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directly affected by climate change in the IMPACT model; however, the effects of higher feed prices 
caused by climate change pass through to livestock, resulting in higher meat prices. 

Figure 3.2—Global food price scenarios 

 
Source: IFPRI IMPACT model. 

Climate change–related global food price increases benefit the agricultural sector in Syria through 
higher prices but lead to overall negative effects on the economy as a whole. The annual average 
agricultural growth rate is between 0.2 and 0.4 percent higher compared with the perfect mitigation 
scenario, but exhibits a declining trend over time (Figure 3.3).11 The positive effect on agricultural growth 
GDP cannot outweigh the negative effect on other sectors, which reduces the overall annual growth rate 
by 0.01–0.02 percent between 2010 and 2050, relative to the case of perfect global mitigation (Appendix 
Table H.7). This slower growth is mainly explained by an increase in the real exchange rate and higher 
costs for factors employed in the agricultural sector. 

                                                      
11 In the DCGE model it was not possible to separate livestock by agroecological zones. Therefore, totals in the graphs refer 

to total GDP, while the zone-level results exclude livestock. 
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Figure 3.3—Impacts of global changes on agricultural GDP, 2010–2050 

  
Source: DCGE model. 

Impacts on crop GDP growth vary by agroecological zone depending on the zone’s production 
structure. In general, the zones that grow more crops that experience the largest world market price 
increases relative to other crops benefit the most (Figure 3.3). Agricultural growth in zones 1–5 ranges 
between 0.1 and 0.5 percent above the perfect mitigation scenario during the entire period. Benefits to the 
agricultural sector accrue in two phases, a 0.1-0.6 percentage point growth rate acceleration compared to 
perfect mitigation until 2025, followed by a steady increase in agricultural output in most zones from 
2025-2050.12 The sudden change in agricultural GDP around the year 2025 underlines the importance of 
considering global effects on domestic agriculture. While the drop does not strongly effect the overall 
impact, it does show that the projected change in global biofuel policies and the expected slowing of food 
price rises have repercussion on the country and sector levels. Zone 5, for example, stays within the range 
of 0.4 to 0.3 percent higher compared with the baseline, while the zone 1 values do not rise beyond 0.3 
percent higher. The relatively low additional growth in zone 1 is explained by its high share of fruit and 
vegetable production (Figure 3.3), for which world market prices rise relatively less than prices of other 
crops. However, in absolute terms, zone 1 gains the most, given that about 50 percent of agricultural 
value added is produced in this zone. 

Farm households benefit from higher food prices, while rural nonfarm and urban households see 
a decline in their real incomes. Both the rural nonfarm and urban households are negatively affected as a 
result of global climate change, with 0.01 to 0.4 percent lower annual incomes over time than incomes in 
perfect mitigation (Figure ). Urban households as a whole suffer from higher commodity prices, yet given 
that some urban households also earn incomes from agriculture, the overall negative effect is modest. The 
rural nonfarm households are hardest hit—among them the Bedouin population of Syria—due to their 
reliance on nonfarm incomes and their net food buyer status. The only household group that benefits from 
the global rise in food prices is the rural farm household sector. The reduction in global agricultural 
yields, coupled with the fact that they are often net producers of food (and landowners) in the Syrian 
economy, gives them positive income effects. Their real income is between 0.2 and 0.9 percent higher per 
year than that in the perfect mitigation case. Overall, the benefit that accrues to rural farm households and 
the adverse effects on the rural nonfarm and urban sector almost balance each other out. 

                                                      
12 As discussed in 3.18, the change in world market prices due to projected changes in biofuels policies has repercussions on 

the country level. A slower increase in global food prices leads to a slower increase in producer prices in Syria and thus slower 
agricultural growth. 
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4.  ECONOMIC IMPACTS OF DROUGHTS IN SYRIA 

Drought Characteristics 
Syria frequently suffers from droughts, causing negative implications for the economy and people. In 
general, droughts affect a country through a variety of channels. Low rainfall leads to crop yield reduction 
or, in extreme cases, to complete loss of the harvest, especially for rainfed agriculture. Droughts also 
affect the livestock sector, especially animals that rely on pastures for feed. Not only the frequency of 
droughts but also the length of the dry period matters, where prolonged periods of low rainfall tend to 
exacerbate the impacts. In addition to these direct effects on the agricultural sector and farm households, 
indirect effects of droughts are likely to affect other sectors of the economy and nonfarm households. 

Experience from the 2007–2009 droughts confirms that the impacts of climate variability reach 
beyond the agricultural sector and the rural poor in Syria. Narratives suggest that the recent droughts have 
been especially damaging for small-scale farmers and herders, while affecting nonfarm households 
through higher prices and thus reductions in real incomes.13 In addition, reductions in wheat yields have 
made Syria a net wheat importer over the past three years, with macroeconomic implications on the 
balance of payments and concerns about macro-level food security. Although these general directions of 
drought impacts in Syria are well known, the potential size of drought impacts in terms of GDP lost and 
changes in poverty are not as well understood. 

Quantifying the impacts of drought is important to incorporate appropriate responses into 
development strategies. This may become even more important in the future, given that global climate 
change may increase the severity and frequency of extreme weather events (Salinger 2005). However, 
conducting drought impact assessments is complicated by the complex nature of the impacts and the 
availability of data. Isolating drought effects can be challenging, and if data are incomplete, it may not 
always be possible to assess the direct and indirect effects, which is why computable general equilibrium 
(CGE) models have become an increasingly popular tool for disaster impact assessments (Pauw et al. 
2010). Within the CGE literature, the most common analyses are ex ante, to assess the impacts of 
hypothetical events (for example, Boyd and Ibarraran 2009), and ex post, to evaluate the impacts of 
historical events (for example, Horridge, Madden, and Wittwer 2005). 

