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The Regional Initiative for the Assessment of Climate Change Impacts on Water Resources and Socio-Economic Vulnerability 
in the Arab Region (RICCAR) is a joint initiative of the United Nations and the League of Arab States. 

RICCAR was launched under the auspices of the Arab Ministerial Water Council in 2010 and derives its mandate from 
resolutions adopted by this council as well as the Council of Arab Ministers Responsible for the Environment, the Arab 
Permanent Committee for Meteorology and the ESCWA Ministerial Session.

RICCAR is implemented through a collaborative partnership involving 11 regional and specialized organizations. The RICCAR 
Regional Knowledge Hub is managed by the Economic and Social Commission for Western Asia (ESCWA) and the Arab Center 
for the Studies of Arid Zones and Dry Lands (ACSAD) with the Food and Agriculture Organization of the United Nations (FAO) 
hosting the Arab/Middle East and North Africa (MENA) Domain data portal.  ESCWA coordinates the regional initiative under 
the umbrella of its Arab Centre for Climate Change Policies.

The present technical report was prepared through a collaborative partnership between ESCWA, ACSAD, the Ministry of Water 
Resources of Iraq and the Ministry of Agriculture of the Syrian Arab Republic. The regional climate projections for the Mashreq 
Domain used to inform the present report were produced by the Swedish Meteorological and Hydrological Institute (SMHI).

Funding for the study was provided by the Government of Sweden through the Swedish International Development Cooperation 
Agency (Sida) under a project focused on water and food security in a changing climate context and is implemented by 
ESCWA. The project component provides science-based assessments and analysis of climate impacts on strategic sectors 
and in transboundary water basins to support improved water and food security in the Arab region.  

PREFACE



IMPACT OF CLIMATE CHANGE ON SHARED WATER RESOURCES IN THE EUPHRATES BASIN

IV

CONTENTS

PREFACE III

ABBREVIATIONS AND ACRONYMS 1

1. INTRODUCTION 2

2. AREA OF STUDY 3

A. Shared water basin characteristics 3

B. Agriculture in the study area 5

3. CLIMATE IMPACTS ON THE SHARED BASIN 6

A. Regional overview 6

B. Mashreq Domain 6

C. Climate projections for the shared basin 9

4. LOCALIZED IMPACTS OF CLIMATE CHANGE ON AGRICULTURAL PRODUCTS 13

A. Agricultural model setup: AquaCrop 13

B. Impact of climatic changes on Irrigated wheat production in Al-Mreiayeh region in Deir Ez Zor 15

C. Impact of climatic changes on irrigated wheat production in Hillah 18

5. CLIMATE CHANGE IMPACTS ON GROSS DOMESTIC PRODUCT IN THE EUPHRATES BASIN 21

A. Methodology 21

B. Discussion of results: Euphrates basin, Iraq 22

C. Costs and benefits of specific adaptation measures: Iraq 23

D. Discussion of results: Euphrates basin, the Syrian Arab Republic 23

E. Costs and benefits of specific adaptation measures: the Syrian Arab Republic 24

6. CONCLUSION AND RECOMMENDATIONS 25

REFERENCES 27

ENDNOTES 28



TECHNICAL REPORT

V

FIGURES

FIGURE 1
Area od study 4

FIGURE 2 
Map of the Mashreq Domain 7

FIGURE 3
Total radiative forcing for the SSP and RCP scenarios from CMIP6 and CMIP5 GCM projections, respectively 8

FIGURE 4 
Mean change in seasonal temperature (April-September) for an ensemble of six SSP5-8.5 projections compared to the 
reference period, 10 km resolution 9

FIGURE 5
Mean change in seasonal temperature (October-March) for an ensemble of six SSP5-8.5 projections compared to the 
reference period, 10 km resolution 9

FIGURE 6 
Mean change in seasonal precipitation (April-September) for an ensemble of six SSP5-8.5 projections compared to the 
reference period, 10 km resolution 10

FIGURE 7 
Mean change in seasonal precipitation (October-March) for an ensemble of six SSP5-8.5 projections compared to the 
reference period, 10 km resolution 11

FIGURE 8 
Mean change in seasonal evaporation (April-September) for an ensemble of six SSP5-8.5 projections compared to the 
reference period, 10 km resolution 12

FIGURE 9 
Mean change in seasonal evaporation (October-March) for an ensemble of six SSP5-8.5 projections compared to the 
reference period, 10 km resolution 12

FIGURE 10 
AquaCrop conceptual model 13

FIGURE 11 
Changes in wheat yield for the periods 2021-2040 and 2041-2060 compared to the reference period in Al-Mreiayeh region 
for 6 models according to the RCP 8.5 scenario: graph 16

FIGURE 12 
Changes in the growing cycle of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period in Al-
Mreiayeh region for 6 models according to the RCP 8.5 scenario: graph 16

FIGURE 13 
Changes in the seasonal ET0 of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period in Al-
Mreiayeh region for 6 models according to the RCP 8.5 scenario: graph 17

FIGURE 14 
Changes in the water productivity of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period in 
Al-Mreiayeh region for 6 models according to the RCP 8.5 scenario: graph 18

FIGURE 15 
Changes in wheat yield for the periods 2021-2040 and 2041-2060 compared to the reference period in Hillah region for 6 
models according to the RCP 8.5 scenario: graph 19

FIGURE 16 
Changes in the growing cycle of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period in 
Hillah region for 6 models according to the RCP 8.5 scenario: graph 19

FIGURE 17 
Changes in the seasonal ET0 of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period in 
Hillah region for 6 models according to the RCP 8.5 scenario: graph 20



IMPACT OF CLIMATE CHANGE ON SHARED WATER RESOURCES IN THE EUPHRATES BASIN

VI

FIGURE 18 
Changes in the water productivity of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period in 
Hillah region for 6 models according to the RCP 8.5 scenario: graph 21

FIGURE 19 
Projected economic losses under climate change if no action is taken: Euphrates basin, Iraq 23

FIGURE 20 
Projected economic losses under climate change if no action is taken: Euphrates basin, the Syrian Arab Republic 24

TABLES
TABLE 1  
The most important crops in Deir Ez Zor Governorate, the Syrian Arab Republic 5

TABLE 2  
Area of crops in Babil Governorate, Iraq 5

TABLE 3  
Driving GCMs in the Mashreq Domain 7

TABLE 4  
Mean change in seasonal temperature for an ensemble of six SSP5-8.5 projections compared to the reference period for 
the upper and lower Euphrates basin 10

TABLE 5  
Mean change in seasonal precipitation for an ensemble of six SSP5-8.5 projections compared to the reference period for 
the upper and lower Euphrates basin 11

TABLE 6  
Mean change in seasonal evaporation for an ensemble of six SSP5-8.5 projections compared to the reference period for 
the upper and lower Euphrates basin 12

TABLE 7  
Summary of Tmax, Tmin and precipitation data from six driving GCMs for irrigated wheat production in Al-Mreiayeh region 
in Deir Ez Zor SSP5-8.5 14

TABLE 8  
Summary of Tmax, Tmin and precipitation data from six driving GCMs for irrigated wheat production in Hillah, SSP5-8.5 15

TABLE 9  
Changes in wheat yield for the periods 2021-2040 and 2041-2060 compared to the reference period in Al-Mreiayeh 
region for 6 models according to the RCP 8.5 scenario 15

TABLE 10  
Changes in the growing cycle of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period in Al-
Mreiayeh region for 6 models according to the RCP 8.5 scenario 16

TABLE 11  
Changes in the seasonal ET0 of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period in Al-
Mreiayeh region for 6 models according to the RCP 8.5 scenario 17

TABLE 12  
Changes in the water productivity of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period in 
Al-Mreiayeh region for 6 models according to the RCP 8.5 scenario 17

TABLE 13  
Changes in wheat yield for the periods 2021-2040 and 2041-2060 compared to the reference period in Hillah region for 6 
models according to the RCP 8.5 scenario 18

TABLE 14  
Changes in the growing cycle of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period in 
Hillah region for 6 models according to the RCP 8.5 scenario 19

TABLE 15  
Changes in the seasonal ET0 of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period in 
Hillah region for 6 models according to the RCP 8.5 scenario 20

TABLE 16  
Changes in the water productivity of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period in 
Hillah region for 6 models according to scenario RCP 8.5 20



