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Climate change is the most significant issue confronting the world. Rainfall and 

temperature are the most significant climate variables that can indicate climate change. 

The current study aims to investigate the effect of climate change on the distribution of 

rainfall and temperature in Iraq. This can be done by analyzing changes in temperature 

and rainfall, the general trends of these changes, and their impact on development in 

Anbar Governorate. The study was conducted in the northern desert in the western part 

of Iraq. Six weather stations, including Ramadi, Haditha, Anah, Qaim, Rutba, and 

Nakheb, were used to analyze the characteristics of temperature and rainfall for the period 

from 1980 to 2020. The average monthly data were divided into four decades to clarify 

the effect of climate change on the study area. ArcGIS version 10.8 was used to perform 

interpolation. GIS techniques were employed to draw contour line maps, which are a 

popular method for representing surfaces using lines that connect points with equal 

rainfall depth (mm) or temperature (℃). The Mann‑Kendall trend test and Sen’s slope 

estimator were utilized to analyze the trend direction. The results showed that the amount 

of change in temperature and rainfall during the 40-year study period was 0.86℃ and -

47.97 mm, respectively. The results show that climate change has a strong effect on the 

distribution of rainfall and temperature. The spatial analysis using GIS for average 

temperature and rainfall data over the investigated time periods clarifies that there is a 

strong trend in temperature distribution and a declining trend in rainfall distribution 

during the four decades. According to the result, the temperature was higher in the fourth 

decade than it was in the first decade. In contrast, the rainfall was lower in the fourth 

decade than it was in the first decade. 
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1. INTRODUCTION

The variations in precipitation volume, type, intensity, and 

frequency have been recorded year to year and across decades. 

These variations have an impact on civilization and the 

environment. A short period of intense rainfall might result in 

local flooding and runoff. Meanwhile, steady and moderate 

rainfall helps plants by soaking into the soil [1]. Climate 

change is the alteration of weather patterns over a long period 

of time, such as decades or years, in a specific location or on a 

global scale. These changes may be evident, such as changes 

in average weather conditions or in the statistical distribution 

of weather events [2]. The understanding of climate events 

with extreme trends is more pressing in comparison with the 

changes in monitoring the average climate during global 

warming. This is attributed to changes in the intensity or 

frequency of such events, which may have a greater impact 

compared to changes in the average climate, which are more 

sensitive to climate change [3, 4]. Climate change is described 

by the Intergovernmental Panel on Climate Change (IPCC) as 

the state of change in climate that is recognized (for example, 

through statistical tests) as changes in the mean and/or 

variability of its properties and that lasts for a long time, 

usually decades or more. It describes how the climate has 

changed over time, whether due to human activities or natural 

fluctuations [5]. Globally, the mean annual air temperature 

rose by about 0.5℃ during the period from 1850 to 1990 [2]. 

It has been found that the main cause of climate change is 

carbon dioxide (CO2) released into the atmosphere by volcanic 

eruptions and respiration. It can dissolve upon contact with 

ocean surfaces or be absorbed through photosynthesis by 

plants. Currently, the records show that the concentration of 

CO2 in the atmosphere is about 359 parts per million by 

volume (ppmv), and it is expected to increase due to human 

activities [6]. Studying climate change and its impact on the 

hydrological cycle is a critical factor in water resource 

management [7]. 

The availability of fresh water is seriously threatened by the 

increasing demand for water and fears of pollution, especially 

in dryland areas around the world [8]. The quantity and quality 

of fresh water in dry areas, especially desert regions, are 

uncertain due to the effects of climate change on temperature 

intensity and distribution, as well as the amount and 

distribution of rainfall [9-11]. Water has been greatly affected 

by climate change, which is considered one of the most 

important elements in the urban, industrial, and economic 
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progress of any country [12, 13]. Extreme weather and 

hydrological phenomena brought on by global warming have 

intensified conflict between water supply and demand as well 

as uncertainty around water supplies [14]. 

In their work, Gramz et al. [15] selected the Cherrat 

watershed in northwest Morocco as the study area. They used 

remote sensing and geographic information system (GIS) to 

quantify climate change and investigate the influence of this 

change on the water surface in the studied area. They 

concluded that the water surface area increased from about 0.6 

ha to 6 ha during the period between 1999 and 2009. In 

contrast, a decrease of about 4 ha occurred in 2019. In 2023, a 

significant rise to about 55 ha was recorded. 