This drought impact assessment uses the CGE model presented in Section 2 to assess the 
potential impacts of future droughts in Syria. We use an ex post approach by using the data from a 
historical drought event in Syria and, more specifically, the changes in yields and losses in livestock that 
occurred during 1999–2001. This approach allows us to look beyond the reductions in agricultural 
production and also isolate the impacts on the broader economy and households. This chapter reviews 
major meteorological characteristics in Syria relevant for plant growth and identifies major drought 
events by agroecological zone using the Palmer index and then introduces the CGE simulation design by 
analyzing historical crop and livestock data and present model results. 

Droughts in Syria have occurred frequently during the past 50 years. Throughout the fifty years, 
from 1961 to 2009, Syria suffered through [close to] a quarter century’s worth of drought, a figure quite 
significant in that it makes up slightly over 40% of this period in Syria’s history. On average, the drought 
periods lasted close to four and a half years each time; however, the drought years of the 1970s were 
especially notable because they affected four out of the five agricultural zones in Syria and lasted for 10 
consecutive years. Following these droughts, the intensity and frequency of the drought periods varied 
across Syria and its different agroecological zones. 

From an agricultural perspective, a drought’s spatial extent can prove as important as its severity 
measure, and disaster risk management is especially challenging when droughts occur in different zones 
at the same time. The more the spread of drought occurrences across the zones at once, the more serious 
the implications may be on the country’s food security and economic stability in general. Food self-
sufficiency is not a necessary condition for food security; however, a longer-lasting nationwide drought 
                                                      

13 Based on interviews from a fieldtrip in April 2010. 
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northwestern coastline along the Mediterranean Sea and to its northeastern border of Turkey. The 
population density in zone 1 is highest along the coast of the Mediterranean Sea within and around the 
city of Latakia in zone 1 and to a lesser extent along the border of Lebanon and around the city of 
Kamishli along the Turkish border. Within zone 2, the population density is slightly lower (still within the 
same northwestern region) and appears as clusters around the cities of Aleppo and Hama.14 Furthermore, 
there is a notable clustering in zone 2 along the Lebanese border in the southwestern portion of Syria. 
Zone 3 (like zone 2) extends from the southern tip of Syria to its northeastern-most tip. In this zone, the 
highest population density is in the southern part of Syria around the capital, Damascus, which is located 
within both zones 3 and 4.borders, however, whose population density also extends to the neighboring 
zone (3). Zone 5 makes up the majority of Syria’s surface area; however, it has the lowest population 
density of all five agro ecological zones. The highest population density in zone 5 is along the route that 
links the cities of Raqqa, Deir Ezzor, and Abu Kamal. 

Figure 4.1—Drought index, 1960–2009 

 
Source: IFPRI 2010 and authors’ calculations. 

Historical Drought Impacts on Agriculture 
We use an ex ante approach to assess the impact of droughts on agriculture, the economy, and poverty 
and focus on the 1999–2001 drought for this impact assessment. The 1999–2001 drought lasted three 

                                                      
14 Aleppo and Hama are on the border of zones 1 and 2 but are considered more into zone 2 than 1. 
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Figure 4.6—Food security index 

 
Source: DCGE model. 
Note: *The annual food security index has been adjusted by the annual consumer price index (CPI). 
Y1-Y5 stands for year one to year 5 of the projected drought 

Poverty increases across Syria among all household groups as a result of drought (Table 4.4). 
This increase in poverty is explained by a combination of declining incomes and a higher cost for 
consumption. In the absence of any mitigation policies, by the third drought year, the national poverty 
rate would have increased by 0.64 percentage points over the baseline scenario. After the peak of the 
drought, poverty declines but remains above baseline levels for several years. 

Table 4.4—Poverty impact of drought (percentage point change from baseline) 
  Change from Baseline 
 Initial Y1 Y2 Y3 Y4 Y5 Y6 

National 12.3 0.48 0.46 0.64 0.43 0.46 0.37 
Rural 15.1 0.69 0.57 0.69 0.52 0.67 0.45 
   Farm 18.7 1.24 0.37 0.60 0.36 0.28 0.30 
   Nonfarm 13.3 0.41 0.84 0.94 0.58 1.35 0.67 
Urban 9.9 0.30 0.43 0.56 0.49 0.32 0.34 

Source: DCGE model. 
Note: Y1-Y5 stands for year one to year 5 of the projected drought 

Poverty increases the most in rural areas, where drought impacts cause the number of people 
living below the poverty line to increase by 0.69 percentage points compared with 0.56 in urban areas. Of 
all groups, the nonfarm sector shows the highest increase in poverty rate. This can be explained by the 
fact that Bedouins, who are likely to be among the hardest hit, are not considered farmers in the 
underlying model.15 However, it is important to note that the most vulnerable household groups, such as 
the Bedu see much higher increases in poverty that the aggregate results suggest . It is estimated that 
about 1.5 million Bedouins live in Syria. The livelihood of Bedouin households is mainly from 
sheepherding and to a lesser extent camelherding. 

Droughts have been especially damaging for small-scale farmers and herders. Interviews with 
communities in Al Badia suggest that households with 200 sheep or fewer were often forced to give up 
herding and move to the large towns and cities, hence losing their livelihood. In some Bedouin 
communities, 70–80 percent of households left their traditional livelihood behind. Bedouins with larger 
numbers of sheep, camelherders, and households with diversified sources of income such as remittances 
and off-farm incomes, are more resilient. However, the impacts of drought are felt across all households 
and communities: reduced nutrition levels, lower education attendance levels, and reduced mobility (S. 
Tikjoeb and D. Verner, pers. Comm. 2010). 

                                                      
15 The household survey did not allow for identifying Bedouin households.  
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5.  CONCLUSIONS AND PROPOSED ACTIONS FOR ADAPTATION 

This report has taken a global and local perspective in assessing the impacts of climate change on the 
Syrian economy, agriculture, and households. The major impact channels of global climate change are 
through changing world food (and energy) prices, especially because Syria has become a net importer of 
oil and petroleum products and many food commodities in recent years. The impacts of local climate 
change are seen through both long-term yield decreases and potentially higher climate variability 
(droughts). 