TECHNICAL REPORT

1

ABBREVIATIONS AND ACRONYMS

ACSAD Arab Center for the Studies of Arid Zones and Dry Lands

CMIP5 Coupled Model Intercomparison Project Phase 5 

CMIP6 Coupled Model Intercomparison Project Phase 6

CO2
carbon dioxide

CPET Collaborative Programme Euphrates and Tigris

ESCWA Economic and Social Commission for Western Asia

ET0
evapotranspiration

ETIC Euphrates-Tigris Initiative for Cooperation

FAO Food and Agriculture Organization

GAP Southeastern Anatolia Project

GCM global climate model

GDP gross domestic product

GVA gross value added

HSCC High-Level Strategic Cooperation Council

IPCC Intergovernmental Panel on Climate Change

JTC Joint Technical Committee

MIDAS MultI-scale bias AdjuStment

MoU Memorandum of Understanding

NDC nationally determined contribution

RCM regional climate model

RCP representative concentration pathway

RICCAR
Regional Initiative for the Assessment of Climate Change Impacts on Water Resources and Socio-
Economic Vulnerability in the Arab Region

SIDA Swedish International Development Cooperation Agency

SMHI Swedish Meteorological and Hydrological Institute

SSP shared socioeconomic pathway 

WP water productivity



IMPACT OF CLIMATE CHANGE ON SHARED WATER RESOURCES IN THE EUPHRATES BASIN

2

1 INTRODUCTION

The Arab region exhibits a high dependency on shared water resources, with most Arab States relying on water supply shared 
with neighbouring Arab States or countries from outside the region. In fact, over one third of freshwater resources originate from 
outside the region’s borders. In terms of shared surface water, 14 out of 22 Arab States share a surface-water body.1 The region is 
also one of the most water scarce in the world. This scarcity manifests in the agricultural sector—a crucial source of food security 
and livelihoods in Arab States and the largest water consumer with an average of 80 per cent of freshwater resources throughout 
the region directed towards agricultural use.2 Projected climate change impacts on water availability will tend to exacerbate 
existing pressures on water resources. Findings from the Regional Initiative for the Assessment of Climate Change Impacts 
on Water Resources and Socio-Economic Vulnerability in the Arab Region (RICCAR) indicate that temperatures are projected 
to increase by 1.2°C – 2.6°C by mid-century and up to 4.8°C by the end of the century, as well as increased spatial-temporal 
variability of precipitation. These factors significantly impact the quantity and quality of freshwater supply to all water-dependent 
sectors and in particular agriculture, threatening food security in the region.

The Euphrates river basin is a typical example reflecting this situation. The Euphrates river, shared between Turkey, the Syrian 
Arab Republic and Iraq, originates in the mountains of eastern Turkey and covers a total length of 2,786 km flowing through the 
Syrian Arab Republic and Iraq. More than 70 per cent of water in the basin is used for agricultural production.3 Droughts and 
floods resulted in heavy consequences for croplands and livelihoods in the 2000s in Iraq and convey an important message about 
what could happen in this region in the future if such extreme events continue to occur. In Iraq, drought and land degradation are 
major factors jeopardizing food production, with the north depending on rainfall and the central and southern parts relying on 
irrigation. The extreme droughts of 2007-2009 that affected the country damaged almost 40 per cent of the cropland and caused 
20,000 rural inhabitants to move in search of more sustainable access to drinking water and livelihoods. Some crops could no 
longer be grown because the Euphrates river was flowing well below its usual level. The Syrian Arab Republic also experienced 
similar effects due to severe droughts: hundreds of thousands of Syrians lost their livelihoods and migrated to cities by 2009. It 
was reported that around 160 villages in the north of the Syrian Arab Republic were abandoned during this period due to reduced 
water availability.4

This study focuses on the interconnection between water and food security and climate resilience. It builds upon regional 
knowledge generated under the RICCAR initiative for the entire Arab region through the Arab Domain (50 km2 resolution) and a 
new ensemble of regional climate modelling projections that was generated for a newly established Mashreq Domain at 10 km2 
grid resolution to evaluate climate change impacts on shared surface waters for specific crops using tested methodologies, and 
the resulting implications for food and water security.

Based on these climate projections, this report examines projected changes in temperature, precipitation and evaporation in 
the Euphrates river basin for the SSP5-8.5 scenario5 through mid-century, and further focuses on the impact of these changes 
on irrigated wheat production using AquaCrop modelling in Al-Mreiayeh area within Deir Ez Zor Governorate in the Syrian 
Arab Republic and in Hillah district in Iraq, which are zones of extensive agricultural activities that represent major sources of 
livelihoods in the region. The report also provides a thorough analysis of how these changes affect gross domestic product (GDP) 
growth in the basin, concluding with recommendations on the way forward.

The findings herein are intended to support Arab government officials from ministries and agencies responsible for agriculture, 
water, environment, meteorology and planning as well as local communities including smallholder farming communities, women, 
youth, and regional and research organizations with knowledge of regional climate challenges to water and food security and 
recommendations for increasing climate resilience. 
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2 AREA OF STUDY

A. Shared water basin characteristics

The Euphrates river originates in the mountains of eastern Turkey and covers a total length of 2,786 km flowing through the Syrian 
Arab Republic and Iraq. Three tributaries flow into the Euphrates in the Syrian Arab Republic: the Sajur, the Balikh and the Khabour 
rivers that are all fed by tributaries or groundwater from Turkey. The Euphrates joins the Tigris in Iraq to form the Shatt al Arab, 
which discharges into the Persian Gulf.

The river basin covers about 440,000 km2 of which 47 per cent is located in Iraq; 22 per cent in the Syrian Arab Republic, and 28 
per cent in Turkey. The watershed includes parts of Jordan (0.03 per cent) and Saudi Arabia (2.97 per cent) but they contribute 
surface water only under very rare and extreme climatic conditions. The basin climate is considered similar to a Mediterranean 
climate, with snowfall in winter in the mountainous Turkish headwater area, and an increasingly hot and dry (arid) climate as the 
rivers approach the sea.

For the purposes of this study, the analysis primarily focuses on two specific areas of the Euphrates basin: Deir Ez Zor and Hillah. 
Deir Ez Zor Governorate is located in the eastern part of the territory of the Syrian Arab Republic. The area of the province is 3.306 
million hectares, of which 213,250 hectares are arable land. Hillah is a district of Iraq that occupies 119 km2 of the area of Babil 
Governorate (878 km2), equivalent to 17.1 per cent of the Governorate’s area.

Most of the Euphrates streamflow originates from precipitation in the Armenian highlands with Turkey providing about 89 per 
cent of the total Euphrates flow. While the three Euphrates tributaries used to make up around 8 per cent of annual Euphrates 
flow, recently their contribution has dropped to 5 per cent or less due to decreased flow of the Khabour. In Iraq, there are no 
major surface water contributions to the Euphrates except for rare runoff events generated by heavy storms. Before 1973, 
the mean annual flow of the Euphrates at Jarablus in the Syrian Arab Republic was around 30 billion cubic metres (bcm), but 
this figure dropped to 25.1 bcm after 1974 and fell to 22.8 bcm after 1990. This is most likely due to climate variability, more 
frequent drought periods and the construction of large dams in Turkey as part of the Southeastern Anatolia Project (GAP). 
For instance, measured flow characteristics changed with the filling of the Keban dam reservoir in Turkey and Lake Assad 
in the Syrian Arab Republic in the winter of 1973-1974. Compared to the long-term mean discharge over the period of record 
from 1937 to 2010 the Euphrates records have shown below-average discharge at Jarablus and Hussaybah (Iraq) since 1999, 
possibly reflecting a combination of drier weather conditions and the effects of extensive dam building. The GAP in the upper 
Euphrates basin in Turkey has drastically impacted the natural flow regime of the river in recent decades. The project envisions 
22 dams, 19 hydropower plants and a large irrigation network across the Tigris-Euphrates river basin. Ultimately, a total of 14 
dams and 11 hydroelectric power plants are to be built on the Euphrates and its tributaries, making the upper Euphrates the 
largest component of GAP. 

