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Comparison of the Trends of Mean 

Temperature and Rainfall Rate in the City of 

Samawah (Iraq) with Global Climate Change 

Abstract-Increasing earth temperature due to the high level of greenhouse gas has 

affected the other climate elements on the earth surface. However, there was a little 

consideration of the differences between the global and local scale of climate 

change. This research included a comparison between the global climate change 

and the changes of climate elements that happened in Samawah city. The results 

showed that there is a significant difference between the increasing annual mean 

temperature globally and the annual mean temperature in the city. For example, 

when comparing the increase in annual mean temperature of the city for the period 

from 2006 to 2015 (ten years) with annual mean temperature globally based on the 

average of mean temperature for the previous 30 years (1975-2005), we note that 

there was increasing for the years 2010 and 2011 is almost four times and it was 

double for the years 2012, 2013, 2014 and 2015 higher than the increasing of 

annual mean temperature for the same years globally. Also, the mean temperature 

of the hot months of the summer season (JJA) in the city increased significantly 

compared to the rest of the months of the year and it is quite different from the 

change that occurred in the monthly mean temperature globally. Moreover, the 

annual average of precipitation in the city has fluctuated significantly due to the 

changes in climate and contrast to the increase in its global average. All these 

changes in the climate of the city will inevitably have an impact on the environment 

such as increasing drought, desertification and dust storms. 
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1. Introduction 

During the previous 200 years, the earth has been 

experienced an increase in the concentration of 

atmospheric carbon dioxide (CO2) by about 120 

ppm as a result of using fusil fuels that result in 

preventing infrared radiation from being crossing 

toward free space [1]. Despite the accelerated 

increase in the concentration of carbon dioxide in 

the earth's atmosphere from 1970 to 2010 the 

significant increase in the CO2 concentration, as 

well as the other greenhouse gases (Figure 1), 

occurred from 2000 to 2010 [2]. High level of 

greenhouse gas in the atmosphere has caused 

increasing earth temperature (Figure 2). The term 

global warming created first time by Broecker 

when he used a simple model to predict the 

change in global temperature in conjunction with 

the increasing concentration of CO2 in the Earth's 

atmosphere [3]. However, several natural drivers 

can also affect global temperature such as sun 

activity. Therefore, global temperature will also 

naturally different from time to time. The 

investigation of natural climate change in 

different timescales requires long term and high-

resolution data [4]. 

Along with of 20
th
 century, earth temperature 

increased by about 0.7℃ [5]. There is evidence 

that the temperatures of Northern Hemisphere 

and South Hemisphere have been risen by 1.12℃ 

and 0.84℃ respectively during the period 1901-

2010 [6]. Although large areas of Northern 

Hemisphere experienced the greatest warming in 

term of absolute values, the warming in the mid 

to lower latitudes of the earth was most 

significant [4]. It is clear that the extent and 

magnitude of earth temperature increase in global 

scale varied on the earth surface and even a few 

areas have experienced cooling [4]. For example, 

the warming of the sea is lower than the warming 

of land surface during the period of 1970s [7]. 

There are many factors that can affect the surface 

air temperature. Therefore, the observations of 

local air temperature need to merge with the 

temperatures observations of large scale to 

determine the temperature rise accurately [8]. 
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Figure 1: The change of GHGs concentration      

since 1970 (Source: IPCC, Climate Change: 

Synthesis Report, 2014) 

 

 
Figure 2: Annual mean temperature anomaly-Global 

(1850- 2017) (Source: Australian Bureau of 

Meteorology, 2018) 

 

The global mean temperature is expected to 

increase in conjunction with the increase of CO2 

concentration. There is a projection that the 

average of global temperature for the period 

2081-2100 will exceed 2℃ up to 1850-1900 

average. Therefore, the duration, frequency and 

magnitude of hot extreme globally are highly 

expected [9]. However, the current models may 

not able to simulate the trends of climate 

elements [10]. Also, global warming will be 

responsible for the spatial variation of the 

precipitation average over the earth surface. The 

contrast between dry and wet regions as well as 

wet and dry seasons in the average of annual 

mean precipitation is highly expected to increase 

as global temperatures increases. There are many 

areas around the world, such as arid and semi-arid 

as well as mid-latitude and subtropical areas will 

experience decreases in its precipitation [9]. 

