high priority, and should be led by local authorities, SASP, and the rural population. 
An incentive scheme for local land users may help controlling ravine erosion. 
 
18. Surface erosion is common on loess soils, but the current rates of soil loss can be 
substantially reduced by adopting better land management practices, including changing land 
cover, reducing slope length, and adopting soil and water conservation technology (but not 
terraces). A major, low-cost and sensible approach is afforestation and reforestation of degraded 
and degrading lands. The cost of reforestation and tending is approximately $1,000/ha for the 
first few years until forest cover has been established, and it may be possible to access additional 
Kyoto Protocol-compliant carbon finance in the context of Clean Development Mechanism 
(CDM) projects to cover part of these costs.   
 
19. The most effective mitigation of land-related hazards is in designing land use systems at a 
landscape level that have multiple benefits for different stakeholders, and serve both production 
and protection goals. Land quality and vulnerability has to be matched with use for agriculture, 
animal production and forestry in an integrated way. Agro-forestry and silvo-pastoral approaches 
deserve strong support as novel multi-faceted land use approaches, next to already ongoing 
programs under ICAS and MoldSilva.  
 
20. Data quality needs attention. Although data availability on the hazards addressed is 
satisfactory, the Ecological State Maps showed consistently lower values than data taken from 
tables and texts in reports. Besides, erosion assessments need to be treated with caution. 
Estimates by ISA are based on runoff plots that are 4 m wide and 15 m long. Extrapolation of 
findings from such miniplots to entire catchments often leads to overestimations, as part of the 
eroded material is re-sedimented on lower slopes or on valley bottoms. ISA published a table 
showing ‘Soil Degradation on Agricultural Land in Moldova’. It lists a series of soil degradation 
processes which are also costed. It is however, not sufficiently clear and transparent to be used as 
a basis.  
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21. Capacity building needs includes professional and local-level training, as well as raising 
public awareness. Two capacity building needs are particularly urgent: 
 

• Spatial planning and scenario studies including hazard mitigation are strongly improved 
by the use of geographic information technology. This is increasingly available in 
Moldova, but scattered over different institutes and individuals. There is a need for a 
national-level spatial planning capability, where GIS and remote sensing infrastructure is 
concentrated to improve hazard risk mapping and spatially explicit land use planning. 
The State Land Relations and Cadastre Agency currently seems to be best equipped to act 
as such, but it would be advisable to share services, responsibilities and training 
opportunities with the other relevant institutes mentioned in this report.  

 
• There is a need to develop a national methodology for risk assessment; including 

strengthening of national authorities in using risk theory as a decision making tool; 
prepare national risk maps as an instrument for decision making and public involvement; 
revise existing or develop new methodologies for comprehensive assessments of natural 
disaster losses, including economic, social, humanitarian and environmental short- and 
long-term aspects; and improve risk management in agricultural systems, including land 
use mapping and evaluations; developing data systems on hazards, general agricultural 
practices, developing analytical tools to analyze trends in impact on agriculture and allied 
sectors, inventory of community land-management practices, local coping strategies, and 
assessment and identification of crop, livestock, fisheries and forestry practices and 
farming systems for vulnerable areas. 

 
22. Investments in the field are needed to reduce landslide and erosion hazard. Although 
three major national action plans are geared towards just this, gross underfunding has left a major 
gap between plans and intentions, and real action in the country-side. These gaps need to be 
closed by either prioritizing what to do first, by whom and where, or by increasing investment 
levels.  Increased priority setting may be needed for the Complex Program on Development of 
Degraded Lands and Improvement of Soil Fertility, which has tended to set ambitious targets, 
i.e., reducing erosion to zero and applying rates of fertilizer that entirely make up for losses. As a 
result, the costs of such programs become very high, whereas a prioritized stratification is 
preferable. 
 
23. Expansion of Prototype Carbon Fund type Joint Implementation operations may provide 
a suitable options to capture the necessary incremental financial resources needed for 
afforestation.  

 
24. Facilitation of 'sustainable land management' by government agencies such as SEI, 
SASP, should lead to definition of 'best practices', to be shared by larger groups of land users in 
the country. On sustainable management of Chernozems, leaves should be borrowed from 
neighbouring countries that face similar problems.  Agro-technical measures include contour 
cultivation, crop rotation, plowing techniques, minimum tillage, planting of runoff-reducing 
species, improvement of pastures and plantation of perennial crops (grass, orchards) above a 
certain slope. Hydro technical measures include shelter belts on fields, riverbank protection, 
water-velocity-reducing structures, water harvesting facilities, planting trees along contour lines, 
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forestation, etc.   Benefits expected from these interventions include:  soil conservation and the 
reduction of erosion process and landslides; increased infiltration of water in soils; through 
organic depositions of humus an improved fertility; reduced erosion caused by wind; 
regeneration of soil profiles; a contribution to increased soil productivity. 
 
25. It is noted that the benefits of investment in erosion control measures are usually slow to 
materialize, do not always benefit the communities involved in soil protection and afforestation 
measures, and are relatively cost-intensive. For these reasons, erosion control programs should 
carefully involve the participation of communities, which may be compensated for direct losses 
due to the measures adopted (e.g., when afforestation replaces pasture or cropped areas).  
Interventions should as much as possible bring tangible financial benefits (e.g. afforestation with 
productive trees).    
 
26. A US$3 million coordinated program of capacity building, policy reform and catalytic 
on-the-ground investments is proposed in Annex D, Table D5, addressing erosion, landslides and 
earthquakes. 
 

DROUGHT 

Occurrence and Impact 
 
27. Drought is a principal perceived risk in Moldova. Nevertheless, it is a phenomenon that is 
very difficult to qualify and describe. It is sometimes defined in absolute terms (e.g., so many 
weeks with no rain) and sometimes in relative terms (e.g., rainfall below 50% of average). 
Alternatively, it is also commonly defined in terms of water management for the purpose of 
agricultural production:  a drought occurs when agricultural production has suffered from lack of 
water. Drought in that sense is highly dependant upon the possibility of accessing supplementary 
water, e.g., from irrigation. To add to the complication, droughts have different magnitudes and 
geographical coverage, from ordinary drought to exceptional ones, from local to national ones. 
 
28. For the purposes of this study, one may distinguish two types of drought: 
 

• Relatively regular droughts, which affect agricultural production to a significant but not 
catastrophic extent.  The State Hydrometeorological Service of Moldova (SHS) reports 
that northern Moldova experiences a drought once every 10 years on average, central 
Moldova once every five to six years, and southern Moldova once every three to four 
years. Drought covering more than one district occurred seven times between 1990 and 
2004 (1990, 1992, 1994, 1996, 2000, 2001, 2003); 

• Exceptional droughts, such as the exceptional climatic conditions of 2000: rainfall 
practically ceased from the second half of May of 2000 until the end of July in Cahul, 
Tighina, Taraclia and Orhei districts. Precipitation was 80% below the historical average 
in May and 61% below in June. 

 
29. The severe frost and drought of 2000 accounts for 73% of the total weather-related 
damage incurred in Moldova in the period 1998-2005. The damage occurred as follows:  A late 
frost occurred on the nights of May 3 and 4, just as many plants and fruit trees were blossoming. 
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It was followed by 45 days with little or no rainfall, causing an already damaged harvest to fail 
significantly.  A detailed damage assessment for the drought of 2000 was undertaken by the 
SDES with the participation of officials of the MAFI, local authorities and representatives of the 
producers. The damage was estimated at MDL 2.1 billion, equivalent to about US$170 million. 
The translation of this unique event into average annual damages is delicate for the following 
three major reasons: 
 

a. In the past decade, SDES has similarly quantified only this single, albeit very 
important, drought, while others were not valued; 

 
b. Very often, depending on the time of the year that drought occurs, it could 
negatively affect one group of crops while being favorable to another. For instance, 
the 2003 drought led to a dramatic decline in grain production (wheat, barley), but 
grape production rose slightly, which in economic terms tended to compensate for the 
grain losses, because grape has a much higher value; 

 
c. The frequency that should be attributed to the 2000 drought is uncertain. While 
some experts estimated that it was an exceptional event, the 2003 drought was by 
some measures an event of quasi-similar magnitude. Also, in view of climate 
changes, frequency of extreme events cannot be settled by reference to past statistics.   
Some climate change projections indicate that meteorological drought, among other 
hazards, will become more common and intense in Moldova.5  On the other hand, 
drought effects were exacerbated in 2000 by the chance of a previous frost.  And in 
fact, twentieth-century records show an overall increase in Moldova’s annual 
precipitation.  Reviewing these issues, the team’s meteorological expert has advised 
that annual costs of such events may reasonably be calculated taking the 2000 
drought as a once per hundred years event, annotated as an uncertain figure.  

 

Drought Risk Mitigation  

30. Emergency Operations.  Recent droughts have been followed by emergency 
interventions aiming to help restore productive activities.  Some interventions have been 
supported by the FAO, such as the Emergency Procurement and Distribution of Vegetable 
Seedlings and Maize Seeds to Draught Affected Farmers (US$337,000) in 2001 following the 
2000 drought, and the Emergency Supply of Winter Wheat Seeds to Frost and Drought-Affected 
Farmers (US$374,000) to partly relieve the 2003 frost followed by drought. However, these were 
only relief operations, and only partly compensated for the large scale of losses. 
 
31. Irrigation is a valuable measure to mitigate drought risk. In normal years, yields can 
increase by 25% to 50% while in drought years, irrigation can avert losses. For this reason, 
during the Soviet period, important investments were undertaken to develop a system based on 
pressurized pipes (surface irrigation is forbidden by law) relying on pumps to lift water to 
heights up to 200 meters. The command area formerly reached 199,000 ha (excluding 

                                                 
5 N. Lalykin and G. Syrodoev, ”Nekotorye podkhody k otsenke vozdeistvii izmeneniia klimata na vodnye resursy,” 
in R. Korobov, ed. 2004, Klimat Moldovi v XXi veke: proektsii izmenenii, vozdeistvii, otklikov, pp. 194-205. 
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Transnistria), and the total cost of these investments has been estimated at about US$1 billion 
(2006 value). 
 
32. However, since that era, the irrigated area has dropped dramatically, and is now about 5% 
of its former extent.  This is the outcome of a combination of factors: (i) aging equipment – in 
particular, pumping stations; (ii) deterioration of equipment which has  not been maintained, 
and/or has been looted – according to FAO, 95% of pumps are now out of order; (iii) the rising 
cost of energy for the pumps, now unaffordable for private farmers; (iv) the general collapse of 
the agricultural sector during the 1990’s; (v) the farm restructuring process, as the older system is 
not adapted to the new size of plots. 
 
33. As a result of the loss of irrigation, together with other factors, crop performances have 
deteriorated. There have been two attempts to rehabilitate major parts of the irrigation network. 
(i) In 1996, the National Irrigation Program (NIP) screened existing command areas for financial 
viability, eventually recommending 82,695 ha for rehabilitation. The total cost of US$53.5 
million worked out at an average cost of US$645 / ha to be rehabilitated.  (ii) In 2001, a draft 
water sector program proposed to rehabilitate a notional 126,500 ha for a cost of US$71.5 
million, a unit cost of US$565 per ha rehabilitated.  Neither program was financed, in part for 
lack of budget resources.  In the case of the second scheme, there is particular uncertainty about 
economic viability of the proposed investment, as it is not linked to specific irrigation schemes.  
The economic efficiency of irrigation rehabilitation should be assessed on a scheme-by-scheme 
basis, as it depends on a number of factors, including: (i) the height to which water should be 
pumped; (ii) the cropping pattern, because high-value crops (grape, vegetables, apple) would 
better justify investment in irrigation rehabilitation than would wheat or barley; (iii) the physical 
status of previous irrigation facilities; (iv) the technique for on-farm irrigation to be applied. As 
the first assessment is now nearly a decade old, and the second is not linked to detailed study of 
individual schemes, the actual dimension of economically viable irrigated area will remain 
unknown until further feasibility studies are undertaken. 
 
34. It appears that the past 2-3 years or so have shown signs of partial recovery of the 
irrigation sector. Acvaproject has received a few requests from private farmers and investors for 
specific feasibility studies for areas ranging from tens to hundreds of hectares to be irrigated. 
Irrigation of these areas was found technically and financially sound and some are soon to be 
financed from private funds and/or bank loans. This trend should be encouraged.  
 
35. During the same period, FAO in partnership with Acvaproject has been implementing a 
US$600,000 pilot project to test three systems of sprinkler irrigation on eight sites of 20 ha each 
in order to compare technical performances and financial and economic efficiency of these three 
techniques. The final report of the project is not yet final, but it appears that the results are very 
positive.  (Indeed, the initiative was replicated and extended to larger areas under projects 
financed by the EU and by Japan.)  The FAO project provides an excellent source of information 
to estimate cost of irrigation rehabilitation as well as economic efficiency.  On the eight selected 
sites, Water Users Associations (WUAs) were formed, farmers trained, and piloting of the 
techniques undertaken during two or three cropping seasons, time in which to install the 
facilities, monitor their performances and crop performances, and evaluate maintenance costs, 
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and therefore obtain a sound basis for economic evaluation of these techniques. The following 
Table is a summary of the outcome of the project contained in the draft final report. 
 

Table 4.  Small-Scale Modern On-Farm Irrigation Technologies: Pilot Results 

Pilot site Area / Number of 
farmers 

Construc-
tion Cost, 

US$ 

Construc-
tion Cost 

per ha 
(US$) 

Irrigation 
System 

Economic 
Rate of 
Return 

Cubolta (North) 24 ha / 13 farmers 16,431 685 Drag Hose 52% 
Serpeni (Centre) 29 ha / 30 farmers 17,638 608 Drag Hose 52% 
Greblesti (Centre) 24 ha / 18 farmers 11,454 477 Hand Move 67% 
Zirnesti (South) 27 ha / 25 farmers 17,092 633 Drag Hose 52% 
Talmaz (South) 21 ha / 28 farmers 17,162 817 Hand Move 67% 
Olanesti (South) 23 ha / 10 farmers 28,023 1,218 Central Pivot n/a 
Total Project 148 ha / 124 farmers 107,800 728  60% 

Source:  FAO   
   
36. In the above table, costs corresponds to actual procurement and installation expenses and 
benefits are calculated from comparison between three cropping seasons that benefited from 
irrigation investment (yields, cropping patterns) versus previous non-project years. The cost per 
hectare averages US$728, slightly higher than for the estimates made for national programs. The 
economic efficiency is very high; economic rates of return are 52% for drag hose irrigation 
system and 67% for the hand movable irrigation system. However, this efficiency would be 
lower if major off-farm rehabilitation works were required, which was not the case in these pilot 
areas. Hence, there is a need for case by case feasibility studies. In addition, the economic 
viability is very sensitive to lower crop performances than the ones observed in these pilots. A 
reduction by 20% of crop yields would substantially affect performance and ERRs would drop to 
23% and 27% respectively (average for project at about 25%). This means that complementary 
activities to irrigation such as technical advisory services and access to credit and markets for 
agricultural production are indicated a necessary to achieve the potential level of benefit take full 
advantage of the new irrigation facilities. 
 
37. In conclusion, during the interim period while financing large-scale programs covering 
large parts of the country may be infeasible, it could be useful to assist (technically and 
financially) requests from farmers who intend to rehabilitate their irrigation facilities but need 
external support.  Public investments in supporting these feasibility studies and helping small 
farmers to join efforts and access these and thereafter credit funds is recommended.  At relatively 
high priority is irrigation in drought-prone areas, where high-value crops are grown that can pay 
for the investment required to rehabilitate dilapidated systems and improve the efficiency of 
energy and water use.  Water User Associations (WUAs) could very usefully be allowed to 
develop into sustainable institutions with adequate capacity in financial management and 
governance, the planning and execution of maintenance responsibilities and the introduction of 
appropriate on-farm irrigation technologies.    
 
38. The areas of Moldova most at risk for drought within the southern and south-central 
regions are not and in recent historical memory have not been irrigated.  This highlights the 
importance of agro-technical measures that can be adapted to rainfed areas, guided by drought 
monitoring and forecasting. 
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39. Agro-technical Measures. Measures suited to non-irrigated areas susceptible to drought 
should be developed and disseminated.  These include agro-technical measures that improve soil 
moisture retention, such as minimum tillage and maintaining vegetative cover.   They also 
include introduction of drought-resistant crop strains, optimization of sowing and planting times 
(in accordance with agrometeorological forecasts), and elimination of weeds, which can reduce 
evapotranspiration from plants.  In order to disseminate these technologies, agricultural advisory 
services, focusing upon demonstration, training, and consultation, would need to be bolstered.  
An ongoing FAO project being implemented through August 2007 includes these measures 
among its areas of focus. 
 
40. Drought Monitoring.  Forecasting drought is a specialized aspect of the forecasting task, 
concerning the movement of air masses several days or weeks ahead, ideally considered together 
with measurements of available soil moisture and temperature.  In Moldova, forecasts of drought 
are not formally made.  However, SHS provides bulletins to the Ministry of Agriculture that 
draw on the recent history of rainfall and temperature and Moldova’s long-term weather 
averages.  A closely-linked initiative is SHS’s launch in 2006 of a Long-Term Forecast Centre 
that issues monthly and seasonal forecasts for Moldova, based on local climate and physical-
geographical conditions.  SHS’s capacity for drought forecasting would be significantly 
enhanced by access to operational medium-range and seasonal forecasts from the European 
Centre for Medium-range Weather Forecasting, or the UK Met Office and/or Météo-France.  
SHS would also benefit from satellite data for another view of soil moisture and drought onset 
and a reinforced network of soil moisture measurements within Moldova.  Prompt availability of 
temperature and precipitation data from a denser network of stations would also be valuable for 
this purpose; at present, some posts report only monthly.   
 

FLOODING 

Occurrence and Impact 

41. Despite Moldova's overall dryness, it is a country with significant flood risks, especially 
along Moldova's smaller internal rivers.  The extent of flood damage is not known since local 
floods are not always registered, and individual victims and private damages may not be 
recorded.  However, US$180 million of losses are attributed to a pair of floods in the early 
1990s: one in the Reut River Basin in 1991, and another in the Calmatsui in August 1994.  The 
flood in the Reut Basin killed 21 people and that of the Calmatsui killed 29 in the space of one 
hour.  Altogether, 67 people have died in floods along the small rivers between 1985 and 2000.  
It is noteworthy that no deaths were recorded during that period as the result of flooding of the 
larger Nistru and Prut rivers and, similarly, the financial damage caused by flooding, presented 
below, was incurred primarily from floods on internal watercourses following torrential rainfall.    
 

Table 5.  Flood Damages 1947-2000 By Flood Type (in mln US$) 

 Spring Flood Summer Flood Torrential Rainfall Total 
Nistru and Prut 19.96 33.24 0 53.2 
Internal 0.01 0 232.19 232.2 
Total 19.97 33.24 232.19 285.4 
Source: Acvaproject Institute, 2000, Flood Risks in Moldova. 
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42. Flooding on Moldova’s transboundary rivers was a significant threat in the past, 
averaging damage of about US$30 million annually.  But the Prut and Nistru rivers were so 
effectively controlled by infrastructure works undertaken in the 1960s and 1970s that they have 
not been considered problematic in recent decades.  Moreover, flood forecasting is intrinsically 
easier on the transboundary rivers, because their floods are usually caused by heavy storm 
rainfall or snowmelt events upstream of Moldova, in the Carpathian mountains.  However, 
flooding of the larger rivers is potentially catastrophic should flood control infrastructure fail.  A 
map showing the locations of the four main dams, together with corresponding river floodplain 
impact reaches in the event of dam failures, is included in Annex C as Figure C2.  
 