Even under perfect climate change mitigation, the world market prices for food are projected to 
increase. For example, the price of rice is projected to rise by 62 percent, maize by 63 percent, soybeans 
by 72 percent, and wheat by 39 percent, posing food security challenges especially for net food importing 
countries and poor households. Climate change results in additional world market price increases: 32 to 
37 percent for rice, 52 to 55 percent for maize, 94 to 111 percent for wheat, and 11 to 14 percent for 
soybeans. Energy prices may also rise as a consequence of climate change, yet estimates vary widely, and 
factors other than climate change are likely to play a major role too. The results of this report suggest that 
higher global prices for food will lower overall gross domestic product (GDP) growth, decrease real 
household incomes, and hurt the poorest the most in Syria. 

Local impacts of climate change on Syrian agriculture will be seen mainly through declining 
yields. The yields of most crops across all agroecological zones are projected to decrease over time due to 
climate change. Irrigated wheat is projected to decline between 0.2 percentage points and 38.8 percent in 
agroecological zones 1–5, rainfed wheat between 12.6 and 28.9 percent, maize by 0.9 to 5.9 percent, and 
potatoes between 17.7 and 40.0 percentage points. The agricultural sector suffers from overall long-term 
declines in yields, yet different agroecological zones are affected differently. Annual agricultural GDP 
growth is projected to be between 0.3 and 0.4 percent lower due to combined climate change than in a 
situation without climate change. 

Global impacts will be felt by Syria through rising food (and potentially energy) prices. Results of 
this report suggest that higher global prices for food (and energy) negatively affect most sectors of the 
economy, except for agriculture, which benefits from higher prices. Real household incomes decline, 
particularly those of poor rural nonfarm households. Local impacts of climate change hit the agricultural 
sector particularly hard. Annual agricultural GDP growth is estimated to be 0.6 percent lower on average 
between 2010 and 2050 compared with a situation of perfect mitigation. Agroecological zones are 
affected differently; the major production zones, 1 and 2, show the sharpest declines in crop output. 
Combining local and global climate change effects slows GDP growth in all sectors. Rural households 
(both farm and nonfarm households) suffer the most from climate change, but urban households are also 
worse off when compared with the perfect mitigation scenario. Urban households earn on average 1.6 
percent less income each year, while rural incomes are 2.0 percent lower. 

Droughts in Syria have occurred frequently during the past 50 years. Throughout the fifty years, 
from 1961 to 2009, Syria suffered through [close to] a quarter century’s worth of drought, a figure quite 
significant in that it makes up slightly over 40 percent of this period in Syria’s history. An increase of the 
frequency and severity of droughts would not only hurt agricultural sector but also the Syrian economy 
and its poor. Results show that the loss in economic output during drought years may reach as much as 
0.8 percentage points of baseline GDP. Food security and the poor are hard hit by droughts. Spiking food 
imports are the main driver of lower food security. Poverty increases by about 0.6 percent during a 
drought, and the rural nonfarm poor are hardest hit with poverty rate increases of more than 1.0 
percentage points. 

Given the strong global and local impacts of climate change, a diverse set of policy actions at 
different levels will be required to mitigate the negative socioeconomic effects. Moreover, global price 
increases, declining crop yields, and droughts affect different sectors and households differently, which 
underscores the necessity to consider a variety of mitigation tools, including global and national action 
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plans, investments in agriculture, social protection, and disaster risk management. These adaptation 
measures are explained in more detail below. 

Advancing a Global Action Plan 
Richer and more developed nations have contributed most to greenhouse gas (GHG) emissions, which are 
causing climate change. In addition, more developed countries will be less vulnerable to climate change 
than developing nations. Hence, the former bear a responsibility to support the latter in finding ways to 
adapt, whether through finance, technical expertise, or a combination of both. Thus, globally and locally, 
some measure of redistribution may become inevitable in the near future. 

The international community, including individual countries, needs to increase investment in 
international research and development in the agricultural sector. Research and development should not 
only emphasize productivity of crops and livestock but also support modified crop varieties and livestock 
dietary varieties in a climatically changing world. In general, a greater emphasis should be placed on 
increasing the knowledge pool at the global level.16 This enhanced international effort should create 
global public goods and knowledge to help all countries increase agricultural productivity in a changing 
climate. 

Low carbon growth should become an objective for all countries. Syria may make a contribution 
to reducing global GHG emissions by following a more fuel-conscious policy, adopting various 
mitigation measures such as revising its fuel subsidy policy, limiting carbon dioxide capturing and storing 
CO2 from the atmosphere, and possibly encouraging and developing alternative fuel possibilities as 
appropriate (Hainoun 2008a). The agricultural sector in Syria (as in several other countries) is typically 
the largest contributor to GHG emissions; however, this sector is also a potential mitigator of these 
emissions and of overall global warming if it is part of a comprehensive national development plan in 
Syria. International organizations and partner countries should support these efforts. 

Reform of the global food system should become a priority to make it more resilient to climate 
change and other shocks and to make trade freer and better. With the inevitability of increased climate 
variability, trade is a crucial mitigation and adaptation channel that would allow “…regions of the world 
with fewer negative effects to supply those with more negative effects” (Nelson et al. 2010). The 
heterogeneity with which climate change will impact countries, and regions within countries, necessitates 
that Syria, as other countries, rely increasingly on healthy and open trade relationships to fulfill the 
increasing demand for food. Syria already acknowledges these crucial ties; it has recently submitted a 
request to accede to the World Trade Organization that is currently being reviewed by an assigned 
Working Party (TWN 2010). The result may provide the additional channels necessary to face imminent 
climate variability. 

Including Climate Change in National Strategies, Policies, and Investment Plans 
Acknowledging and incorporating global climate change and variability and their appropriate mitigation 
and adaptation measures into national development targets and policies is crucial for successful 
adaptation and mitigation. In general, wealthier countries and households are likely to find it easier to 
adapt to new challenges. Therefore, general policies and investments that foster sustainable growth will 
also broaden the options for adaptation for governments and citizens. In the case of food security, for 
example, this report has shown that prices of global food commodities are likely to rise due to general 
global population and income growth, and compounded by climate change. Turkey and other countries 
have demonstrated that improved food security can be achieved with broad-based development, 
specifically by increasing and diversifying nonfood exports and increasing household incomes. Nonfood 
exports generate much-needed foreign exchange to purchase food commodities on international markets. 

