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Historical trends in Crop Water demand over Semi-Arid region of Syria 

 

Abstract 

Climate change has caused a shift in aridity, particularly in the dry regions of the world 

which may subsequently affect several sectors predominantly the agricultural and water resources. 

This research examined the climate change effects on crop water demand (CWD) in Syria over the 

period 1951-2010. Given the lack of observed data, this analysis relied on (GPCC) precipitation 

and (CRU) temperature data from 1951 to 2010. Potential Evapotranspiration (PET) at each grid 

was calculated using Penman-Monteith method and FAO-56 model was used to calculate the crop 

water demand (CWD). The analysis revealed that CWD in Syria increased from 1981 to 2010 

when compared to 1951-1980.The increase in CWD has been found for all the crops except wheat, 

whereas the maximum changes are found during April, and May. The differences in CWD for 

Barley between the two periods were found to be in the range of -20 to 40 mm. A decrease in 

CWD observed in the south of the country. However, a rise in 0 to 20 mm range was also 

discovered in the north. The CWD for wheat was found to decline in most parts of the country. 

However, it was found to increase in the north. The increase in CWD for barley and wheat has 

increased agricultural water stress in the region. Several agriculture planning needs to be 

developed in accordance with the expected future climate changes in order to maintain the 

agricultural production in the region. 
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Introduction 

Rapid environment changes due to unsustainable human activities have created numerous 

challenges across the world. The rise in temperature due to anthropogenic activities causing the 

increase in Greenhouse gases (GHG) eventually alters the rainfall distribution and intensity 

(Scherer et al., 2014, Wang et al., 2014, Iqbal et al., 2019, Swain et al., 2016). Changes in 

precipitation rate, frequency, and distribution are causing a rise in hydrological hazards around the 

world. (Mayowa et al., 2015, Noor et al., 2019). Because of their fragile ecosystems, Arid and 

semi-arid temperature zones are more complicated even to minor shifts in climatic conditions. 

(Mehrotra et al., 1995, Samadi et al., 2012).  Arid areas are often characterized by extremely 

dynamic hydrological processes that often demonstrate unusual behavior, for example flash 

flooding caused by substantial precipitation and water stress induced by a lengthy dry spell 

(Buytaert et al., 2012). However, water stress due to less rainfall and higher temperature are found 

to be more frequent in arid regions compared to other hydrological disasters (Miyan, 2015). It has 

been projected that water stress will become more frequent and severe in the arid region in the 

future creating increase in crop water demand (Nam et al., 2015, Boretti et al., 2019).  

Global warming-induced surface temperatures have modified evapotranspiration, air moisture 

retention potential and, as a result, the seasonal and spatial distribution of rainfall (Wang et al., 

2016b). The Intergovernmental Panel on Climate Change (IPCC) estimates that increased in water 

scarcity has been recorded in many regions as a result of rising temperatures and dry periods, 

especially in Asian countries. Reduction in crop production due to water stress has also been stated 

in a number of studies (Bates et al., 2008). The situation may be adverse in west of Asia and Middle 

East region due to higher increase in temperature (Houmsi et al., 2019). Studies showed a rise in 

temperature at a much higher rate in Middle East compared to many other regions (Salman et al., 

2018). Unlike many other regions, precipitation in Middle Eastern region has been projected to 

decrease when the temperature rises (Lelieveld et al., 2012). These changes can lead to the impacts 

which are linked to shifting in aridity and the specific requirement of water level by different crops 

(Acreman et al., 2009, Wheeler et al., 2004, Houmsi et al., 2019). Because of climate change, 

water balance changes that are responsive in relation to topographical, geographical, and climatic 

controls can disrupt soil heterogeneity and agricultural operation (Houmsi et al., 2019). If 

appropriate steps are not taken, this may have a detrimental effect on the region's livelihood and 

economic activities (Ahmed et al., 2019, Khan et al., 2018). 