43. On smaller rivers, the level of flood protection depends very much on the technical state 
of the dams and dikes, which are now in need of substantial repair: the safety of small dams is a 
major area of concern.  Annex C (Table C1) provides a breakdown by rayons of Moldova’s 
dams, distributed by status and condition.  Some dams are known to be in a perilous state, but 
except for the principal dams there are few, if any, dam inspection and maintenance activities.   
 
44. On Moldova's smaller, internal watercourses, floods are caused by torrential rain within 
Moldova, and as a result warning times are short.  Summer rainfall is especially unpredictable 
and dangerous, and Moldova's Central zone (Codru) is at greater risk than the Northern one.  
Monitoring points are relatively few, and flood protection infrastructure has been constructed on 
the more important watercourses only.  The infrastructure is in general deteriorating, and so risk 
is rising, especially because construction has been expanding in at-risk areas; for example, 
Hincesti, Basarabeasca, Soldanesti, Orhei, and others. Towns in areas of significant risk include 
Moldova’s largest – Chisinau and Balti, as well as Soroca, Orhei and many others.  A map 
showing the spatial distribution of the risk of floods caused by natural factors is provided in 
Annex C as Figure C1. 
 
45. A further flooding issue is the extensive and uncontrolled construction of small dams and 
ponds.  Many ponds embanked in recent decades today do not have owners, and the dams are 
deteriorating.  Many hundreds of storage dams are scattered throughout Moldova’s upland areas.  
Due to the propensity of these works to fail during major storm and flood events, they tend to 
increase the level of flood hazard in their basins rather than decrease it.  Potential burst waves 
when these dams fail are a hazard that should be addressed. 
 
46. Twentieth-century records show an overall increase in Moldova’s annual precipitation.  
The increase in total annual precipitation for Moldova observed for the years 1901-2000 
indicates that risk from flood is increasing.  
 

Flood Risk Mitigation 

47. There are three complementary varieties of mitigation measures: (i) preparedness 
activities, including improved forecasting and early warning; (ii) interventions to address the 
risks created by the large number of small and medium dams, among which some are not safe; 
(iii) flood control systems, consisting of physical infrastructure. These components should be 
coordinated by an overall flood risk reduction strategy. 
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48. Flood Forecasting and Warning Systems.  Flooding on Moldova’s large transboundary 
rivers, especially the Nistru and Prut, is relatively easy to forecast because such flooding usually 
originates in heavy storm rainfall or snowmelt events in the Carpathian mountains.  With the 
cooperation of the services of Ukraine and Romania, the SHS has several days’ notice of flood 
waves.  
 
49. The most damaging floods are those of Moldova’s small internal rivers, which are 
caused by storms within Moldova.  In the first place, these rivers are not well controlled by 
infrastructure; in fact, the propensity of the dams and ponds along the small rivers to fail during 
major storms is such that flood hazard risks seem to be increased by their presence.  Casualties in 
1991 and 1994 floods in the Reut and Calmatsui basins were caused by the collapse of relatively 
small dams. Flood forecasting is particularly difficult, because the storms that are the usual cause 
of flooding in Moldova’s secondary basins are local and sudden.  The forecasting of heavy rain 
associated with such storms is a much harder task than forecasting rain associated with regional 
weather patterns, such as is responsible for flooding larger basins such as the Prut and Nistru.  
Forecast of small storms relies on “nowcasting” techniques (forecasts at 0 to 6 hours) involving 
the use of radar data, forecasts of wind drawn from regional numerical weather prediction 
models, and other supplemental capacities.  No meteorological organization in Moldova 
currently has access to an operational nowcasting system; forecasting of rain intensity is only 
available in three broad categories of rain rate (high, medium or low) for three regions of 
Moldova (northern, central, and southern).   
 
50. It is strongly recommended that the flood risk be mitigated through improvement of 
nowcasting capability, further discussed below in the section on severe weather. 
 
51. No hydrological software is used in practice.  It would be most helpful to re-calibrate 
Moldova’s hydrology in terms of the areas most prone to floods, and among these, to determine 
in which flooding can be forecast and predicted.  The monitoring network should be expanded in 
the river catchments and modeling improved.  In flood-prone areas where forecasting and early 
warning is infeasible, SHS and SDES could post general danger zone warnings. In all areas, they 
could conduct public consultations to apprise the population of potential threats in these areas 
and ways that they can contribute to mitigation either individually or through collective action.  
 
52. In addition, an automatic alarm notification system for each of the country’s three main 
dams (Costesti-Stinca on the Prut river, Dubasari on the Nistru river, and Vatra on the Bic river) 
has been designed, and while designs for a similar system for a fourth dam (Dniestrovsk on the 
Nistru river upstream in Ukraine) have not been undertaken, this has been considered to be an 
equally important task.  The automatic warning systems would be triggered not by flood events 
but by a dam failure event.  Damages from such an event would be catastrophic for communities 
located along the river reaches downstream from the dams, and the warning systems would 
potentially provide major risk mitigation benefits.  The total cost of project implementation, 
corresponding to establishment of automatic alarm notification systems for the four dams, has 
been estimated at about US$3 million.   
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53. This activity would also include careful floodplain zoning.  Survey and assessment of 
floodplain zoning provisions, requirements and status could lead to identification, quantification, 
prioritization and execution of suitable amelioration measures.   This activity would (i) review 
floodplain zoning provisions and requirements, (ii) identify key existing and projected rural and 
urban floodplain developments that not only have high flood vulnerability and are at high risk of 
flood loss and damage, but also act, through interference with and constriction of flood flows, to 
aggravate flood impacts elsewhere, and (iii) define appropriate corrective actions to be included 
in the overall program.  
 
54. Addressing the Safety of Small Dams.  The first priority is the inspection of the nearly 
3,500 small ponds and reservoirs that were constructed for irrigation, flood regulation and 
fishing (with a total capacity of 1.8 km3).  The dams were not constructed in accordance with 
existing standards and there is a current lack of clarity as regards ownership and responsibility 
for operations and maintenance of these structures.  Consequently, many of the dams are 
vulnerable to collapse during floods.  This threat is further heightened in some watersheds as a 
result of the ponds being built in cascades, with the potential to greatly increase the surge of the 
flood in the event of failure of more than one dam in the same watershed.  There is a need to 
develop and implement a dam safety and enhancement action plan, with a focus on the potential 
failure of small dams and reservoir following heavy rain and high runoff events.  Stabilizing and 
maintaining small dams and reservoirs could, in addition, contribute toward drought mitigation 
and the potential for adding value through small-scale irrigation operations.  The inclusion of a 
review of the safety and needs to strengthen, and also provide early warning systems, for the 
main dams and river dikes would also be valuable. The cost of the survey would be about US$1 
million. 
 
55. Flood Control Systems. A national program for flood protection was officially approved 
by government in October 2000.  It is a 26-year program (2000-2025) in five 5-year tranches 
with a total cost of about US$80 million. This investment would protect approximately 650 
settlements, 32,000 houses or buildings, 190 water supply systems, 165 wastewater systems, an 
overall area of 72,600 ha., and a population of 100,000.  The cost per hectare would be about 
US$1100. A cheaper alternative, costing 25% less, could provide basic protection from floods of 
annual exceedance probabilities greater than 1%. The cost per hectare would then be US$850. 
Due to lack of funding, progress with implementation of this program has been minimal. 
 
56. Economic analysis of the two options assumed the following: (i) investment costs spread 
over a 26 year period; (ii) maintenance costs of new infrastructure at 2% per year of cumulative 
investment cost; (iii) benefits would increase by 1/26th of current average annual losses from 
floods; and (iv) the economic rate of return (ERR) is calculated over a 50 year period.  In case of 
Option B, only 75% of investment costs were considered and benefits were reduced to account 
for the lower level of protection. The estimated ERRs were relatively low at 3.2% and 5.2% 
respectively (but do not incorporate associated with possible avoidance of loss of life).  In view 
of the severe lack of public finance, investments proposed under this national program should be 
prioritized and phased based on the level of risk and potential losses.  To achieve a satisfactory 
level of flood protection a budget estimate value of US$850 US$/ha would seem to be indicated.   
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SEVERE WEATHER 

Occurrence and Impact 

57. Severe weather hazards of many types affect Moldova, but the largest share of damage 
is caused by convective events from May to August, and by May frosts.  Moldova’s May-to-
August storms are by nature very local and very sudden.  These events include torrential 
rains (often the cause of the flooding of small rivers noted above), hail and heavy winds, 
sometimes in combination.  Even in the absence of river flooding, in most years, Moldova’s 
torrential summer rains impose a heavier cost of economic damage than any natural hazard 
except erosion, as they wash out roads, damage the electric power distribution network, clog 
wells, and cause other infrastructural damage.  As for hail, Moldova is particularly affected 
because its climatic zone, situated between the Black Sea and two mountain ranges, has a 
relative tendency to produce hail conditions.  Hail tends to cause severe but strongly localized 
damage.  SDES records report total direct hail damages at about US$5.9 during the period 1998 
– 2005, but this is an underestimate, in that the SDES records are limited to large events and 
therefore tend to exclude typical hail damage, which is usually localized. 
 
58. Frost damage to crops occurs mainly in spring and fall. An early frost in the autumn of 
2002 combined with a subsequent drought is largely blamed for the widespread failure of the 
2002/2003 winter wheat crop.   
 
Severe Weather Risk Mitigation 

59. Forecasting.  Experience shows that weather forecasts enable mitigation of weather 
damage.  For example, water resources managers are able to drain ponds and reservoirs in 
preparation for an expected influx, or fill them if anticipating dry conditions; power managers 
and transport agencies can put in place teams and materials in anticipation of infrastructure 
damage and the possible need for repair; farmers can better mitigate frost damage if they are 
advised when to take special measures to protect exposed crops and seedlings; and so on.  In 
Moldova, relatively small targeted investments could very usefully increase the accuracy and 
lead time of forecasts for risk mitigation. 
 
60. Heavy rain.  Much of our present-day knowledge of thunderstorm structure has been 
deduced from radar studies.  The State Hydrometeorological Service has access to the 
MoldATSA radar data, through an informal agreement set up in 2004.  However, SHS’s modem, 
computer and software all need upgrading to correctly display rainfall intensities.  On 26th 
August 1994, a heavy rainfall event was observed by MoldATSA with over 340mm recorded in 
less than 24 hours.  MoldATSA contacted SDES and the Ministry of Agriculture, but these 
bodies did not know how accurate the radar data were.  The affected areas were Leushen and 
Calmatsui near the Romanian border, where serious flooding took place, as well as a mud wave 
following the collapse of a dam:  47 people were killed, 5000 houses were destroyed, and the 
economic loss was estimated a t 1000 million MDL. 
 
61. SHS also have access to the network of Doppler radars operated by  the Romanian 
National Meteorological Service INMH.  Cloud images are received, although the nearest radar 
at Yassy, just over the Romanian border, has been out of operation since November 2005. 
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62. The State Hydrometeorological Service also has access to regional and international 
synoptic data through the WMO regional telecommunications link to Moscow, through the 
satellite channel of Météo-France, as well as directly from neighbouring national meteorological 
services in Romania and the Ukraine.  Forecasting is largely done on the basis of a mixture of 
empirical techniques (using hand calculation) and numerical weather prediction products from 
centers around Europe, including Germany, the United Kingdom, Romania, and the European 
Center for Medium-range Weather Forecasts. 
 
63. Drawing on available data, SHS is able to forecast heavy rain that is associated with 
regional weather patterns with relatively high success, but inevitably finds forecasting of heavy 
rain associated with summer storms a much harder task. 
 
64. Between April and September each year, the Anti-Hail Service operates six MRL5 
radars, to identify hail-producing areas within thunderstorms.  Detailed cloud structures can be 
monitored by these radars, which have a range of up to 300 km.  The Anti-Hail Service proposes 
to upgrade its network to include a further six radars. 
 
65. Given the need to monitor rapidly developing thunderstorms at high spatial and temporal 
frequency, Moldova does not have an adequate or unified monitoring system.  There is much that 
could be done in terms of providing an adequate national system for monitoring thunderstorms 
and heavy rain, with the associated processing platforms and software, and in making better use 
of staff with existing knowledge.  The use of a national arrangement using a forecaster 
workstation coupled with a nowcasting system would help to combine radar and satellite data on 
the positions and extent of thunderstorms, and could allow short-range forecasts to be produced.  
Not only would this support storm forecasting, development of a national such an arrangement 
would also likely improve outcomes for the Anti-Hail Service. 
 
66. Regional cooperation could also be upgraded.  While bilateral cooperation with the 
Romanian hydrometeorological service is excellent, additional opportunities exist to improve 
data transmission capacity, the use of meteorological radar products and lightning detection, the 
use of numerical weather prediction products, and use of the regional meteorological training 
center in Bucharest. 
 
67. A regional meteorological radar network would not only prove to be of major assistance 
in monitoring and providing short-range forecasts for weather-related hazards associated with 
deep convective activity (such as heavy rain, flooding, strong wind and hail) but could be 
implemented without a great deal of cost.  The Ukraine, Belarus, the Russian Federation and 
Moldova already have a number of MRL5 radars in operation.  It has been suggested by staff at 
the Russian Federation’s national hydrometeorological service, RosHydromet, that an overall 
upgrade of the meteorological radar in these countries would be very valuable in contributing to 
quantitative, real-time precipitation monitoring in the region. 
 
68. Strong wind.  Moldova’s network of weather monitoring stations transmits wind speed 
data to the headquarters of SHS in Chisinau every three hours (except when an emergency has 
been flagged, in which case data is transmitted immediately).  In the current system, data are sent 
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over the WMO network to Moscow, where data is processed into a synoptic chart to include data 
from other regional centers in the Black Sea area.  The synoptic chart from Moscow is received 
in Chisinau 30 minutes after the data are sent, which may cause a bottleneck in the case of strong 
wind during period of deep convective activity.  There is more that could be done, through 
procurement of automatic weather stations, an upgraded modem and a local processing platform 
and software to display synoptic charts of wind speed and other meteorological parameters in the 
Black Sea region. 
 
69. Hail.  To identify hail-producing areas of thunderstorms, the Anti-Hail Service uses its 
six MRL5 radars, together with regional data including weather balloon data from the Odessa 
and Bucharest stations, and satellite imagery of thunderstorm clouds.  The service adds its 
knowledge of the life-cycle characteristics of thunderstorms to determine the timing and location 
of hail-producing regions, which it then targets for disruption by rockets that deliver silver iodide 
to pre-empt hail formation through cloud seeding.  In 2006, the Special Service for Active 
Influence on Hydrometeorological Processes (SSAIHP)6 employed 860 people, which is ten 
times more than the central Ministry of Agriculture, and incurred costs of MDL 23.61 million 
(US$1.82 million), absorbing 9.4% of Moldova’s public expenditures on agricultural services. 
This was used in 2006 to pay salaries and to launch 1,656 rockets on 28 days during which high 
risks of hail had been identified.  SSAIHP has the second largest budget of entities involved in 
hazard mitigation after the special fund for relief (MDL 30 million), and greater than the State 
association for soil protection (MDL 21 million) and the SDES (19 million). While the SSAIHP 
reports that it currently covers about one third of the country (702,000 ha), it would like to 
develop its coverage to include the entire country, about 2 million ha, by 2010, with an increased 
budget estimated at MDL 50.87 million (US$3.91 million), which would then be the largest 
budget for hazard mitigation and would correspond to a cost of US$2.0 per hectare covered. 
 

Table 6.  Budget of the Service for Active Influence on Hydrometeorological Processes 

 2006* 2007 2008 2009 2010 
Covered Area (1000 ha) 702.3 1000.0 1356.6 1633.4 1958.0 
Budget (in Million MDL)  23.61 26.0 35.52 42.49 50.87 
Budget (in million US$) 1.82 2.00 2.73 3.27 3.91 
Cost per ha covered 2..60 2.00 2.00 2.00 2.00 
* = actual expenditures 

 
70. This unit cost of US$2.0 per hectare is likely an underestimate of the true costs as it 
mostly represents the maintenance of an existing system, i.e. it does not include amortization of 
the assets (sunk costs) such as the radars, which are expensive. In comparison, such similar 
systems are estimated to cost about US$3-5 per ha in Russia and up to US$12 per ha in Romania 
where a new system was recently installed and amortization of heavy initial costs are included in 
the calculation. 
 
71. Although the costs of expanding and maintaining the anti-hail rocket system are 
relatively clear, the benefits are not. The technology has always been controversial – a US 
National Academy of Sciences report concluded that, “there is no scientifically credible evidence 
that hail can be suppressed”.  Lack of knowledge and the difficulty of observing the details of a 
                                                 
6 Prior to October 2005, was known as the Anti hail service.  
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large hailstorm makes it difficult to target observations or to design experiments that can detect 
induced changes. The World Meteorological Organization’s Working Group on Physics and 
Chemistry of Clouds and Weather Modification Research Program in its recent statement on 
weather modification also notes with regard to hail suppression that evaluation of the results has 
proved difficult. For those countries currently operating weather modification programs, the 
NAS study recommends that, “the decision of whether to implement or continue an operational 
program is a matter of cost-benefit risk management.”  Unfortunately, in Moldova as elsewhere, 
there is a lack of reliable estimates of the economic benefits of the anti-hail rocket program.  
Hence convincing cost-benefit analysis has not been possible.  
 
72. Nevertheless, a cost/benefit analysis was essayed on the basis of data provided by the 
SSAIHP, and is  based on comparison of hail damage estimates recorded during the following 
five years: 
 

• 1997, 1998 and 1999, when the anti-hail service was fully operational and was reported 
to cover an area of about 2.1 million ha.  At that time, the levels of damage caused by hail 
in Moldova were reportedly relatively low level, estimated at MDL 40.7 million over the 
three years. By applying exchange rates at the time, this would correspond with annual 
damages of about US$2.52 million; 

 
• 2000 and 2001 when, as a result of the budget crisis, the anti hail system was not 

operational. Hail damages for this period were recorded at MDL 408.9 million, 
corresponding to annual damages of US$13.64 million. 

 
73. Based on these observations, the annual benefits for the service would amount to 
US$11.12 million, which is 2.8 times the annual cost of the service (US$3.91 million) projected 
through 2010 if it were to cover the entire country. Such analysis would justify the service.  
However, the sources of data could not be traced by the authors of this report, and further 
verification and analysis would be required to justify investment. Significantly, these estimates 
are not consistent with the damages caused by hail reported by the SDES: US$16.4 million in 
1998, US$0.3 million in 1999, US$8.57 million in 2000, US$6.87 million in 2001. Using these 
figures, the Anti-Hail Service would appear to have no impact. Furthermore, SDES recorded 
damages are systematically limited to larger-scale events, while most hail damage is caused by 
localized events. Also, since data are only available for five years, the sample is too small to 
draw any statistically significant conclusions.   
 
74. A rigorous cost-benefit assessment of the anti-hail rocket program is therefore not 
possible at this time.  Meanwhile, as indicated in this report, there are a number of other hazard 
mitigation measures that do promise a sufficiently high rate of return based on more convincing 
evaluations of their effectiveness. For the agricultural sector, there are numerous other high-
priority investment needs for providing services to the new class of independent family farmers, 
including improving research and extension, which have demonstrated high rates of return. In a 
context like Moldova where resources are highly constrained and demands are many, a publicly 
financed activity should be justified by rigorous cost-benefit analysis. Given the current state of 
knowledge of the effectiveness of the anti-hail rocket system, it is recommended that Moldova 
refrain from additional investment in expanding the system. 
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75. The NAS study recommends more research into the effectiveness of weather 
modification approaches. Since the technology is still largely experimental, that is sound advice. 
But rather than expending its own resources, Moldova would be better off letting richer countries 
fund this research. In the meantime, usefulness of the existing infrastructure deployed by the 
Anti-Hail Service could be increased by applying it to a broader range meteorological risk 
reduction strategy through sharing its radar network with SHS.  The benefit would be mutual:  
while the Anti-Hail Service has some of the best hail monitoring equipment and well-trained 
staff in Moldova, it could be more effective if monitoring were unified and modernized through 
the use of a national radar monitoring system, together with access to rapid-scan satellite 
imagery, and use of EUMetsat products that analyze rapidly developing thunderstorms. 
 