                                                      
16 An example of research that is currently inconclusive in its application to the inevitable increase in GHG emissions is 

carbon dioxide (CO2) fertilization. Further tests may shed light on how crops may fare in a world with rising CO2 (The 
Economist 2010). 
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Accelerating growth that is export oriented and that benefits all household groups should therefore also be 
a primary tool for Syria to develop in a changing climate. 

Agricultural and Rural Development Policies 
Yields of rainfed crops are hit specifically hard by droughts and by the long-term impacts of climate 
change. Scientific advancement in breeding more drought-resistant varieties will therefore be crucial in 
the future of rainfed agriculture in Syria. Investing in the development of drought-resistant seeds and 
encouraging farmers to adopt these seeds may mitigate adverse consequences on rainfed agriculture and 
safeguard farmers from drought-induced yield losses. Farmers also have different on-farm management 
techniques to offset the impacts of climate change. On-farm management practices may include shifting 
the planting date, switching crop varieties or crops, expanding the area of production, and increasing 
irrigation coverage (Burke and Lobell 2010). 

Irrigation efficiency must be improved where economically viable to get “more crop per drop.” 
Irrigated crops are less affected by droughts; however, expanding irrigation is possible only to a limited 
extent, especially in Syria and all other countries in the MENA region, which have severely constrained 
water resources. Therefore, increasing irrigation efficiency becomes necessary for the future of irrigated 
agriculture in Syria. In addition, a system that conserves rainfall and efficiently distributes water in other 
zones should also be a part of the national plan to further investment in water, an increasingly scarce 
resource. However, it is important to note that increasing irrigation efficency often increases yields but 
translates only partly into water savings. 

In addition to developing heat- and drought-resistant cultivars that would weather the expected 
decrease in water availability and increase in temperature, an important part of investment, research, and 
development in agriculture would also include changes in crop practices – optimum sowing dates, choice 
of cultivars, planned plant density (Hainoun 2008b), reevaluation and redesigning of irrigation, and water-
harvesting practices to sustain a healthy agricultural sector. 

In addressing climate variability, it is essential to distinguish between short-term measures and 
long-term measures. The former improve the resiliency of the agricultural sector, and the latter introduce 
structural changes that affect the sector’s profile for the longer term (Easterling 1996). Some examples of 
short-term mitigation practices include varying the planting season from year to year as necessary. For 
instance, some farmers in some parts of Africa and Asia vary the planting season by one or two months 
from year to year (Burke and Lobell 2010). Longer-term mitigation measures may also vary. For instance, 
depending on the expected type of the variability in climate, such as precipitation levels or temperature, 
measures may be taken to change the crop varieties farmers use for planting (Burke and Lobell 2010). If 
the region is expecting a decrease in precipitation, then using faster-maturing seeds varieties would 
reduce the time the plant has to withstand lower moisture availability. If precipitation levels are not 
expected to change but temperatures are expected to increase, then longer-maturing seed varieties may be 
an appropriate alternative (Burke and Lobell 2010). 

Structuring and legislating the livestock sector to highlight its income-generating prominence in 
the Syrian economy will significantly contribute to different mitigation and adaptation measures. With the 
expected continuation of climate variability and increased drought occurrences, the livestock sector is one 
that requires extensive adaptation policies and methodologies to continue contributing to rural livelihoods 
in Syria. Adaptation methods may be categorized under general climate variability adaptation and more 
specific livestock sector adaptation. The former includes various targets, from collecting and structuring 
information and data, to conducting the necessary research, to disseminating findings, and finally to 
monitoring the impacts. Adaptation methods for the sector may be broadly classified under the following 
focuses: improve grazing management, improve animal biocapacity, enhance rural livelihoods, improve 
market access, and increase the studies on climate change and its impact on the Syrian economy (Batima 
2006). 

Grazing management techniques and practices need to have the conservation of the country’s 
ecosystems as a prime objective. Land used for grazing should be used for one season, after which the 
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herd should be moved to another piece of land and the previously grazed land restored for its next cycle 
of grazing. Furthermore, grazing times may be modified to avoid hours of extreme weather conditions for 
the well-being of the animal. Other grazing management techniques include increasing the reliance on 
cultivated pasture lands, improving pasture yields, and increasing the conservation of pasture water 
supply. It will be necessary to adopt legislation that will organize the possession of land for pasture to 
heighten a sense of ownership and thus encourage pasture land development (Batima 2006). 

Another mitigation and adaptation measure will be to improve animal bio-capacity to withstand 
climate change adversity and maintain good health and productivity. This may be done by increasing 
supplementary nutrient feeding of animals, improving veterinary services, and introducing high-
productivity breeds to withstand the expected and unexpected changes in weather (Staal 2010). 

To adapt the rural space to a changing climate, the physical, financial, social, and risk-
management infrastructure will need improvements to enhance rural livelihoods. These may be achieved 
by promoting a strong education for rural households and increasing nonfarm income opportunities and 
relationships through improving market access to major cities in their vicinity. Consequently, these 
developed and sustainable channels are fundamental to develop and disseminate new technologies, 
information, and support to herders. One way to help mitigate risks is to assess whether erecting an index 
based livestock insurance (IBLI) (Ayantunde et al. 2010) may provide the herders with the necessary 
coverage to maintain their livelihoods (see details on index-based insurance, below). Overall, any 
financial support scheme must not propagate moral hazard or passivity among herders but instead must 
increase independence and proactiveness as individuals and as herder communities (Seo and Mendelsohn, 
2008). All the above methods may help in rural income diversification to mitigate the risks associated 
with climate variability and its impact on livestock sector productivity. 