Aridity has been found increasing in major parts of the world particularly in Middle Eastern 

countries. Houmsi et al. (2019) evaluated the aridity expansion in Syria from 1981-2010. The study 

reported that the decrease in rainfall has instigated the changes in aridity. In the period 1951-1980, 

a total of 6.21 percent of semi-arid land has been turned to arid. El Kenawy et al. (2016) applied 

Pinna Index and De Martonne index to analyze the changes in aridity of Middle East and Northern 

African region, he found that the aridity is increasing over the humid regions more rapidly. Asadi 

Zarch et al. (2017) employed aridity index established by UNESCO to assess the aridity on a global 

scale using GCMs. According to the results of this study, an increase in arid, semi-arid, and sub-



humid areas is expected. Whereas, hyper-arid and humid zones will be decrease all over the world. 

Sahour et al. (2020) reported the statistically significant increase in trend of aridity in major part 

of Middle East.  

Agriculture is the most vulnerable field to climate change. because it relies so heavily on water 

resources (Zhang et al., 2012). In most of the arid regions, rural economies are highly dependent 

on agriculture land use in which cultivation is highly productive but restricted to the limited land 

area due to the unavailability of water (Nautiyal et al., 2015). Crop water demand applies to  the 

amount of water needed to compensate for evapotranspiration losses from field crops (Liu et al., 

2013b). Sun et al. (2018) the agricultural water demand in the Loess Plateau of northern Shaanxi 

was evaluated, under three future climate change scenarios. The findings revealed a downward 

trend in irrigation water demands for major crops under future climate change scenarios. The 

RCP8.5 (0.90%) has the highest decreasing trend in irrigation water demand, RCP4.5 (0.77 %) 

and RCP2.6 (0.30 %) per year. Liu et al. (2013a) investigated spring highland barley crop water 

demand and deficit in China's Tibet region.  The study found that deficit in water required for the 

crop with different spatial distribution. Azad et al. (2018) studied that Climate change has an effect 

on wheat yield in Myandoab, Iran.  According to the findings in 2055, temperature and reference 

evapotranspiration will rise. Temperature rises will result in a decrease in crop growing season and 

crop evapotranspiration. The negative effect of rising temperatures outweighs the positive effect 

of rising CO2 levels and lower yields. Brouziyne et al. (2018) have used SWAT model and 

downscaled GCMs to investigate the effect of climate change on the water requirements of winter 

wheat and sunflower in northwestern Morocco. 

The lack of water affects the livelihood of the vast population when it occurs in an arid region (Al-

Furaiji et al., 2016).  Climate-induced variations in the frequency and severity of agricultural water 

scarcity, can cause severe and long-lasting effects on agriculture, livelihood and natural systems if 

adequate adaptation plans are not implemented (Nam et al., 2015). Understanding recent and 

expected future developments is vital, the successful climate change adaptation plans must be 

implemented (Wang et al., 2016a). Therefore, in the present study a frame work for assessing the 

changes in crop water demand for data scares region has been developed for Syria. To our 

knowledge and extensive literature review, so far, no research has been done using gridded data 

sets to examine historical shifts in crop water demand in Syria. 

 

Study Area  

Syria is situated in the Middle East and covers an area of 185,180 km2. Its latitude ranges from 32° 

to 38°N and its longitude ranges from 35° to 43°E. The country is bordered on the west by the 

Mediterranean Sea and Lebanon, on the north by Turkey, on the south by Jordan, and on the east 

by Iraq. The country's topography is defined in the west by a narrow coastal plain, mountains in 

the west, and a desert plateau in the east. (Figure 1).  



 

 

 

 

 

 

 

 

 

The country has two distinct seasons: a warm summer (May to October) and a cool, rainy winter 

(November to April). The average daily maximum temperature varies from about 40ºC in summer 

to 12ºC in winter. The average daily minimum temperature goes down to 2ºC in winter. The 

summer minimum temperature is around 20ºC.The seasonal variation of temperature in Syria is 

given in Figure 2. 