The Euphrates river receives groundwater from aquifers in the western part of the river catchment along its course in the Syrian 
Arab Republic, although discharge quantities are insignificant in comparison to the total river flow. The river receives important 
inflows from spring discharges in the eastern part of the catchment in the Syrian Arab Republic, which feeds the tributaries of 
Balikh and Khabour. Groundwater flow in Paleogene to Neogene carbonate aquifers in the western and southern deserts of Iraq 
is directed toward the Euphrates river plain. Alluvial deposits in the marshlands in the lower Mesopotamian plain in Iraq create 
a shallow aquifer. Recharge mainly occurs during winter and through infiltration of Euphrates and Tigris river water. Generally, 
water flows into the groundwater during high flows when the water level of the rivers exceeds the groundwater table. Conversely, 
groundwater is discharged into the river during low-flow periods in summer.
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FIGURE 1: Area of study

Water management in Iraq, the Syrian Arab Republic and Turkey focuses on hydropower, irrigation and drinking water supply. 
More than 70 per cent of water in the Euphrates basin is used for agricultural production. As mentioned above, large hydro-
engineering projects have been implemented on the Euphrates river during the last half of the century, affecting the river flow. All 
three countries plan further large-scale hydro developments for irrigation, energy, and industrial and municipal uses in the coming 
decade. Water in the Syrian part of the basin is mainly used for a series of large irrigation projects. The Euphrates also supplies 
drinking water to the cities of Deir Ez Zor and Raqqah. Since 2006, Aleppo also draws its water from the Euphrates, with a pipeline 
running west from Lake Assad and supplying cities and villages along its route. In Iraq, the Hindiyah dam and the Ramadi-Razzaza 
regulator were constructed in the first half of the 20th century to prevent flooding and ensure year-round irrigation of crops 
via canal systems. The Haditha dam, the largest dam along the Iraqi stretch of the Euphrates river regulates flow in addition to 
generating electricity. Iraq also constructed a complex network of canals on the river, diverting Euphrates water to reservoirs such 
as Lake Habbaniyeh and Lake Tharthar, which store excess flood water.

The Euphrates river basin is faced with increasing challenges in terms of demographic pressures, hydro-infrastructure 
developments and water-quality concerns. These factors, in addition to changes in climate patterns and recent conflict situations, 
are set to deeply affect future water availability and associated socioeconomic impacts in the basins yet further. Pollution from 
agricultural and domestic sources seriously affects water quality in the basin, with the river suffering from severe salinity, which 
increases along the course of the river in Iraq. The heavy consequences resulting from droughts on croplands and livelihoods 
that were experienced in the 2000s in Iraq and the Syrian Arab Republic convey important messages about what could happen 
in this area in the future if drought intensification occurs. Extreme floods in Iraq and the Syrian Arab Republic during the last 
decade have also caused significant loss of life, property and croplands. Other extreme events such as dust storms, have become 
more and more common over recent years, as the Euphrates and Tigris basin have been identified as a significant source area 
for dust storms in Iraq and across the region. In addition, the unrest that had erupted in the Syrian Arab Republic and Iraq in the 
2010s have had severe impacts on urban water-distribution systems, including intentional attacks by armed groups owing to their 
strategic value.

There is no basin-wide agreement for the Euphrates. However, some bilateral arrangements on water issues are in place as 
well as joint committees. In 2005, a group of scholars and professionals created the Track II Euphrates-Tigris Initiative for 

Source: Authors.
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Cooperation (ETIC), which sought to promote cooperation on the technical level among the three riparian States. In 2007 the 
three riparian States agreed to revitalize periodic joint technical committee (JTC) meetings. The ETIC and other informal science 
policy initiatives, such as the Collaborative Programme Euphrates and Tigris (CPET), have been trying to develop cooperation 
opportunities. In July 2008, Turkey and Iraq signed the Joint Political Declaration on the Establishment of the High-Level Strategic 
Cooperation Council (HSCC), which includes communication over the issue of shared water. In this context, a protocol on water 
was signed in October 2009, in which the two sides agreed to exchange hydrological and meteorological information as well as 
exchanging expertise in these fields. Likewise, a bilateral HSCC was established between Turkey and the Syrian Arab Republic 
in December 2009, both signing four protocols related to regional waters, namely the Euphrates, including matters related to 
drought management, efficient water management, improved water quality management and environmental protection. Due to 
uncertainties linked to the Syrian conflict, it was not until 2014 that dialogue was reinitiated at the ministerial level between Turkey 
and Iraq, when the two States signed a Memorandum of Understanding (MoU) on modalities and issues pertaining to bilateral 
water cooperation. The MoU detailed efforts to create new areas for water cooperation, such as joint technical studies on climate 
change and technical training programmes. Later in early August 2019, Turkey and Iraq agreed to establish a joint water resources 
centre in Baghdad to address water issues in the region. In the absence of a multilateral water sharing treaty, actors have thus 
tried to maintain cooperation through joint mechanisms including bilateral protocols, MoUs, JTCs, high level strategic councils 
and Track II diplomacy tools.

B. Agriculture in the study area

In Deir Ez Zor, about 80 per cent of the population works in agriculture, while the rest work in trade, industry and various 
handicrafts. The most important crops are cotton, wheat, barley, sesame, yellow corn and sugar beet. Large areas of summer and 
winter vegetables (tomatoes and okra) are also planted in the Euphrates valley, especially after the establishment of a conserves 
factory in Al Mayadeen. Large numbers of fruit trees are spread along the banks of the Wadi Euphrates, as well as yellow and red 
watermelon fields and the governorate is located within the appropriate environmental belt for the cultivation of palm trees.

Agriculture in the area is characterized as traditional cultivation (vegetables, crops and date palms), in addition to the pastoral 
cultivations, which are the mainstay of livestock. The following are the most important crops produced in the Deir Ez Zor Governorate:

TABLE  1: The most important crops in Deir Ez Zor Governorate, the Syrian Arab Republic

Crop Cultivated area (ha)

Wheat 84 816

Cotton 29 442

Maize 17 500

Source: الجمهورية العربية السورية، وزارة الزراعة واالصالح الزراعي، دون تاريخ، الخارطة االستثمارية الزراعية في محافظة دير الزور. 
http://www.moaar.gov.sy/site_ar/syriamap/der.htm

In the case of Hillah, approximately 25 per cent of the workforce in Babil Governorate are employed in the agricultural 
sector. Babil province also produces large quantities of corn, wheat and barley, and there are several grain warehouses in 
the province.

Grain crops are among the most important agricultural crops in the province in terms of area. The grain crops in the province are 
wheat, barley, rye, corn and mash.

TABLE  2: Area of crops in Babil Governorate, Iraq 

Crop Area (ha)

Cereals 86 883

Forage crops 15 477

Vegetables 6 957

Industrial crops 3 794

Fruits and dates 512

Total 113 629

Source: Republic of Iraq, Ministry of Planning, Central Statistical Organization, Babylon Statistics Directorate, Agricultural Statistics Division - 
unpublished data, 2016.
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3  CLIMATE IMPACTS ON THE SHARED BASIN

A. Regional overview

Climate models are a key mechanism used by scientists to understand how the climate has changed in the past and to project the 
future. These global climate models (GCMs) simulate the physical processes on the land surface and in the ocean, atmosphere 
and cryosphere to ascertain the system response to increasing greenhouse gas concentrations. Such models are updated 
regularly based on higher spatial resolution data, improved physical processes and biogeochemical cycles. Modelling institutes 
coordinate their updates around the schedule of the Intergovernmental Panel on Climate Change (IPCC), currently in its sixth 
cycle. These coordinated efforts are part of the Coupled Model Intercomparison Project Phase 6 (CMIP6).

Recently, the IPCC has released part of its Sixth Assessment Report (AR6), including the contribution from working group I, 
The Physical Science Basis.6  The report includes regional fact sheets, summarizing the observed and projected climate in 11 
regions and their respective subregions.  The Southwest Asia subregion has experienced amplified droughts since the 1980s 
due to anthropogenic warming. However, an increase in precipitation in the subregion has also been observed, particularly in 
mountainous areas.  On an annual basis, GCMs predict this trend will continue, coupled with increased intensity and frequency of 
extreme rainfall events.  Nevertheless, precipitation is expected to exhibit high spatiotemporal variability as most precipitation is 
forecast during the winter months. Conversely, during summer, precipitation is projected to generally decrease.7

AR6 also introduced updated climate scenarios, collectively known as shared socioeconomic pathways (SSPs). These SSPs build 
upon representative concentration pathways  (RCPs), introduced in the IPCC Fifth Assessment Report (AR5), which described 
four potential pathways based on their respective radiative forcing in the year 2100. These RCPs range from RCP 2.6 to RCP 8.5, 
reflecting a projected radiative forcing of 2.6 to 8.5 W/m2, respectively, but purposely did not consider socioeconomic factors. For 
AR6, five SSPs have been developed, which consider population, economic growth, education, urbanisation and other dynamics.  
SSPs compliment RCPs to best describe both radiative forcing and differing avenues which the world may evolve in terms of 
climate policy and mitigation targets.

B. Mashreq Domain

1. Domain overview and selected climate models

Although GCMs remarkably assess the past and future climate for the world in general, significant disparities still remain when 
evaluating climate at smaller scale.  Regional climate models (RCMs) help close the gap by downscaling GCMs based on regional 
climate conditions.  Regional climate modelling was first conducted for the Arab Domain using Coupled Model Intercomparison 
Project Phase 5 (CMIP5) models based using a 0.44° (~50 km) spatial resolution.  More recently, modelling outputs were released 
for the Mashreq Domain, employing a finer spatial resolution of 0.1° (~10 km).  Moreover, the Mashreq Domain outputs utilize 
CMIP6 models.