Ahmad et al. [16] investigated the impact of climate change 

on sedimentation and hydrological dynamics using GIS and 

SWAT. The study highlights the impacts on water availability 

and sedimentation in the Shyok River basin in the Karakoram 

region. The study used the ERA5 reanalysis dataset to evaluate 

seasonal precipitation and temperature trends. The results 

showed that the temperature had increased by approximately 

1.5℃. The seasonal precipitation analysis revealed an 

increasing trend in winter, while other seasons showed 

fluctuating trends. Moreover, the precipitation trends were 

found to be non-significant, with P > 0.05. 

Tulu et al. [8] applied several climate change scenarios in 

drylands to determine the impact of water quality on 

production and health. The study emphasizes that the 

availability of fresh water is seriously threatened by increasing 

demand and fears of pollution, especially in dryland areas 

worldwide. In an earlier study by Ibrahim and Al-Dabbas [17], 

changes in maximum and minimum temperatures and rainfall 

were investigated at climate stations in Baghdad, Kut, and 

Diyala between 2000 and 2019. The study showed a rise in the 

average annual maximum and minimum temperatures and a 

decline in the annual average rainfall throughout the study 

area.  Furthermore, the study classified the climate of the study 

area and found that it is semi-arid to arid. Chen et al. [14] 

assessed the impact of climate change on the ARNC's water 

resources, hydrological systems, agricultural systems, and 

desert ecosystems. Furthermore, between 1961 and 2017, the 

temperature increased by 0.31 degrees Celsius each decade. 

Changes in glaciers, snow cover, and precipitation type had a 

significant impact on hydrological processes, particularly in 

rivers that receive their primary recharge from meltwater. In 

addition, the extent of the desert-oasis transition zone 

decreased as a result of the recent sharp increase in irrigated 

land area and the warming trend. Agricultural security is being 

threatened by increases in drought and temperature. El-

Beltagy and Madkour [18]  noted that the degradation struck 

over 2,000 million hectares of land, leading to a decrease in 

the variety of crops grown, a rise in the shortage of water, and 

a greater degradation of natural resources. The effects of 

climate change are predicted to transcend all boundaries, 

including plant species and farming methods. Institutional 

adjustments, alternative policies, and new information are 

necessary to keep the system in balance. Anbar Governorate 

was chosen as a study area because it is one of the largest 

governorates in Iraq and contains large areas of agricultural 

land and potentially exploitable agricultural land. These lands 

are starting to be exposed to desertification, degradation, and 

a decline in vegetation cover due to climate change, 

represented by excessive increases in temperatures and low 

rainfall.   

The current study addresses climate change and its effects 

on rainfall and temperatures in the western region of Iraq, 

which is classified as an arid climate zone, covering 33% of 

the area of Iraq. The study is important because it addresses 

two very important issues at the global level, which are climate 

change and the associated decrease in rainfall and extremes in 

temperature. The current study aims to investigate the 

temperature and rainfall variation in the northern desert of the 

Western Desert in Iraq for four decades, 1980-2020, as an 

indicator of local climate variation and its reflection on the 

general climate.  

2. STUDY AREA AND DATA COLLECTION

In this study, Anbar Governorate was chosen as a study area. 

It is located in the western part of Iraq, between latitudes (30° 

11ʹ 21ʺ – 35° 9ʹ 46ʺ) and longitudes (38° 47ʹ 48ʺ - 44° 9ʹ 0ʺ), 

see Figure 1. Anbar governorate is considered one of the 

largest governorates in Iraq, with an area of 138,501 km2, 33% 

of the total area of Iraq. It is also characterized by low rainfall, 

as rainfall ranges between 50-200 mm annually. 

Figure 1. Study area Ramadi City – Anbar Governorate - 

Iraq 

3. MATERIALS AND METHODS

Climate change was studied for two climate parameters, 

namely temperature and rainfall, for the northern desert of Iraq, 

which represents the Anbar Governorate. In the present study, 

the climate data used are temperature and rainfall for the time 

periods from 1980  to 2020. The data was divided into four 

decades: 1990 -1980 , 1990 - 2000, 2010-2000 , and 2020-2010  

to study the variations over these four decades. Climatic data 

were collected from the General Authority for Meteorology 

and Seismic Monitoring for six weather stations: Al-Rutba, 

Al-Nukhayb, Al-Ramadi, Haditha, Anah, and Al-Qaim, as 
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shown in Figure 2. 