76. Frost.  Forecasting frost is a specialized aspect of forecasting minimum temperature, 
involving forecast of the rate at which cold air will move, as well as of temperature changes 
resulting from movement over warmer or cooler ground, or over sloping terrain.  In the absence 
of wind, the prevalence of frost is influenced by dew point temperature.  Valley bottoms are 
more prone to frosts.  A key requirement for frost forecasting, therefore, is high resolution digital 
mapping, as well as an understanding of the factors influencing the micro-climates of frost 
sensitive areas.  The coverage of such mapping in Moldova is currently inadequate to enable 
frost forecasting. 
 
77. Improved Agricultural Techniques.   The utility of Hydromet Service warnings will be 
far greater if they are supplemented by SDES or MAFI guidance on hazard risk mitigation steps 
to be taken in light of forecasted events. For example, techniques to reduce the risk of hail 
damages in high value crops such as grape include using nets that cover to physically protect the 
crop and plants. The efficiency is estimated at more than 90%. Agricultural extension and 
emergency warning capacity should be reinforced to identify and disseminate risk mitigation 
measures adapted to frost-, hail- and storm-vulnerable regions and to the lead time the Hydromet 
Service can provide. 
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LANDSLIDES 

Occurrence and Impact 

78. Landslides most commonly occur during the winter and spring months as a result of 
increased rates of precipitation, snow melt and soil saturation.  Occurrence of landslides depends 
on geological conditions, slope and soil wetness.  Landslides can be triggered by earthquakes, 
especially along the Romanian border, and by soil disturbances that lead to compaction, 
subsidence and rising groundwater.  The latter tends to occur at building and road construction 
sites, under intensive agriculture, deforestation, and where dams are leaking.  
 
79. Landslides can occur as shallow slumps (1-2 meters), where reforestation could be used 
as an effective means of containment, and on deeper slumps (up to 25 meters), where hydro-
technical an engineering measures may be more appropriate.  Landslides in Moldova do not take 
the form of mudflows, and move at speeds not exceeding 2-3 meters/day.  Their size can be 
anywhere in the range 50 m2 – 10 km2.  The danger they pose concerns local displacement, 
which may do damage to buildings and other assets.  Data on landslide distribution and dynamics 
are given in Annex D.  The Frequency of Landslide Distribution of the Ecological State Map 
shows the most severely affected area:  the area between Nisporeni Calarasi and Balti, western 
Rezina District, and the area north of Cahul (Thigeci hills).   About 30,000 hectares are severely 
affected by landslides.  This most-affected area is expanding by about 1000 hectares/year. 
 
80. Economic costs due to landslides are hard to evaluate but quite limited. There are an 
estimated 15,000 to 16,000 sites in the country subject to slow landslides, i.e. top soil 
progressively sliding along the slopes over the years. Being slow, the process does not put 
human lives at risk. Forestry or pasture land is mostly affected: estimates vary from 30,000 ha 
(according to the Institute of Geology and Seismology of the Academy of Sciences) to 83,000 ha 
according to the Geological Agency (AGeoM)7. Between 1970 and 2004 there was a steady 
growth in the number of (active) landslides by an estimated 1,000 ha per year. The central 
portion of the country is especially threatened by landslides, with density of 30-50 per 100 km2 
in most areas and over 50 in many. 
 
81. Damages are of two types. 
 

a. Reduced productivity of the land itself. According to discussions with the AGeoM, this 
direct cost is very limited as pasture and forest land remain productive with only small 
areas of grass of limited number of trees destroyed. These direct costs are negligible. 

 
b. Houses and buildings damaged directly by landslides. Past actual destruction of or 

damages on buildings has been uneven. Over the past 10 years (1996-2005) and 
according to the SDES, it has ranged from 27,000 Lei (in 2002) to 44 million Lei (in 
1998 and 1999). On average, it is about 9.7 million Lei, equivalent to about US$1.3 
million (by taking into account the changing exchange rate between MDL and 
US$between 1996 and 2005). 

                                                 
7 Mission meeting, October 2006 

 23



 
82. These impact assessments are undertaken by the SDES and based upon data collected by 
local governments and the estimates of the Department’s intermediate and lower level branches 
and affiliates. These estimates are admittedly incomplete, as they only include cases in which the 
population appeals to the local government or ministry branch for aid.  In some instances, the 
victims of the landslide have no hope for aid and thus the instance and damage is not registered.  
Landslide impact assessment, as in other parts of the world, includes direct costs (the actual 
damage sustained by buildings and property), as well as indirect costs (business disruption, loss 
of tax revenues, reduced property values, loss of productivity, etc.). 
 

Landslide Risk Mitigation 

83. Landslide hazards should by mitigated through a combination of monitoring, risk 
management, and (when feasible) engineering options.  First, AGeoM would need to upgrade its 
monitoring capabilities. Emphasis would be on active landslides that pose a substantial risk, as 
well as an effective system for information transfer.  Monitoring, early warning, and prognosis 
should be done in coordination with SHS and SDES, as there is a close correlation (reaching up 
to 90%) between fall and winter precipitation, groundwater levels, and the area of active 
landslides. 
 
84. AGeoM needs to upgrade its monitoring network in order to produce the outputs listed in 
the table above.  Little equipment has been replaced since 1992 and has exceeded its service life.  
The number of boring machines has dropped precipitously.  Laboratories can no longer provide 
the requisite chemical analyses.   A list of equipment specified by AgeoM for a basic upgrade 
would cost a total of US$328,000.  The main benefits would be to monitor areas in order to issue 
warnings about landslide risks.   
 
85. AGeoM also needs support in order to develop landslide hazard maps that will enable 
local governments to reduce landslide effects through land-use policies and zoning and 
construction regulations.  This will entail improving monitoring, delineating susceptible areas 
and different types of landslide hazards for planning and zoning purposes, as well as compiling 
and evaluating information on the economic impacts of landslide hazards. AGeoM, local 
governments, the Department of Emergency Situations, and the nascent insurance industry 
should facilitate mitigation action.  Education and awareness programs should encourage 
individuals and communities in landslide-prone areas to consult with planning and engineering 
departments of local governments. Public-private forums would help to establish regional 
priorities for research, mapping, monitoring, forecasting, and mitigating landslide hazards. 
 
86. Infrastructure measures to mitigate against landslides include afforestation or covering 
the area with other types of vegetation, directing surface water and draining ground water away 
from the landslide, construction of retaining structures or berms at the toe of the landslide, 
installing concrete pillars in landslide-prone slopes, removing mass from the top of the slope to 
improve its stability, and moving structures away from unstable slopes.  Local governments, 
AGeoM, and the Regional Development Agency are charged with drafting and implementing 
landslide control measures.  IPROCOM, a self-financing state enterprise that is responsible for 
designing and building rural infrastructure, competes with other agencies in tenders offered by 
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local governments (following geological study by AGeoM, finalization of the project, and 
approval by the Regional Development Agency and Ministry of Finance of federal budgetary 
allocations to match local government contributions).  
 
87. The cost of these measures are very high. In the rural areas, the average cost per hectare 
is estimated at US$7,000 by AGeoM. This makes the investment unprofitable as most of this 
land is covered by low economic value vegetation such as grass or forest trees.  In many cases 
afforestation (at a cost of US $ 400 – 1000/ha) can be undertaken to prevent further landslide 
development on agricultural lands. In urban areas and in order to protect existing buildings, 
according to IPROCOM feasibility studies, the cost is much higher. Two meaningful examples 
are the Medical University which is threatened by land slide and for which the cost of protection 
is estimated at 6.5 million Lei (US$0.5 million). The protection of a western area of Chisinau 
was estimated to require investments in the order of 12 - 15 million Lei (US$1 to 1.2 million) per 
year.  Such interventions should be undertaken on a case by case basis. 
  

EARTHQUAKES 

Occurrence and Impact 

88. A survey of perception of risk, undertaken in March 2006 under the aegis of this study, 
highlights the strong concern in Moldova’s southern rayons over earthquake risk (Table 7). 
 

Table 7.  Perceived Risk of Selected Key Hazards in Moldova – Ranking 

  Drought Hail Frost Seismic Flood Landslide Erosion Waterlogging 
Moldova 1 2 3 4 5 6 7 8 
Northern 2 1 3 5 5 7 4 8 
Central 1 2 4 6 5 3 7 8 
Southern 2 4 3 1 5 6 8 7 

 
89. Moldova lies in the seismic zone of the Carpathian Mountains, which is the youngest and 
most seismically active chain in Europe.  Every year hundreds of shocks occur, most of which 
cannot be detected without special equipment.  The table below lists significant earthquakes 
1940-2003.  However, only three of these earthquakes had significant impact, in 1940, 1986 and 
1990. Similarly, in the 19th century, three important earthquakes took place in 1802, 1829 and 
1839. As can be seen, the time distribution is very irregular.  
 

Table 8.  Significant Earthquakes in Moldova, 1940-2003 

Date 
Magnitude 

(former USSR Scale) 
10/20/1940 7 
11/10/1940 9 
09/07/1945 7-8 
12/09/1945 7 
03/04/1977 8 
08/30/1986 8 
05/30/1990 7-8 
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04/06/2001 5-6 
05/03/2002 4-5 
10/05/2003 4-5 

Source: National Bureau of Statistics, 2005, Statistical 
Yearbook of Moldova 2005, p. 15. 

 
90. The better documented damaging earthquake of a high magnitude occurred on 30 August 
1986.  There are various estimates of damages resulting from this event, which were significant 
in rural areas, but amounted to the most in the capital city of Chisinau.  According to the joint 
Red Cross-SDES study on hazard mitigation, the earthquake injured 261 people, of which 45 
were hospitalized, and left 1200 people without shelter.  Damages amounted to 408 million 
rubles.8 
 
91. The prevailing exchange rate prior to 1988 was 0.8 rubles/dollar (and even this is highly 
inflated), bringing the actual damages to $510 million.  IGS specifies damages as $1200 million, 
which includes $500-600 million for direct losses (property damage within the range of the DES 
data estimate), as well as $667 million compensation for bereaved families and indirect losses.  
Assuming that damages of the 1986 earthquake is representative of the seven important ones 
over 200 years, the average annual damages is calculated at US$40.8 million (including direct 
and indirect losses).  The Table below lists the physical damages of the 1986 earthquake. 
 

Table 9.  Damages in Moldova from the August 30, 1986 Earthquake 

Injuries  261 
Of Which Hospitalized 45 
Homeless 1200 
Buildings Damaged 7015 
Buildings Destroyed 1169 
Damages $ 510 million 
Compensation of Bereaved Families $667 million 
Minimum Damages and Compensation $1,167 million 
Sources:  Institute of Geology and Seismology of the Academy of Sciences of Moldova; Societatea 
de Cruse Rosie a Moldovei and Departamentul Situatsi Exceptionale al Respublicii Moldova, 2005, 
Opredelenie uviazimosti rayonsov i naselennykh punktov Respublki Moldova k chrezvychainym 
situatsiiam prirodnogo I tekhnogennogo kharaktera, pp. 38-39. 

 

Earthquake Risk Mitigation 

92. Earthquakes cannot be avoided, but vulnerability can be reduced considerably.  
Currently, fundamental steps toward seismic risk mitigation would be improved by risk mapping 
leading to appropriate development planning and regulation, vulnerability assessments, seismic 
retrofitting, and strengthening of international partnerships formulated to adopt the lessons 
learned in other quake-prone regions.  In Moldova, micro-seismic zoning studies have been 

                                                 
8 Societatea de Cruse Rosie a Moldovei and Departamentul Situatsi Exceptionale al Respublicii Moldova, 2005, 
Opredelenie uviazimosti rayonsov i naselennykh punktov Respublki Moldova k chrezvychainym situatsiiam 
prirodnogo i tekhnogennogo kharaktera, pp. 38-39.  The exchange rate used in this conversion (possibly the official 
USR rate) are inflated. 
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performed for some regions and high-risk areas identified.  A recent paper by staff of IGS9 
shows how the results of microzoning have been used in a GIS-based scenario analysis.  Based 
on data from the 1940, 1977, 1986 and 1990 earthquakes, scenarios were developed that allow 
spatial risk assessment, based on known hazards and vulnerabilities that are grouped according to 
building stock classes.   A given “damage degree” related to the hazard is then assigned to a 
number of damaged buildings per building stock class.  This can be related to level of casualties 
expected (people injured or killed).  National capacity should be developed to make use of 
earthquake risk-management tools, including risk identification, assessment and manipulation of 
earthquake scenarios, decision-making, emergency response and preparedness training, and 
raising citizen awareness and preparedness. 
 
93. The Institute of Geology and Seismology of the Academy of Sciences (IGS, formerly 
Institute of Geology and Geophysics, or IGG) is responsible for hazard and risk assessment, as 
well as monitoring and warning concerning earthquakes in Moldova.   However, the existing 
map of seismic hazard is outdated in terms of information and accuracy, as well as methodology 
and application.  Moreover, it does not correspond to European standards.10 
 
94. IGS has embarked upon an update of its hazard and risk map.  Hazard maps take into 
account the maximum seismic intensity observed, soil amplification capacity, topography, and 
underground water level.  In vulnerability and risk mapping, the main factors are spatial 
distribution and density of the population, and a value of the loss of economic activity is 
calculated for each district. The preliminary risk map indicates that risk is greatest in the central 
region, which contains a dense population and better developed economy (primarily the capital 
city of Chisinau), and where the secondary impacts of earthquakes are likely.11  
 
95. IGS is continuously trying to improve and update its maps of hazard and risk, which 
remain incomplete.  Due to poor soil conditions, exposure in some areas is higher than listed on 
official maps by one point on the scale utilized in the former USSR, i.e. potential exposure in 
some of these areas is nine rather than eight on the scale.  If existing forecasts of the impact of 
climate change upon soil structure are correct, the impact of earthquakes will become even 
greater than at present.  The hazard mapping is instrumental for special development policies, 
land use planning and development as well as for the geographical prioritization of mitigation 
investments.  
 
 

 
9 V. Alcaz, A. Zaicenco, I. Isiciko, 2003, Seismic risk assessment of urban area – Kishinev city case study. CEI 
seminar "Natural risks - Earthquakes and co-seismic associated risks, industrial, suppositories and land slides". 
Sofia, Nov 4-5. 10pp. 
10 (Eurocode 8), based upon the definition of seismic motion provided following a probabilistic seismic hazard 
assessment (PSHA). 
11 V. Alkaz, 2005, “Seismic Hazard and Risk Studies in the Republic of Moldova,” Science and Technology for Safe 
Development of Lifeline Systems, 24-25 October 2005, Bratislava, Slovak Republic. 



Table 10.  Natural Hazards Impacting Rural Areas - Risk Mitigation Options, Scope and Estimated Costs 
Hazards Mitigation Options Scope and Cost of Mitigation Options 

1. Erosion 

1. Develop and implement an Erosion 
Control Program, including agro-technical 
measures, afforestation of seriously 
eroded agricultural lands and/or affected 
by ravines, and some hydro-technical 
investments. 

All of Moldova with emphasis on priority areas. Estimated cost US$3 million.  Would entail provision of guidance on 
how to customize techniques to suite local conditions and use, and introduction of incentives to prevent erosion.  
Implementing the program will entail capacity building, some catalytic on-the-ground investments, afforestation of 
degraded agricultural lands, and may be supported by some policy reforms measures.  Opportunities for supporting 
afforestation with carbon finance should be explored. 

 
2.a.Prognosis, monitoring, and warning 
systems  
 

All of Moldova. $132,000 
Upgrade of the Institute for Geology and Seismology’s continuous seismic station equipment, and training for 
monitoring the entire country, could help reduce human losses from a possible seismic event. 

2. b.  Zoning and refinement and 
enforcement of construction standards 

Urban areas. US$127,000. Institute for Geology and Seismology building impact assessment and pilot risk 
assessment, could help mitigate impacts on infrastructure. Review and possible revisions to the urban development 
plans.  Review of the existing building code and enforcement practices. 

 
2. Earthquake 
 
 

2. c.  Seismic retrofitting 

High risk infrastructure in the earthquake-prone areas.   
The seismic strengthening should mostly focus on the urban key public facilities and lifelines, but may also be 
required for rural infrastructure (e.g., dams, rural schools and hospitals).  The scope and cost can be determined 
only after the prior vulnerability assessment. Estimated cost US$200,000 to $500,000. 

3.a. Irrigation Infrastructure Rehabilitation 

Less than 100,000 ha - Irrigation is not an appropriate response to address drought risks in all drought susceptible 
areas. Other non-structural interventions should be also adopted.  A mid-1990s program covering 83,000 ha at a 
cost of US$54 million derived an ERR range from 12-42% across program sub schemes. More recently, an average 
ERR of 60% was estimated for 20ha FAO supported pilot plots, although supporting circumstances enhanced the 
economic benefits.  Estimates of costs per hectare for those pilots range from US$500 and 1200.  Guided by ERR, 
priority areas could be identified and costs shared with potential beneficiaries. 

3.b. Forecast and early warning system 
All of Moldova.  Estimated cost US$3 million. Would entail upgrading Hydro-meteorological Service’s agromet 
capacity to forecast throughout the country.  This would also enable establishment of forecasting and early warning 
systems needed to help mitigate floods and severe weather hazards (see rows 3 and 4). 

3. Drought 

3.c. Dissemination of land, water, and crop 
management practices through improved 
advisory services and training  

All of Moldova.  Upgraded agricultural extension services would provide guidance to all Moldovan farmers in making 
use of drought monitoring, forecasting and other agromet information. 
Formerly irrigated areas:  Assess the case for rehabilitation or maintenance of irrigation systems. 

4.a. Flood control systems and 
infrastructure (e.g., dams, dikes) 
maintenance and rehabilitation  

All areas under threat of dam failure – estimated area under threat approximately 73,000 ha.  Estimated cost  
US$60 million.  A national program to build or rehabilitate flood control infrastructure to provide basic flood 
protection from floods of annual probability greater than 1%, including areas at threat from large and small dams.  

4. Floods 
4.b. Monitoring and Warning Systems  
 

All areas in the floodplains of large and small rivers would benefit from establishment of warning systems. 
(i) For areas downstream of the four major dams alarm systems were and broadcast alerts of potential dam failure.  
Estimate, US$3 million. 
(ii)  For all floodplains areas - upgrade of Hydro-meteorological Service capacity to provide forecasts and nowcasts 
of heavy precipitation events at high resolution, enhanced capacity of SDES act on hydromet information through, 
for example, management of infrastructure or local evacuation where appropriate.  Overall upgrade of Hydromet 
Service capacity is estimated at US$3 million, assuming use of existing radar networks. Needs assessment, 
including cost estimates, for SDES capacity building has not been possible in the scope of this report.  
(iii) Review and updated mapping and designation of flood risk areas should be undertaken and guidelines adopted 
to limit flood susceptible economic development and settlements in high risk areas. Study, not costed. 
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5.a. Severe weather warnings (hail, frost, 
storms)  

(i)  For severe convective events May to August - all areas.  As for flood warning and forecast systems, could be 
achieved through upgrade of Hydro-meteorological Service capacity, and enhanced capacity of SDES and local 
authorities to provide guidance and coordinate appropriate responses to hydromet forecasts and nowcasts.  
 