The Mashreq Domain (FIGURE 2) was established over the north-eastern part of the Arab Domain and includes Mediterranean 
coastal countries of the Levant and North-Eastern Africa, the entire drainage basins of the Tigris and Euphrates rivers, and the 
entire Arabian Peninsula.  The fine spatial resolution enabled detailed analyses of coastal and mountainous areas to best evaluate 
changing climate in surface water basins.
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FIGURE 2: Map of the Mashreq Domain

Six driving GCMs have been evaluated for the Mashreq Domain (table 3), selected based on downscaling timeframe, resources 
provided, availability of boundary forcing data, GCM spatial resolution and a representative spread of climate sensitivity. These 
models were downscaled by the Swedish Meteorological and Hydrological Institute (SMHI) using one RCM, HCLIM-ALADIN, 
specifically selected because of its fine resolution downscaling capabilities.  

TABLE  3: Driving GCMs in the Mashreq Domain

Model Institution

CMCC-CM2-SR5 Euro-Mediterranean Centre on Climate Change

CNRM-ESM2-1 Centre National de Recherches Météorologiques and Centre Européen de Recherche et de Formation                                    
Avancée en Calcul Scientifique

EC-Earth3-Veg European Consortium

MPI‐ESM1‐2‐LR Max Planck Institute for Meteorology

MRI‐ESM2‐0 Meteorological Research Institute

NorESM2‐MM Norwegian Climate Centre

Source: United Nations Economic and Social Commission for Western Asia, and Swedish Meteorological and Hydrological 
Institute (2021). Climate Change Projections Findings for the Mashreq Region. Beirut: United Nations Economic and Social Commission for 
Western Asia. E/ESCWA/CL1.CCS/2021/RICCAR/TECHNICAL REPORT.7.

Note: Showing the active domain (red) which contains the area where RCM results are considered useable.  The full domain (blue) indicates the 
actual area for the RCM to perform properly within the active domain.  Between the active and full domains is a buffer zone between the GCM 
driving boundaries and the RCM.

Source: Authors.
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Modelling is based solely on the SSP5-8.5 scenario (figure 3), which combines the SSP5 narrative categorised as “fossil-
fuelled development” and RCP 8.5 radiative forcing.  Although this scenario represents the upper range of greenhouse gas 
concentrations, it is not directly compared to RCP 8.5.

FIGURE 3: Total radiative forcing for the SSP and RCP scenarios from CMIP6 and CMIP5 GCM projections, respectively
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2. Bias-correction

There are typically inherent biases within climate modelling outputs of key hydro-meteorological variables, such as precipitation 
and temperature. These stem from either the driving GCM or the RCM.  Because of the sensitivity of these variables in 
hydrological analyses, it is recommended to first adjust the climate modelling outputs using bias correction.8 Both precipitation 
and temperature were bias-corrected for the Mashreq Domain using the MultI-scale bias AdjuStment (MIdAS)9 method and 
observed meteorological data which separately adjusts differing spatiotemporal scales for a tailored performance and more 
robust and reliable results.

3. Reference and projection periods

When creating future climate projections, the climate models always cover a period of observed historical climate to assess 
model performance.  Although historical climate modelling outputs are not expected to directly correlate with observations, they 
should correspond to statistics over an extended historical period (such as 10 or 30 years). CMIP6 models include a historical 
period through 2014 and thus it was decided that the same reference baseline period would be adopted as reported for AR6, 1995-
2014. Similarly, two future periods set forth by IPCC were selected: near-term (2021-2040) and mid-term (2041-2060).

Source: Claudia Tebaldi and others, “Climate model projections from the Scenario Model Intercomparison Project (ScenarioMIP) of CMIP6”. 
Earth System Dynamics, Vol. 12, No. 1, March 2021.

Note: SSP scenarios are shown with solid lines for the CMIP6 ensemble mean and shaded areas for the spread of CMIP6 results for 2100.  
RCP scenarios are shown with dashed lines for the CMIP5 ensemble mean.  Adapted from Tebaldi and others, 2021.
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C. Climate projections for the shared basin

1. Temperature

Because impact upon water resources in the shared basin is a key focus area, results are presented for both “dry” and “wet” 
seasons, representing April-September and October-March, respectively.  As shown for the reference period (1995-2014) (figures 
4 and 5), temperatures are lowest in the upper reaches of the basin due to mountainous topography and increase downstream.  
Projected changes in temperature are generally the same for both seasons but tend to be higher in the upper basin.  For the near-
term (2021-2040), temperature is expected to increase 0.9°C (SSP5-8.5) in the lower basin during both seasons (table 4). In the 
upper basin, the average projected change in temperature is 1°C during the April-September season and 1.2°C during the October-
March season.  For the mid-term (2041-2060), the estimated increase in temperature is 2.1°C during both seasons in the lower 
basin.  In the upper basin, the change in temperature is expected to be greater during the October-March season (2.5°C) than the 
April-September season (2.2°C).

FIGURE 4: Mean change in seasonal temperature (April-September) for an ensemble of six SSP5-8.5 projections compared to the reference 
period, 10 km resolution

1995 - 2014
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FIGURE 5: Mean change in seasonal temperature (October-March) for an ensemble of six SSP5-8.5 projections compared to the reference 
period, 10 km resolution

Source: Authors.

Source: Authors.
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TABLE 4: Mean change in seasonal temperature for an ensemble of six SSP5-8.5 projections compared to the reference period for the upper 
and lower Euphrates basin

Subbasin Season

Temperature (°C) Change in temperature (°C)

Reference period
(1995-2014)

Near-term
(2021-2040)

Mid-term
(2041-2060)

Upper April-September 18.3 1.0 2.2

Lower April-September 29.3 0.9 2.1

Upper October-March 3.0 1.2 2.5

Lower October-March 14.2 0.9 2.1

Source: Authors.

2. Precipitation

Differences in precipitation are very evident when comparing the dry (figure 6) and wet (figure 7) seasons in the basin.  
Precipitation is higher in the mountainous upper basin and decreases downstream.  Changes in precipitation signal spatio-
temporal variability.  Compared to the reference period, increases in precipitation are anticipated during both seasons in the lower 
basin, but the projected increase is higher for the near-term than the mid-term (table 5).  Average increases in precipitation are 
1.2 and 0.5 mm/month for near- and mid-term, respectively, for April-September in the lower basin.  Increases in volume are more 
modest for October-March due to higher rainfall during the reference period (22.9 mm/month, compared to 5.3 mm/month for 
April-September) at 2.5 mm/month for the near-term and 1.7 mm/month for the mid-term in the lower basin.

For the upper basin, precipitation is generally projected to increase for the near-term during April-September (1.7 mm/month) but 
to decrease for the mid-term (-0.6 mm/month).  Similarly, during October-March, precipitation is anticipated to increase on average 
during the near-term (0.7 mm/month) and decrease for mid-term (-0.2 mm/month).  Localized greater declining precipitation is 
expected north of Lake Assad, particularly evident during the October-March season, mid-term (up to -6 mm/month).

FIGURE 6: Mean change in seasonal precipitation (April-September) for an ensemble of six SSP5-8.5 projections compared to the reference 
period, 10 km resolution

1995 - 2014

Precipitation (mm/month)

5 10 15 20 25 50 75 100 150 -8 -6 -4 -2 0 2 4 6 8 -8 -6 -4 -2 0 2 4 6 8

Change in precipitation (mm/month) Change in precipitation (mm/month)

2021 - 2040 2041 - 2060

Change in precipitation: Apr-Sep

Source: Authors.
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1995 - 2014
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FIGURE 7: Mean change in seasonal precipitation (October-March) for an ensemble of six SSP5-8.5 projections compared to the reference 
period, 10 km resolution

Source: Authors.

TABLE  5: Mean change in seasonal precipitation for an ensemble of six SSP5-8.5 projections compared to the reference period for the upper 
and lower Euphrates basin

Subbasin Season

Precipitation (mm/month) Change in precipitation (mm/month)

Reference period
(1995-2014)

Near-term
(2021-2040)

Mid-term
(2041-2060)

Upper April-September 29.6 1.7 (6%) -0.6 (-2%)

Lower April-September 5.3 1.2 (23%) 0.5 (10%)

Upper October-March 62.3 0.7 (1%) -0.2 (< -1%)

Lower October-March 22.9 2.5 (11%) 1.7 (8%)

Source: Authors.