 

 

 

 

 

 

  

 

The Mediterranean winds carries moist air. Syria receives much of the precipitation throughout 

the winter (November to May). The precipitation occurs in the form of snow and ice  in the north. 

In most parts of the world, the summer months see virtually no rainfall. The country's rainfall 

Figure 1 Location in the world and topography of Syria 

Figure 2 The seasonal variation of temperature of Syria estimated 

using climate research unit (CRU) temperature for the period 1951-

2010. 



varies between 75 and 1000 millimeters each year. Syria's seasonal variation in precipitation is 

presented  in Figure 3. 

 

 

 

 

 

 

 

 

 

 

Data  

Gridded data sets 

Various gridded data were used in this study, including precipitation data from the (GPCC, 

V.7) (Becker et al., 2013), temperature data from the  (CRU) (Harris et al., 2014), in addition to 

Princeton University Global Meteorological Forcing Dataset (PGF)  (Sheffield et al., 2006). These 

three products were used because it is widely used in various researches globally whereas in our 

previous research Houmsi et al. (2019), it was found most suitable for the Syrian region  

 

 

 

Table 1 Details of Gridded data 

 

Products  Source and Abbreviation Temporal 

Resolution 

Spatial 

Resolution 

Geographica

l Coverage 

GPCC  

(Becker et 

al., 2013) 

Global Precipitation 

Climatology Center, GPCC v.7  

(http://www.esrl.noaa.gov/psd/

data/gridded/data.gpcc.html) 

Monthly 

(1901–

2010) 

0.50×0.50 Global, Land 

only 

Figure 3 The seasonal variation of precipitation of Syria estimated 

using global precipitation climatology centre (GPCC) precipitation for 

the period 1951-2010 

http://www.esrl.noaa.gov/psd/data/gridded/data.gpcc.html
http://www.esrl.noaa.gov/psd/data/gridded/data.gpcc.html


CRU 

(Harris et 

al., 2014) 

The University of East Anglia 

Climatic Research Unit, CRU 

TS 3.22. 

(https://crudata.uea.ac.uk/cru/da

ta) 

Monthly 

(1901–

2013) 

0.50×0.50 Global, Land 

only 

Princeton 

(Sheffield et 

al, 2006) 

 

Global Meteorological Forcing 

Dataset for land surface 

modeling 

(http://hydrology.princeton.edu/

data.pgf.php) 

Daily 

(1948–

2010) 

0.250×0.250 Global, Land 

only 

 

Syria has two major crop growing seasons, Winter and Summer. About 73% of the total 

agriculture land of Syria is cultivated during winter (Houmsi et al., 2019). The major crops of Syria 

include wheat, barley, cotton, tobacco, and grapes. Among that wheat and barley are growing 

during winter and cotton, tobacco and grapes are grown during summer. The calendar for Syria's 

chosen crops is shown in Figure 4  

 

Figure 4 Calendar for selected main crops of Syria (FAO, 2017) 

Cropping seasons in Syria differ only by a few days between irrigated and rain fed areas. 

The rainfall is often correlated with the time of rainfall in the rain-fed region. . As a result, the 

winter crop season is more regular in irrigated areas than in rain-fed areas, with increased quantity 

and quality at a higher rate. The  periods used for the estimation of  CWD for different crops are 

given in Table 2. 

 

http://hydrology.princeton.edu/data.pgf.php
http://hydrology.princeton.edu/data.pgf.php


Table 2 The periods used for the estimation of CWD for different crop growing (FAO, 2017) 

Crops Period(day) Season (months) 

Wheat 240  October to April 

Cotton 195 April to July 

Barley 195 October to June 

Tobacco 150 April to July 

Grapes 210 April to September 

 

3.0 Methodology  

In this study the difference in Crop water demand for various crops (Barley, Cotton, Tobacco, 

Grapes and Wheat) were analyzed for the period of 1951-1980 and 1981-2010 using gridded 

historical data. The Procedure adopted in this study is as under  

1. The Potential Evapotranspiration was calculated using Penman-Monteith method at each grid 

for the period of 1951-1980 and 1981-2010 using gridded data.  