 (ii)  Frost warnings (a second priority in this category) selected at risk areas.  In addition to hydromet capacity 
upgrades required to predict severe convective events and flooding, susceptible microclimates should be mapped, 
and MAFI’s capacity to provide guidance to agriculture at risk should be reinforced.   

5.b. Active influence on hail clouds  
Requires a good meteo forecasting capacity, network of radars, and ground to sky rockets.  
Current cost is US$1.4 million per year (or 9.4% of Moldova’s public expenditure on agricultural services in 2006); 
full coverage of the country would cost US$3.9 million per year. Annual benefits are unverifiable. 

5.c. Dissemination of appropriate 
agricultural  techniques, and crop varieties  

All agricultural zones and all conditions.  Upgrade advisory services and communications delivery mechanisms to 
provide guidance on risks and the benefits of adopting appropriate seeds and seedlings, optimizing planting and 
harvesting regimes, etc. Limited costs associated with training and dissemination. 

5.  Severe 
Weather 

5.d. Insurance schemes 
Could spread risk among farmers so none are exposed to absolute loss.  However, State subsidy of crop insurance 
in not recommended, the development of private sector insurance in Moldova would be difficult to catalyze, and 
hence private insurance products for agricultural losses are not likely to be available in the medium term. 

6.a. Improve monitoring capacities, 
develop risk mapping and undertake 
awareness campaigns. 

All hilly areas. Could safeguard against future losses to agriculture and infrastructure in areas at risk.  Not costed. 

6.b. Engineering work to protect valuable 
infrastructure and buildings 

High value at risk buildings and infrastructure 
High cost (US$7,000 per ha), hence only justified for very valuable assets, infrastructure and buildings. 
A proposed National Program for Protection against Hazardous Geological Phenomena, would cost $9.26 million 
over 15 years (or $618,000//yr.), and would includes national risk assessment and specific investments in Chişinău, 
Soroca, and Villages in the Districts of Orhei, Bălţi, Ungheni, Soroca, Lăpuşna, Chişinău, Cahul, Taraclia, Tighina 

6. Landslides 

6.c. Afforestation of degraded agricultural  
lands. 

All hilly areas affected by landslides (about 15,000 ha).  Develop and implement a landslide mitigation program that 
would entail capacity building, and afforestation of affected agricultural lands, and introduction of incentives.  
Afforestation costs are US$400-1000 per ha.  Opportunities for supporting afforestation with carbon finance should 
be explored. 

7a. Disaster Management: contingency 
planning for rescue and assistance 
services 

For hazards that have an emergency aspect US$1 million 
Contingency planning and capacity building and equipment upgrades. 7. Cross-cutting 

Issues 
7b.  Coordination National level.  Development and adoption of a cross-sectoral national hazard mitigation strategy for rural areas, and 

upgrade and link relevant spatial data bases as common GIS accessible to key institutions 
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3.  RISK TRANSFER OPTIONS 

96. The most recent Agricultural Strategy for Moldova12 envisages a special mechanism to 
deal with the risks involved in the agricultural sector:  a Natural Disaster Intervention Fund that 
would provide partial compensation for losses resulting from climate disasters (droughts, hail, 
frost etc.) and market-driven events (sudden increase in the price of gas, diesel fuel, lubricants 
etc.).  
 

EMERGING CROP INSURANCE IN MOLDOVA 

97. Based on the 2004 law entitled “Subsidy Insurance against Production Risks in the 
Farming Sector”, state-owned MOLDASIG was the first of 30 insurance companies in Moldova 
to offer insurance policies covering agricultural risks. These include drought, hail, torrential 
rains, floods, and various types of frost. Premiums are calculated as a percentage of the risk 
covered, as shown in the following Table. 
 

Table 11.  Agricultural Insurance - Premiums Charged by MOLDASIG in 2006 

  Insurance premium as % of insurance sum 

Name of crop 
Excessive 
drought Hail 

Torrential 
rains Flood 

Spring 
frost 

Autumn 
frost 

Winter 
frost 

Crops 
blowing 

Crop 
fire 

Locust 
/pest 

Winter wheat 5 4 0.3 0.2 - - 2 - 0.1 0.05 
Winter barley 5 4 0.3 0.2 - - 3 - 0.1 0.05 
Spring spicates  6 4 0.3 0.2 - - - - 0.1 0.05 
Pea, haricot 6 4 0.3 0.2 0.3 - - - - 0.08 
Maize 6 4 0.3 0.2 0.3 - - - - 0.05 
Sugar-beet 6 3 0.3 0.2 3 - - 2 - 0.05 
Sunflower 6 5 0.3 0.2 0.3 - - 2 - 0.05 
Soybean 6 4 0.3 0.2 0.3 - - - - 0.05 
Tobacco 6 4 0.2 0.2 3 4 - - - 0.05 
Vegetables 6 4 0.2 0.4 2 3 - 3 - 0.05 
Potatoes 6 3 0.1 0.2 0.3 - - - - 0.05 
Pome orchards 3 3 - - 6 - - - - 0.05 
Pit orchards 3 4 - - 6 - - - - 0.05 
Grape 3 4 - - 6 - - - - 0.05 
Source: MOLDASIG – Management Interview, 2006 
 
98. In 2006, MOLDASIG issued policies worth about 3 million Lei to cover about 80 large 
farmers against major climatic risks, the two main ones being hail (70% of policies) and winter 
frost. So far, no insurance against exceptional drought has been taken out by farmers. (The tariff 
is only 0.2% of crop value; however, it covers only “excessive drought” as defined by the law, 
i.e. not regular droughts.) Insurance clients are large-scale farmers, with an average farm size of 
                                                 
12 Development of Agriculture and Food Sector Strategy, 2006-2015, Government of Moldova, March 2006 (Draft), 
page 19. 
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around 700 hectares each. The scheme is heavily subsidized by the Government, which financed 
80% of premium cost in 2006 and is planning to finance 50 to 60% of premium cost in the 
coming years. 
 
99. In 2006, about 1 million Lei was paid out to compensate for losses. Farmers’ claims were 
evaluated by a commission including the insurance company, MAFI, SDES and the farmer. If 
the crop was entirely destroyed by the climate event, compensation was by design immediate; if 
crop loss was partial, compensation would be after harvest.  Compensation comprises full losses 
minus about 20%. MOLDASIG targets a benefit margin of about 10% to 15% on average in the 
long run. This reflects an estimate of the real economic cost for the country of insurance 
schemes. This year, about 1.5 million Lei was put in a reserve fund to cover future risks. 
 
100. Although this insurance program has not been very popular with farmers so far, if it 
grows, Government is setting itself up to take on significant contingent liabilities, and also to 
provide ever-larger subsidies indefinitely. Already, the public allocation to subsidize insurance 
premiums for agriculture has grown from 3.7 million Lei in 2006 to 15 million Lei in 2007. 
 

ISSUES AND OPTIONS FOR CROP INSURANCE IN MOLDOVA 

101. Moldova faces significant constraints in introducing crop insurance.  These issues can be 
summarized as follows: 
 

• Farmers are suffering from other economic and structural difficulties, notably loss of 
market, low profit margins, and availability of inputs and infrastructure.  In this 
respect, farmers may regard insurance as low on the list of their priorities for 
improving their economic circumstances. 

 
• Insurance, as a mechanism, operates most effectively where it is linked to other 

measures to mitigate the farmer’s situation (e.g. improving credit availability, market 
access, investment into machinery, irrigation equipment and so on). Insurance cannot 
operate effectively in isolation, and will be regarded as a cost by the farmer.  Hence, 
any decision concerning the type and timing of introduction of crop insurance in 
Moldova has to be taken in the context of other initiatives for development of 
agriculture.  Insurance should also be voluntary and implemented by the private 
sector (although Government support is possible to lower costs at the time of 
introduction). 

 
• The main hazards causing widespread crop loss in Moldova are reported as drought 

(in rainfed crops), hail, and frost (especially for vines).  Winterkill can also cause 
widespread damage of autumn-sown crops.   

 
• The insurance sector in Moldova is poorly developed, especially in rural areas, and 

there is a lack of insurance awareness amongst farmers.  Moldasig is the only 
insurance company involved in crop insurance, and it requires state subsidies (see 
below). 
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• There is a structural divide between large, former state farms and small private farms.  
Insurance should be designed so that all farmers can benefit from coverage. 

 
• Financial capacity to manage major national systemic risks, such as drought, are 

beyond the capacity of the insurance sector in Moldova and would be dependent on 
international reinsurance.   Such reinsurance is unlikely to be available to support a 
traditional individual-farmer multiperil crop insurance program (MPCI).  It may be 
more available for an index program or for conventional crop hail insurance. 

 
• The legislation that is in force provides a framework for subsidized, individual, 

multiple-peril crop insurance.   
 
102. Multiple-peril crop insurance (MPCI) that indemnifies yield losses on an individual 
farm basis is subject to problems of adverse selection (the highest risk farmers insuring) and 
moral hazard (farmer influence over yield-based loss assessment, which is difficult for the 
insurer to control).  High administrative and loss adjustment costs are incurred in operating 
MPCI.  It requires significant investment in monitoring farm yields to prevent higher payments 
than those losses actually incurred by the farmer. Furthermore, multiple-peril crop insurance has 
large correlated risks, so it is exposed to extremely high potential claims in adverse years.  
International reinsurers are reluctant to provide reinsurance for MPCI, particularly for new and 
unproven programs, and if available, costs are high. Experience internationally indicates that it is 
technically extremely difficult to insure farm-level crop yields from losses caused by any number 
of natural perils. Massive and unsustainable levels of government subsidies may be needed to 
support multiple peril crop insurance.   
 
103. Therefore, subsidized, individual-farmer, multiple peril crop insurance (MPCI) as is 
envisaged by the legislation in force, does not appear an advisable or feasible option in Moldova. 
This conclusion is based on the extensive negative experience of this type of crop insurance 
administered in many other countries.    
 

RECOMMENDED VIABLE INSURANCE ALTERNATIVES  

104. As an alternative to MPCI, this report recommends the piloting of privately run index-
based weather insurance for broad-based threats like drought and frost. The World Bank is 
undertaking pilots of this financial instrument in Ukraine, Nicaragua and Malawi.  In India, a 
privately-run scheme is now three years old. Under Weather Index Insurance, payments are 
based on measurements made at a weather station, such as temperature or rainfall, or a 
combination of several parameters.  An index is constructed which correlates as closely as 
possible to the expected impact of the weather on the crop.  In index insurance, payments are 
therefore triggered by realizations of a pre-specified index measure rather than by realized farm 
yields.  The most important peril for which weather index insurance is appropriate is drought 
(lack of rainfall), in rainfed crops.  Index-based insurance is not appropriate for localized weather 
events such as hail for which more traditional insurance systems are better adapted.  
 
105. Key advantages of index insurance over MPCI are simplification of the product; 
standardised claims payments to farmers in a district based on the index; avoidance of individual 
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farmer field assessment; lower administrative costs; more timely claims payments after loss; 
farmer enrolment by less specialized staff; and easier accommodation of small farmers within the 
program.  One disadvantage is the potential for Basis Risk (difference between actual farm yield 
and the payment measured by the index).  Ongoing pilots are identifying additional issues and 
lessons learned.  On balance, however, index insurance is considered a promising method of 
insuring drought risk.  A pilot should take into account that no insurance program can operate in 
areas chronically affected by extremely frequent and severe drought.  This mechanism is most 
suited to viable rainfed farming areas, which are subject to infrequent but endangering drought 
years. 
 
106. Index insurance, as with any crop insurance, is a supporting risk transfer mechanism 
which is expected to work most effectively where linked to improvements in the main constraints 
affecting farmers, such as agricultural credit market availability, and in commercial agriculture 
where an adequate profit margin is available to accommodate the necessary insurance premium.  
All these factors are expected to affect the willingness and ability of farmers to purchase 
insurance.  Hence, any pilot program needs to be targeted where, and when, such pre-conditions 
are met.   
 
107. For insurers, interest in developing index insurance may be influenced by their 
willingness to innovate; the attractiveness of the underwriting profit opportunity; their capacity 
to develop new products; availability of technical assistance; and access to international 
reinsurance.  Index insurance is likely to be more attractive to insurers than MPCI, as it is less 
complex and less costly for insurers to operate, and demands less agricultural expertise during 
farmer enrollment and for loss assessment.   
 
108. Distribution of index products was linked in India and in several pilots to agricultural 
credit or microfinance organizations.  These often have better rural outreach than most insurance 
companies. Strong interest in developing viable index insurance by Moldovan insurance 
companies, and organizations that could support distribution of the product, would be pre-
conditions for the success of index insurance.  Given the small size and penetration of the 
insurance sector in Moldova and its lack of activity in the rural sector, interest in developing 
index insurance by insurers is not apparent.  The opportunity for index insurance would need to 
be studied technically and organizationally, with a view to forming a pilot program, if favorable 
pre-conditions are found to exist.  
 
109. Preparation of pilot index insurance programs involves several steps: identification of 
risks to be covered, and pilot areas; quantification of risk; designing the contract; and organizing 
the institutional arrangements.  International experience in index insurance is strongest for 
drought (rainfall deficit) products, and given the importance of drought in Moldova, this would 
be the most logical hazard for a pilot index insurance program.13  
 
110. Access to international reinsurance by developing countries has been problematic both 
for general property reinsurance, and particularly for agricultural reinsurance.  Access to 
reinsurance is particularly difficult at the early stages of a new program. One of the key 
                                                 
13 Further details of international experience in index insurance are available in reports located  at www.itf-
commrisk.org. 
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advantages of weather index insurance is that international reinsurers in the pilots have been 
willing to extend cover, on account of the integrity and transparency of claims payments that are 
triggered by measurements made by national meteorological services, which do not have 
structural biases in the case of private claims.  Not all insurers are willing to accept met service 
certification of private claims, nor to assume they are independent of social pressure. 
 

ANTI-HAIL SERVICES VERSUS INSURANCE 

111. Moldova operates a hail prevention service using an expensive system of ground-based 
rockets and radar stations.  Clearly, there is a relationship between hail insurance and hail 
prevention, from which the following points are noted: 
 

• While it is possible that there is a reduced risk of hail (reduced frequency and 
severity) within the geographical command areas of the hail prevention system, there 
is no formal study to demonstrate the cost effectiveness of such a system.  

 
• The hail prevention system operates within the areas identified as being of highest 

hail risk; however, this risk assessment apparently does not take into account the 
relative values of crops within the command area (for example, vines being of higher 
value per hectare than wheat);  

 
• The majority of the area of Moldova – 80% of the national territory – is not covered 

by hail prevention system.  
 

• Costs of hail prevention system have to be met by central government, and there is no 
easy way of collecting contributions from benefiting farmers; cost-benefit analysis 
should be carried out to compare the efficiency of the current anti-hail rocket 
approach to a risk-reduction approach based on hail insurance. 

 
• Any hail prevention system is not 100% effective and there could still be a need for 

hail insurance as well; which should be able to be offered at a lower premium rate 
reflecting the lower risk in the command areas; 

 
• Hail prevention services do not operate in neighboring countries such as Romania and 

Ukraine, which face similar levels of hail risk.  In the case of Romania, hail insurance 
is offered in the private insurance market.  In Ukraine hail insurance is also offered 
but penetration is low, and the insurance market has suffered from significant 
difficulties, and is being restructured.   

 
112. Irrespective of the future scope of the hail prevention service in Moldova, there is a 
positive opportunity for hail insurance product in Moldova, to be offered by private insurers.  
There is no history of hail insurance, and the insurance market is not currently serving a rural 
clientele.  However, hail insurance would be the obvious starting point for the insurance market 
to develop a client base and portfolio.   
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113. Similar pre-conditions to those listed for index insurance are likely to be needed to attract 
the insurance sector to develop hail insurance in Moldova. 
 
114. In addition, insurance companies could increase their knowledge of the hail product 
underwritten in most other European countries, by developing links and collaboration both with 
hail insurance companies, and with international reinsurers.   At the same time, potential demand 
could be further assessed by the insurers, notably outside the command area of the hail 
prevention system.  Identification of the regions, crop types and target client base would allow 
the development of a phased plan to introduce and expand hail insurance.   
 
115. Subsidisation of hail insurance premiums, with the intention of phasing out such subsidy 
over time, could be considered to increase the incentive to insurers to develop the hail insurance 
market, and for farmers to buy the product.  Diversion of budget allocation away from MPCI 
subsidy, and towards index and hail insurance, would provide a basis for sustainable agricultural 
insurance in Moldova. Further, this would provide for an ongoing mechanism to protect farmers 
from the financial impact of hail damage, should GoM determine that the anti-hail program be 
phased out in future.    
 
116. In summary, the key messages concerning insurance are the following: 
 
• It may be useful to build on lessons learned in the Bank’s ongoing pilots of privately-run 

index-based weather insurance for application in Moldova to spread the risk from broad-
based threats like drought and frost;  

• The private sector should be encouraged to insure against localized threats like hail damage 
using traditional products;   

• Catastrophic risk, including catastrophic drought, are difficult to insure and to reinsure.  
Index insurance may be a valuable financial instrument to address drought risk, for several 
Bank pilots are promising, while MPCI has experienced failure in most countries.  
International reinsurance would be required for any drought insurance program, and index 
insurance may facilitate access to the reinsurance market for this risk. 
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4.  DEVELOPING HAZARD MANAGEMENT AND 
MITIGATION INSTITUTIONS 

KEY INSTITUTIONS 

117. Institutions concerned with natural hazard risk mitigation in Moldova can be roughly 
divided into coordinating emergency commissions, early warning and prognosis bodies, line 
ministries, and disaster management bodies.  None receive adequate budgetary allocations.  
Although an adequate legal and regulatory framework is in place, there is room for improving 
coordination and contingency planning.  In some respects, capacity building is also required. 
 
118. The Ministry of Agriculture and Food (MAFI) collects data concerning damages to 
agriculture by natural disasters.  Data is sent in from districts and is compiled and analyzed by 
the Department of Crops for.  MAFI is also promoting crop insurance against natural hazards 
(frost, hail, and drought), matching compensation by the insurance company MOLDASIG (in 
2006 from a Government budget line of approximately 12 million Lei). The anti-hail services 
also fall under the jurisdiction of MAFI. 
 
119. The Republican Water Management Concern Apele Moldovei (AM) is responsible for 
planning of water distribution, mitigation of flooding and waterlogging, the provision of 
irrigation and drainage services, and evaluation of water use and water rights, and developing 
national water policy.  Since 1996 AM has undergone divestiture of sections such as construction 
trusts, which reduced its staff from 18,000 in 1991 to 5,000 in 1997 to 1,549 at present.  Outside 
of the central departments, irrigation operations and maintenance is carried out by 14 
directorates, while others deal with flood and drainage control and other aspects. 
 
120. There is a need to resolve two institutional issues concerning Apele Moldovei, which is 
subordinate to MAFI.  First, it is unclear whether responsibility for management of drainage 
systems to prevent sub-flooding lies with local governments or Apele Moldovei..  In the former 
case, institutional strengthening measures such as training would probably be required.  Second, 
legal specialists have expressed concern about conflict of interest between AM’s “dual role” as 
government policymaker and water supplier and there is a suggestion that it would be more 
appropriate AM’s role to evolve into that of a water supply company.  However, there are no 
other institutions in the country capable of providing the public good of flood protection.  
Therefore, it may not be possible to fully privatize and reduce AM’s function to purely 
commercial supply of irrigation.  Supervision of policymaking could be subordinated to the 
Prime Minister of MENR by adjusting AM’s mandate.  In any case, the institution that will 
ultimately take responsibility for policymaking would need to consult with AM, as it possesses 
the greatest operative expertise in water management. 
 