There is evidence that climate change will cause 

the strongest impacts for several natural systems 

in many areas around the world [2]. Furthermore, 

climate change will affect all species in a 

different ecosystem [11].  

 

2. Study Area  

 Samawah city is located in the south of Iraq at 

the intersection of latitude 31.7 north and 

longitude 44.85 east and it is the center of Al-

Muthanna province (Figure 3). The city surface 

height ranges from 8-10 m above sea level. It is 

located between the sedimentary plain and the 

western desert plateau. The river Euphrates 

passes through the center of Samawah, and the 

city has bordered from the north by Al- Diwaniya 

Governorate and from the east by the provinces 

of Basrah and Dhi Qar, whereas Al Najaf is 

located to the west [11].  

     

 
Figure 3: Location of the city of Samawah on the 

map of Iraq 

3. Methods 

To achieve the main objective of this research 

and that is the comparison of trends of mean 

temperature and rainfall rate in the city of 

Samawah with global climate change. 

Meteorological data from the different source 

were calculated and analyzed at multiple scales 

and for different timescales, such as monthly, 

seasonal and annual data for mean temperature 

and precipitation. In other words, global 

meteorological data and the observation data of 

meteorological station in samawah city have been 

analyzed to make a comparison between the 

change of climate elements that occurred at the 

local scale (Samawah city) and that occurred at 

the global scale. To get the annual mean 

temperature, monthly data of the average mean 

temperature which belong to Samawah 

meteorological station have been calculated. 

Also, the average of monthly data of mean 
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temperature for the years from 2006 to 2015 has 

been calculated to compare the monthly and 

seasonal variation of the mean temperature in the 

city with global variation based on the average of 

mean temperature for the previous 30 years 

(1975-2005). Moreover, the averages of mean 

temperature for the previous ten years (1976-

1985) which is considered the first ten years of 

previous thirty years (1975-2005) have been used.    

 

4. The Change of Climate Elements 

(Temperature and Rainfall) in Samawah   

City 

I- The change of mean temperature 

Through the examining of mean temperature 

trend in the city of Samawah, it is clear that there 

is a marked change in its average and 

significantly above its overall average. By 

calculating the annual mean temperature from the 

data of meteorological station in the city, it's clear 

that there is a significant increase in annual 

averages of the current century, especially in 

recent years compared to the twentieth century, 

where the average of previous thirty years (1975-

2005) was 24.5℃.  The average of mean 

temperature for the years from 1973 to 2007 was 

24.6℃ [12]. In more detail, when comparing 

annual mean temperature for the years from 2006 

to 2015with annual mean temperature of the years 

preceding it, we notice that there is a significant 

increase in annual mean temperature (Figure 4).  

Also, if we compare the ten years of main annual 

temperature in the city of Samawah form 2005 to 

2015 with the average of previous ten years 

(1975-2005), we find that there is an increase by 

1.2℃ (Table 1). 

 

II- The change of maximum temperature 

The averages of maximum temperature in 

Samawah city for the ten years from 2006 to 2015 

in generally experienced increases comparing to 

the previous thirty years average (1975-2005). 

Also, the average maximum temperature 

experienced fluctuation between the rise and 

declined slightly for some years. By comparing 

the annual average of maximum temperature for 

the period from 2005 to 2015, there is an increase 

in the rates, especially in the last years of the data 

used to complete this research (Figure 5). 

 

 
Figure 4: The change of main annual temperature 

in Samawah city since the twentieth century 

 

Table 1: The change of annual mean temperature in 

Samawah city  

Annual mean  

Temp ℃     

year Annual mean         

Temp ℃     

year 

25.2 2006 23.62 1976 

24 2007 24.3 1977 

25.26 2008 24.3 1978 

25.4 2009 25.57 1979 

26.6 2010 24.39 1980 

26.2 2011 24.9 1981 

25.7 2012 23.61 1982 

25.5 2013 23.95 1983 

25.8 2014 24.38 1984 

26.2 2015 24.79 1985 

25.58  24.38 Average℃      

 

 
Figure 5: The change of the average maximum 

temperature for August in Samawah city since the 

twentieth century 

 

III-The change of annual average of rainfall 

The ten years of rainfall average (100.86 mm) 

from 2005 to 2015 is very close to the average of 

rainfall for the previous years (Table 2). The 

rainfall average for the period from 1973 to 2007 

was 100.4 mm [12].   