2. The crop water demand was calculated for each grid using FAO-56 model 

4. The spatial distribution of changes in CWD for Syria for various crops are calculated and plotted 

using ArcGis   

The details description of the methods used are stated below  

 

3.1 Penman-Monteith Potential Evapotranspiration Calculation Method 

The system used to estimate PET has a major effect on the CWD value. PET can be estimated 

using a variety of techniques. Their accuracy varies depending on data availability, temporal scale, 

application, and climate condition (Berg et al., 2017). According to studies, the FAO Penman-

Monteith model (Allen et al., 1998) will calculate PET with greater precision in any area of the 

world (Berg et al., 2017). As a result, it has been observed as a common procedure method for 

estimating Potential evapotranspiration all over the world (Muhammad et al., 2019). In this study, 

the FAO Penman-Monteith empirical method for estimating PET was used. 

𝑃𝑃𝑃𝑃𝑃𝑃 =
∆𝑅𝑅𝑛𝑛 + 0.4244 (1 + 0.536𝑢𝑢2)(𝑒𝑒𝑠𝑠 − 𝑒𝑒𝑎𝑎)

(∆ + 0.067)(2.501− 0.00236𝑃𝑃)
 

(1) 



 

Where PET is measured in millimetres each day, 𝑢𝑢2 is the wind speed at 2 meters above 

the surface (m/h), T is the temperature (°C), es is the saturation vapor pressure (KPa), 𝑒𝑒𝑎𝑎 is the real 

vapor pressure (KPa), is the gradient of the saturation pressure curve (KPa/°C), and R n is the 

earth's surface net radiation (MJ/m2/day). 

The mean saturation vapor pressure (es) was calculated from air temperature, while the real 

vapor pressure (ea) was calculated from relative humidity. Saturation vapor pressure and 

temperature were used to measure the slope of saturation vapor pressure. 

 

 

3.2 Estimation Methods of Crops Water Demand 

Precipitation (P) and potential evapotranspiration (PET) essentially define water balance 

(Thornthwaite, 1948, Tsakiris et al., 2005). The water balance equation was used to predict water 

demand for various crops (Kar et al., 2005).  

The FAO-56 model (Brouziyne et al., 2018) was used to calculate irrigation water demand. The 

CWA for the i-th month is described as the difference between the monthly precipitation, Pi, and 𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖  
𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖 = 𝑃𝑃𝑖𝑖 − 𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖 (2) 

The total irrigation water requirement or crop water demand (CWD) can be calculated as: 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑃𝑃𝑃𝑃𝑐𝑐𝑖𝑖𝑐𝑐𝑐𝑐 − 𝑃𝑃𝑒𝑒 (3) 

 

Wirr irrigation water requirements  

ET  crop evapotranspiration 

Pe effective precipitation 

 

The formula for calculating crop evapotranspiration is:  𝑃𝑃𝑃𝑃𝑐𝑐𝑖𝑖𝑐𝑐𝑐𝑐 = 𝑃𝑃𝐶𝐶 ⨉𝑃𝑃𝑃𝑃𝑖𝑖𝑒𝑒𝑟𝑟 (4) 

 

where: 



The crop coefficient is denoted by EC, and the reference evapotranspiration is denoted by ETref.  

The term "effective precipitation" refers to the portion of rainfall that can be used to fulfil the 

evapotranspiration needs of growing crops. Using the USDA equation, effective precipitation is 

calculated (United States Department of Agriculture 1983) as given below: 

Pe = SF × (0.70917P0.82416Pt − 0.11556) × 100.02426 ET (5) 

 

Pt is the monthly average precipitation (in inch), and Pe is the mean monthly effective precipitation 

(in inch). The soil water storage factor is denoted by SF. And ET is the average monthly crop 

evapotranspiration (in inch). The soil water storage factor is described as follows: 

 

SF = (0.531747 + 0.295164 D − 0.057697 D2 + 0.003804 D3) Error! 