 
121. Together with Apele Moldovei, several agencies are involved in hazard mitigation.  
These include: 
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• The Agency for Construction and Territorial Development, which is responsible for 

developing legislative and regulatory acts, and building code enforcement to mitigate 
flooding, landslides, earthquakes, and subsurface flooding, countrywide planning and 
zoning, construction and safety standards development to mitigate emergency 
consequences for the population; 

 
• The Institute of Soil and Agro-chemistry of MAFI, which establishes the Government 

strategy towards erosion control; 
 
• The Forestry Agency Moldsilva, which reports to the Government of Moldova, carries 

out afforestation works to stabilize landslides and prevent erosion, as well as overall 
management of the national forest estate; 

 
• IPROCOM design institute subordinated to ACTD is a self-financing agency that designs 

and constructs rural and urban infrastructure projects, including slope stabilization and 
other measures to mitigate landslides; 

 
• The Agency of Land Relations and Cadastre, which reports to the Government of 

Moldova, implements erosion control and land stabilization measures. 
 
122. Three agencies provide most of the observation, prognosis, and early warning services 
for natural hazard management in Moldova.  These are:   
  

• The State Hydrometeorological Service of the Ministry of Ecology and Natural 
Resources, which monitors, forecasts and issues warnings related to meteorological, 
hydrological, and agrometeorological hazards. The meteorological department operates 
and maintains the system of posts and stations and issues public forecasts, including 
hazardous meteorological and hydrological phenomena.14 

 
• The State Geological Agency (AGeoM) also of MENR, is responsible for exploration, 

monitoring, and mapping of mineral wealth, landslides, and groundwater level. 
 

• The Institute of Ecology and Geography, Institute of Geology and Seismology of 
Moldovan Academy of Science undertakes monitoring of earthquakes, mapping of areas 
susceptible to geological and other natural hazards (including development of 
methodologies for microclimatic mapping), assesses risks, and proposes scientific 
measures to mitigate impacts.  

 
123. Disaster relief and recovery operations are the mandate of State Department of 
Exceptional Situations (SDES), which has been part of the Ministry of Internal Affairs since 
                                                 
14 The vital role of hydrometeorological services to prevent and mitigate natural hazards was discussed broadly at 
the international conference “Mitigation of Hazards and Risks Impact on the Environment and Society” that was 
initiated by the MENR through the SHS and hold in 2005 in Chisinau with support of the WMO. Next international 
conference “Role of the National Hydrological and Meteorological Services in prevention and mitigation of natural 
hazards impact” will be conveyed in Chisinau in 2007. 
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2004.  SDES is a civilian organization organized along military lines – as are most emergency 
services worldwide.  The central departments of SDES are: operations, civil defense, fire and 
rescue services, finance, and judicial affairs. SDES has around 2600 staff including 640 dealing 
with civil defense.  These are deployed in 54 SDES sub-units in all rayons and also individual 
municipalities. For extreme disasters, the SDES has two army brigades at its disposal, and each 
administrative district is required to maintain an accident-rescue team, usually comprising 10 to 
12 persons with basic emergency response training.  Training is conducted in Ukraine, Belarus, 
Russia, and Moldova.  Cooperation with NATO is significant.  
 
124. SDES works closely with the Red Cross Society of Moldova, with which it has an 
agreement to exchange operative information and coordinate disaster interventions.   The two 
agencies have cooperated in producing a brief assessment of vulnerability to various hazards and 
are working together to harmonize the legal framework with EU requirements, create a national 
crisis center, and develop a GIS system for emergency management. 
 
125. Local Governments are involved in coordination with SDES and other local departments, 
as well as mobilizing local funds and other resources for relief and recovery operations.  In 
addition, they are charged with emergency planning with SDES, as well as planning and zoning 
and construction codes for mitigation of floods, landslides, earthquakes, and subsurface flooding. 
 
126. Moldova has a coherent framework of law and regulation addressing disaster 
preparedness and response. The Law on Civil Protection establishes SDES as the designated 
national authority and provides clear roles and responsibilities for the office of the President, 
Parliament, and key Ministries. Responsibilities for initial emergency response to all major 
hazards lies with SDES.  Protocols exist for issuance of water–related hazard warnings from 
MENR and MAFI agencies, following which the SDES communicates and coordinates with their 
own and other central, regional and local civil defense agencies as appropriate for prevention, 
mitigation, rescue and relief operations. Other laws include provisions for safe settlement 
planning, urban design and building construction, as well as provisions for flood risk assessment 
and management. Moldova has signed a number of agreements with countries in the region and 
is a member of several organizations responsible for cross-border emergencies and the 
prevention of industrial accidents.  Water sector legislation does not appear to include specific 
provisions for emergency response to water-related hazards. 
 
127. The Republican Commission for Emergency Situations, created in 2001, is a key 
institution in the events that it addresses.  The Head of the Commission is the Prime Minister, the 
deputy head is the Director of SDES.  The commission includes representatives of all line 
ministries and the executive branch.  District and local emergency commissions have a similar 
structure and include heads of local governments and all relevant public services. The 
commission meets regularly on a semi-annual basis.  In the event of an emergency situation, 
members are immediately notified and meet to evaluate the threat to the population, economy, 
and infrastructure and make relevant decisions.    
 
128. Parallel to this structure are district and local level commissions for disaster management, 
comprised of local authorities, line ministries, and SDES staff. 
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FINANCIAL CONSTRAINTS 

129. Practically all agencies involved in disaster management experience lack of financial 
resources to procure and properly maintain relevant equipment that currently is mostly obsolete 
and to develop and implement programs and plans toward prevention, mitigation and response to 
natural hazards. The table below presents the requested and allocated budgets for relevant 
agencies in 2006. 
 
130. Among these agencies, the situation of SDES is typical.  Salaries consume the bulk of the 
budget, while there is a scarcity of investment funds:  SDES has been unable to replace its 
vehicle fleet in the last 20 years and continues to depend on outdated communication equipment 
and technology.  AGeoM’s budgetary allocation has been capped, while the needs of the agency 
have risen each year.  By 2008 it is projected that needs will reach 9 million Lei, while allocation 
will remain frozen at 2.5 million Lei. 
 
131. Reserve Fund.  In addition to agency budgets, there exists a reserve fund managed by the 
Ministry of Finance on behalf of the Government, used for emergency interventions by all 
concerned agencies (though not to cover investment costs). The reserve fund is contains up to 
2% of the national budget. It is non-accumulating and replenished by annual appropriations. The 
reserve fund allocation for 2006 is Lei 30 million. The allocation can be augmented by transfers 
from other budget lines in case of a widespread disaster. SDES reports that about 30% of the 
damages in rural areas (related to dwellings and property, but not agricultural activity) due to 
natural hazards are compensated by the fund. Overall, some 70% of the reserve fund goes to 
compensate losses emanating from natural hazards. 
 

EARLY WARNING AND COMMUNICATION 

132. The State Hydrometeorological Service issues warnings on weather-related hazards.  
SDES assists with dissemination of these, as they may entail mobilization for possible 
intervention and relief effort where needed.  However, the warning system for floods does not 
appear to be working well. Additionally, although Moldovan agencies have the capacity to 
initiate design and operation of an early warning system for droughts, as yet there is no such 
system in operation; in general, slow-onset hazard events are not addressed by the warning 
process and, although mandated to do so, SDES has never reported on hazards related to land 
degradation and erosion. Warnings for low-onset hazard categories require extensive data 
analysis and prediction capability for which national capacity must be reinforced and operational 
systems put in place.  Warning systems are under consideration for dams, chemical plants, etc., 
although implementation is constrained by lack of resources.  Large dams in particular are in 
need of dedicated local warning systems.  Such systems have been designed, but have not yet 
been implemented due lack of funds. 
 
133. Communications among concerned agencies generally utilizes standard means such as 
telephone, fax and mobile phone, however radio communications can be established during times 
of emergency. SDES staff have access to dedicated radio communication channels but the 
system is mostly equipped with old technology.  While the various organizations each have their 
own internal radio frequencies, communication across agencies such as the medical corps, police 
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and fire brigades can be established over a standard frequency activated in times of emergency. 
Communications with villages presents more of a challenge as many villages still have limited or 
no communication capacity with the outside world. 
 
134. An Emergency Management Information System is needed in Moldova; “off the 
shelf” options are available, but  adoption of such a system should be preceded by a needs 
assessment and feasibility study. 
 
135. The Government of Moldova is drafting a national water resources strategy that 
emphasizes contingency planning for early warning, management and mitigation of natural 
hazards, improving hydrological monitoring and prognosis, and development, coordination, and 
integration of risk management among Apele Moldovei and other stakeholders.15   
 

COORDINATION AND CONTINGENCY PLANNING 

136. Disaster management functions are split among several ministries and state departments, 
local public authorities, and economic entities.   Although overall direction is provided by the 
Emergency Commissions, and vertical lines of authority within the system in most instances 
work adequately, there is little feedback back up the chain of command, and horizontal linkages 
among many institutions appear to be inadequate in many instances.  There is a need to clarify 
roles and responsibilities for strategic oversight, planning, coordination and implementation of 
mitigation and response measures for all forms of natural hazard. 
 
137. There is also a need for creating a national strategy that would ensure hazard mitigation 
priorities are incorporated in appropriate national development programs.  Given the limited 
resources available, hazard mitigation should benefit as much as possible from mainstreaming 
into ongoing sector programs such as irrigation and rural development.  
 
138. Greater coordination is also required in data sharing and management.  It is often difficult 
even for government agencies to acquire data from one another.  Datasets are variance with 
another, as methods of acquisition and classification sometimes differ.  Although there is trend 
toward digitization of data, and many agencies are either constructing or contemplating a GIS-
based decision support system, these endeavors are also often incongruent and would produce 
better overall results with harmonization. 

 
Table 12.  Budgetary Allocations of Key Agencies 

Agencies # Staff 
Allocation in 

2006 
(million lei) 

Original 
Request for 

2006 

Percent of the 
Budget for 
Investment 

Soil and Geology Related         
Soil and Agro-chemistry 
Institute 80 1.47 2.2 20 

Geological Agency AgeoM 180 2.50 6.0 24 
Institute of Ecology and 60 1.20 n/a 20 

                                                 
15 Decree No. 325, 18 July 2003, “Concerning the Ratification of the Conception of the National Policy in the 
Sphere of Water Resources.” 
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Geography (Geographical  
branch) 
Institute of Geology and 
Seismology 55 0.87 n/a 38 

Design Institute IPROCOM 120 5.50 5.5 33 
Association for Soil 
Protection* 338 21.00 25.5 2 

Meteorology Related         
Hydrometeorological 
Service 414 8.07 20.0 47 

Special Service for Active 
Influence on 
Hydrometeorological 
Processes (anti-hail service) 

860 16.85 26.0 66 

Moldovan Air Traffic 
Services Authority  26 n/a n/a n/a 

Water Related         
Water Management 
Concern Apele Moldovei 1549 12.55 38.0 0 

Acvaproject Institute 120 4.00 8.0 50 
Coordination, Policy, 
Mitigation and Disaster 
Response 

        

Ministry of Agriculture and 
Food Industry 79 2.41 2.90 0 

Ministry of Ecology and 
Natural Resources 25 0.83 n/a 17 

Agency of Construction and 
Territorial  Development  43 1.44 n/a 21 

Forestry Association 
Moldsilva 21 0.73 1.28 0 

Department of Emergency 
Situations (Civil Defense)  643 19.00 28.0 3 

Agency of Land Relations 
and Cadastre 40 1.408 1.7 30 

Governmental Reserve 
Fund n/a 30.00 n/a n/a 

 
139. The Emergency Commissions and SDES create emergency preparedness and response 
plans for a period of five years, which are discussed, regularly updated, and ratified in its 
meetings.  Emergency planning at the district and local level is updated on a yearly basis, based 
upon public consultations and data collected by the authorities.  There are also a number of 
sector plans, such as for flood protection.  These plans could be improved as follows: 
 

• Include measures for drought management and mitigation that are not confined to rapid-
onset disaster response measures;  

• Recognize and specify inter-sectoral linkages and coordination mechanisms; 
• Conduct cost-benefit analysis to prioritize among plans and operational measures; and  
• Involve all agencies, especially front-end ones such as Hydrometeorological Service, in 

the planning process.  
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RECOMMENDATIONS 

140. A coordinated risk-reduction strategy for rural livelihoods in Moldova should be 
developed at national and subnational levels through a participatory process, leading to 
revising legislative mandates and regulatory frameworks to assure linkage of capacities to 
mitigate key risks.  An overall view is needed to ensure that hazard monitoring, public awareness 
or extension, and public measures (such as civil defense) do not outpace or lag each other. 
International experience suggests that focal point responsibility for facilitating the process of 
strategy development and overseeing its implementation will be needed.   
 
141. Options for the focal point include:  empowerment of an existing agency, creation of a 
new agency, or creation of a coordinating structure.  Significantly, key hazards impacting rural 
livelihoods are often not of an emergency nature; e.g., drought and erosion.  Therefore, lead 
responsibility for coordinating mitigation of natural-hazard threats to rural livelihoods 
should not necessarily be emergency-related.  The perceived linkage between hazards and 
emergencies tends to minimize perception of the danger posed to the economy by gradual-onset 
hazards such as drought and erosion.  For example, a MAFI supervised network of extension 
providers could play a key role in Moldova’s natural-hazard preparation, warning and damage-
mitigation network.   
 
142. A mapping/GIS database capacity that would link and improve mapping of risk and 
vulnerability should be developed, to cover, inter alia, mapping of erosion, flood plains, soil 
types, frost-affected micro-climates, landslide risk, seismic risk, and hydrology.   Because some 
threats are linked, e.g., floods, earthquakes and erosion enhance the landslide risk, the capability 
to coordinate analysis of hazard maps should be developed. 
 
143. Emergency preparedness, early warning and communication should be improved.  
Emergency communication and disaster management information systems are deficient in 
Moldova, and emergency response equipment is insufficient or antiquated.  Moldova experiences 
severe damage from summer storms that are sudden and local by nature. While the Hydromet 
Service can improve the resolution and lead time of its forecasts through technical measures, 
making use of those forecasts to achieve better outcomes will require an adaptation of current 
information dissemination and response measures. 
 
144. Land use planning should draw on improved hydrological and seismic mapping, with 
the goal of avoiding and discouraging settlements in the floodplains, and informing urban 
planning process and decisions regarding development planning, construction permitting and 
seismic retrofitting and/or reconstruction of vulnerable key facilities and lifelines. 
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5.  SUMMARY AND RECOMMENDATIONS 

145. Natural hazards in Moldova lead to annual casualties and important damages that can 
restrain development through losses to agriculture (reduced agricultural production, destroyed 
crops, diminishing soil fertility) and damage to buildings, stocks of materials and capital 
equipment, and infrastructure.  Damages and the nature of the hazards responsible vary 
substantially from year to year.  Flooding, drought and earthquakes occasionally result in 
catastrophic impacts, while ongoing erosion is steadily and less visibly destroying the nation’s 
resource base.  The future importance of various weather hazards is not clear, as apparent trends 
in weather patterns are contradictory. For example, while climate change predictions suggest 
precipitation will reduce, current experience is to the contrary.  Moldova’s position as a transition 
region between climate zones suggests that the impacts of significant weather variability can be 
expected, and mitigation measures planned accordingly. 
 
146. For each of Moldova’s natural hazards, several categories of mitigation option are 
available, drawing on the skills of different agencies that could complement one another.   
 

a. Preparedness measures include awareness campaigns (to optimize public behavior in 
case of disasters), improved forecasting capabilities (in particular for climatic events 
through upgrading agro-meteorological services), early warning systems (in particular for 
flood risks) and early intervention capacity in case of disaster to assist affected 
populations.  Among the most important preparedness measures to mitigate the impacts of 
slow onset natural hazards are identification and dissemination of agricultural adaptation 
measures, such as improved techniques, crop varieties and seeds that are adapted to 
anticipated risks, such as drought, frost, hail; or that could reduce the magnitude of long 
term degradation processes such as soil erosion and landslides; 

 
b. Insurance could be used to spread risk and protect a limited number of farmers from 

catastrophic loss. Consideration of insurance options may also promote discussion and the 
development of consensus within the agriculture sector regarding the relative merits of 
investment in insurance versus other options to mitigate risk, such as adjustment of 
agricultural practice. If available, traditional private-sector agricultural insurance 
products may be appropriate to spread the risks associated with localized but recurrent 
climatic events such as hail; options for piloting index insurance for broad-based threats 
like drought and frost could be explored. 

 
c. Watershed management includes improved soil and water management, afforestation, 

and construction of small scale infrastructure at the level of watersheds in order to 
mitigate soil erosion, prevent floods and reduce the impact of droughts. 

 
d. Large-scale infrastructure works, such as the construction or rehabilitation of irrigation 

facilities, dams, and flood protection dikes, can be effective measures to reduce the 
impact of chronic climatic conditions such as droughts and floods. 
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e. Institutional measures, including development of a legal and regulatory framework that 
addresses all hazards and promotes interagency coordination, are needed to ensure that the 
proposed investments in individual agency capacities are effectively linked. 

 
147. The following recommendations emphasize the use of limited public funds for the most 
“cost efficient” measures, and to propose options for public private partnership. 
 
Preparedness 
 
148. In view of the potential impact and relatively low cost, a high priority measure for risk 
mitigation includes strengthening the capacity of the State Department of Emergency Situations 
to improve public awareness of early warning systems and appropriate responses to effect 
effective interventions in the in the case of rapid onset emergency situations, such as flooding and 
seismic activity. Estimated cost US$0.7 million. 
 
149. Strengthening the Hydrometeorological Service and improved communication and 
networking with other key services such as MAFI, SDES, the flood protection authorities and the 
anti hail services radar network, could allow for more accurate forecasting and hazard mitigation 
or avoidance response. Establishing operational collaboration between the Hydrometeorological 
Service and the radar network of the anti-hail service could result in a significant upgrade in 
forecast capacity.  Additional investments of about US$3 million could increase resolution and 
decrease forecast the lead time to such an extent that they could have practical utility in helping 
to reduce the impacts of floods, droughts, storms, frost and hail. 
 
150. A MAFI supervised agricultural extension network, could play a leading role in 
enhancing preparedness through identification, dissemination of guidance on the introduction of 
appropriate agricultural techniques, rotations, and crops, etc.  Some associated costs (e.g., for 
improved seeds, adapted machinery, hail protection nets) should be borne by the farmers. State-
financed services would include:  (i) Identification and testing of techniques and varieties through 
enhanced applied research and demonstration. (ii) Dissemination of information regarding 
improved techniques and approached.  The Rural Investment Services Project (RISP) is currently 
supporting rural advisory services.  This could be complemented with additional training of 
trainers on sustainable techniques, demonstrations and information campaigns. (iii) Provision of 
subsidies or matching grants to encourage and assist farmers to invest in public good functions, 
such as control of erosion and landslides through afforestation or other land use change. 
 
Insurance 
 
151. Options for encouraging the development of agricultural insurance to reduce the impacts 
of weather events such as hail, frost and exceptional droughts, should be further explored.  
 
