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Abstract: 
Maintaining natural processes and supporting social and economic growth depend heavily on water supplies. 

However, Future climate is predicted to bring higher temperatures, which will increase evapotranspiration; lower 

precipitation totals; and changes in the seasonal pattern of precipitation. Iraq is more vulnerable to climate 

change than other nations due to the underdeveloped and fragile water management systems there, as well as the 

country's desert and warmer environment and increasing sensitivity to extreme weather events. The present work 

aims to analyse the literature dealing with climate change's effects on water resources in Iraq. The Scopus 

database was searched using the keywords (Iraq, models of climate change, and water resources). Most models 

study the effect of high temperatures and evaporation on water resources using different tools, the most 

important of which are SWAT, LARS-WG, and HEC-HM. The analysis of previous studies shows that the 

results of all the literature concordant that Iraq is on the verge of severe water scarcity due to high temperatures 

and the resulting decrease in rainfall, increase in evaporation, decrease in vegetation cover and increase in 

desertification. 

 

Keywords: SWAT; LARS-WG; Evapotranspiration; Climate Change prediction models. 
 

 
1. Introduction 

The cycle of energy transfer from the sun to the Earth's surface and back into the atmosphere causes 

the temperature to fluctuate continually on Earth. The present situation may be used to make the 

observation that global warming is becoming more pronounced as a result of the Earth's temperature 

continuing to rise. Climatic change is the term used to describe the phenomena of ongoing global 

climate fluctuations. The worldwide hydrological cycle is affected negatively by this changing 

climate. High-intensity severe rainfall events are anticipated to occur in certain places where the mean 

rainfall is predicted to have a declining tendency [1-3].  

Water resources are important in maintaining ecological functions and sustaining social and economic 

development. This is especially true in arid and semi-arid areas, where climate change significantly 

impacts water resources, such as in Iraq [4]. 
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Iraq's environment has been subject to a number of converging pressures stemming from population 

growth, the impact of three wars, climate change, poor land use planning, and encroachment on fragile 

ecosystems [5]. Iraq faces serious environmental problems, ranging from poor water quality, soil 

salinity, air pollution, and conflict pollution to the deterioration of key ecosystems, climate change 

impacts and the threat of water shortages [6, 7].  

The policies followed by the riparian countries and the lack of joint coordination led to the impact of 

water imports in the basins of the Tigris and Euphrates rivers. So that imports fell to almost a third, 

which clearly led to the impact on the agricultural sector through the quality of crops and the use of 

traditional irrigation methods. It also affected livestock. The clear decline of the agricultural sector due 

to the scarcity of water caused an imbalance in the ecological balance and the occurrence of migration 

and demographic change, where the area of desertification increased dramatically, and the revenues of 

the Euphrates River decreased by one-third [8, 9]. 

This review has used a mixture of peer-reviewed papers. The strength of evidence concerning 

environmental risks in Iraq is mixed, as there is a lack of reliable data, and some areas have been more 

researched than others. 

 
2. Current Conditions 

2.1. Climate in Iraq and Water Resources 

Iraq is located in western Asia between 29.50 and 37.220 N and 38.450 and 48.450 E (Figure 1). Iraq 

is bordered to the north by Turkey, east by Iran, south by Kuwait and Saudi Arabia, west by Jordan, 

and northwest by Syria. 

The desert in the west, the island plateau in the middle, the northern highlands of Iraqi Kurdistan, and 

the alluvial plain at the mouth of the Arabian Gulf are Iraq's four primary geographical divisions. 

Iraq is considered one of the arid to semi-arid countries. The main surface water resources are the 

Tigris and Euphrates rivers in addition to their tributaries. Studies have revealed that Iraq is 

experiencing an extreme drought and dryness, decreasing of vegetation cover, rising sand dunes' 

encroachment on agricultural fields, and to severe and frequent sand and dust storms. These 

detrimental effects and their mitigation require responses from all the countries in the region, not just 

those at the local level [10]. Iraq's dry circumstances have already gotten worse as a result of the 

unfavorable tendencies in climate change. Climate classification map showing dryland conditions of 

Iraq, together with all other countries of the world is presented in Figure 1 that shows the Global 

Aridity Index for the entire globe, Iraq has a value of 0.05 and less.   

 

 
 

Figure 1: Global Aridity Index_ET0 (Global-AI_ET0) calculated for the globe [11]. 

Iraq location 



Water Resources in Iraq: Perspectives and Prognosis (ICWRPP 2022)
IOP Conf. Series: Earth and Environmental Science 1120 (2022) 012025

IOP Publishing
doi:10.1088/1755-1315/1120/1/012025

3

 

Figure 2 shows the levels of freshwater stress. Annual freshwater withdrawals refer to total water 

withdrawals from agriculture, industry, and municipal/ domestic uses. Withdrawals can exceed 100% 

of total renewable resources where extraction from nonrenewable aquifers or desalination plants is 

considerable. According to Figure 3, Iraq suffers exceptionally high stress.  