Social Protection Policies 
Even if the severity and frequency of droughts remains constant, the Syrian people are likely to suffer 
increasingly negative socioeconomic impacts as a result of higher population and livestock density and 
increasing groundwater depletion. Herders in particular are hit increasingly hard, mainly because of the 
sharp spike in livestock density and the competition for pasture land. In addition to policies and 
investments in agriculture and rural areas, social safety nets are essential to provide the necessary 
channels of outreach and mitigation to the poor and vulnerable, both in times of crisis and under the more 
benign conditions of product, information, and technical support dissemination. 

The poorest of the poor are hardest hit by climate change; thus, improving the targeting of 
existing safety nets and building new ones is critical to protect the poor. Relying on already existing 
channels and improving or extending them cuts down on new outreach costs as well as helps integrate 
national and sectoral policy into an overall objective of poverty mitigation and adaptation and livelihood 
sustainability. In Syria, there is a necessity for improving and expanding social safety nets. In this 
process, it is important to know who the vulnerable are, where they are, what they need, how to reach 
them, and how to receive feedback from them. 

Drought management should be combined with social safety nets and long-term development 
goals. Drought management should become part of the overall economic development planning 
framework by recognizing the role of social transfers in building economic resilience among communities 
vulnerable to disasters, and it should be implemented by the relevant Syrian authorities, international 
agencies, and donors. Such initiatives include direct transfers, cash-for-work programs, community asset 
building through public works, assistance in undertaking microenterprises, other productive activities, and 
nutrition and health programs. These initiatives would work at the field level and play a key role in 
providing immediate relief after disasters as well as assist in recovery and rehabilitation activities. The 
effectiveness of their roles in past droughts should be evaluated to estimate present and future needs for 
capacity building, funding, and the possible expansion of their role in disaster management. 
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Disaster Risk Management Strategies 
It is crucial to build a rich and functioning network for risk mitigation of the social and extension services 
that link farmers to agricultural research as well as the vulnerable population to markets and 
policymakers. A network of extension services is crucial in outreach to farmers and the agricultural 
community as a whole in disseminating relevant information, techniques, and cultivars; and such a 
network guarantees that national policies are implemented down to the individual unit: the farmer. A 
network also provides a strong link between farmers, scientists, and policymakers to collect information 
relevant to technological advancements and policymaking. Furthermore, relying on an already existing, 
strong social safety net allows for outreach and dissemination to the vulnerable in the event of a national 
disaster, such as an all-encompassing drought. 

Index-based weather insurance schemes can be a powerful tool to mitigate the risk to small 
farmers’ livelihoods due to weather variability and consequent crop loss. The most conventional method 
followed is single insurance policies that cover a single crop for a specific weather failure (Robles 2010; 
Hill 2010a). However, farmer uptake has been quite low and basis risk has been high. Reasons for low 
uptake in many countries are that the crop models for these schemes operate under generic assumptions or 
characteristics that simulate typical cropping practices within favorable environments; as such, they may 
not be applicable to practices on small farms in developing countries, especially if they face several input 
constraints and shortages not accounted for in the models (Robles 2010). Furthermore, these weather 
insurance policies are usually too complex for the average, poorly educated, liquidity-constrained farmer 
to be comfortable with. To address these challenges, innovative methods of weather insurance schemes 
have been introduced in some countries (Hill 2010a, 2010b) and could be introduced in Syria as well.17 
One tool is to introduce simple weather securities designed to insure against different weather events for 
different months or different phases of the crop cycle. The securities are set up against a relevant weather 
index, such as rainfall, and a range of weather occurrences is chosen. If the weather event falls within that 
range, then the farmer receives a fixed payment, which the farmer decides upon. The amount paid to the 
farmer will depend on how severe the weather event occurrence is, based on the weather index. The 
farmer decides how much to insure for and pays a percentage of that amount for the weather insurance 
ticket. The larger the range of weather incidence chosen, the larger the percentage of the insured amount 
paid for the ticket (Robles 2010). The impact on farmer welfare may then be measured from their 
resulting consumption and production decisions. 

The advantages of these simple weather security schemes are several. The insurance would be 
provided through groups to reduce the transaction costs for the insurance company (Martins-Filho et al. 
2010), and the company increases coverage on weather variability to small farmers, which translates to 
less livelihood disturbances and risk. The additional benefit would be to eventually eliminate the need to 
provide the sometimes distorted subsidies extended to farmers as a risk and income-loss mitigation tool 
(Robles 2010). These schemes would eventually provide a means to correctly quantify the benefits and 
drawbacks of weather variability and the accompanying insurance markets for future advancements 
(Robles 2010). However, there may also be some drawbacks to these schemes. In order to successfully 
operate, there has to be in place a relevant weather index against which the insurance schemes may be 
tied to, in order to sustainably provide timely and accurate information. Also, given the reliance on the 
group insurance structure for these schemes, there needs to be in place, or under construction, strong 
farmer extension channels for product and information dissemination. 

                                                      
17 For more information, see Using Simple Weather Securities to Insure Rain-Dependent Farmers in Ethiopia and 

Smallholder Access to Weather Securities: Demand and Impact on Consumption and Production Decisions at 
www.ifpri.org/book-744/node/7125 and www.ifpri.org/book-744/node/7124, respectively. 
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APPENDIX D:  IMPACT 2009 MODELING FRAMEWORK 

Modeling Climate Change in IMPACT 
Climate change effects on crop production enter into the International Model for Policy Analysis of 
Agricultural Commodities and Trade (IMPACT) by altering both crop area and yield. Yields are altered 
through the intrinsic yield growth coefficient, tnigy , in the yield equation (D.1) as well as the water 
availability coefficient (WAT) for irrigated crops. These growth rates range depending on crop, 
management system, and location. For most crops, the average of this rate is about 1 percent per year 
from effects that are not modeled; but in some countries the growth is assumed to be negative, while in 
others it is as high as 5 percent per year for some years. 