It is clear that the annual average of precipitation 

in Samawah city has fluctuated significantly due 

to the changes in climate, especially in the last 20 

years (Figure 6) 
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Table 2: The annual average of rainfall in   

Samawah city for the period (2006-2015) 

Annual average of rainfall in  Samawah city 

(mm) 

year 

165.84 200

6 

62.28 200

7 

55.92 200

8 

54 200

9 

46.92 201

0 

58.32 201

1 

105.2 201

2 

247.9 201

3 

111.2 201

4 

101.1 201

5 

Average ten years            100.86 mm  

 

 
Figure 6: The annual average of rainfall in 

Samawah city since 1980 

 

5. Results and Discussions 

I. Comparing the change in annual mean 

temperature for Samawah city with its global 

change  

Rising temperatures over the earth are a strong 

indicator of the anthropogenic causes of climate 

change [13]. However, there are various drivers 

can impact the observed temperature at multiple 

scales. Natural and anthropogenic drivers cause 

the variation of temperatures globally [5] and 

hence it is difficult to examine historical climate 

data at multiple scales to assess the causes of heat 

trends [13]. Also, the availability of 

meteorological data covers only the last 50 or 100 

year. Moreover, both the surface of the earth and 

lower atmosphere are expected to be more 

warming [14]. Although many studies have tried 

to examine the differences of warming rate that 

observed between the earth surface and 

troposphere [15], there was little consideration of 

the differences between the global and local scale 

of climate change. This research included a 

comparison between the global climate change 

(global scale) and the changes of climate 

elements that happened in Samawah city (local 

scale). The results showed that there is a 

significant difference between the increasing 

annual mean temperature globally and the annual 

mean temperature in the city of Samawah. When 

comparing the increase in annual mean 

temperature of the city of Samawah for the period 

from 2006 to 2015 (ten years) based on the 

average of mean temperature for the previous 30 

years (1975-2005) with the change of annual 

mean temperature globally [16], we note that 

there was increasing for the years 2010 and 2011 

is almost four times and it was double for the 

years 2012, 2013, 2014 and 2015 higher than the 

increasing of annual mean temperature for the 

same years globally (Table 3). 

 

II. Comparing the change in annual mean 

temperature for Samawah city with its 

change in Northern Hemisphere 

The entire earth surface has experienced large 

warming since 20th century.   However, many 

studies have shown that South Hemisphere 

warming is lower than in the North Hemisphere 

[7]. This research measures the correlation 

between the increase of annual mean temperature 

in the northern hemisphere [17] and the increase 

in the city of Samawah. The result showed that 

there is a large different between the increase in 

annual mean temperature in the Northern 

Hemisphere and the increase in annual mean 

temperature in the Samawah city and even in 

some years we find that the rate of increase in the 

city of Samawah is about three times the rate of 

increase in the northern half of the earth, such as 

in 2010 (Table 3). 

 

III. Comparing the change of monthly and                            

seasonal averages of mean temperature with their 

changes globally  

The mean temperature of the hot months of the 

summer season (JJA), as well as spring months 

(MAM) in the city of Samawah, increased 

significantly compared to the rest of the months 

of the year and it is quite different from the 

change that occurred in the monthly mean 

temperature globally. From year to year, the 

greater variability of mean temperature in the 

Northern Hemisphere occurred in winter more 

than summer [4]. While the largest increase in the 

monthly average of mean temperature for ten 
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years (2006-2015) occurred during the spring and 

summer months in the city of Samawah, the 

largest increase in the global average of monthly 

mean temperature occurred in the autumn and 

winter months (Table 4).  
 

IV. Comparing the change of annual average of 

rainfall in Samawah city with its change globally 

The annual average of precipitation in Samawah 

city has fluctuated significantly due to the 

changes in climate and contrast to the increase in 

its global average [18]. In the years in which the 

city of Samawah witnessed a decrease in the 

amount of rain falling, the amount of global 

rainfall has increased (Table 5). 