Watershed Management 
 
152. Improvements in watershed management can address erosion and flood hazards.  Its 
economic viability is solid.  However, since benefits may take many years to materialize, and 
may accrue to downstream beneficiaries and/or the global commons, there is a strong argument 
for state contribution toward costs.  Planning and improvements can be undertaken on a 
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watershed basis drawing on community mobilization and readiness to embark on long-term 
interventions. Opportunities for supporting afforestation of degraded agricultural lands with 
Kyoto Protocol compliant carbon finance could be explored. Such schemes are already being 
piloted in Moldova and could be scaled up based on existing methodologies. 
 
Large-Scale Infrastructure 
 
153. Hazard mitigation options reviewed by this study that would entail investment in 
infrastructure include rehabilitation of irrigation and flood protection.  The Government has 
developed but not yet financed a major irrigation rehabilitation program. The estimated cost per 
hectare is relatively high (US$500-1200), but economic returns can justify the investment where 
prices and access to markets for irrigated products are favorable.  Investment in irrigation should 
be undertaken on a demand basis and financing should draw primarily on private sources, with 
the role of the State focused on support for feasibility assessments to help targeting, and possibly  
rehabilitation of major inter-farm structures, such as pumping stations, that may be needed to 
establish privately financed sub-projects.  Given that the economic returns of such investments is 
often relatively low, flood protection should be financed in a programmatic manner, where 
investment is prioritized and phased, based on urgency and likely impacts in terms of human 
safety and economic loss avoided. 
 
Institutional Measures 
 
154. A national natural hazard risk-reduction and mitigation strategy should be developed by 
key institutions and stakeholders in a collaborative and participatory manner, with a view to 
establishing functional arrangements for coordination and defining critical areas where capacities 
need to be strengthened.  SDES may be the logical candidate lead agency for emergency response 
measures.  However, key hazards impacting rural livelihoods, such as drought and erosion, are 
predominantly of a non-emergency nature. Hence it may be more appropriate to assign separate 
institutional responsibility (e.g., by MAFI operating in close cooperation with MENR) to lead 
planning and response to slow onset natural hazards impacting rural areas.  Institutional mandates 
should be clearly defined so as to clarify responsibilities and deliverables, and avoid the 
possibility of overlap and wastage of resources.     
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ANNEX A. ECONOMIC AND SOCIAL LOSSES DUE TO 
NATURAL HAZARDS 

 
Table A1 

Frequency of Different Types of Natural Hazards in Moldova 1996-2004 
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Table A2. Annual Hazards from 1976-2005(Heavy Rain, Floods, Strong Wind, Hail, Heavy 
Snow, Frost and Drought) 

 

 
 



Table A3. Number of Emergency Situations and Economic Losses (million MDL) from Weather related Hazards 1998-2005, 
based on SDES data 
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ANNEX B. HAZARD MANAGEMENT INSTITUTIONS  

Figure B1.  Structure of Official Hazard Management Agencies in Moldova 
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Table B1. Institutional Responsibilities for Natural Hazard Risk Mitigation, 
Monitoring, Emergency Response and Recovery 
 

# Institution Subordinated subdivisions  Main responsibilities 
Governmental Commission on 
emergency situations 

1. National (headed 
by PM) and local 
(headed by 
mayors) 
Commissions on 
emergency 
situations 

 
 
Local commissions on 
emergency situations 

− preparing recommendations on emergency planning and 
preparedness, development of national/local policies and 
legislation; institutional strengthening, budgeting, etc; 

− elaborating and coordinating of urgent measures and actions 
in case of emergency situations;  

− organization and coordinating post-recovery activities; 
− review of the status of preparedness to emergency situations 

Special Service for Active 
Influence on 
Hydrometeorological 
Processes  

− monitoring and of heavy rains and hail; 
− crops anti hail protection; 
− stimulation of precipitations; 
− fog dispersion  

 
 
Republican Water 
Management Concern “Apele 
Moldovei”/ 
Acvaproject Institute  
 

− developing water policy, programs and action plans; 
− flood protection measures and projects; 
− elaboration of urgent measures in case of floods; 
− irrigation and drainage projects; 
− water reservoirs and water courses dams and dykes safety 

control;  
− participation in liquidation of relevant natural hazards 

consequences  

2 Ministry of 
Agriculture  and 
Food Industry 

 
Institute of Soil and Agro-
chemistry 
(partially subordinated also to 
the Academy of Sciences) 

− soil investigations; 
− preparing methodologies and methods for preventing land 

degradation and soil improvements (including gullies erosion, 
landslides and surface erosion); 

− preparing national programs and action plans in the domain; 
− extension of best agricultural practices on soil conservation 

through training and demonstrational activities. 
 

 
 
State Hydrometeorological 
Service 
 

− weather and natural hazards monitoring, meteorological 
(droughts, hail, frost, heavy rains, strong winds, etc.)  
hydrological (floods), agro-meteorological forecasts; 

− natural hazards warning;  
− dissemination of hydro-meteorological information among 

key stakeholders;  
− maintaining of National Fund of hydro-meteorological data; 
− monitoring of environmental pollution; 
− surface water resources monitoring, including water level and 

quantity 
 
 
State Geological Agency 
AgeOM/ 
State Enterprise Moldovan 
Hydro-geological Expedition 
 

− underground water resources monitoring (quality and water 
level); 

− monitoring of dangerous geological processes (landslides, 
gullies), including mapping, and forecast; 

− monitoring of earthquakes (on geodynamic indicators); 
− maintaining of the National Geological Archive. 
 

3. 
 
 
 
 
 
 
 

Ministry of 
Ecology and 
Natural Resources 
 
 
 
 
 
 
 
 

Institute of  Geography and 
Ecology   
(subordinated to the Academy 
of Sciences) 

− mapping of climate conditions and dangerous geological 
processes; 

− micro-zoning studies 
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State Ecological Inspectorate 
 
 

− ecological control and enforcement, including on 
implementation of preventive land degradation measures and 
action plans. 

4. Ministry of 
Internal Affairs 

Department of Exceptional 
Situations and its territorial 
sub-divisions 
 

− national legislation,  policy and programs development in the 
area of emergency response and mitigation of natural and 
man-caused hazards; 

− emergency response planning and implementation; 
− search and rescue; 
− developing and operating warning systems; 
− emergency preparedness and training; 
− post-disaster recovery and reconstruction; 
− monitoring of radioactivity safety; 
− disasters damage assessment 

Land Improvement Institute 
 

5. Agency for Land 
Relations and 
Cadastre  
(subordinated to 
the GoM) 
 
 

State Soil Protection 
Association and its territorial 
sub-divisions 

− designing national, regional and local soil improvements 
schemes; 

− implementing soil conservation measures. 

Forestry Design and Research 
Institute 
 

6. State Forestry 
Agency MoldSilva 
(subordinated to 
the GoM) Territorial Forest Enterprises 

 

− developing national forestry policy, legislation, guiding 
materials, programs and action plans in forestry sector; 

− preparing Forestry Management Plans; 
− designing afforestation and forestry biodiversity 

improvement projects; 
− implementing on the ground afforestation and other forestry 

activities, including afforestation of agricultural field 
protective belts. 

 
Institute of Geology and 
Seismology  

7. Academy of 
Science 
(subordinated to 
the GoM) 

 
Institute of Geography and 
Ecology 
 
 

− monitoring of seismic activity; 
− developing seismic maps; 
− vulnerability assessment; 
− maps design; 
− developing seismic, landslides and gullies erosion mapping 

methodologies; 
− dangerous geological processes mapping (gullies and 

landslides); 
− carrying out micro-zonation studies; 
− development of methodologies for micro-climatic zoning 

Iprocom–Municipal Design 
Institute  
“Urbanproject” – Design 
Institute on Regional 
Development and Physical 
Planning  
“Cercon” - Design Institute on  
Construction  

8. Agency of 
Regional 
Development 
(subordinated to 
GM) 

State Inspection in 
Construction 

 
− anti-landslides design in urban and rural areas; 
− design of storm sewage projects in localities; 
− seismic risk mitigation legislation and regulation in 

construction; 
− developing national standards in construction; 
− regional and urban planning; 
− construction inspection and building code enforcement 
 

Rayon Councils 9. Local public 
authorities Village Administrations  

(Primarias) 
 
 

− hazards records; 
− emergency situations preparedness planning and training; 
− planning and coordinating post-disaster recovery activities; 
− public warning and public awareness; 
− hazards reporting to central authorities 
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−  
10. Insurance 

companies  
 − life insurance; 

− construction insurance; 
− crop insurance 

11. State and Private 
Economic 
Enterprises 

 − emergency situations mitigation and preparedness planning 
and implementation; 

− staff training; 
− implementing post-disasters recovery activities 

12. Civil Society/NGO  − public awareness; 
− training and education; 
− information dissemination; 
− developing public initiatives in domain; 
− scientific and field researches; 
− public participation in mitigating and recovery activities. 

 
 



Table B2.  State Budget Financing for Key Sectors and Agencies for 2006 
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ANNEX C.  WATER MANAGEMENT HAZARDS 

 
Figure C1.  Risk Zones for Floods Caused by Natural Factors 
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Figure C2.  Main Dam Locations and Dam Break River Floodplain Impact Reaches 
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 Table C1.  Information on Status of Dams on 01 October 2005 
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Table C2.  Flood Protection Program 
 

N° Main Indicators Unit of 
Measure 

Quantity 

1 Total number of localities unit 1583
2 Total number of localities in regions at risk of flooding unit 659
3 Total number of main buildings from regions at risk of 

flooding 
unit 32267

4 Total number of main buildings that are protected unit 30616
5 Total number of protected people people 103287
6 Total number of buildings intended to be repositioned unit 1129
7 Total number of ponds and lakes for accumulation against 

freshets 
unit 457

8 Length of cleaned rivers, water flows and evacuation 
systems 

km 999,65

9 Total surface of the bed of the water flows and of slopes 
of consolidated dams 

100 m2 3270,23

10 Length of newly built or rebuilt protective dams km 606,71
11 Total length of channels of water flowing off slopes km 207,82
12 Surface of plain areas protected against floods ha 72587,7
13 Number of polluting objects protected against floods unit 165
14 Number of water supply objects protected against floods unit 189
15 Number of newly built or rebuilt bridges and water 

evacuation constructions from within the road network 
unit 1361

16 Total value of construction in prices as of January 1, 1998 th.lei 1020
17 General period for the implementation of the set of 

protection measures 
years 5,4
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Table C3.   
DAM BREAK ALARM SYSTEMS PROJECT 

Item Dubasari 
dam 

Costesti-
Stinca dam 

Vatra dam Dniestrovsk 
dam 

Totals 

Settlements covered 
by notification (no.) 

76 21 9 72 178

Telephone 
subscribers to be 
notified (no.) 

18000 4000 2000  

Sirens (no.) 98 18 31  
PCs (no.) 12 6 3  
Complexes for 
automatic telephone 
notification (no.) 

9 4 2  

PC modems (no.) 24 10 8  
FM radio stations 
(no.) 

29 3 32  

Lines and cables 
(km) 

36.7 27.6 14.2  

Total investment 
costs (US$) 

945,000 272,000 253,000 1,000,000 2,470,000

Including:   
Capital and 
installation cost 
(US$) 

126,000 34,000 29,000  

Equipment cost 
(US$) 

288,000 75,000 63,000  

Note 1:  Breakdown of total investment costs into capital/installation and equipment costs is not clear or is 
incomplete. 
Note 2:  For Dniestrovsk dam, main indicators are undefined and the provided investment cost is an 
assumed estimate only. 
Note 3:  The indicated overall project cost estimate of US$2,970,000 includes investment cost ($2,470,000), 
detail design for Dniestrovsk dam alarm system ($50,000), preparation of specifications and tender 
documents ($20,000), alarm systems testing ($40,000), training program development and execution 
($40,000), development of river basin action plans ($50,000), public relation activities ($10,000), project 
administration and supervision ($150,000), and a 5% contingency allowance ($140,000). 
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Table C4.  Subsurface Flooding Protection Program 
 

N° Main Indicators Unit of Measure Quantity 
1 Number of localities  
 Total unit 1534
 Research unit 1534
 Established as at risk of sub-flooding unit 1230
 Proposed for protection against sub-flooding processes unit 1165
2 Areas of localities 
 Total ha 260561,76
 Sub-flooded area (based on research) ha 40524,52
 Area at risk of sub-flooding (based on forecast) ha 42801,82
 Under protection with technical and engineering measures ha 25853,78
 Under protection with measures of adaptation ha 15876,36
 Unprotected territories ha 1071,68
3 Number of constructions 
 Total unit 963919
 In sub-flooded region (based on research) unit 68999

In the region at risk of sub-flooding (based on forecast) unit 77056
 Under protection against sub-floods unit 77056
4 Number of population 
 Total th. people 2972,0
 Living in regions at risk of sub-flooding th. people 293,0
 Under protection against sub-flooding th. people 293,0
5 Main technical and engineering measures of protection
 Open horizontal draining and water bed cleaning ha 9904,90
 Closed horizontal draining ha 9915,19
 Vertical draining ha 4504,23
 Preventive draining ha 232,20
 Other types of draining ha 1297,26
 Adaptive measures ha 15876,36
 Accumulators of draining waters unit 174
 Installations for biological purification unit 596
 Devices of the operation and control system unit 2628
6 Measures of protection through mechanical evacuation of draining water
 Areas ha 4694,95
 Number of constructions unit 7000
7 Cost of protection measures (in prices as of 01.01.2001)

Technical-engineering th lei 606191 89
 Environment protection th. lei 62752,02
 Accumulators of draining water th. lei 16205,26
 Installations for biological purification th. lei 19278,46
 Total th. lei 703968,31
 Converted at the rate of 12,848 (for date of 01.01.2001) th. $ USA 54792,48
8 Economic efficiency (rationality) of protection measures
 Coefficient of economic efficiency 0,145
 Recovery period years 6,91
 Prevented damages th. lei 115280,39
 Unit cost of protection measures (per construction) th. lei 9,14
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Table C5.  Irrigation Sector Investments Program 
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ANNEX D.  LAND DEGRADATION - TABLES 

 



 

 
 

Table D1.  Status of Land Degradation, Including Soil Erosion and Landslides 
 
 
A. Ranges given for landslides Number 13,000-17,000
Affected area acc. to Literature 20,000-50,000 ha  

acc. to Ecological Map 24,500-30,000 ha
Average from Map 10-30 per 100km2
PCF Baseline Study 1 per 200 ha agric. land
"Destroyed" area 8,423 ha

B. Ranges given for ravines Number 75,000
Affected area acc. to Ecological Map 8,000-12,500 ha

Average from map 10-20 per 10km2
State Ecol. Inspectorate 800 km2
State of Envir. 2004 6200 'active' 

C. Ranges given for erosion
Affected area acc. to Literature 8,000-14,000 km2

ISA, PRSP 26 million tons/yr

D1. Loss of soil and associated carbon loss by region for 1995
REGION Eroded area Soil loss Humus loss Soil loss Humus loss Carbon loss

000 ha/yr 000 tons/yr 000 tons/yr tons/ha,yr tons/ha,yr kg/ha,yr
North 652.4 3880.6 115.0 5.9 0.176 102
Central 289.9 9828.0 255.5 33.9 0.881 511
South-East 103.6 740.8 21.2 7.2 0.205 119
South 384.9 7694.9 214.8 20.0 0.558 324
TOTAL 1430.8 22144.3 606.5 15.5 0.424 246
Source: Bulletin of ecopedologic monitoring, 1996. 3rd Edition, Chisinau.  
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Table D2.  Land Degradation Trends in Recent Decades 
 
A. Growth rates from literature
Landslides 500-2300 ha/yr
Ravines 1000 ha/yr
Erosion 0.86%/yr
Erosion - PCF Moldova Baseline 1.5%/yr 10,000 ha

B. Erosion trends 1975 1995 2005 1995-2005
Ha change/yr

non-eroded 1457 1288 1211 -7700
slightly eroded 342 485 511 2600
moderately eroded 213 245 255 1000
strongly eroded 100 94 135 4100
TOTAL 2112 2112 2112
Source: Cerbari and Leah (ISA), undated. The process of soil degradation in Moldova.

C. Activation of land slides
1970 1980 1990 1995 1996 1997 1998 1999 2000 2001

Number of activation cases n/a n/a n/a 13 57 121 126 268 98 65
Administrative regions n/a n/a n/a 8 10 14 14 14 12 5
Area affected (000 ha) 21,2 48,6 79,3 n/a n/a n/a n/a n/a 84,0 n/a

000 ha

Source: PCF Moldova Baseline Study, 2003.  
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Table D3.  Economic Loss Due to  Landslides 
 

A. Economic loss due of landslides (1996-2005)

Year Number of landslides Costs (Lei)
1996 17 750,000
1997 64 960,000
1998 90 44,000,000
1999 197 44,000,000
2000 2 150,000
2001 1 3,300,000
2002 2 27,200
2003 4 270,000
2004 6 2,822,100
2005 2 399,000

Average 39                                9,667,830                                              

Source Loss Due to
ISA, PRSP 50-200 M$/yr surface erosion
TACIS Prut River 75 M$/yr surface erosion
PRSP 1500 M Lei/yr surface erosion
Land already wasted 371 M$ ravines
(ISA) 7 M$/yr ravines
PRSP 200 M Lei/yr ravines and landslides
PCF Baseline study 8,4 MS/yr landslides
SDES (Table A) 10 M Lei/yr landslides
PRSP 1400 M Lei/yr production loss
PCF Moldova 53 M$/yr production loss

B.  Ranges of economic loss from literature

Source: SDES
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Table D4.  Major Earthquakes of Recent Decades and Their Impact 
Year/Month Magnitude Damages registered for >7 earthquakes

(Richter)
1903/9 6.3
1904/2 6.3
1908/10 6.8
1912/5 6.4
1934/3 6.3
1939/9 6.1
1940/10 6.5

1940/11 7.4

Out of a total of 12500 buildings, more than 2790 were damaged, including 172
(or 6%) which were completely destroyed, 501 (or 18%) which required heavy
capital rehabilitation, and 625 (or 22%) that required significant rehabilitation. It
has been registered that 78 people died and around 1000 people were injured.  

1945/8 6.5
1945/12 6.3
1948/5 6.3

1977/3 7.2

The total number of damaged buildings registered is 11,850 (information is not
available for the entire territory of Moldova). More than 2760 buildings were
completely destroyed including 2260 apartment buildings, 71 childrengardens, 47
hospitals and policlinics. More than 6400 buildings required a heavy reparation
works and 2500 building needed to be rehabilitated and enforced.

1986/8 7.0

1173 buildings were completely destroyed, including 757 apartments, 59 schools
and kindergartens, and 39 hospitals. More than 7800 buildings, including 5972
apartments, were significantly damaged and required heavy reparation and
enforcement. About 100 km of water and sewerage pipes were heavily damaged as
well as 52 km of communication lines, 12 km of electric power supply lines, 13 km
of gas pipes. The quake caused a number of landslides. 2 peoples died and 561
were hospitalized. 3737 families (or 14450 inhabitants) were rendered homeless.
Economic losses related to rehabilitation of infrastructure and buildings were
estimated at $500-600M. USSR government on top of this provided $667M to
compensate bereaved families.

1990/5 6.7
1990/5 6.4

Sources: IGG Website (http://igg.asm.md/EN/centre.htm); and MND study, 2003  
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 ANNEX E. HYDROMETEOROLOGICAL ASPECTS 

 
 
Activities aimed at strengthening institutional capacity will need to focus on the three key 
weather hazards impacting the economy of Moldova: 
 

a. Deep convection May to August (heavy rain, localized flooding, hail & wind) 
b. Severe drought in part of the vegetative period May to August 
c. Severe frosts in May 

 
as well as improving institutional arrangements and developing the role of SHS within a national 
disaster management system. 
 