Following is the yield equation: 

 
( ) ( ) (1 ) ( )iin ikn

tni tni tni tnk tni tni tni
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YC PS PF gy YC WATγ γβ= × ×∏ × + −∆
, (D.1) 

where tniβ is the yield intercept for year t, determined by yield in the previous year; tniPS
 
is the output 

price in year t; tniPF  is the input price in year t; andε represents input and output price elasticities. 
Climate change productivity effects are produced by calculating location-specific yields for each 

of the five crops modeled with DSSAT for the 2000 and 2050 climates as described above and converted 
to a growth rate that is then used to shift tnigy  by a constant amount. 

Rainfed crops react to changes in precipitation as modeled in DSSAT. For irrigated crops, water 
stress from climate change is captured as part of a separate hydrological model, a semidistributed 
macroscale hydrological model that covers the global land mass (except Antarctica and Greenland). It 
conducts continuous hydrological simulations at monthly or daily time steps at a spatial resolution of 30 
arc-minutes. The hydrological module simulates the rainfall-runoff process, partitioning incoming 
precipitation into evapotranspiration and runoff that are modulated by soil moisture content. A unique 
feature of the module is that it uses a probability distribution function of soil water holding capacity 
within a grid cell to represent spatial heterogeneity of soil properties, enabling the module to deal with 
subgrid variability of soil. A temperature-reference method is used to judge whether precipitation comes 
as rain or snow and determines the accumulation or melting of snow in conceptual snow storage. Model 
parameterization was done to minimize the differences between simulated and observed runoff processes 
using a genetic algorithm. Effects are modeled for five years at the beginning for each simulation run to 
minimize any arbitrary assumption of initial conditions. Finally, simulated runoff and evapotranspiration 
at 30 arc-minute grid cells are aggregated to the 281 FPUs of the IMPACT model. 

One of the more challenging aspects has been to deal with spatial aggregation issues. FPUs are 
large areas. For example, the India Ganges FPU is the entire length of the Ganges River in India. Within 
an FPU, there can be large variations in climate and agronomic characteristics. A major challenge was to 
come up with an aggregation scheme to take outputs from the crop modeling process to the IMPACT 
FPUs. The process we used is as follows: First, within an FPU, choose the appropriate SPAM dataset, 
with a spatial resolution of 5 arc-minutes (approximately 10 km at the equator) that corresponds to the 
crop–management combination. The physical area in the SPAM dataset is then used as the weight to find 
the weighted average yield across the FPU. This is done for each climate scenario (including the no-
climate-change scenario). The ratio of the weighted average yield in 2050 to the no-climate-change yield 
is used to adjust the yield growth rate in equation (D.1) to reflect the effects of climate change. 

In some cases the simulated changes in yields from climate change are large and positive. This 
usually results from two major causes: (1) starting from a low base (which can occur in marginal 
production areas) and (2) unrealistically large effects of carbon dioxide fertilization. To avoid these 
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artifacts, we place a cap on the changes in yields at 20 percent gains over the no-climate-change outcome 
at the pixel level. 

Harvested areas in the IMPACT model are also affected by climate change. In any particular 
FPU, land may become more or less suitable for any crop and will impact the intrinsic area growth rate, 

tniga , in the area growth calculation. Water availability will affect the WAT factor for irrigated crop area.  
Area Supply Function: 

 
( ) ( ) (1 ) ( )ijniin

tni tni tni tnj tni tni tni
j i

AC PS PS ga AC WATε εα
≠

= × ×∏ × + −∆
  (D.2) 

Crop calendar changes due to climate change cause two distinct issues. When the crop calendar in 
an FPU changes so that a crop that was grown in 2000 can no longer be grown in 2050, we implement an 
adjustment to tniga  that will bring the harvested area to zero—or nearly so—by 2050. However, when it 
becomes possible to grow a crop in 2050 that could not be grown in 2000, we do not add this new area. 
As a result, our estimates of future production are biased downward somewhat. The effect is likely to be 
small, however, as new areas have other constraints on crop productivity, in particular, soil 
characteristics. 
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APPENDIX E:  SUPPLEMENTARY TABLES 

 Table E.1—Macro Social Accounting Matrix (SAM) 

Source: Author’s compilation. 
Notes: mact: Activities, mcom: Commodities, mlab: Labor, mcap:Capital, mlnd: Land, mhhd: Households, mgov: Government, 
mdtax: Direct Taxes, mstax, mmtax: Tariffs, ms-i: Savings-Investment, mrow: Rest of the World, mtot: Total. 

Table E.2—Income Elasticities Estimated for Dynamic Computable General Equilibrium (DCGE) 
Model 

Source: Authors’ calculations. 

mact mcom mlab mcap mlnd mhhd mgov mdtax mstax mmtax ms-i mrow mtot
mact 3,714 3,714
mcom 1,462 1,205 248 619 772 4,307
mlab 650 650
mcap 1,553 1,553
mlnd 49 49
mhhd 650 1,141 49 21 10 1,872
mgov 331 197 -262 19 42 327
mdtax 197 197
mstax -262 -262
mmtax 19 19
ms-i 470 57 93 619
mrow 835 81 916
mtot 3,714 4,307 650 1,553 49 1,872 327 197 -262 19 619 916