No text of specified style in document..1  

(6) 

 

Where D denotes the amount of available soil water storage (in inch). Subjected on the irrigation 

management methods employed, in the crop root area, the term D is normally estimated to be 40% 

to 60% of the usable soil water capacity (United States Department of Agriculture 1970). In this 

scenario, D is expected to be 50% of the soil water capacity. 

 

 

 

4.0 Results 

4.1 Areal Average Trends of Meteorological Variables 

The meteorological variable maps used in the Penman-Monteith system for PET estimation 

are shown in Figure 5. In Syria, the annual mean of daily relative humidity and wind speed varied 

from west coast to inland. The relative humidity difference was discovered to decline from 75% 

in the tropical northwest to 45% in the desert in the southeast. Wind speeds decreased from 4.3 

miles per hour in the northwest to less than 2.8 miles per hour in the northeast. As it has been 



discovered, solar radiation varies with latitude. The country's southeast received the most solar 

radiation (7.3 W/m2). 

 

 

Figure 5 Annual Average of (a) Maximum Temperature (b) Minimum Temperature (c) Solar 

Radiation (d) Vapor Pressure (e) Relative Humidity (f) Wind Speed 

 

Figures 6-9 represent variations over the study period, in numerous meteorological factors 

and aridity (1951-2010). For the period 1951-2010, the anomaly series was formed by subtracting 

the mean from the areal average values of meteorological variables. The anomaly series 

represented the shifts in aridity and other meteorological factors over time. In recent years, the 

mean temperature has hardly changed while the minimum temperature has risen. The PET has 

been observed to rise in recent years, while rainfall has declined. The overall relative humidity 



throughout the country remained almost unchanged. The AI in the region was discovered to be 

declining because of a rise in potential evapotranspiration and a decline in precipitation. 

 

Figure 6 Anomaly in an annual average of daily (a) maximum temperature, and (b) and 

minimum temperature 

 

(a) 

 (b) 



 

Figure 7 Anomaly in annual (a) potential evapotranspiration, and (b) rainfall 

 



 

Figure 8 Anomaly in annual average (a) relative humidity, and (b) aridity 

 

 

 

4.2 Estimation of the Spatial Distribution of Potential Evapotranspiration  

The Penman-Monteith method was used to measure the PET. as shown in Figure 9. The Potential 

evapotranspiration rose from 1600 mm in the northwest to 2800 mm in the southeast. Because of 

the high PET in comparison to rainfall, the majority of the country has an arid climate. 

(a) 

(b) 



 

Figure 9 The Penman-Monteith method was used to calculate the spatial distribution of potential 

evapotranspiration (mm).  
 

4.3 Geographical Distribution of Rainfall, Temperature, and Potential Evapotranspiration 

Trends  

To better comprehend the reasons of changes in CWD, the spatial distribution of variations 

in rainfall and temperature, as well as PET, were measured and the findings were analysed and are 

given in Figures 10, respectively. Used Sen's slope to evaluate variations in rainfall, temperature, 

and PET, the significance of the changes was evaluated using MMK test with a significance level 

of 0.05 from 1951 to 2010. Rainfall variations were estimated to range from 4 to -32.0 mm/decade. 

The north and northeast experienced a significant decrease in precipitation.  The declining rate was 

discovered to be greater than 32 millimetres/decade in the northeast, where the average annual 

rainfall is around 800 mm. Rainfall in the northern semi-arid zone has declined by 12 to 16 mm 

per decade. where average annual precipitation is 300 to 400mm. This means that precipitation is 

steadily falling in the country's north and northeast. 