3. Evaporation

Increased evaporation in the Euphrates basin has long been affected by dam and reservoir construction in both the Syrian Arab 
Republic and Iraq as well as watershed aridity.10  Evaporation showed very high variability during the reference period during April-
September (figure 8), with localized maxima in the vicinity of lakes in the basin.  Average evaporation during this period was higher 
in the upper basin (53.8 mm/month) compared to the lower basin (16.1 mm/month; table 6), despite higher temperatures in the lower 
basin.  This phenomenon is unique to the Arab region; evaporation is often a function of water availability and limited precipitation 
inhibits the quantity available for evaporation.11  Evaporation rates are more homogenous in the basin during October-March, 
averaging 18.7 mm/month in the lower basin and 16.9 mm/month in the upper basin.

Projected changes in evaporation vary, greatly diverging for the two seasons in the upper basin.  For April-September, evaporation is 
generally decreasing in the upper basin for mid-term (-0.6 mm/month), although localized increases in evaporation are anticipated 
in the uppermost reaches.  Increasing precipitation and temperatures during October-March are expected to result in significant 
evaporation increases in the upper basin, averaging 3.4 mm/month for the mid-term.
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1995 - 2014
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FIGURE 8: Mean change in seasonal evaporation (April-September) for an ensemble of six SSP5-8.5 projections compared to the reference 
period, 10 km resolution
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FIGURE 9: Mean change in seasonal evaporation (October-March) for an ensemble of six SSP5-8.5 projections compared to the reference 
period, 10 km resolution

TABLE 6: Mean change in seasonal evaporation for an ensemble of six SSP5-8.5 projections compared to the reference period for the upper 
and lower Euphrates basin 

Subbasin Season

Evaporation (mm/month) Change in evaporation (mm/month)

Reference period
(1995-2014)

Near-term
(2021-2040)

Mid-term
(2041-2060)

Upper April-September 53.8 0.7 (1%) -0.6 (-1%)

Lower April-September 16.1 1.4 (8%) -0.1 (< -1%)

Upper October-March 16.9 1.9 (11%) 3.4 (20%)

Lower October-March 18.7 1.2 (7%) 1.0 (5%)

Source: Authors.

Source: Authors.

Source: Authors.
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4 LOCALIZED IMPACTS OF CLIMATE CHANGE ON AGRICULTURAL PRODUCTS

A. Agricultural model setup: AquaCrop

AquaCrop is a crop simulation model which describes the interactions between the plant and the soil (figure 10). From the root 
zone, the plant extracts water and nutrients. Field management (such as soil fertility management) and irrigation management are 
considered since they affect this interaction. The described system is linked to the atmosphere through the upper boundary which 
determines the evapotranspiration (ET0) and supplies carbon dioxide (CO2) and energy for crop growth. Water drains from the 
system to the subsoil and the ground water table through the lower boundary. If the groundwater table is shallow, water can move 
upward to the system by capillary rise.

FIGURE 10: AquaCrop conceptual model
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Source: Food and Agriculture Organization (FAO), AquaCrop training handbooks, April 2017. 

FAO developed AquaCrop to address food security and to assess the effects of the environment and management actions on crop 
production. When designing the model, an optimum balance between simplicity, accuracy and robustness was pursued. To be 
widely applicable AquaCrop uses only a relatively small number of explicit parameters and mostly intuitive input variables that can 
be determined by simple methods. The calculation procedures are grounded on basic and often complex biophysical processes to 
guarantee an accurate simulation of the crop response in the plant-soil system.

AquaCrop can be used as a planning tool or to assist in management decisions for both irrigated and rainfed agriculture. 
AquaCrop is particularly useful:

·	 To understand the crop response to environmental changes.
·	 To compare attainable and actual yields in a field, farm or region.
·	 To identify constraints limiting crop production and water productivity (as a benchmarking tool).
·	 To develop strategies under water deficit conditions to maximize water productivity through irrigation strategies such as 

deficit irrigation as well as crop and management practices including adjustments to the planting date, the cultivar selection, 
the fertilization management, the use of mulches and the rainwater harvesting.
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·	 To study the effect of climate change on food production, by running AquaCrop with both historical and future 
weather conditions.

·	 For planning purposes, by analysing scenarios useful for water administrators and managers, economists, policy analysts 
and scientists.

Irrigated wheat production in Deir Ez Zor in the Syrian Arab Republic and Hillah in Iraq was assessed.  To assess climate change 
impacts on agriculture, minimum and maximum temperature (Tmax and Tmin, respectively) and precipitation were extracted for 
the two study locations from the Mashreq Domain regional climate modelling (regional climate model, RCM) outputs.  Similar to 
the general trends exhibited by the areal maps, both Tmax and Tmin are generally increasing with time while precipitation shows 
interannual variability in both locations (tables 7 and 8).

For Deir Ez Zor (table 7), all models predicted an increase of annual rainfall in the two periods ranging from 0.7 to 36.5 per cent. 
As for maximum and minimum temperature, all models predicted a rise ranging from 0.6°C to 2.5°C and from 0.8°C to 2.6°C, 
respectively.

TABLE 7: Summary of Tmax, Tmin and precipitation data from six driving GCMs for irrigated wheat production in Al-Mreiayeh region in Deir Ez 
Zor SSP5-8.5

Climate parameter Driving GCM
Reference period 

(1995-2014)
Near-term

(2021-2040)
Mid-term

(2041-2060)

Tmax (°C)

CMCC-CM2-SR5 26.9 27.8 29.4

CNRM-ESM2-1 26.9 27.5 28.8

EC-Earth3-Veg 27 27.8 29.1

MPI-ESM1-2-LR 27 27.6 28.3

MRI-ESM2-0 27.1 27.8 29.2

NorESM2-MM 26.9 27.9 28.9

Ensemble mean 27 27.7 29

Tmin (°C)

CMCC-CM2-SR5 14.6 15.6 17.2

CNRM-ESM2-1 14.6 15.4 16.7

EC-Earth3-Veg 14.7 15.7 17.1

MPI-ESM1-2-LR 14.7 15.5 16.4

MRI-ESM2-0 14.7 16 17

NorESM2-MM 14.7 15.8 16.8

Ensemble mean 14.7 15.7 16.9

P (mm/month)

CMCC-CM2-SR5 163.3 166.9 176.3

CNRM-ESM2-1 163 174.9 170.7

EC-Earth3-Veg 171.4 190.4 172.4

MPI-ESM1-2-LR 151.5 152.6 164

MRI-ESM2-0 154.7 211.1 177.1

NorESM2-MM 168.5 198.2 183.4

Ensemble mean 162 182.4 174

Source: Authors.

For Hillah, some models predicted a decrease of annual rainfall by 0.5 per cent and some predicted an increase of annual rainfall 
by 47.7 per cent in the 2021-2040 period, while all models predicted an increase of annual rainfall ranging from 10 per cent to 52.7 
per cent in the 2041-2060 period.

As for maximum and minimum temperature, all models predicted a rise ranging from 0.5°C to 2.5°C, and from 0.8°C to 2.6°C for 
the two periods, respectively.
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TABLE 8: Summary of Tmax, Tmin and precipitation data from six driving GCMs for irrigated wheat production in Hillah, SSP5-8.5

Climate parameter Driving GCM
Reference period 

(1995-2014)
Near-term

(2021-2040)
Mid-term

(2041-2060)

Tmax (°C)

CMCC-CM2-SR5 31.4 32.5 33.9

CNRM-ESM2-1 31.3 31.8 33

EC-Earth3-Veg 31.5 32.2 33.5

MPI-ESM1-2-LR 31.5 32.2 32.9

MRI-ESM2-0 31.5 32.3 33.5

NorESM2-MM 31.5 32.3 33.3

Ensemble mean 31.5 32.2 33.4

Tmin (°C)

CMCC-CM2-SR5 18.2 19.3 20.8

CNRM-ESM2-1 18 18.8 20.1

EC-Earth3-Veg 18.4 19.4 20.6

MPI-ESM1-2-LR 18.2 19.3 20.8

MRI-ESM2-0 18.2 19.5 20.5

NorESM2-MM 18.2 19.4 20.4

Ensemble mean 18.2 19.3 20.5

P (mm/month)

CMCC-CM2-SR5 91.5 95.8 128.8

CNRM-ESM2-1 97.1 144.8 123.4

EC-Earth3-Veg 104.5 148.3 125.8

MPI-ESM1-2-LR 96.8 96.3 106.6

MRI-ESM2-0 95.2 127.1 106.8

NorESM2-MM 87.7 125.3 133.9

Ensemble mean 95.5 123 120.9

Source: Authors.