1 Strengthening capacity to mitigate against deep convection 
 
Reducing the risk of the impact of deep convention in Moldova will mean upgrading the current 
monitoring system, and installing an early warning system, capable of identifying areas of deep 
convection well ahead of their impact. The highest priority recommendations are:  
 
1.1 Acquisition of the 12 automatic weather stations and 12 automatic hydrological stations 
proposed by SHS (2 million MDL). 
 
1.2 Acquisition of two new modems, computer platform and software for SHS to access and 
display precipitation data from the MoldATSA MRL5 radar (45 thousand MDL). 
 
1.3 Acquisition of a dedicated forecaster workstation system at SHS to process national 
(and regional) synoptic data, display charts, radar and satellite data and other 
meteorological parameters for the Black Sea region (a complete turnkey solution running 
on low cost PC equipment, including forecaster workstations, message switch and satellite, 
plus web output of national products would cost no more than 2.1 million MDL, with 
annual support and maintenance costing around 320 thousand MDL, however, this could 
be significantly reduced if functionality already exists). 
 
1.4 Training of SHS staff at international and regional forecast centers, to make full use of 
the dedicated forecaster workstation as well as numerical weather prediction products, to 
increase the automation of the forecast process, and reduce the lead time in the prediction 
of deep convective activity (tailor made training could be provided, costing between 170 
thousand MDL and 360 thousand MDL, depending on location and length of the course). 
 
1.5 Explore the possibility to upgrade and provide an operational network of the MRL5 
radar together with the hydrometeorological services of the Ukraine, Belarus, and the 
Russian Federation, to contribute to quantitative, real-time precipitation monitoring in the 
region. Explore the opportunity to build on TACIS project “Emergency planning and flood 
protection in the lower Danube EuroRegion” (2005/101-096), with staff at the Ukraine State 
Committee for Water Management. 
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1.6 Acquisition of a dedicated hydrological modeling system at SHS, including a computing 
platform and modeling software (e.g. from Wallingford Software, DHI or Delft), to include 
GIS software and digital terrain mapping (the latter which could be made available from 
the military meteorological service), to automate the analysis and modeling of river flow 
(600 thousand MDL, including software for a 400 node model plus technical support, 
license for real-time applications, and dedicated PC). 
 
1.7 Access to real-time Meteosat data and Rapidly Developing Thunderstorm products 
from EUMETSAT, either through a EUMETCast receiver, or possibly through 
membership of EUMETSAT. Annual membership as a cooperating state would be 1.9 
million MDL. However, NMHSs of non-member states whose Gross National Income per 
Capita is below $3500 have access to Meteosat data without charge for Official Duty use 
(Moldova GNI/C is $590 according to World Bank Atlas statistics from 2003). Further 
details should be obtained directly from EUMETSAT. 
 
Other recommendations include: 
 
1.8 Acquisition of a new upper-air complex (19.3 million MDL). 
 
1.9 Further bilateral cooperation with the Romanian hydrometeorological service, especially in 
the improvement of data transmission capacity, the use of meteorological radar products and 
lightning detection, the use of numerical weather prediction products, and use of the regional 
meteorological training centre in Bucharest. 
 
2 Strengthening capacity to mitigate against drought 
 
Reducing the risk of the impact of drought in Moldova will mean using the latest international 
medium-range and seasonal forecast predictions to help with water storage planning and planting 
strategies, and gaining a better understanding of the impact of climate change. The highest 
priority recommendations are: 
 
2.1 Access to medium-range and seasonal forecast products from ECMWF, possibly 
through membership of ECMWF. Annual membership as a cooperating state would be 72 
thousand MDL, plus a Single Additional Contribution of 300 thousand MDL, which could 
be spread over 5 years. 
 
Other recommendations include: 
 
2.2 Provision of a climate change scenario for Moldova for the next 100 years, covering the 
implications of the predicted climate change on the environment and infrastructure of Moldova. 
This would include biodiversity, water supply, and building regulations, for example, similar to a 
current study being undertaken for the government of Hong Kong by the Hadley Centre for 
Climate Prediction at the UK Met Office (300 thousand MDL) 
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3 Strengthening capacity to mitigate against frost 
 
Reducing the risk of the impact of frost in Moldova will mean better micro-climatic mapping for 
Moldova, as well as improved automatic weather monitoring, using the proposed equipment 
identified in 6.1. The highest priority recommendation is to: 
 
3.1 Review the need and cost of micro-climatic maps of frost hazard, particularly in frost 
sensitive areas of Moldova. 
 
4 Improve institutional arrangements and develop the role of SHS within a national 
disaster management system 
 
The highest priority recommendations are: 
 
4.1 Formalise representation of SHS, SDES and the Ministry of Defense in the National 
strategy for disaster reduction. 
 
4.2 Develop a formal agreement between SHS and MoldATSA for the provision of 
meteorological radar data, and consider the possibility for contributions to be made by all 
stakeholder organizations with a responsibility for hydrometeorological monitoring and 
forecasting in Moldova.  
 
Other recommendations include: 
 
4.3 Set up a formal agreement between SHS and the military meteorological service to provide 
general forecast services to the military in exchange for the use of GIS and modeling software 
and expertise. 
 
4.4 Review the possibility to enhance the education and training for all staff involved in 
hydrometeorological activity in Moldova, perhaps through certification in operational 
meteorology at the Faculty of Physics at the State University of Moldova, or at the Regional 
Meteorological Training Centre in Bucharest, with a view to increase the competence and ability 
to retain the increasingly qualified staff needed in this field. 
 
4.5 Review the economic benefit of the Anti-hail Service, given the international consensus 
regarding the confidence of the technology, and the low benefit cost ratio. Assess the use the 
expertise of radar meteorologists from the Anti-hail Service within SHS as part of an all-year 
weather monitoring system. 
 
4.6 Put a process in place to allow certification of SHS under ISO9001, enabling a range of new 
services to be provided to allow SHS to act as the certification authority for insurance schemes, 
for example. 
 
4.7 Review the current legislation governing hydrometeorological activity in Moldova, to 
stimulate the development of weather related value added services (flood zoning and national 
insurance schemes), to clarify roles and responsibilities of agencies involved in 
hydrometeorological activity and natural hazard warning. 
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4.8 Review the need for basic training and education of the public to know what to do in the 
event of a natural disaster, and to familiarize the public with this information from an early age.  



 

 
 

Table E1. Organizational Structure of Weather Monitoring and its Weak Points and Gaps 
 

  

SHS  
(national  
coverage) 

MoldATSA  
(Chisinau airport) 

Anti-hail  
Service (6 sites) 

Military  
Service  

(Merkulesht') 
Observing equipment         
Meteorological stations 18 (6 automatic) 2 (automatic)   1 (semi-automatic) 
Meteorological posts 64       

Radar No radar 1 (precipitation,  
limited access) 

6  
(cloud reflectivity)   

Aerological station 1 (not in use)       
Hydrological stations 47       

1) Heavy rain 12 manual reports 06Z, 18Z 
64 manual reports monthly 

4km resolution  
every 10 minutes 

    

2) River floods 20 manual levels daily 
27 manual levels monthly 

      

3) Strong wind 18 (6 automatic) every 3h       

4) Hail 
Events reported 
when seen 

  Hail producing areas 
identified for  
suppression activities  

  

5) Heavy snow 

18 manual  
reports 06Z 
64 manual reports  
every 5 days 

4km resolution  
every 10 minutes 

    
6) Frosts 2m temps every 3h       

7) Drought (Use of precipitation  
and temp)       

Note: italic indicates that more frequent reports are provided in high water or strong wind situations  
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Table E2. Recommended Investments 
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ANNEX F.  TOWARD APPROPRIATE CROP INSURANCE IN 
MOLDOVA 

 
1. Introduction 
 
1. The Government of Moldova has enacted Law no 243-XV, of 8th July, 2004, entitled “Subsidy 
Insurance against Production Risks in the Farming Sector”. 
 
2. Crop insurance has attractions as a mechanism to stabilize farmer incomes, safeguarding the 
farmer’s financial resources and improving creditworthiness following crop loss, thereby promoting 
sustained agricultural growth.  It has the potential to move farmers out of the classic poverty traps caused 
by shock losses and difficulties to continue in production the following season.  An advantage for 
government is the potential to operate formal delivery of defined compensation to farmers, thereby 
reducing the dependency on, and need for, inefficient ad-hoc disaster relief.  Insurance is a mechanism 
which supports ex ante planning for risk management. 
 
3. In spite of its attractions, the experience with crop insurance in many countries has been one of 
significant difficulties and shortcomings.  The challenge of overcoming these difficulties can multiply 
when the key exposures to be insured are catastrophic perils such as drought, and when rural services - 
insurance, banking and markets - are poorly developed.  The resources required for, and cost of, 
administration of traditional crop insurance can reduce the attractiveness of insurance as a risk 
management tool. 
 
4. Section 2 describes international experience in crop insurance.  Section 3 considers options for 
planning appropriate crop insurance in Moldova. 
 
 
2. International experience in crop insurance. 
 
5. Crop insurance is practiced in many developed countries, but is not widespread in most 
developing countries.   
 
6. Two types of crop insurance programs traditionally dominate: named peril insurance (covering 
specific perils such as hail), and multiple-peril insurance, which covers losses from any perils (e.g., 
drought, flooding, wind, insects, and freeze).  More recently, index insurance has been introduced as a 
new type of insurance product. 
 
2.1 Named Peril Crop Insurance 
 
7. Named Peril crop insurance relies on actual measurement of percentage damage in the field, soon 
after the loss from the specified insured peril has occurred.  The percentage damage is applied to the sum 
insured established at the time of the sale of the policy to the farmer.  A deductible (typically 5%-10% 
damage) is incorporated to eliminate payments for minor damage.    
 
8. Hail insurance has a long history, and has achieved wide penetration in most countries.  It is 
practiced in the private insurance sector, normally without subsidy.  Hail insurance is generally successful 
for a variety of reasons: the losses are independent and localized, and established and objective methods 
exist to assess losses in the field for a wide variety of crops.  The reinsurance market is well developed, 
and can protect hail insurance companies against unexpectedly high aggregate losses in any one year.   
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9. For established programs, premiums are calculated based on loss history by crop and by region.  
For new programs, until experience is gained, premiums are normally initially established based on 
industry experience in other countries, and indicative data on regional hail frequency from meteorological 
data collected in the past.  
 
10. Hail insurance often includes losses from fire and wind damage. Other perils than hail can be also 
be insured using percentage-damage loss assessment, the most important being frost on fruit and vines.    
 
11. Named peril crop insurance is not suitable for drought, where the impact is gradual and 
progressive, and cannot readily be measured using a percentage damage formula.  The importance of 
drought as a cause of loss in rainfed crops and led to the later development of multiple-peril crop 
insurance as a product. 
 
2.2 Multiple-peril crop insurance 
 
12. Multiple-peril crop insurance (MPCI) relies on the measurement of crop yield shortfall, as 
opposed to a percentage damage. A threshold yield, normally between 50% and 70% of average yield, is 
established in the insurance policy, and the claim is payable based on the final crop shortfall below the 
threshold yield, multiplied by an agreed price per ton. 
 
13. A very wide range of perils is insured, as it is difficult to distinguish between individual causes of 
crop yield reduction, whether outside the farmers’ control (e.g. lack of rainfall), or those within the 
farmer’s control (e.g. poor management).  This gives rise to an immediate difficulty with MPCI, namely 
that disproportionately higher claims are likely to be paid to those farmers with poor management.  For the 
same reason, farmers with poor management are those most likely to elect to insure.   Successful insurance 
programs require that the insurer has adequate information about the nature of the risks being insured. 
This has proved to be extremely difficult for farm-level yield insurance. Farmers will always know more 
about their potential crop yields than any insurer. This asymmetric information is the major problem with 
insuring farm yields. If an insurer cannot properly classify risk, then it is impossible to provide sustainable 
insurance. Those who know that they have been favorably classified will buy the insurance; those who 
have not been favorably classified will not buy. This phenomenon is known as adverse selection.  
 
14. Insurers must also be able to monitor policyholder behavior. Moral hazard occurs when insured 
individuals change their behavior in a way that increases the potential likelihood or magnitude of a loss. In 
crop-yield insurance, moral hazard occurs when, as a result of having purchased insurance, farmers reduce 
fertilizer or pesticide use or simply become more lax in their management. At the extreme, moral hazard 
becomes fraud where policyholders actually attempt to create a loss. 
 
15. Multiple peril crop insurance is highly developed in the USA and Canada, with very limited 
programs in Western Europe (e.g. Spain) and South America (e.g. Argentina).  The crop insurance 
guarantee system practiced in the former Soviet Union was also a multiple peril, yield-based program.  
Similar insurance continues in parts of Russia, and similar legislation has been reintroduced in several 
former states.   
 
16. While many countries look to the U.S. experience as a model for what might be considered, there 
are some important limitations for countries trying to replicate the U.S. program. A key constraint is that 
almost all MPCI programs are heavily subsidized by government.  North American farmers pay only a 
fraction of the total cost of the crop insurance offered by the government (about 25 percent). There are few 
countries around the world that can afford such heavy subsidies.  Experience in the USA and Canada, 
countries with the most developed MPCI programs, was that actuarial calculations of premium were 
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consistently underestimated, due to biases such as adverse selection and moral hazard.  As a result there 
was a heavy cost burden of adverse insurance results falling to government, in addition to the cost of 
subsidies on premium and cost reimbursements for administration of the program. 
 
17. In summary, multiple-peril crop insurance that indemnifies losses on individual farm basis is 
subject to high administrative costs in order to overcome the problems of adverse selection and moral 
hazard.  It requires significant investment in monitoring farm yields to prevent both higher payments than 
those losses actually incurred by the farmer. Furthermore, multiple-peril crop insurance has large 
correlated risks, so it is exposed to extremely high potential claims in adverse years.  International 
reinsurers are reluctant to provide reinsurance for multiple peril crop insurance, particularly for new and 
unproven programs, and if available, costs are high. Experience to date indicates that it is extremely 
difficult, without massive government subsidies, to insure farm-level crop yields from losses caused by 
any number of natural perils.   
 
2.3 Index insurance 
 
18. Index insurance is an alternative, and newer, form of insurance that makes payments based not on 
measures of farm-level yields, or on percentage damage assessment, but on a separate parametric index.  
The most important index insurances are Weather Index and Area Yield Index.16 
 
19. Under Weather Index Insurance, payments are based on measurements made at a weather 
station, such as temperature or rainfall, or a combination of several parameters.  An index is constructed 
which correlates as closely as possible the expected impact of the weather on the crop.   In index 
insurance, payments are therefore triggered by realizations of a pre-specified index measure rather than by 
realized farm yields.  The most important peril for which Weather Index Insurance is appropriate is 
drought (lack of rainfall), in rainfed crops. 
 
20. Under Area Yield Index Insurance, official measurements of average yield over a unit area, such 
as a district or rayon, are used to trigger payments.  The individual farmer’s yield or damage is not 
assessed, and all farmers in the unit area are compensated proportionally, according to the compensation 
formula for the yield reduction in the unit area (e.g. rayon) concerned.   
 
 

Box 1: Index-Based Weather Insurance 
 
 
Index-based weather insurance products are contingent claims contracts for which payouts are determined 
by an objective weather parameter (i.e. rainfall, temperature or soil moisture etc.) that is highly correlated 
with farm-level yields or revenue outcomes. Rainfall-indexed insurance is well-suited to agricultural 
production in regions where there are widespread crop losses due to drought or excess rainfall. In such 
regions, rainfall can be used as a good proxy for the actual losses incurred by farmers. In other areas, farm 
incomes could also be indexed on temperature indicators for production sensitive to heat or frost, such as 
horticulture.  
 

The underlying index used for an index insurance product must be correlated with yield or revenue 

                                                 
16 A more detailed description of index insurances is available in section 4 of the publication “Managing Agricultural 
Production Risk: Innovations in Developing Countries”, ARD publication, available on the internet at http://www.itf-
commrisk.org/documents/agrisk.pdf .  This publication also describes index insurance programs in different 
countries.  
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outcomes for farms across a large geographic area. In addition, the index must satisfy a number of 
additional properties that affect the degree of confidence or trust that market participants have that the 
index is believable, reliable, and void of human manipulation, meaning that measurement risk for the 
index is low. The properties for a suitable index are that the random variable being measured is (a) 
observable and easily measured; (b) objective, (c) transparent; (d) independently verifiable; (e) able to be 
reported in a timely manner; and (f) stable and sustainable over time. Publicly available measures of 
weather variables generally satisfy these properties. 

Index-based insurance is less susceptible to some of the problems intrinsic in traditional multi-peril crop 
insurance. Since payouts for indexed contracts are automatically triggered once the weather parameter 
reaches a pre-specified level, the insured farmers receive timely payouts. The automatic trigger also 
minimizes administrative costs for the insurer by eliminating the need for tedious field-level damage 
assessment. Since administrative costs are lower, products are more affordable to farmers due to relatively 
low premiums.17 The objective and exogenous nature of the weather index prevents both “adverse 
selection” (farmers know more about their risks than the insurer, leading the low-risk farmers to opt out 
and leaving the insurer with only bad risks) and “moral hazards” (farmers’ behaviors can influence the 
extent of damage which qualifies for insurance payouts). Indexed products also facilitate risk transfer to 
the international markets, as international reinsurers are likely to provide better terms when the insurance 
is based on measurable weather events and not farm-level losses.  

Source: CRMG, World Bank 

 
 
21. As indicated in Box 1, index insurance holds significant promise in overcoming some of the 
constraints of multiple-peril crop insurance, for a number of reasons. In some situations, index insurance 
offers superior risk protection when compared to traditional multiple-peril crop insurance that pays 
indemnities based on individual farm yields. Index insurance needs serious consideration as an effective 
policy alternative, as it seeks to protect the agricultural production sector from widespread positively 
correlated crop-yield losses (e.g., drought).  Index insurance has considerable potential advantages since it 
is fully transparent (claims are paid based on measurements at weather stations), there are low costs of 
administration, and reinsurance is more readily available.  Thus, the risk of widespread crop losses can be 
shifted to financial and reinsurance markets.  Box 2 summarizes some features of Index insurance, 
compared to traditional multiple-peril crop insurance, and Box 3 compares relative costs of each 
administrative activity. 
 

Box 2: Advantages and Challenges of Index-Based Insurance 
 

Advantages Challenges
Less moral hazard 
The indemnity does not depend on the individual 
producer’s realized yield. 
 
Less adverse selection 
The indemnity is based on widely available 
information, so there are few informational 
asymmetries to be exploited. 
 
Lower administrative costs 
Does not require underwriting and inspections of 

Basis risk 
Without sufficient correlation between the index 
and actual losses, index insurance is not an 
effective risk management tool. This is mitigated 
by self-insurance of smaller basis risk by the 
farmer; supplemental products underwritten by 
private insurers; blending index insurance and rural 
finance; and offering coverage only for extreme 
events. 
 
Precise actuarial modeling 

                                                                                                                                                              
17 Approximately 10 percent. 
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individual farms. 
 
 
 
Standardized and transparent structure 
Uniform structure of contracts. 
 
Availability and negotiability 
Standardized and transparent, could be traded in 
secondary markets. 
 
Reinsurance function 
Index insurance can be used to more easily transfer 
the risk of widespread correlated agricultural 
production losses. 
 
Versatility 
Can be easily bundled with other financial services, 
facilitating basis risk management. 
 
 
 
 
 
 
 
Source: World Bank (2005) 

Insurers must understand the statistical properties 
of the underlying index. 
 