The climatic parameters (rainfall and temperature) were geo-

statistically mapped using the ArcGIS 10.8 version by using 

interpolation techniques. Contour lines are a familiar way of 

representing surfaces on maps, representing a line through all 

contiguous points with equal quantity of rainfall depth (mm) 

or temperature degree (℃). A rainfall and temperature contour 

were carried out using ArcGIS for the four decades as 

mentioned abo.  

During the data collection steps, a lack of available data was 

obvious. This is attributed to the very limited number of 

weather stations that were distributed in the study area. 

Therefore, spatial interpolation plays a key role in overcoming 

this issue, where the missed data can be estimated. Moreover, 

this method is used for predicting the variables that are 

indirectly measured at different locations [19]. Interpolation 

Spline is used for estimating the values by minimizing the 

surface curvature by utilizing a specific mathematical function 

[20]. The current study used a Spline interpolation tool in 

ArcGIS 10.8 for drawing thematic contour maps of 

temperature and rainfall across the entire study area. It is stated 

by ESRI [21] that, based on average data of a group of points, 

the spline interpolation can be used to estimate the values for 

each sample. 

 

 

 

Figure 2. Anbar climate stations 

 

 

4. GEOGRAPHICAL INFORMATION SYSTEM  

 

GIS is a tool that is utilized to deal with spatial reference 

data. It has the capability of manipulating, analyzing, and 

displaying this data [22]. This type of data is defined or 

classified based on its geographic location features (coordinate 

system). This data type can be extruded from different sources, 

which may include existing satellite imagery, maps, and GPS 

[23]. GIS has become very important in handling spatial data 

[24]. ArcGIS is considered one of the most famous GIS 

software programs produced by the American company Esri 

to collect, retrieve, store, analyze, process, and display spatial 

and non-spatial data [25]. 

In recent years, GIS has been considered a very suitable 

technology for studying climate change in arid and semi-arid 

regions and drawing thematic maps to assess these changes in 

extreme temperatures and the significant decrease in rainfall, 

and determining the trends of changes. Furthermore, it has 

been used as an important analytical tool in studying climate 

change [26].  Climate change has also been studied for many 

decades through the effect of surface climate elements and 

enabling them to delineate climate maps and update them with 

the least cost and time [27]. The GIS techniques can 

investigate how the risk in arid and semi-arid regions, which 

resulted from drought, can be influenced by climate change. 

This can be done by analyzing the drought trends by utilizing 

a diverse dataset that includes geographical information, 

climate projections, and environmental parameters [28]. 
 

 

5. TREND ANALYSIS 
 

A trend is the direction of a phenomenon over a given time 

period. It may be identified using statistical tests, which are 

used to determine whether the trend in the data is upward or 

downward over time. In the present study, two nonparametric 

methods were utilized to analyze the trend, which are Sen’s 

slope estimator and the Mann‑Kendall trend test [29, 30].  

 

5.1 Mann‑Kendall trend test (MK) 

 

In hydrological and meteorological time series, the MK test 

is the most common method that was employed to evaluate the 

trend significance [31]. It is a nonparametric test that does not 

need a normal distribution of the data [32]. The MK statistics 

(S) can be calculated for a given (x) series by using Eq. (1). 
 

𝑆 =  ∑ ∑ 𝑠𝑔𝑛(𝑥𝑗 − 𝑥𝑖)
𝑛
𝑗=𝑖+1

𝑛−1
𝑖=1   (1) 

 

where, sgn is a signum function, n is the data number, while xi 

and xj represent the data values in i and j time series.  

The signum function, sgn(xj - xi), is provided as follows: 

The data values of every xi are utilized as a reference point for 

comparison with the data values of xj, that is introduced in Eq. 

(2). Eq. (3) is used for the determination of the variance 

association with S. 
 

𝑠𝑔𝑛 (𝑥𝑖 − 𝑥𝑗) = {

+1 𝑖𝑓 𝑥𝑗 − 𝑥𝑖  > 0

0 𝑖𝑓 𝑥𝑗 − 𝑥𝑖 =  0

−1 𝑖𝑓 𝑥𝑗 − 𝑥𝑖  < 0

  (2) 

 

𝑣𝑎𝑟(𝑠) =  
𝑛(𝑛−1)(2𝑛+5)− ∑ 𝑡𝑖( 𝑡𝑖−1 )(2𝑡𝑖+5 )

𝑗
𝑖−1

18
  (3) 

 

where, j represents the number of tied groups, and it denotes 

the number of data points in group j. The value of v, which is 

the standardized test statistic, is calculated by using Eq. (4). 