The country's temperature has been shown to increase dramatically across the board. The 

increase was discovered to be larger in high temperature regions and comparatively smaller in low 

temperature regions. The largest increases were witnessed in the east, especially in the northeast 

(0.28°C/decade). Furthermore, it was discovered to be steadily rising in the northwest 

(0.17°C/decade). Potential evapotranspiration, on the other hand, did not substantially increase at 



any place except one point in the south-eastern desert. Figure 10 (c). The spatial pattern of the 

Potential evapotranspiration trend was discovered to adopt the temperature trend, showing that 

temperature influences the country's PET. Rising temperatures contributed to a rise in PET in most 

areas of the region, but the rises are not statistically yet. The rising temperature pattern, on the 

other hand, may trigger a rise in PET in the future. 

 

Figure 10 From 1951 to 2010, the spatial distribution of rainfall (a), temperature (b), and PET (c) 

. The Modified Mann Kendall trend test yielded significant trends at the 0.05 are marked as dots 

 

 

4.4 Historical Changes in Irrigation Demand for Major Crops 

The Wilcoxon rank test was used to evaluate shifts in CWD over two time periods: early 

1951-1980 and late 1981-2010. Figure 10 illustrates the collected findings for different crops. The 

+ and – symbols signify major increases and decreases, respectively.   

Figure 11 indicates a substantial rise in CWD in the late period (1981-2010) relative to the 

early period (1951-1980) for all crops at 95 percent of the level of confidence. Except for wheat, 

all other crops were found to suffer from water scarcity in the late period while compared to the 

initial period. The CWD for wheat was found to decrease in April. Reduced rainfall and rising 

temperatures have resulted in higher CWD for most Syrian crops. Except for wheat, the greatest 



rise in CWD was observed in April and May for all crops. This shows increased water tension in 

recent years, mostly for summer crops. 

 

 

Figure 11 Changes in water demand of major crops of Iraq between 1951-1980 and 1981-2010 

 

 



4.4 Spatial Distribution of Changes in CWD  

Variations in CWD at various grid points in Syria between 1951 and 1980 and 1981 and 

2010 are shown in Figure 12 to depicts the spatial trend in CWD transition. The map's color ramp 

depicts the sum of shift over two time periods.  

The changes in CWD for Barley between the two periods were found in the range of -20 

to 40 mm. The negative value of CWD indicates a decrease in CWD while a positive value 

indicates an increase. A decrease in CWD observed in the south of the country. However, a rise in 

the range of 0 to 20 mm was also observed in the north. . As agricultural activities of the country 

are mostly concentrated in the north, it can be remarked that CWD for Barley has increased in the 

country. In the case of cotton, grapes and tobacco, no major improvements in the CWD were 

noticed in any of the country's regions. Wheat CWD has been found to be decreasing in most parts 

of the country. However, it has been discovered to grow in the north and northeast, where it is 

cultivated. Overall, the findings suggest a rise in CWD for Syria's two main crops, wheat and 

barley. The increase in CWD for barley and wheat has increased agricultural water stress in the 

region. 

 



 

Figure 12 The difference in crops water availability in two periods (1951-1980) and (1981-2010) 
 

 

 



5. Discussion 

An increase in aridity during 1951-1980 compared to 1981-2010 has been discussed in previous 

studies  (Houmsi et al., 2019). Around 6.21 percent of semi-arid land was detected to change to 

arid land during the two years, while 5.91 percent of dry sub humid land was observed to shift to 

semi-arid land.  According to the findings, the main cause of Syria's rising aridity is a decrease in 

rainfall. About 28.3 percent of agricultural land in the north and northwest was discovered to be 

transitioning from tropical to dry-sub humid or dry-sub humid to semi-arid. The major cause of 

increasing aridity in Syria is believed to be a decline in rainfall, and it has the potential to alter 

crop water demand.  The rising temperature is playing a major role in the changes in crop water 

demand. The aridity shift will have the greatest impact on forested and agricultural lands.  Growing 

aridity may have a significant impact on land fertility and irrigation requirements. This may cause 

the increase in CWD which can affect the agriculture productivity and the agro-based industries 

due to the decrease in crop production leading to an economic instability in near future.  