B. Impact of climatic changes on Irrigated wheat production in Al-Mreiayeh region in Deir Ez Zor

The impact of climate change on irrigated wheat production was studied using climate files from the output of Mashreq Domain 
climate modelling. Crop, soil, management and irrigation files were obtained from the agriculture research centre in Deir Ez Zor. 

The AquaCrop model was run for the six climate files from the output of the Mashreq Domain climate mdelling (six projects) and 
showed the following results:

In terms of yield, all models predicted an increase of irrigated wheat yield. The average of all models for yield increase is about 
14.9 per cent (about 0.8 tons per hectare (t/ha)). 

TABLE 9: Changes in wheat yield for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in Al-Mreiayeh 
region for 6 models according to the RCP 8.5 scenario

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

Average 1995-2014 5.3 5.3 5.4 5.3 5.3 5.4 5.3

Average 2021-2040 5.9 5.9 5.9 5.9 6.0 6.0 5.9

Average 2041-2060 6.0 6.1 6.2 6.1 6.0 6.2 6.1

Relative change 14.3% 15.5% 15.6% 15.2% 13.1% 15.7% 14.9%

Source: Authors.
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FIGURE 11: Changes in wheat yield for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in Al-Mreiayeh 
region for 6 models according to scenario RCP8.5: graph
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All models predicted a shortening of the growing cycle (due to the rise of maximum and minimum temperatures) ranging from 
5.1 to 9.9 per cent. The average of all models was 6.7 per cent (about 10 days).

TABLE 10: Changes in the growing cycle of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in 
Al-Mreiayeh region for 6 models according to the RCP 8.5 scenario

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

Average 1995-2014 155.4 155.0 154.4 154.6 155.77 153.9 154.8

Average 2021-2040 150.5 152.2 151.3 150.1 150.7 152.1 151.1

Average 2041-2060 140.0 147.0 145.0 146.0 145.0 143.8 144.5

Relative change -9.9% -5.1% -6.1% -5.6% -6.9% -6.6% -6.7%

Source: Authors.

FIGURE 12: Changes in the growing cycle of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in 
Al-Mreiayeh region for 6 models according to scenario RCP8.5: graph

Source: Authors.

Source: Authors.
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Source: Authors.

Despite a projected increase in daily crop water requirements (ET0) due to the rise of daily maximum and minimum 
temperatures, the seasonal ET0 values showed a decrease ranging from 8.7 to 14.6 per cent. The average decrease of all 
models was 10.2 per cent (about 50 mm/season) as a result of a decrease in the growing cycle length.

TABLE 11: Changes in the seasonal ET0 of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in 
Al-Mreiayeh region for 6 models according to the RCP 8.5 scenario

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

Average 1995-2014 496.6 490.9 483.6 489.1 484.4 486.1 488.4

Average 2021-2040 469.9 475.1 464.1 466.6 455.6 456.5 464.6

Average 2041-2060 424.0 448.4 439.3 446.5 432.3 442.3 438.8

Relative change -14.6% -8.7% -9.2% -8.7% -10.8% -9.0% -10.2%

Source: Authors.

FIGURE 13: Changes in the seasonal ET0 of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period (1994-2015) in 
Al-Mreiayeh region for 6 models according to scenario RCP8.5: graph
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Water productivity values showed a significant increase of up to 41.3 per cent. The average increase of all models was 33 per 
cent (about 0.4 kg/m3).

TABLE 12: Changes in the water productivity (WP) of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-
2014) in Al-Mreiayeh region for 6 models according to the RCP 8.5 scenario

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

Average 1995-2014 1.2 1.2 1.2 1.2 1.2 1.2 1.2

Average 2021-2040 1.4 1.4 1.5 1.4 1.5 1.5 1.4

Average 2041-2060 1.7 1.6 1.6 1.6 1.7 1.6 1.6

Relative change 41.3% 30.2% 30.7% 30.0% 35.1% 31.0% 33.0%

Source: Authors.
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FIGURE 14: Changes in the water productivity (WP) of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period 
(1995-2014) in Al-Mreiayeh region for 6 models according to the RCP 8.5 scenario: graph

C. Impact of climatic changes on irrigated wheat production in Hillah

The impact of climate change on irrigated wheat production in Hillah12 was studied using climate files from the output of the 
Mashreq Domain climate modelling. Crop, soil, management and irrigation files were obtained from an agriculture research 
centre. The AquaCrop model was run for the six climate files from the output of the Mashreq Domain climate modelling (six 
projects) and showed the following results:

With respect to yield, all models predicted an increase in the irrigated wheat yield. The average increase in yield for all models 
was 23.4 per cent (about 0.65 t/ha).

TABLE 13: Changes in wheat yield for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in Hillah region for 
6 models according to the RCP 8.5 scenario

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

Average 1995-2014 2.6 2.9 2.8 2.9 2.7 2.7 2.8

Average 2021-2040 3.2 3.3 3.4 3.0 3.3 3.4 3.3

Average 2041-2060 3.3 3.6 3.5 3.4 3.4 3.4 3.4

Relative change 26.0% 25.0% 24.4% 16.8% 24.9% 23.4% 23.4%

Source: Authors.

Source: Authors.
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Source: Authors.

Source: Authors.

Source: Authors.

Source: Authors.
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Figure 15: Changes in wheat yield for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in Hillah region for 
6 models according to the RCP 8.5 scenario: graph

For the growing cycle, all models predicted a decrease of the growing cycle length (due to the rise of maximum and minimum 
temperatures) ranging from 6.1 to 10.4 per cent. The average decrease of all models was 7.7 per cent (about 11 days).

TABLE 14: Changes in the growing cycle of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in 
Hillah region for 6 models according to the RCP 8.5 scenario

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

Average 1995-2014 140.6 141.1 139.7 140.2 140.2 140.4 140.4

Average 2021-2040 134.0 138.8 137.0 135.4 135.3 136.2 136.1

Average 2041-2060 126.0 132.5 129.5 131.0 130.2 128.6 129.6

Relative change -10.4% -6.1% -7.3% -6.6% -7.1% -8.4% -7.7%

FIGURE 16: Changes in the growing cycle of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in 
Hillah region for 6 models according to scenario RCP8.5: graph
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Despite the increase of values of daily ET0 due to the rise of daily maximum and minimum temperatures, the seasonal ET0 
values showed a decrease ranging from 6.9 to 11 per cent. The average decrease of all models was 8.8 per cent (about 38 
mm/season) as a result of a decrease of growing cycle length.

TABLE 15. Changes in the seasonal ET0 of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in 
Hillah region for 6 models according to the RCP 8.5 scenario

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

Average 1995-2014 439.6 436.4 435.2 433.3 436.3 436.6 436.2

Average 2021-2040 416.5 422.5 415.5 423.1 412.0 407.4 416.1

Average 2041-2060 391.3 400.6 398 403.4 396.1 398.8 398.0

Relative change -11.0% -8.2% -8.5% -6.9% -9.2% -8.7% -8.8%

Source: Authors.

FIGURE 17: Changes in the seasonal ET0 of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period (1995-2014) in 
Hillah re gion for 6 models according to scenario RCP8.5: graph
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Water productivity values showed an increase of up to 32 per cent. The average increase of all models was 25.5 per cent 
(about 0.26 kg/m3). 

TABLE 16: Changes in the water productivity (WP) of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period 
(1995-2014) in Hillah region for 6 models according to the RCP 8.5 scenario

CMCC-CM2-SR5 CNRM-ESM2-1 EC-Earth3-Veg MPI-ESM1-2-LR MRI-ESM2-0 NorESM2-MM Ensemble mean

Average 1995-2014 1.0 1.1 1.0 1.0 1.0 1.0 1.0

Average 2021-2040 1.2 1.2 1.2 1.1 1.2 1.2 1.2

Average 2041-2060 1.3 1.3 1.3 1.3 1.3 1.3 1.3

Relative change 32.0% 23.1% 23.1% 22.5% 26.4% 26.5% 25.5%

Source: Authors.

Source: Authors.
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Source: Authors.