    Cereal Fruits   Veggie
s 

  Olives    
Other  
crops 

Sheep  
&  
goat  Cattle   Poultry   Fish  

Food  
process   Manuf   

Energy  
&water  Service   

City 1   0.6   1.7   0.8   2.4   0.8   1.4   1.0   0.9   4.1   1.3   1.1   1.3   0.7   
City 2   0.6 1.2   0.7   1.5   0.8   1.0   0.8   0.8   1.7   1.2   1.1   1.2   0.9   
City 3   0.7   0.9   0.7   1.4   0.9   0.8   0.7   0.7   1.3   1.0   1.1   1.1   1.0   
City 4   0.7   0.8   0.6   1.1   1.0   0.7   0.7   0.7   1.2   1.0   1.1   0.8   1.0   
City 5   0.6   0.6   0.6   1.2   1.0   0.5   0.6   0.7   0.7   0.8   1.1   0.7   1.1   
Town 1   0.5   1.6   0.7   2.5   0.8   1.2   0.8   0.9   2.8   1.3   1.1   1.0   0.8   
Town 2   0.5   1.4   0.6   1.7   0.7   0.9   0.8   0.8   1.9   1.2   1.0   1.0   1.0   
Town 3   0.5   1.1   0.6   1.9   0.8   0.8   0.8   0.7   2.0   1.1   1.0   1.0   1.2   
Town 4   0.5   1.0   0.6   0.9   0.7   0.7   0.8   0.7   1.1   0.9   0.9   0.8   1.3   
Town 5   0.5   0.7   0.5   0.4   0.6   0.6   0.7   0.6   0.6   0.6   0.9   0.7   1.6   
Rural non farm  
1   0.6   1.8   0.7   2.7   0.8   2.0   0.8   0.9   4.6   1.1   1.0   1.0   0.9   
Rural non farm  
2   0.5   1.5   0.6   2.1   0.7   1.5   0.8   0.7   2.7   1.0   0.9   1.1   1.2   
Rural non farm  
3   0.5   1.2   0.6   1.4   0.6   1.6   0.7   0.6   1.9   0.9   0.9   1.1   1.4   
Rural non farm  
4   0.4   1.0   0.5   1.1   0.5   1.3   0.6   0.6   1.7   0.8   0.9   1.0   1.6   
Rural non farm  
5   0.5   0.8   0.5   1.1   0.4   1.3   0.5   0.5   1.1   0.7   0.9   0.9   1.5   
Farm 1   0.7   1.6   0.7   3.6   0.8   1.6   1.0   1.1   8.0   1.1   0.9   1.1   0.9   
Farm 2   0.6   1.3   0.7   2.0   0.8   1.3   1.1   0.9   2.5   0.9   0.9   1.0   1.3   
Farm 3   0.4   1.2   0.6   2.3   0.6   1.2   0.8   0.7   1.4   0.9   0.9   1.1   1.4   
Farm 4   0.4   1.1   0.6   1.1   0.5   1.3   0.9   0.6   2.0   0.8   0.9   1.0   1.6   
Farm 5   0.4   0.9   0.5   0.8   0.5   1.4   0.7   0.6   1.0   0.7   0.9   0.9   1.6   
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Table E.3—Social Accounting Matrix (SAM) disaggregation 

Source: Author’s compilation based on disaggregation results. 

  

Activities Commodities (continued) Institutions (continued) 
Durum wheat irrigated Other crops Town household, quintile 3 
Durum wheat  Sheep Town household, quintile 4 
Soft wheat irrigated  Cattle Town household, quintile 5 
Soft wheat Camel Rural nonfarm household, quintile 1 
Barley irrigated Chicken Rural nonfarm household, quintile 2 
Barley  Fish Rural nonfarm household, quintile 3 
Other cereals Poultry Rural nonfarm household, quintile 4 
Fruits Food processing Rural nonfarm household, quintile 5 
Vegetables Manufacturing Rural farm household, quintile 1 
Olives Mining Rural farm household, quintile 2 
Cotton Energy and water Rural farm household, quintile 3 
Other crops Public sevices Rural farm household, quintile 4 
Sheep Other servies Rural farm household, quintile 5 
Cattle Factors Other 
Camel Private sector, unskilled Government 

Chicken Private sector, semi-unskilled Direct taxes 

Fish Private sector, skilled Sales taxes 

Food processing Public sector, unskilled Import tariffs 

Manufacturing Public sector, semi-unskilled Savings-investment 

Mining Public sector, skilled Rest of world 

Energy and water Capital 

Public sevices Land 

Other servies livestock 

Commodities Institutions 
Wheat Enterprises 
Barley City household, quintile 1 
Maize City household, quintile 2 
other cereals City household, quintile 3 
fruits City household, quintile 4 
vegetables City household, quintile 5 
olives Town household, quintile 1 
cotton Town household, quintile 2 
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Table E.4—Mathematical presentation of Dynamic Computable General Equilibrium (DCGE) 
Model: Core model equations 

Production function fc
fctfctct FQ δα ∏⋅=  (1) 

Factor payments ctctfccfctcft QPFW ⋅⋅=⋅ ∑∑ δ  (2) 

Import supply 0≥⊥⋅≤ ct
m

ctct MWEP  (3) 

Export demand 0≥⊥⋅≥ ct
e

ctct XWEP  (4) 

Household income thfctfthffcht ErFWY ⋅+⋅⋅=∑ θ  (5) 

Consumption demand ( ) hthhchctct YvDP ⋅−⋅=⋅ 1β  (6) 

Investment demand ( )bEYIP ththhcctct v +⋅⋅=⋅ ∑ρ  (7) 

Current account balance brXwMw hhct
e
cct

m
c ++⋅=⋅ ∑  (8) 

Product market equilibrium 
ctcthcthctct XIDMQ ++=+ ∑  (9) 

Factor market equilibrium ftfctc sF =∑  (10) 

Land and labor expansion ( )ftft ss ϕ+⋅= − 11  f is land and 
labor (11) 

Capital accumulation ( )
k

IP
ss ctct

ctft
11

1 1 −−
−

⋅
+−⋅= ∑η  f is capital (12) 

Technical change ( )cctct y+⋅= − 11αα  (13) 

Notes:   
Subscripts Exogenous variables  
c Commodities or economic sectors b Foreign savings balance (foreign currency 

units) 
f Factor groups (land, labor, and capital) r Foreign remittances 
h Household groups s Total factor supply 
t Time periods w World import and export prices 
Endogenous variables  Exogenous parameters  
D Household consumption demand quantity α Production shift parameter (factor productivity) 
E Exchange (local and foreign currency units) β Household average budget share 
F Factor demand quantity γ Hicks neutral rate of technical change 
I Investment demand quantity δ Factor input share parameter 
M Import supply quantity η Capital depreciation rate 
P Commodity price θ Household share of factor income 
Q Output quantity κ Base price per unit of capital stock 
W Average factor return ρ Investment commodity expenditure share 
X Export demand quantity υ Household marginal propensity to save 
Y Total household income φ Land and labor supply growth rate 