When the result of the Z value is positive, the trend of the data 

is upward. On the other hand, when the Z value is negative, the 

trend of the data will be downward, and no trend when the Z 

value is zero [33].  
 

𝑍 = 

{
 

 
𝑠−1

√𝑣𝑎𝑟 𝑠
    𝑖𝑓 𝑆 > 0

0   𝑖𝑓 𝑆 = 0 
𝑠+1

√𝑣𝑎𝑟 𝑠
  𝑖𝑓 𝑆 < 0 

  (4) 

 

5.2 Sen’s slope estimator 
 

Sen's slope estimator approach was employed to estimate 
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the slope of identified significant trends, where the variance of 

the residuals must remain constant across time. Sen's approach 

can be calculated by using Eq. (5) [29, 31]. 

 

𝑄𝑖 = 
𝑥𝑗−𝑥𝑘

𝑗−𝑘 
    𝑓𝑜𝑟 𝑖 = 1,2, ……… . , 𝑛  (5) 

 

where, xj and xk represent the data values for time series j and 

k, and n represents time periods. 

Table 1 illustrates the results of the Mann‑Kendall value and 

Sen's slope estimator for temperature and rainfall during 1980 

- 2020. The result in the table indicates that there is an upward 

trend in temperature value for decades of data, and for average 

40 years of temperature data, on the other hand, the downward 

trend can be clearly seen in the data of rainfall for both average 

rainfall of 40 years and average rainfall of four decades. 

 

Table 1. Mann-Kendall’s statistic and Sen’s slope estimator for average rainfall and temperature parameters in 6 different 

meteorological stations in the northern desert in the west of Iraq during 1980-2020 

 
No. Data n Statistics (S) Var (s)  Mann-Kendall  Sen’s Slope  Test Results  

1 Ave. temperature of 40 years  41 374 7916 4.19 0.03 Upward 

2 Ave. rainfall of 40 years 41 -340 7926.67 - 3.8  -1.74 Downward 

3 Ave. temperature of four decades 4 4 8.67 1.02 0.3 Upward 

4 Average rainfall of four decades 4 -6 8.67 -1.69 -16.45 Downward 

 

 

6. RESULTS AND DISCUSSION 

 

The phenomenon of climate change has emerged recently 

as a result of global warming due to the increasing human 

activities by burning more fossil fuels, which has led to a 

greater concentration of gases, causing this phenomenon. This 

caused a negative impact on the climate of Iraq by increasing 

the temperature and low rainfall. As a result, the two most 

important elements of climate were emphasized: temperature 

and rainfall. 

Any change in climate parameters, even in the slightest, 

may cause a wide change in the climate in distant areas and at 

different times. Therefore, climate changes at the global range 

or regional scale will have an effect on local climates and vice 

versa. In climate change studies, there is a wide range of 

influences on natural phenomena such as temperature, 

precipitation, humidity, wind speed, drought, etc. However, 

this study relied on monthly averages of rainfall and 

temperatures over four decades. Figure 3 shows the behavior 

of the monthly average rates of rainfall and temperatures for a 

time period of four decades. As is evident in this, there is a 

strong negative linear relationship between rainfall and time, 

where the general trend of this relationship is inversely 

proportional. The highest value of the average rainfall amounts 

was 129 mm in the first decade (1980-1990), while the lowest 

value was 81.21 mm in the fourth decade (2010-2020), as 

shown in Figure 3.  
 

 
 

Figure 3. Rainfall and temperature linear regression 

relationships with time (4 decades) 

 

The monthly temperature values showed a strong positive 

relationship with the progression of time, indicating that the 

general trend of this relationship is directly proportional. The 

highest temperature value reached 22.17 in the year 2015, 

while the lowest value was 21.13 in the year 1985. The 

coefficient of determination (R2) of rainfall regression 

equations between rainfall and time (years) shows a strong 

correlation between rainfall and years, where R2 was equal to 

0.917. While the R2 of Temperature regression equations 

between temperature and time (years) shows a strong 

correlation, which was equal to 0.790, see Figure 3. 