FIGURE 18: Changes in the water productivity (WP) of wheat for the periods 2021-2040 and 2041-2060 compared to the reference period 
(1995-2014) in Hillah region for 6 models according to scenario RCP8.5: graph
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5 CLIMATE CHANGE IMPACTS ON GROSS DOMESTIC PRODUCT IN THE 
EUPHRATES BASIN 

Climate change impacts economic performance through various channels. Costs can arise inter alia due to increasing health 
costs linked to heat stress and a higher disease prevalence, due to adverse impacts on labour productivity or rising production 
costs for the industry.13 This makes quantifying the overall economic effects from climate change challenging. The established 
literature on the subject takes either a bottom-up approach, summing impacts from individual channels or sectors, or a top-down 
approach, estimating the overall economic impacts based on aggregate economic indicators. Depending on the methodology 
chosen, estimates on the future economic costs due to global warming vary substantially, ranging between only a few per cent to 
23 per cent of GDP14, with the poorest countries expected to experience income losses of 75 per cent by the end of this century.15 

Major sources of uncertainty relate to the choice of the correct impact model16, the translation of future aggregate emissions 
into temperature changes, the expected economic growth in a no climate change scenario, as well as the discounting of future 
damages.17

The following section seeks to explore the potential economic impacts from climate change in the Euphrates basin both in Iraq 
and the Syrian Arab Republic. Building on the seminal work by Marshall Burke and co-authors,18 the approach of which has since 
been implemented by a growing body of other studies, we combine GDP data with climate projections for the Mashreq Domain 
to estimate the impact of projected temperature increases on GDP growth.19 Given the multiple sources of uncertainty outlined 
above, the presented estimates for the economic costs of climate change should be interpreted with caution. We understand 
these estimates as a pilot exercise and invitation for further discussion and research into this important subject. 

A. Methodology

To obtain estimates of future economic costs from climate change, Burke and co-authors first estimate the historic relationship 
between economic growth and temperature as well as precipitation with a fixed effects panel regression on a global panel of 
countries.20 The model takes a non-linear form to allow the effect of temperature and precipitation to vary depending on their 
initial values. In a second step, the coefficient estimates obtained from the historic regression are combined with projections 
of temperature changes under climate change. While temperature has a significant and robust effect on GDP per capita growth 
across different specifications, the models do not find a significant effect of precipitation on economic performance. Projections 
presented in existing studies therefore focus on the economic impacts of temperature changes only. We follow the same 
approach here. 
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In the current analysis, climate projections for temperature changes are provided for the SSP5-8.5 scenario. Secular growth 
projections are based on the SSP5, named the fossil-fuelled development scenario.21 GDP data are taken from Kummu 
and others,22 who provide GDP estimates at a grid cell as well as the national level. Given the data paucity in the region 
considered, we rely on the country-level GDP per capita data for the growth projections. It should therefore be noted that 
the spatial variation in projected economic costs found for the study region stems solely from differences in projected 
temperature and precipitation changes, not from spatial differences in the baseline economic performance. Our primary 
results rely on the coefficient estimates of temperature impacts on economic growth at the country level found by Damania 
and others,23 who also follow the methodological approach proposed by Burke and others.24

In addition, we explore potential climate change impacts on agricultural productivity. For this, we use the national gross value 
added (GVA) of the agricultural sector25 to measure baseline economic performance. GVA – the value of output minus the 
value of intermediate consumption – measures the contribution of an individual sector to GDP.26 Parameter estimates for 
temperature impacts are again taken from Damania and others.27 

The economic costs of climate change if no action is taken are obtained by comparing economic growth projections under 
climate change to growth projections under a no climate change scenario, which assumes temperatures would stay at 
their baseline (1995-2014) values. We provide projections for two time periods: near-term estimates are based on climate 
projections for the 2021-2040 time window and mid-term estimates on the 2041-2060 time window. The economic impacts 
are presented for the respective midpoints of the two time windows (2030 and 2050) in the figures below.

B. Discussion of results: Euphrates basin, Iraq

The presented modelling exercise shows significant costs from climate change. Already in the near term, the median 
reduction in GDP per capita in the Euphrates basin in Iraq amounts to 3.4 per cent, with costs as high as 4.6 per cent for 
the most affected areas (figure 19). For the mid-term, GDP per capita could be lower by 15.2 per cent (median estimate) 
compared to a no climate change scenario. The most affected regions are projected to experience GDP losses of almost 20 
per cent.28 

Agricultural productivity is also projected to suffer substantially under climate change if no action is taken. The GVA of the 
agricultural sector is projected to be lower by 3.5 per cent on average in the near term, with projected reductions of 4.8 per 
cent for the areas expected to experience the largest temperature increases. In the medium term, agricultural productivity 
is projected to be lower by 16.4 per cent (median estimate, 20.6 per cent projected losses for the most affected areas) 
compared to a world with no additional temperature increases. The precise mechanisms driving these results remain hidden 
in the macro-economic approach employed here. These could be a mixture of heat stress and thus lower productivity for 
outdoor workers or particular crops becoming unsuitable for cultivation under increasing temperatures, even if yields are 
projected to increase for some crops (chapter 4, section  C).

In addition, it should be noted that the estimates presented are based solely on temperature trajectories under global warming 
and are thus likely to consider only a part of future economic costs from climate change in the agricultural sector. There is 
consistent micro-level evidence showing precipitation affects agricultural production.29 At the same time, macro-economic 
approaches, like the one followed in the presented analysis, have failed to find significant impacts of precipitation on 
agricultural growth.30 This calls for follow-up studies based on agricultural productivity data at the subnational level as well 
as seasonal precipitation information to provide a more in-depth analysis of the potential costs from climate change. Given 
the high variability of precipitation projections and their sensitivity to different model setups and forcing conditions, future 
studies should also focus on evapotranspiration, which plays an important role in the region.31
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FIGURE 19: Projected economic losses under climate change if no action is taken: Euphrates basin, Iraq

Source: Authors.

Note: The figure depicts the range of estimated impacts for all grid cells in the Euphrates basin in Iraq using boxplots. Boxplots represent the 
median estimate (inner bar), the 25th and 75th percentile estimate (lower and upper bound of the box) as well as the highest and lowest quartile 
(vertical lines outside the box). Estimates are based on baseline country-level GDP per capita  (left panel, averaged over 1995-2014) and 
baseline agricultural GVA (right panel, averaged over 1995-2014). Secular growth projections were obtained from the SSP5 and temperature 
projections at a cell level provided by the Mashreq Domain.

C.	 Costs	and	benefits	of	specific	adaptation	measures:	Iraq

The presented economic costs of climate change in terms of foregone GDP refer to a business-as-usual scenario in which 
no action is taken. Specific adaptation measures can help reduce these climate change-induced costs. While it is difficult to 
provide precise cost-benefit analyses of specific measures – both costs and benefits are also influenced by factors beyond 
the individual country’s control – the country’s nationally determined contribution (NDC) discusses adaptation projects 
alongside with estimates as to their expected benefits. 

In the case of Iraq, the country submitted its first NDC in October 2021 outlining the intention to reduce emissions by 1-2 per 
cent unconditionally and 15 per cent conditionally. In order to do so, a variety of measures are mentioned with respect to 
the agriculture sector. For example, controlling the cultivation of crops that have high levels of methane output, such as rice, 
and reducing water consumption in the agriculture sector. Measures such as these may generate costs such as a reduction 
in agricultural output or the costs associated with finding and planting more efficient crops. These costs must be weighed 
against the potential for limiting the aforementioned modelled economic losses resulting from climate change. 

D. Discussion of results: Euphrates basin, the Syrian Arab Republic

Similar to the Iraq part of the Euphrates basin discussed above, the Syrian Arab Republic is also projected to experience significant 
costs from climate change, albeit a bit lower than those projected for Iraq. Already in the near term, the GDP per capita is projected 
to be lower by 1.2 per cent at the median – and almost 2 per cent for the most affected areas – compared to a scenario with no 
additional warming (figure 20, left panel). In the mid-term, economic costs from climate change if no action is taken could amount to 
6.6 per cent of GDP per capita (median estimate), with projected costs of 10.4 per cent for the highly affected areas.
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Agricultural productivity will also be adversely affected by climate change according to the modelling exercise discussed 
above. The GVA of the agricultural sector is projected to be lower by 1.5 per cent at the median and by 2.3 per cent in areas 
with the highest temperature increases in the near term (figure 20, right panel). By mid-century, the GVA could be lower by 
8.2 per cent at the median and 11.7 per cent in highly affected areas. More in-depth future analyses based on agricultural 
productivity data at the subnational level as well as seasonal precipitation information and evapotranspiration measures will 
help to provide a better understanding of the climate change-related costs in the agricultural sector.

FIGURE 20: Projected economic losses under climate change if no action is taken: Euphrates basin, the Syrian Arab Republic

E.	 Costs	and	benefits	of	specific	adaptation	measures:	the	Syrian	Arab	Republic

In November 2018, the Syrian Arab Republic submitted its first NDC. Given the impact of conflict and climate change in the 
country, the Syrian Arab Republic has listed many challenges associated with accomplishing the plans outlined in its NDC 
including a lack of access to advanced technologies to measure and monitor progress as well as a lack of specialized skills 
in areas like environmental economics and environmental degradation costs. Given its limited capacity to independently fund 
the costs of adaptation, the Syrian Arab Republic has advocated for a full and serious commitment from developed countries 
to bear a greater proportion of the adaptation costs by providing support to lower income nations in order to accomplish their 
climate objectives.  