 
Figure 2: Levels of freshwater stress (Freshwater withdrawals as a share of internal resources, 2017) 

Source: UN Food and Agriculture Organization (FAO) 

 
Figure 3: Levels of freshwater stress for Iraq for the period (1977-2017) 

Source: UN Food and Agriculture Organization (FAO) 

 

• Temperature 
Iraq is close to the solar belt, receiving an average of 6.5-7 kilowatt-hours of solar energy per 

square meter [12]. Sunlight intensity varies from 2800 to 3300 hours per year. As a result, Iraq now 

has the criteria needed to use solar energy [13]. The sun shines for an average of 11.4 hours per day 

in June and 6.3 hours less per day in January. 16°C in January to 44.4°C in July are the maximum 

temperatures. The minimum temperatures fall between 4.4°C in January and 25.4°C in July. This 

nation experiences below-average wind speeds ranging from 2.5 m/s in December and January to 

4.1 m/s in July. The lowest relative humidity reading was 25.5 percent in October, while the 

highest was 73.8 percent in January [14].  



Water Resources in Iraq: Perspectives and Prognosis (ICWRPP 2022)
IOP Conf. Series: Earth and Environmental Science 1120 (2022) 012025

IOP Publishing
doi:10.1088/1755-1315/1120/1/012025

4

 

The average annual temperature in Iraq has increased since the 1950s by 0.7˚C per century, 

according to temperature measurement data, but this value however has rised from 21.87˚С to 

23.13˚С during (1901-2020). Figure 4 provides a distinct fingerprint of this influence of climate 

change in Iraq. 

 
Figure 4: Observed average annual mean temperature of Iraq 1901-2020 [15]. 

 

• Rainfall 
In central and southern Iraq, annual precipitation ranges from 100 mm to 200 mm. It exceeds 1000 

mm/year in the northern region. The bulk of Iraq's yearly precipitation falls between December and 

February in the rest of the country and between November and April in the northern regions. The 

remainder of the year is dry, particularly from June to August [16]. Figure 5 shows the amount of 

rainfall for selected locations for the water years (2015-2020), while Figure 6 shows the percentage 

of rainfall for the exact locations and water years. 

 

 
Figure 5: The amount of rainfall for selected locations for the water years (2015-2020). 

Source: the researcher depending on the central Statistical Organization Data 
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Figure 6: Percentage of rainfall for selected locations for the water years (2015-2020) 

Source: the researcher depending on the central Statistical Organization Data 

• Evapotranspiration  

Evapotranspiration plays a crucial part in the hydrological cycle, making it critical for water control 

and management. 

For the last few years,  the values of ET have been found to be zero and occupy approximately half 

of Iraq's area. This shows a shortage of vegetation owing to the Tigris and Euphrates' low water 

reserves and the absence of precipitation mainly in the summer [17]. Figure 7 shows the global 

Evapo-Transpiration, while Figure 8 shows field evapotranspiration  for selected locations in Iraq 

for the year 2012. Figure 9 present the annual actual evapotranspiration values for 2019.  

 

 

Figure 7: Global Evapo-Transpiration of reference crop (ET0) calculated for the entire globe [18] 
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Figure 8: Field evapotranspiration for selected locations in Iraq for the year 2012 

 

Figure 9: Annual actual evapotranspiration values for 2019 

The dense forests of Iraq experienced a significant decrease, and future forecasts showed that the 

downward trend would continue. Forests will mostly turn into sparse forests and arid areas, 

indicating forest thinning and clearing. Urban areas were the most dynamic type of cover that 

increased significantly [19]. Figure 10 shows the percentage of the total area of forests for the 

period 2011-2020, which indicates an evident decline. 
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Figure 10: Percentage of the total area of forests (natural and artificial) from the area of Iraq 

Source: the researcher depending on the central Statistical Organization Data 

• Sea Level Rise 

Global mean sea level is directly rising as a result of the planet's systematic warming in two main 

ways: (1) melting mountain glaciers and polar ice sheets are adding water to the ocean; and (2) as 

the seas warm, the water expands, adding to the volume.  

Since 1880, the average sea level has increased by roughly 210–240 mm, with the last two and a 

half decades accounting for almost a third of that increase. Currently, there is a yearly increase of 

around 3 mm. 

Sea level rise puts stress on coastal ecosystems and the actual shoreline. Freshwater aquifers, many 

of which support municipal and agricultural water sources as well as natural ecosystems, can get 

contaminated by saltwater incursions. Figure 11 shows the historical sea level for coastal Iraq for 

the period (1999-2015). 

 
Figure 11: Historical Sea Level for Coastal Iraq (1999-2015) [15]. 

• Water Inflow 
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precipitation, reduced streamflow, and a number of proposed dams [20]. The Water Inflow of 

Tigris and Euphrates Rivers equipped for various purposes during the period (2004-2020) is shown 

in Figure 12. 

 

Figure 12: Water Inflow of Tigris and Euphrates Rivers equipped for various purposes during 

the water year (2004-2020) 

2.2. Climate Change prediction models 

• SWAT 

The Soil and Water Assessment Tool (SWAT) model is a river watershed scale, semi-distributed 

and physically based continuous time (daily computational time step) model for analyzing 

hydrology and water quality at various watershed scales with varying soils, land use and 

management conditions on a long-term basis [21]. The model was originally developed by the 

United States Department of Agriculture (USDA) and the Agricultural Research Service (ARS). 