 

 

 

 

 

Table 3: Comparing the change of annual mean temperature in Samawah city with its change 

Globally and in the NH for the period (2006-2015)  

Change in annual 

mean temp (℃) 
(NH) 

Change in annual 

mean temp (℃) 
(Global) 

Change in annual mean temperature   (Samawah) 

Compared to the average of the previous thirty years 

(1975-2005) / 24.51℃      

Annual  mean    

temperature (℃)             

year 

0.67 0.52 0.69 25.2 200

6 
0.71 0.51 -0.51 24 200

7 

0.57 0.4 0.75 25.26 200
8 

0.60 0.51 0.89 25.4 200
9 

0.74 0.57 2.09 26.6 201

0 
0.57 0.43 1.69 26.2 201

1 

0.63 0.48 1.19 25.7 201
2 

0.67 0.53 0.99 25.5 201

3 
0.77 0.6 1.29 25.8 201

4 

1.03 0.78 1.69 26.2 201
5 

 

Table 4: Comparing the change of monthly mean temperature in Samawah city with its change globally 

Change in monthly 

average globally for years 

(2006-2015) 

The rate of 

change (℃ )  

Monthly average of mean 

temp for    10years (2006-

2015) (℃ )          

Monthly average of mean 

temp for 10years(1976-1985) 

(℃ ) 

Month 

0.83 0.43 11.71 11.28 Jan 

0.78 0.88 14.64 13.76 Feb 

0.85 2.05 20.23 18.18 Mar 

0.79 0.78 25.56 24.78 Apr 

0.79 2.02 32.28 30.26 May 

0.75 1.94 36.11 34.17 Jun 

0.72 1.44 37.31 35.87 Jul 

0.8   2.87 37.6  34.73 Aug 

0.89 0.49 33.39 32.9 Sep 

0.87 1.75 27.55 25.8 Oct 

0.84 0.47 18.57 18.1 Nov 

0.84 0.6 13.36 12.76 Dec 

 

Table 5: comparing the change in annual average rainfall in Samawah city with its global change 

The change in annual average 

rainfall globally (mm) 

The change in annual average 

rainfall in Samawah city (mm) 

The annual average of rainfall in  

Samawah city (mm) 

year 

33.67 65.4 165.84 2006 

7.13 -38.16 62.28 2007 

29.69 -44.54 55.92 2008 

-8.10 -46.44 54 2009 

51.17 -53.52 46.92 2010 

46.24 -42.12 58.32 2011 

0.49 4.76 105.2 2012 

-0.13 147.46 247.9 2013 

-3.35 10.76 111.2 2014 
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V. The impacts of climate change in the city of 

Samawah 

Climate change continues to affect the quantity 

and distribution of rain in many parts of the world 

and this, in turn, causes many of the phenomena 

that can damage the ecosystems, the most 

prominent of these phenomena are long droughts 

and fluctuation in rainfall, which in turn leads to 

desertification, land erosion and dust storms . 

Especially when drought and rainfall are 

associated with high temperatures. For example, 

comparing the number of dust storms in the city 

of Samawah for the period from 1980 to 1985 

with its number for the period from 2010 to 2015 

indicates that there is a marked increase in its 

frequency (Table 6). 

 

Table 6: The number of dust storms in Samawah city 

 

 

 

 

 

 

 

 

 

 

 

4- Conclusion 

Climate change has taken place across the world 

as a result of the increase in the concentrations of 

greenhouse gases which in turn represent the 

main cause for global warming. Much research 

has not addressed the differences in the 

magnitude of climate change at the local and 

global scales. This study examines the differences 

in climate changes between the local and global 

scales, and this is by comparing the changes in 

climate elements in the city of Samawah and its 

global counterpart. The results showed that there 

are significant differences between the changes in 

annual mean temperature and rainfall rates in the 

city of Samawah and its counterpart globally. For 

example, the increase in annual mean temperature 

in the city of Samawah exceeded the increase in 

global mean temperature by almost four times for 

the years 2010 and 2011. Also, the result showed 

that the increase in the average monthly mean 

temperature in the city of Samawah is quite 

different from the increase in the global level. 

While the city of Samawah recorded the highest 

increases of monthly mean temperature in hot 

months of the year, the highest increases of 

monthly mean temperature happened over the 

world in relatively cold months. As for the 

change in rainfall, in the years in which the city 

of Samawah witnessed a decrease in the amount 

of rain falling, the amount of rainfall has 

increased at the global scale. All these dramatic 

changes in the climate of the city of Samawah 

will certainly lead to several phenomena, such as 

the desertification, land erosion and dust storms.   
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