Source: Authors.

Note: The figure depicts the range of estimated impacts for all grid cells in the Euphrates basin in the Syrian Arab Republic using boxplots. 
Boxplots represent the median estimate (inner bar), the 25th and 75th percentile estimate (lower and upper bound of the box) as well as the 
highest and lowest quartile (vertical lines outside the box). Estimates are based on baseline country-level GDP per capita  (left panel, averaged 
over 1995-2014) and baseline agricultural GVA (right panel, averaged over 1995-2014), secular growth projections obtained from the SSP5 and 
temperature projections at a cell level provided by the Mashreq Domain.
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6 CONCLUSION AND RECOMMENDATIONS

In the area surrounding the Euphrates basin, the agriculture sector is an important contributor to employment and to food security. In 
both Deir Ez Zor and Hillah, wheat is one of the primary crops. Both areas of the basin confront challenges with respect to climatic 
events including droughts and floods as well as a high incidence of water contamination.  

Six global climate models (GCMs) were used to generate climate projections for the region, with 1995-2014 serving as a baseline 
period, 2021-2040 as a near-term period and 2041-2060 as a mid-term period. With regards to temperature, there is some variation 
in projections based on seasonality and location within the basin. In the lower basin, for the near-term (2021-2040), temperature is 
expected to increase by 0.9°C (SSP5-8.5) during both seasons. In the upper basin, the average projected change in temperature is 
1°C during the April-September season and 1.2°C during the October-March season.  For the mid-term (2041-2060), the estimated 
increase in temperature is 2.1°C during both season in the lower basin.  In the upper basin, the change in temperature is expected to 
be greater during the October-March season (2.5°C) than the April-September season (2.2°C). For precipitation, projections showed 
marked seasonal variability. For the upper basin, precipitation is generally increasing for the near-term during April-September (1.7 
mm/month) but decreasing for the mid-term (-0.6 mm/month).  Similarly, during October-March, precipitation is anticipated to 
increase on average during the near-term (0.7 mm/month) and decrease for mid-term (-0.2 mm/month).  Localized greater declining 
precipitation is expected north of Lake Assad, particularly evident during the October-March season, mid-term (up to -6 mm/
month). In terms of evaporation, projected changes in evaporation vary greatly with respect to season in the upper basin.  For April-
September, evaporation is generally decreasing in the upper basin for mid-term (-0.6 mm/month), although localized increases in 
evaporation are anticipated in the uppermost reaches.  Increasing precipitation and temperature during October-March is expected 
to result in significant evaporation increases in the upper basin, averaging 3.4 mm/month for the mid-term. 

To assess the climate change impact on agriculture, an AquaCrop model was selected. Irrigated wheat production within Deir Ez Zor 
and Hillah (located within the Syrian side and the Iraqi side, respectively) were assessed.  Climate change impacts on agriculture, 
minimum and maximum temperature (Tmax and Tmin, respectively) and precipitation were extracted for the two study locations 
from the Mashreq Domain regional climate modelling (RCM) outputs.  Similar to the general trends exhibited by the areal maps, both 
Tmax and Tmin are generally increasing with time while precipitation shows interannual variability in both locations.

RCM outputs for the two locations are similar.  Although temperature is generally increasing, the mean diurnal range shows a 
decrease ranging from 9.9°C to 9.5°C between the reference period and mid-term at the wheat crop location. Similarly, the range is 
from 9.1°C to 8.7°C between the same periods at the wheat location. Although precipitation exhibits some interannual variability, 
differences between the three time periods are virtually unchanged for the near-term but show a minor decrease by mid-term, 
compared to the reference period.  

For wheat in Deir Ez Zor in the Syrian Arab Republic, the average of all models for yield increase is about 14.9 per cent (about 0.8 
t/ha) through the mid-term. All models predicted a shortening of the growing cycle (due to the rise of maximum and minimum 
temperatures) ranging from 5.1 to 9.9 per cent. The average decrease in the growing cycle for all models was 6.7 per cent (about 
10 days). Despite a projected increase in daily crop water requirements (ET0) due to the rise of daily maximum and minimum 
temperatures, the seasonal ET0  values showed a decrease ranging from 8.7 to 14.6 per cent, and the average decrease of all models 
was 10.2 per cent (about 50 mm/season) as a result of a decrease in the growing cycle length. Water productivity values showed a 
significant increase of up to 41.3 per cent. The average of all models was 33 per cent (about 0.4 kg/m3). 

In Hillah in Iraq, all models predicted an increase of irrigated wheat yield. The average of all models for yield increase was 23.4 
per cent (about 0.65 t/ha). For the growing cycle, all models predicted a decrease of the growing cycle length (due to the rise of 
maximum and minimum temperatures) ranging from 6.1 to 10.4 per cent. The average decrease in the growing cycle for all models 
was 7.7 per cent (about 11 days). Despite the increase of values of daily ET0 due to the rise of daily maximum and minimum 
temperatures, the seasonal ET0 values showed a decrease ranging from 6.9 to 11 per cent. The average decrease of all models was 
8.8 per cent (about 38 mm/season) as a result of a decrease of growing cycle length. Water productivity values showed an average 
increase for all models of 25.5 per cent (about 0.26 kg/m3). 

The modelling exercise assessing climate change impact on GDP in the Euphrates region shows significant costs. In the near term, 
the median reduction in GDP per capita in the Euphrates basin in Iraq amounts to 3.4 per cent, with costs as high as 4.6 per cent 
for the most affected areas. For the mid-term, GDP per capita could be lower by 15.2 per cent compared to a no climate change 
scenario. The most affected regions are projected to experience GDP losses of almost 20 per cent. In the Euphrates basin in the 
Syrian Arab Republic, median economic losses due to temperature increases amount to 1.2 per cent of GDP per capita in the near 
term and 6.6 per cent of GDP per capita in the medium term.
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Agricultural productivity is also projected to suffer under climate change if no action is taken. The GVA of the agricultural sector is 
projected to be lower by 3.5 per cent on average in the near term, with projected reductions of 4.8 per cent for the areas expected 
to experience the largest temperature increases in Iraq. In the medium term, agricultural productivity is projected to be lower by 
16.4 per cent (median estimate, 20.6 per cent projected losses for the most affected areas) compared to a world with no additional 
temperature increases. In the Syrian part of the Euphrates basin, median agricultural productivity is projected to be lower by 1.5 per 
cent in the near term and 8.2 per cent in the medium term.

Going forward, it may be useful to explore the following recommendations: 

 1. Encourage deficit irrigation, which will allow for more efficient use of scarce water supplies and lead to greater increases in 
water productivity. 

 2. Adopt more drought and heat-resistant species.

 3. Change planting dates and cropping patterns.

 4. Conduct a more in-depth assessment of the economic costs arising from climate change based on subnational and/or 
seasonal data as well as of the costs and benefits of implementing the NDCs in both Iraq and the Syrian Arab Republic with 
a regional focus on the Deir Ez Zor and Hillah areas. 
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The Arab region is highly dependent on shared water resources, with most Arab States relying on 
water supply shared with neighbouring Arab States or with countries from outside the region. Over 
a third of freshwater resources originate from outside the region’s borders and, in terms of shared 
surface water, 14 of 22 Arab countries share a surface-water body. The region is also one of the 
most water scarce in the world. This scarcity manifests in the agricultural sector – a crucial source 
of food security and livelihoods in the region and the largest water consumer, with an average of 80 
per cent of freshwater resources throughout the region directed towards agricultural use. Projected 
climate change impacts on water availability will exacerbate existing pressures on water resources. 
These factors significantly effect the quantity and quality of freshwater supply to all water-dependent 
sectors, especially agriculture, threatening food security in the region. The Euphrates river basin is a 
typical example of this situation. 

The present technical provides a detailed case study on the assessment of climate change impacts 
on shared water resource use and availability in the Euphrates basin in Iraq and the Syrian Arab 
Republic. It includes an analysis of localized impacts of climate change on wheat yields, and a 
discussion of climate change impacts on GDP in the basin. The regional climate projections for the 
Mashreq Domain used to inform the present report were produced by the Swedish Meteorological 
and Hydrological Institute. The study was carried out as part of a project focused on water and food 
security under a changing climate context, led by the Swedish International Development Cooperation 
Agency.