Globally, the mean annual air temperature increased by 

about 0.5℃ for the time period 1850 to 1990 [34].  
 

 
 

Figure 4. Rainfall relationships with time (4 decades) 
 

Figure 4 shows the relationship between annual rainfall 

rates over 40 years, and shows that there is a weak negative 

relationship and that rainfall decreases over time. The figure 

shows that the year 1982 had the highest rainfall value of 222.1 

mm, while the lowest rainfall was 55.3 mm in 2016.  Figure 4 

also indicates that the years preceding 1997 recorded a rainfall 

rate much higher than in 1997 and the years that followed. This 

confirms the validity of official data indicating that the 

beginning of climate change in Iraq began in 1997 and the 

years that followed. The trend line indicates that rainfall 

intensity in the study area decreased during the time periods of 

the current study. 

Figure 5 shows the relationship between annual temperature 

rates over 40 years. It shows that there is a positive relationship 

and that the temperature in general increases over time, despite 

the presence of years in which the temperature drops 

significantly from the general line, and in the following year, 

the temperature rises above the general line.  Furthermore, 
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Figure 4 indicates that the largest decrease in temperature from 

the regression line occurred in 1992 and was 19.8℃, and the 

largest increase in temperature from the general regression line 

was 24.3℃ in 2010. It can be seen that the temperature in the 

study area increased during the time periods, as indicated by 

the trend line. 

 

 
 

Figure 5. Temperature relationships with time (4 decades) 

 

The current study produced an important result, which is 

compatible with those of other previous studies in Iraq, such 

as studies [17, 35, 36]. These studies investigated the annual 

rainfall (mm) frequency curves and the average annual 

temperature (mean, maximum, and minimum) for historical 

data in Baghdad, Diyala, and Wasit. An inverse relationship 

was found between the annual relative humidity and annual 

rainfall with time, while it was the opposite for temperature. 

These studies concluded that Iraq is facing severe impacts of 

climate change. 

 

 
 

Figure 6. The spatial distribution of the rainfall contour lines 

for the entire Anbar Governorate for the period from 1980 – 

1990 

6.1 Climate contour lines 

 

In recent years, geographic information systems have 

emerged as a powerful analytical tool for studying and 

monitoring climate change. The contour line method is used 

for representing the quantitative phenomena with spatial 

extension as lines that pass through the points that represent 

the phenomena, with equal quantitative values. Representing 

climate data with contour lines is very important in climate 

studies. The more climate stations monitor climate elements, 

the more accurate the contour map of the climate variable 

under study.  

 

 
 

Figure 7. The spatial distribution of the rainfall contour lines 

for the entire Anbar Governorate for the period from 1990 - 

2000 
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6.1.1 Rainfall contour line  

The results from Figure 6 illustrates that there is a large 

spatial variation in the annual rainfall rate  in the study area 

during 1980 - 1990, and this variation is generally from north 

to south, as the largest rainfall value was 150 mm in the 

northeastern  region while the lowest rainfall value was 90 mm 

in the south  region.  
 

 
 

Figure 8. The spatial distribution of the rainfall contour lines 

for the entire Anbar Governorate for the time periods from 

2000 - 2010 
 

 
 

Figure 9. The spatial distribution of the rainfall contour lines 

for the entire Anbar Governorate for the time periods from 

2010 - 2020 
 

Figure 7 indicates a slight reduction in the annual rainfall 

rate in comparison with Figure 6, by about 10 mm. The results 

from Figure 7 illustrates that there is a large spatial variation 

in the annual rainfall rate  in the study area during 1990 - 2000, 

and this variation is generally from north to south, as the 

largest rainfall value was 140 mm in the northeastern  region 

while the lowest rainfall value was 80 mm in the south  region. 

In comparison with Figures 6 and 7, Figure 8 shows a 

moderate decrease in the annual rainfall rate of about 30-40 

mm for the entire borders of the study area. It is obvious that a 

large spatial variation in the annual rainfall rate  in the study 

area during 2000 - 2010 occurred. This variation changed from 

the northeast  with the largest rainfall value, which is equal to 

140 mm, to the south with the lowest rainfall value, which is 

equal to 50 mm. 

A dramatic decrease in the annual rainfall rate for the last 

decade, which represents the time period from 2010 - 2020, 

has occurred as shown in Figure 9. It shows that there is a large 

spatial variation in the annual rainfall rate for the whole area. 