SWAT system is embedded within a Geographic Information System, in which different spatial 

environmental data, including soil, land cover, climate and topographic Features, can be integrated. 

To simulate a watershed's hydrology, there are two main divisions: the land phase and the routing 

phase. The hydrological components of surface runoff, evapotranspiration, groundwater, lateral 

flow, ponds, tributary channels, and return flow are all predicted by the land phase of the 

hydrological cycle. The transport of water, sediments, nutrients, and organic compounds through 

the channel network of the basin to the outlet is referred to as the routing phase of the hydrological 

cycles. There are two ways to estimate surface runoff: the SCS curve number process [21] and the 

Green and Ampt infiltration method  10. The SWAT model offers three techniques for calculating 

potential evapotranspiration PET), including the Penman-Monteith method. [22, 23]. Either the 

Muskingum River routing method using the daily time step, or the variable storage routing are used 

to route water through the channel network. 

• LARS-WG 

The stochastic weather generator LARS-WG is used to simulate weather data at a single site for 

both the present and the future  [24-27]. LARS-WG generates a set of parameters for probability 

distributions of weather variables and their correlation using observed daily weather data for a 

specific site. These parameters are then used to generate synthetic weather time series of any length 

by randomly selecting values from the appropriate distributions. LARS-WG employs a 

semiempirical distribution (SED), referred to as the cumulative probability distribution function 

(CDF)., to approximate the probability distributions of dry and wet series of daily precipitation, 

Tmax and Tmin. The new version (Version 5.0) uses 23 intervals instead of the prior version's 10, 
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which provides a more realistic depiction of the observed distribution. The value of the climate 

variable vi that corresponds to the probability pi is determined for each climate variable v as 

follows: 

  𝑣𝑖 = min{𝑣: 𝑝(𝑣𝑜𝑏𝑠 ≤ 𝑣) ≥ 𝑝𝑖}𝑖 = 0,… . . , 𝑛    ……. Eq. 1 

where P( ) denotes probability based on observed data {vobs}. For each climatic variable, two 

values, p0 and pn are fixed as 0 and  1 respectively with corresponding values of v0 = min{vobs} 

and vn = max{vobs}. To approximate the extreme values of a climatic variable accurately, some pi 

are assigned close to 0 for extremely low values of the variable and close to 1 for extremely high 

values; the remaining values of pi are distributed evenly on the probability scale.  

• HEC-HMS 

The Hydrologic Engineering Center of the US Army Corps of Engineers created HEC-HMS, a 

semi-distributed hydrological model that enables users to choose from a variety of approaches to 

simulate various hydrological processes depending on data accessibility and research objectives. 

Due to its design, it may address various issues, such as water supply in big watersheds and flood 

hydrology and runoff in a natural rivers or small urban basins [28, 29]. This model was selected 

because of its adaptability, compatibility with the examined basin form, and the provided data [30]. 

Several research studies have used the HEC-HMS model as a useful hydrological model for 

modelling rainfall-runoff processes [31]. 

A basin model, a meteorological model, control requirements, and input data make up the HEC-

HMS model configuration (time series data) [32]. The technical reference document and user 

manual thoroughly explain the model structure. 

3.  Review Through the Literature 

To analyze the literature that dealt with the climate change effects on water resources in Iraq, Scopus 

and google scholar databases were searched using the keywords (Iraq, models of climate change, and 

water resources).  

The Scopus document search reveals that the studies regarding this subject were few and Figure 13 

show those documents since 2011. 

 

Figure 13: Number of documents related to climate change modelling in Iraq since 2011 

Looking through the literature, most research focused on northern Iraq, with very few in the middle 

and south. Table 1 summarizes the literature and what each one has concluded since 2011.  
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All the above studies forecasted the climate change effects for the next century and all models agreed 

that maximum temperature will increase and corresponding reduction in precipitation will occur. 

Moreover, yearly rivers discharge is predicted to decline and the average annual groundwater recharge 

is predicted to fall. There is an urgent need to  

4. Conclusions 

All literature agreed that Iraqi water resources are vulnerable to the effects of climate change. This 

vulnerability is manifested in the decreased river discharge, decreased rainfall and groundwater 

quantity and quality, decrease in vegetation cover and increase in desertification.   

The temperature data estimates that there may be an increase in mean temperature for all climate 

change models for the next century. The literature also shows that most of the studies are concentrated 

in the northern regions of Iraq, which means that the central and southern regions need detailed 

research for water resources management and for development of mitigation strategies.   

Future study is essential to explain the extent of such effects on surface water resources, 

groundwater and seawater. Despite the efficiency of the tools and programs used in modeling 

and predicting climate changes, the research recommends the use of machine learning models for 

forecasting climate parameters. Nowadays, machine learning prediction models are widely used for 

forecasting climate parameters such as: artificial neural network (ANN), support vector machine 

(SVM).  
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