The CWD was found to increase mainly in the intensive agricultural area of Syria for the period 

1951-2010. The increase was found more for winter crops compared to summer crops. The 

increase in CWD was found more in the southeast and the least in the northwest. The increase of 

aridity has been reported in many previous studies as the cause of a rise in irrigation requirements 

and therefore water stress. The present study validates this hypothesis also for Syria. However, the 

increase in CWD was found much higher in Syria which indicates a large effect of climate change 

on agriculture and water stress in the country. The increase in temperature was found to increase 

at majority of the location with hotter regions were getting hot as compared to the colder regions. 

The significant increase in temperature was observed in the northeast (0.17°C/decade). The 

increase in Potential evapotranspiration was observed at most of the grid points following the same 

trend of increase in temperature. Changes in PET have caused significant increase in CWD for the 

period of 1981-2010 as compared to the base year 1951-1980. Except wheat crop, all the crops 

were found to suffer water scarcity compared to the early period.  

Crop water availability in all the region of Syria was analyzed for the period of 1981-2010. The 

changes in the availability of crop water shows that for most of the crops the available water has 

been reduced up-to 20 mm/decade. The highest decrease is recoded for Barley with minimum 

changes for Tobacco and grapes. The reduction in water availability will cause the crop production 

and ultimately effecting the industries related to the agriculture.  

 

Conclusion 

This paper analyses the historical trends in CWD in addition to the changes in water availability 

for five different crops in Syria. The gridded data sets were used for the first time to analyze the 

changes in PET and CWD in the region. The Penman-Monteith method was used to measure the 

PET using gridded data, and the FAO-56 model was used to calculate crop water demand in this 



article. . The study in this paper reported the increase in crop water demand in all the parts of Syria. 

Except for wheat, the largest increase in CWD was observed in April and May for all crops.  The 

water availability for all five main crops was discovered to be decreasing in the area. With the 

maximum decrease for Barley and Wheat followed by the various decreasing rate of Tobacco, 

cotton and grapes. The change in climate caused the difference in rainfall and temperature, which 

is affecting the PET and CWD. The finding of the study is very useful in the agriculture 

development planning and irrigation designing purpose keeping in view the expected changes the 

region has face due to the variation in climate.  Further studies can be performed following the 

framework developed in this study to calculate the potential changes in future CWD under various 

climate change scenarios and using different GCM simulations.  
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Figures

Figure 1

Location in the world and topography of Syria



Figure 2

The seasonal variation of temperature of Syria estimated using climate research unit (CRU) temperature
for the period 1951-2010.

Figure 3

The seasonal variation of precipitation of Syria estimated using global precipitation climatology centre
(GPCC) precipitation for the period 1951-2010



Figure 4

Calendar for selected main crops of Syria (FAO, 2017)

Figure 5

Annual Average of (a) Maximum Temperature (b) Minimum Temperature (c) Solar Radiation (d) Vapor
Pressure (e) Relative Humidity (f) Wind Speed



Figure 6

Anomaly in an annual average of daily (a) maximum temperature, and (b) and minimum temperature



Figure 7

Anomaly in annual (a) potential evapotranspiration, and (b) rainfall



Figure 8

Anomaly in annual average (a) relative humidity, and (b) aridity



Figure 9

The Penman-Monteith method was used to calculate the spatial distribution of potential
evapotranspiration (mm).

Figure 10



From 1951 to 2010, the spatial distribution of rainfall (a), temperature (b), and PET (c) . The Modi�ed
Mann Kendall trend test yielded signi�cant trends at the 0.05 are marked as dots

Figure 11

Changes in water demand of major crops of Iraq between 1951-1980 and 1981-2010



Figure 12

The difference in crops water availability in two periods (1951-1980) and (1981-2010)
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