Source: Thurlow, 2004. 
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APPENDIX F:  METHODOLOGY OF AGGREGATION FROM PIXEL DATA TO 
AGROECOLOGICAL ZONES 

Within a Linux environment, we created a script to aggregate area and production from pixel data to 
agroecological zones. Yield changes for six crops under two production systems, irrigated and rainfed, 
were summarized at agroecological zones from a baseline dataset and two climate change scenarios (CSI 
and MRI) at 30 arc-minute grid cells spatial resolution. Scenarios were derived from the link among the 
partial equilibrium agricultural model, the hydrology modeling, and the crop modeling in International 
Food Policy Research Institute’s International Model for Policy Analysis of Agricultural Commodities 
and Trade (IMPACT) 2009. 

Figure F.1—Yield change for irrigated wheat 

 
Source: IFPRI, DSSAT MIROC A1B. 

Figure F.2—Yield change for rainfed wheat 

 
Source: IFPRI, DSSAT MIROC A1B. 
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APPENDIX G.  MAPPING DECISION SUPPORT SYSTEM FOR 
AGROTECHNOLOGY TRANSFER (DSSAT) AND INTERNATIONAL MODEL FOR 
POLICY ANALYSIS OF AGRICULTURAL COMMODITIES AND TRADE (IMPACT) 

CROPS TO THE SOCIAL ACCOUNTING MATRIX (SAM) SECTORS 

Table G.1—DSSAT and SAM crop activity mapping 
DSSAT Crops Sector in the Social Accounting Matrix 

Durum wheat irrigated Irrigated durum wheat 
Durum wheat rainfed Rainfed durum wheat 
Soft wheat  irrigated Irrigated soft wheat 
Soft wheat  rainfed Rainfed soft wheat 
Barley rainfed Barley 
Other cereals Other cereals 
Vegetables Vegetables 
Fruit Fruits 
Other crops Other crops 

Source: DSSAT, SPC 2007. 

The DSSAT model produced projected crop yields from 2000 to 2050, taking into account the 
biophysical and soil characteristics for each crop and the climatic conditions expected to prevail in the 
future. However, because these crop growth or yield paths are based on global assumptions, and given the 
paucity of the detailed information needed about Syrian crop growth and development and climatic and 
biophysical conditions, the current analysis makes some assumptions to adapt the yield results to the 
Syrian agricultural sector by agroecological zone. The result is to refine and adapt yield results produced 
by DSSAT to cover the crop sectors needed for the computable general equilibrium (CGE) analysis. 

Durum and Soft Wheat 
Yields for durum and soft wheat are expected not to differ by agroecological zone and type of irrigation 
used. In Syria, rainfed durum and soft wheat are grown in all zones except zone 5; we removed rainfed 
durum wheat grown in zones 3 and 4 and rainfed soft wheat grown in zone 4 from the analysis, again to 
satisfy the model’s scaling requirements. 

Barley 
For irrigated barley, despite the fact that it is actually grown in all five zones in Syria, we discarded its 
production in zone 1 to resolve scaling issues when solving the CGE model. Rainfed barley is grown in 
all zones except zone 5. Furthermore, lacked information about barley yields in the DSSAT projections, 
we assumed the barley yields were the same as the wheat yields. 

Other Cereals 
Figures for other cereals in the model are derived from yield projections for maize, and here no distinction 
is made for the type of irrigation used in cultivation. 

Vegetables and Fruits 
Yield figures for vegetables and fruits grown are assumed to be equal and to follow the yield projections 
for potatoes. 

Other Crops 
Yield projections for other crops are the simple average of the yields of irrigated groundnut and soybeans. 
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Table G.2—IMPACT and SAM crop activity mapping 
IMPACT Model Crops DCGE Model Sectors 

Wheat Wheat 
Rice and maize Other cereals 
Cotton Fruits 
Cotton Cotton 
Soybeans and other grains Other crops 
Lamb Sheep and goats 
Beef Cattle 
Poultry Chicken 

Source: SPC 2007. 

Given that not all of the disaggregated agricultural sector activity was produced on a one-to-one 
basis from the IMPACT model, certain assumptions were made to map the sectors needed in the model to 
their equivalent in the IMPACT model. The only crops that received a one-to-one mapping were wheat 
and cotton. 

Other cereals: Other cereals were represented by rice and maize. 

Fruits: Figures for fruits were those projected for cotton. 

Other crops: Other crops included soybeans and other grains calculated by the IMPACT model. 

Sheep: Figures for sheep were assumed to equal to the figures for lamb. 

Cattle: Figures for cattle were assumed to follow the projections for beef. 

Chicken: The projections for poultry represented projections for chicken. 
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APPENDIX H:  SUPPLEMENTARY FIGURES 

Precipitation 

Table H.1—Comparison of mean monthly precipitation by global climate model (GCM) 

 
Source: Authors’ calculations based on Jones et al. (2009). 

Table H.2—Comparison of mean annual precipitation by GCM 

 
Source: Authors’ calculations based on Jones et al. (2009). 

Temperature 

Table H.3—Comparison of daily minimum temperature (tmin) averaged to monthly 

 
Source: Authors’ calculations based on Jones et al. (2009). 
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Table H.4—Comparison of daily tmin averaged to annual 

 
Source: Authors’ calculations based on Jones et al. (2009). 

Table H.5—Comparison of daily maximum temperature (tmax) averaged to monthly 

 
Source: Authors’ calculations based on Jones et al. (2009). 

Table H.6—Comparison of daily tmax averaged to annual 

 
Source: Authors’ calculations based on Jones et al. (2009). 
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Table .H.7— Impacts of climate change on gross domestic product (GDP) 

 
Source: DCGE model. 

Table H 8—Population density in Syria by agroecological zone 

 
Source: IFPRI based on LANDSCAN. 
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