 
Education 
Required by users to assess whether index 
insurance will provide effective risk management. 
 
Market size 
The market is still in its infancy in developing 
countries and has some start-up costs. 
 
Weather cycles 
Actuarial soundness of the premium could be 
undermined by weather cycles that change the 
probability of the insured events (i.e. El Niño 
events). 
 
Microclimates 
Make rainfall or area-yield index based contracts 
difficult for more frequent and localized events. 
 
Forecasts 
Asymmetric information about the likelihood of an 
event in the near future will create the potential for 
inter-temporal adverse selection.  

 
22. As indicated in Box 2, the largest single disadvantage of index insurance is Basis Risk.  This is the 
deviation between the index result, measured at a weather station, and the actual loss or damage of an 
individual farmer.  Index insurance requires that there is high correlation of damage between farmers in a 
district, and for this reason most index insurance has so far been designed to manage drought.  If drought 
severity increases, farm results are increasingly correlated.  
 

Box 3: Comparison of Indicative Expected Cost Levels Involved in Underwriting and 
Administration Functions of Traditional and Index Insurance 

 
Function  Traditional Index Comment 

Key function: Insurers 
must establish farm or 
district level yield. 

Not required: Use an 
index as an agreed 
basis for payout. 

Establishing insured 
yield 

Cost: High Cost: Low 

Individual farmer yield 
setting not feasible in 
small scale farming. 

Needs assessment of 
individual risk or 
localized district risk. 

Not required, but 
insurers need to screen 
clients to check for 
insurable interest.  

Underwriting 

Cost: High Cost: Low 

Product must be 
adapted to local 
weather situation to 
minimize basis risk. 

Policy Sales Sales process requires 
high skills since it 
involves underwriting 

Sales process also 
requires good product 
knowledge. No major 

Education and 
extension remains 
important for any crop 
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decisions. underwriting decisions 
in sales process. 

Cost: High Cost: Medium 

or index product.  

Generally complex.  Simplified certificates 
or coupons. 

Paperwork/IT 

Cost: High Cost: Medium 

A key to cost reduction 
is effective IT in head 
office and districts 

Check for crop 
emergence. 

Not required. Field inspection 

Cost: High Cost: Low 

The insurer should 
monitor crop growing 
conditions in all cases. 

Needs inspection of 
crop damage and 
claim adjustment.  

Not required: Payment 
according to measured 
index.  

Loss adjustment 

Cost: High Cost: Low 

This category is one of 
the most important 
differences between 
traditional and index 
products. 

Settlement of claim. Settlement of claim. Claims payment 

Cost: Low Cost: Low 

Once claim finalized, 
similar payment costs 
are incurred. 

Source: William Dick, CRMG 
 
3. Issues and Options for Crop Insurance in Moldova 
 
23. Moldova faces significant constraints in introducing crop insurance.  These issues can be 
summarized as follows: 
 

• Farmers are suffering from other economic and structural difficulties, notably loss of market, 
low profit margins, and availability of inputs and infrastructure.  In this respect, farmers may 
regard insurance as low on the list of their priorities for improving their economic 
circumstances. 

 
• Insurance, as a mechanism, operates most effectively where it is linked to other measures to 

mitigate the farmer’s situation, (e.g. improving credit availability, market access, investment 
into machinery, irrigation equipment). Insurance cannot operate effectively in isolation, and 
will be regarded as a cost by the farmer.  Hence, any decision concerning the type and timing 
of introduction of crop insurance in Moldova has to be taken in the context of other initiatives 
for development of agriculture. 

 
• The main hazards causing widespread crop loss in Moldova were reported to the mission as 

drought (in rainfed crops), hail, and frost (especially for vines).  Winterkill can also cause 
widespread damage of autumn-sown crops.   

 
• The insurance sector in Moldova is poorly developed, especially in rural areas, and there is a 

lack of insurance awareness amongst farmers. Moldasig are the only insurance company 
actively considering crop insurance, and are at an early stage of developing proposals to 
provide cover, under the subsidization law.  Moldasig advised that their initial target crop is 
vines, to be insured against damage from frost and hail requiring re-grafting or replanting.  
Initial target farmers would be large farms, being more cost effective for individual-farmer 
insurance. 
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• There is a structural divide between large, former state, farms and small private farms.  
Insurance should be designed so that all farmers can benefit from cover. 

 
 
 
• Financial capacity to manage major national systemic risks, such as drought, are beyond the 

capacity of the insurance sector in Moldova and would be dependent on international 
reinsurance.   Such reinsurance is unlikely to be available to support a traditional individual-
farmer multiperil crop insurance program, and is more likely to be feasible for an index 
program and for conventional crop hail insurance. 

 
• The legislation in force provides a framework for subsidized, individual, multiple-peril crop 

insurance.   
 
24. Therefore, subsidized, individual-farmer, multiple peril crop insurance, as is envisaged by the 
legislation in force, does not appear an advisable or feasible option in Moldova. This conclusion is based 
on the negative experience of this type of crop insurance administered in many other countries, as 
described above.  Sections 3.a. to 3.c. therefore consider specific options for consideration by the Ministry 
of Agriculture.  
 
3.1 Develop privately run index-based weather insurance for broad-based threats like drought and 
frost  
 
Index-based weather insurance 
 
25. For the reasons provided in this report, weather index insurance is considered more likely to be 
feasible and appropriate than multiple peril crop insurance, for the peril of drought, whilst noting that any 
development of rural insurance in Moldova is a significant task. 
 
26. The following summary shows a potential framework for index-based weather insurance in 
Moldova: 
 

Box 4: Framework for Index-Based Weather Insurance in Moldova 
 

Technical issues Comment 
Insured perils Drought is likely to be the most important peril.  Later, 

additional indexes targeting specific risks, for example 
frost, and excessive rain at harvest, could be developed, 
based on demand assessment.  Index insurance is most 
applicable to perils with high correlation to farm-level 
losses over a wide area (section 2.3.) 

Crops Rainfed cereals (drought); grapes (frost) seem likely to be 
the most important opportunities for index insurance. 

Payout threshold (“strike”) and 
premium 

The level of the threshold (“strike”) (e.g. amount of rain 
shortfall in mm) at which payments start to be made is set 
so as to provide an affordable premium.  A balance is 
required between strike and premium, especially in high 
risk areas, and would follow from analysis of past 
meteorological data, in conjunction with agro-
meteorologist. 
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Weather stations The index would be based on measurements at existing 
official weather stations.  As index insurance expanded 
there would be advantages in increasing station density by 
introducing low-cost automatic recording stations. 

Organizational and underwriting 
issues 

 

Eligible farmers Any farmer.  Later, the program might be extended to 
others who have an interest in crop damage or shortfall, e.g. 
traders, input suppliers. 

Sums insured The farmer purchases an insurance amount (sum insured) 
based on the number of hectares to be grown, and some 
options of sum insured per hectare (reflecting costs of 
production). There is normally some flexibility permitted in 
the sum insured available to the farmer to purchase. 

Field inspections Validation of the area grown is not normally required under 
and index product. 

Loss adjustment Payments are calculated based on measurements made at a 
designated weather station, and no field measurement of 
crop loss is made. 

Linkages Insurance may be linked to a lending institution to protect 
credit, and the lending institution can also act as marketing 
outlets 

Structural issues  
Insurer Index insurance can be sold and administered by private 

sector insurers, who may enter into arrangements for the 
distribution of the product (lending institutions, input 
providers, etc.) 

Regulatory The regulatory authorities need to be involved in 
confirming the acceptability of index products to be 
marketed, but Government would not be directly involved 
in providing insurance coverage 

Financial issues  
Premium Premium would be payable in advance by the farmer, or 

paid as part of seasonal credit arrangements with banks 
Subsidy The product would not be subsidized 
Risk carrier The risk would be accepted by the local insurers, and 

reinsured (see 3.c.) 
Reinsurance A relationship with reinsurers, to transfer part of the risk, is 

normal. Reinsurers will be concerned to check that the 
original insurance program is being priced and managed on 
viable private sector principles. See 3.c. 

 
27. The World Bank is currently helping to pilot weather-index insurance in Ukraine. A description of 
the pilot is available in a separate paper (in both English and Russian). 
 
Index-based Yield Insurance 
 
28. The option of area-yield insurance in Moldova, (see section 2.3. above) as an alternative to 
weather index insurance, would be highly dependent on the quality of official area yield statistics for 
rainfed crops at the rayon level in Moldova.  In Moldova, the data on yields may be inadequate, depending 
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on the farm size and type of ownership.  For example, statistics are not available for small independent 
farms, which comprise the vast majority of farmers.  In addition, area yield data is subject to many 
influences other than the weather, e.g. prices available to farmers affect intensity of fertilizer usage; inputs 
may not have been available in some years; production or yield data may have been distorted to other 
reasons or reporting biases.  Weather-index is generally a preferred option compared to area-yield index 
for reasons of transparency, and acceptability to farmers.   
 
29. In summary, the weather-index insurance seems a plausible future instrument for drought 
insurance in Moldova.  However, such insurance would be most effective under an integrated approach to 
improvement in other rural services and markets.  The development, through feasibility studies, and pilot 
introduction of index insurance would require future technical assistance, and the commitment of a 
Moldovan insurer as a partner.   
 
3.2 Encourage private sector to insure localized threats like hail damage using traditional products 
 
30. As noted in section 2.1, localized risks such as hail have traditionally lent themselves to insurance 
in the private insurance sector.  Hail meets an important precondition for traditional insurance, namely that 
it is localized in occurrence (allowing premium to be collected from many clients, only a limited number 
of whom will suffer claims in any year); and meets the pre-condition that the damage can be measured 
objectively in the field.  Further, there is no influence of the farmer in the occurrence of hail, and thus no 
moral hazard associated with its occurrence.  These preconditions have allowed hail insurance to 
proliferate successfully in most countries where hail occurs, and for the risk to be underwritten in the 
private insurance sector, in most cases without subsidy.   
 
31. Moldova has continued to operate a hail prevention service using an expensive system of ground-
based rockets and radar stations. Clearly, there is a relationship between hail insurance and hail 
prevention, from which the following points are noted: 
 

• While it is possible that there is a reduced risk of hail (reduced frequency and severity) within 
the geographical command areas of the hail prevention system, there is no formal study to 
demonstrate the cost effectiveness of such a system.  

• The hail prevention system operates within the areas identified as being of highest hail risk; 
however, this risk assessment apparently does not take into account the relative values of 
crops within the command area (for example, vines being of higher value per hectare than 
wheat);  

• The majority of the area of Moldova – 80% of the national territory - is not covered by hail 
prevention.  

• Costs of hail prevention system have to be met by central government, and there is no easy 
way of collecting contributions from benefiting farmers; cost-benefit analysis should be 
carried out to compare the efficiency of the current anti-hail rocket approach to a risk-
reduction approach based on anti-hail insurance. 

• Any hail prevention system is not 100% effective and there could still be a need for hail 
insurance as well; which should be able to be offered at a lower premium rate reflecting the 
lower risk in the command areas; 

• Hail prevention services do not operate in neighbouring countries such as Romania and 
Ukraine, which face similar levels of hail risk.  In the case of Romania, hail insurance is 
offered in the private insurance market.  In Ukraine hail insurance is also offered but 
penetration is low, and the insurance market has suffered from significant difficulties, and is 
being restructured.   
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32. Hence, irrespective of the future scope of the hail prevention service in Moldova, there is a 
positive opportunity for hail insurance product in Moldova, to be offered by private insurers.  There is no 
history of hail insurance, and the insurance market is not currently serving a rural clientele.  However, hail 
insurance would be the obvious starting point for the insurance market to develop a client base and 
portfolio.   
 
33. In other countries, the development of hail insurance has been a private sector initiative of local 
insurance companies, frequently seeing the opportunity to market also a suite of other insurance products 
(life insurance, personal and health insurance, farm property, motor…) to rural clients.  Insurers have 
formed relationships with international reinsurance companies, who have provided both reinsurance, and 
some limited technical assistance to support the development of the hail product.  Reinsurers have 
exchanged information with their insurer clients on practices in other countries, and arranged exchange of 
personnel for technical training between client insurers in other countries.  Of particular relevance to hail 
insurance has been training in loss adjustment procedures and organization, relevant to each insured crop 
type, which is the foundation of a sound hail insurance system.  Collaboration has been a mutually 
beneficial arrangement for insurers and reinsurers.  Insurers have also benefited from some training 
courses arranged by the International Association of Hail Insurers.   If hail insurance is unsubsidized, as is 
normal, an insurance company can develop its market as a purely commercial private sector initiative.   
 
34. In Moldova, it is understood that hail insurance does not yet operate (though Moldasig is in 
discussion with international insurance groups involved in hail insurance/reinsurance to develop this 
business).  Once operational, hail insurance could also be extended to include specific additional perils, 
including fire on cereals and, with more difficulty, frost insurance on grapes.  Frost insurance on grapes 
requires that there is careful selection of farms, due to different exposures to damage according to factors 
such as cultivation, variety (timing of flowering) and local topography.  For example, in Turkey hail 
insurers have gradually added this peril to high value grape and fruit crops, having first established a 
portfolio of hail and fire insurance on cereal crops and then hail on fruit and grapes.  In the case of frost 
insurance on grapes, some form of temperature index insurance could be considered as an alternative, but 
as noted above there is likely to be significant basis risk for individual farmers buying such a product.   
 
35. Government should encourage the private insurance sector to develop the hail insurance market in 
Moldova.  While Moldasig could also be involved in hail insurance provision, it should not be given 
preferential treatment over private insurers.  
 
3.3 Use international re-insurance markets to spread risk 
 
36. Access to the capital provided by international reinsurance markets allows an insurer to meet 
claims in the event of circumstances beyond the capability of its own retained risk.  A description of the 
operation of reinsurance is given in Box 5. 
 

Box 5. An Explanation of Reinsurance 
 

 
Reinsurance 
 
Reinsurance is insurance for insurers. Just like insurance, reinsurance is “fundamentally the promise to 
pay possible future claims against a premium today.” Insurers often hold undiversifiable or extreme risk in 
their portfolio and since they do not wish to retain all of it, they transfer part of these risks to reinsurance 
companies. Reinsurers are paid a premium for taking on a portion of the risk from insurers. Reinsurers 
also advise insurers on product development and 
more complex risk-taking. 
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Reinsurance agreements can be “proportional” or “non-proportional.” With “proportional” agreements 
insurers and reinsurers divide premiums and losses in a contractually defined proportion, while with “non-
proportional” agreements the insurer usually pays all losses up to a defined amount and the reinsurer 
indemnifies for losses above that limit. “Quota-share” and “surplus” reinsurance are examples of 
proportional reinsurance agreements. “Excess of loss” and “stop loss” are examples of non-proportional 
reinsurance agreements. 
 
Reinsurers seek to operate across boundaries in order to build globally diversified portfolios. More than 
250 reinsurers in 50 countries wrote annual reinsurance premiums of circa US$176 billion in 2003. (a) 
Non-life reinsurance premiums accounted for US$146 billion or circa 14 percent of the global non-life 
primary insurance industry. Only US$25 billion of these premiums are written outside North America and 
Western Europe. (b) The ten largest reinsurers write around 54 percent of reinsurance premiums, and the 
two giants in the business, Munich RE and Swiss RE, write around US$49 billion of reinsurance 
premiums. (c) Securitization is an alternative to traditional reinsurance through which catastrophic risks 
are transferred to capital markets in the form of financial securities. Securitization has been used for 
natural catastrophe exposures, such as earthquake and hurricanes. 
 
Notes: 
a. Standard & Poor’s Global Reinsurance Highlights, 2004 Edition 
b. Latin America: $US4.7 billion, Asia: $US13.8 billion, rest of the world: $US6.7 billion. For comparison, the World Bank 
disburses approximately $US0.5 billion per year in emergency assistance grants and loans to developing countries 
c. This premium volume includes life and health reinsurance premiums. 
Source: Swiss Re 2004. 
 
 
37. Unfortunately, access to international reinsurance by developing countries has been problematic 
both for general property reinsurance, and particularly for agricultural reinsurance.  Access to reinsurance 
is particularly difficult at the early stages of a new program. One of the key advantages of weather index 
insurance is that international reinsurers have been willing to extend cover, on account of the integrity and 
transparency of claims are triggered by transparent measurements made by national meteorological 
services, which are generally considered independent of any biases.   
 
38. The need for reinsurance in agriculture is much more critical for perils which have a correlated 
(systemic, or catastrophe) occurrence, when all insured clients may be affected simultaneously.  The 
classic systemic risk is drought.  For drought insurance programs, access to reinsurance is vital.  If the 
aggregate exposures are large, which is likely to be the case in any country with significant rainfed 
agriculture, careful planning is required in advance to deal with the financial exposures, potentially 
involving a) domestic insurance capacity; b) commercial reinsurance capacity; and c) access to contingent 
finance through government, possibly backed by contingent loan arrangements with international 
organizations.  Modeling the expected results of an index insurance based on weather data, and associated 
calculation of premium rates, is relatively easier than where there are unknown influences on the claims 
outcomes.  For example, with traditional multiple peril crop insurance, it is difficult to predict the 
efficiency of individual farmer loss assessment, or the amount of bias due to adverse selection (purchase 
of insurance by farmers with less good management standards). 
 
39. New reinsurance capacity, both through reinsurers and through the derivative markets, has been 
opened up as a result of the development of index insurance programs.   
 
40. For weather index insurance, based on stations operated by the Moldovan meteorological service, 
it is very likely that historical and current data would be acceptable for a reinsurance program.  For 
example, reinsurance has recently been confirmed to support a drought insurance program based on 
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stations in India, Ethiopia and Malawi.  However, reinsurers would wish to carry out due diligence on all 
aspects of the operation of the program and on the insurance company(ies) they were contracted to 
reinsure, including for example, contract design, ratemaking, payment of premium and systems for 
payment of claims.  For yield index insurance (based on the rayon as a unit area for yield measurement), 
the mission believes that reinsurance in the international market would be problematic.  
 
41. In the case of Moldova, the mission believes that access to international reinsurance could be 
feasible for hail insurance, in the conventional crop reinsurance market, provided that normal technical 
standards for operating the product can be demonstrated, and subject to the normal underwriting due 
diligence undertaken by a reinsurer in this line of business.  As already noted, hail insurance procedures 
are internationally accepted and could be adopted by Moldovan insurers.  There is a market of 
international reinsurers interested in expanding their portfolio of business for hail insurance.   
 
42. For multiple peril crop insurance, the mission believes that international reinsurance capacity 
will be very problematic and very unlikely to be available.  
 
43. Considerable research has been carried out into the possible structuring of reinsurance capacity to 
support index insurance programs, which are subject to potentially catastrophic exposure.  In summary, 
three levels of cover (according to the severity of the aggregate losses suffered by the program during a 
crop season) can be considered: 
 

- Layer 1: routine losses are retained by the farmers; 
 
- Layer 2: risks are transferred to local insurers and international reinsurers in the commercial 

reinsurance market; 
 

- Layer 3: risks are transferred into an instrument established by government, possibly backed by an 
international contingent loan instrument such as a Disaster Option for Cat (DOC), or alternatively 
be reinsured if feasible. Such events are set to trigger once every (say) 30 years, i.e. very low 
frequency, but high severity, events. 

 
44. For hail insurance, the reinsurance structure adopted is much simpler.  An advantage of starting 
with hail insurance is that the expected variations in annual loss ratio (claims divided by premium) is well 
understood internationally, and reinsurance program in line with the size of the expected portfolio is a 
routine matter for re-insurers.  
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