This variation is generally changed from the largest value of 

90mm, which is recorded in the northeastern  and 

northwestern regions, to the lowest rainfall value of 70 mm in 

the north and south regions. 
 

 
 

Figure 10. The spatial distribution of the temperature contour 

lines for the entire Anbar Governorate for the time periods 

from 1980 - 1990 
 

 
 

Figure 11. The spatial distribution of the temperature contour 

lines for the entire Anbar Governorate for the time periods 

from 1990 - 2000 
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6.1.2 Temperature contour line  

The behavior of temperature for the study area can be shown 

as a contour line in Figures 10 to 13. In these figures, the 

temperature effect on the climate of Anbar governorate can be 

clearly noted. Figure 10 demonstrates that the annual 

temperature rate decreased from west to east was equal to 3℃ 

for the time periods from 1980 - 1990, and the lowest 

temperature value was about 20℃, while the largest 

temperature value was 23℃. 

 

 
 

Figure 12. The spatial distribution of the temperature contour 

lines for the entire Anbar Governorate for the time periods 

from 2000 - 2010 

 

 
 

Figure 13. The spatial distribution of the temperature contour 

lines for the entire Anbar Governorate for the period from 

2010 - 2020 

 

Figure 11 shows that the annual temperature rate decreased 

from west to east with about 2.5℃ for the period from 1990 - 

2000, the lowest temperature value was 20.5℃, while the 

largest temperature value was 23℃. 

For the later time periods from 2000 to 2010, the annual 

temperature rate decreased from west to east by 3℃, as shown 

in Figure 12. It is clearly seen that the largest temperature 

value was 24℃, while the lowest temperature value was 21℃.  

For the time periods from 2010 – 2020, which is introduced 

in Figure 13, the annual temperature rate decreased from west 

to east by 2℃. The temperature values varied from the lowest 

value, 21.5℃, to the largest value, which is equal to 23.5℃. 

 

 

7. CONCLUSIONS  

 

The findings of the current study indicate that the 

fluctuations of rainfall and temperature led to climate change, 

which can significantly impact water resources in the Anbar 

Governorate. Understanding these changes could contribute 

significantly to water resources management in the 

governorate. Based on the data shown in Figures 5-12, which 

represent data on annual rainfall average and annual 

temperature average during period, 40 years, in Anbar 

Governorate, the summary of the most important indicators of 

climate change are as follows:  

1- Despite the annual fluctuation of both temperature and 

rainfall between increase and decrease over 40 years and 

for the same period, it indicates a clear increase in 

temperatures and a decrease in rainfall rates between 

1980 - 2020. 

2- There is a noticeable (tangible) increase in temperature 

of more than one degree Celsius during the study time 

periods, as a general average for data from six weather 

stations covering the area of Anbar Governorate. 

3- Rainfall rates have declined from 150 mm in the first 

decade (1980-1990) to 70 mm in the last decade (2010-

2020). 

4- This study indicated the presence of climate change in 

Anbar Governorate during the last four decades. This 

change has a continuous effect on the expansion of 

desertification, land degradation, the decline of 

vegetation cover, the disruption of dry and wet year 

cycles, the recurrence of dust storms, and the movement 

of sand dunes. This requires a development in the 

national and local strategies and working on them to 

harvest water, afforestation of desert areas, and 

combating desertification, because part of confronting 

climate change lies in expanding the green cover.  

5- Climate change has been reflected not only at Anbar 

Governorate but also at the whole region of Iraq, as the 

old rainfall line has crept up north, to affect the tangible 

change in rainfall rates as one of the climate elements. 

This affects agriculture and human activities throughout 

the country, as the new rain line has extended to the 

farthest Nineveh and Kirkuk Governorates after it was in 

the south of the two governorates. 

6- The study showed the capability of geographic 

information systems (GIS) in representing statistical data 

for the elements of temperature and rainfall in a contour 

manner, and it has a high ability to represent climate 

elements in the Spline method, even if the differences 

between their rates are limited in reading.  

7- The current study showed the possibility of creating a 

geographic database for the elements of temperature and 

rainfall that can be updated continuously. 

The study showed that the annual rates of the elements of 
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temperature and rainfall vary spatially in Anbar Governorate, 

but this variation is limited. 
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