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Abstract: 

    Climate change is a severe problem due to the continuous dynamic changes in 

urbanization in cities, and reaching it requires high-resolution spatial data represented 

by using remote sensing technology, as the data of the Space Science Network of 

NASA was relied on to measure the change in the climate of Baghdad city for a period 

of four decades 1981-2021, using the climate change equation referred to in the 

research and then tabulating the data in Excel. The results showed evident changes in 

the climatic rates, especially during the fourth time cycle; the high rates of temperature 

and low rates of relative humidity and precipitation indicate that the city’s climate is 

heading towards drought, and similarities appeared between the rates of atmospheric 

pressure and wind speed at the height of 10 m in terms of stability and slope. 

 

Keywords: Remote sensing, climate change, climate databases for NASA Power 

Network, Baghdad. 
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: الخلاصة   
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وأخيراً خلص البحث إلى أن    %8-85.التساقط ارتفاعًا طفيفًا وانخفاضًا حادًا من    مترًا ، وشهد  50على ارتفاع  
 تقنية الاستشعار عن بعد فعالة في قياس تغير المناخ 

 

Introduction: 

     The world suffered from significant changes during the twentieth century and the first 

decades of the twenty-first century, especially at the level of cities, represented by the expansion 

of construction operations due to the spread of technology and the accompanying innovations 

and developments. In order to identify the concept of climate change, it is necessary to refer to 

the climate system, as it is a complex system represented by the interaction of the atmosphere 

with all its components and the earth's surface and natural and human phenomena, including 

weather and climate change statistics for any city in the world[1] [2]. The concept of climate 

change, according to the Intergovernmental Panel on Climate Change (IPCC), refers to any 

change in the climate over time, whether caused by natural variability or human activity, as 

stated in the Sixth Assessment Report 2021 to emphasize high confidence that any change in 

the climate is artificial. It is the primary driver of all climate change, especially the recent 

extreme phenomena observed during the past decade. The frequency of heat waves has almost 

doubled since the eighties until now [3]. The world's cities have witnessed apparent changes 

represented by a decrease in the percentage of ice cover to 40%, an increase in sea level by 17 

cm, and an increase in average temperature by 0.74 C [4]. The reasons behind the changes were 

due to global warmings effects such as the increase in annual mean of maximum and minimum 

temperature, which in turn, decreased the average annual relative humidity [5], and increased 

average air temperature, which appeared a century or two ago as a result of human activity 

(industrial revolution) [6]. At the level of cities, climate change has local impacts and risks that 

negatively affect the city's environmental, material and social resources [7]. Since the climate 

is the average of atmospheric conditions, it is closely related to human life; it has occupied the 

interest of many researchers in astronomy, geology, city planning, and others. There are 

difficulties for researchers in obtaining accurate data, especially data periods for a long time, as 

it often appears to be missing data, which prompted researchers to rely on scientific techniques 

and remote sensing. That the research came to detect climate change in Baghdad city, which is 

a large urban area with diverse human activities [8], the previous studies of the city that dealt 

with the concept of climate change from different aspects would be addressed as follows: 

 

      Generally, Baghdad has had remarkable climate changes, especially in recent years, so it 

has become the focus of many researchers. In 2010, Salah analyzed the property of the spatial 

distribution of surface temperature for Baghdad city and its relationship to urban spatial 

information for the period 1961-2002; it was concluded that the influential role of remote 

sensing and GIS in analyzing surface temperature [9]. In 2016, Hassan et al. analyzed the 

climatic variables of Baghdad city for the period 1970-2013 by calculating the monthly 

averages of the data; the researchers concluded that there are anomalies in maximum 

temperatures [10].  Abdulla [11] studied the manifestations of climate change in Baghdad by 

reviewing the monthly temperatures; the research concluded that Iraq is affected by global 

climate change, which affects nature and crops, causing drought. Although previous research 

has made great strides, the representation of climate change and its accurate data was somewhat 

restricted, but the scientific techniques of remote sensing enabled studying and analyzing 

changes to all elements of the climate . 

 

Study area: 

    Baghdad city is the capital of Iraq between two latitudes (33º 15'-33º 28'N) and longitudes 

(44º 15'- 44º 31'E), where it occupies an area of 890 km2, it constitutes only 20% of the 

governorate's area of 4450 km2 [12]. Baghdad city was chosen as the largest city in Iraq 
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regarding human activities. It witnessed irregular urban expansion at the expense of agricultural 

areas and the green belt and within residential neighborhoods. In addition to bypassing some 

buildings, government departments, public facilities, and organizations, more than 70% of the 

buildings were built residences between 2010-2020 [13]. 

 

 
 

 

-The city's climate: 

   Baghdad is located in the center of Iraq in an almost flat area; its height ranges between 31-

39 m above sea level. It has semi-arid and semi-tropical, cold in winter and hot in summer [9]; 

the general climate of the city is characterized by the following: 

1. A high seasonal temperature range between winter and summer, where the highest 

temperatures reach 36.73C⁰ during July and drop to 9.39C⁰ during January  [14]. 

2. Very short transitional seasons. The cold winter season extends from December to the end 

of February, while the long hot summer season extends from late April until early October. [15] 

3. Low rainfall and relative humidity and the strength of the solar radiation [16] 

 

Data sources: 

    Accurate data is one of the most critical problems that researchers subject, especially if it is 

for long periods and within the field of atmospheric sciences, especially climatic studies, which 

is one of the scientific fields that have reduced the orientations of many researchers who suffer 

from obtaining climate data because some stations have stopped working. Studying for periods, 

especially during wars, appears as lost data [17]. The high efficiency of remote sensing 

technology provides researchers with scientific data that helps conduct in-depth studies in all 

scientific fields, where the launch of satellites and the emergence of the technical and digital 

revolution had a significant impact in facilitating access to climate data with accurate temporal 

and spatial coverage that can be adopted instead of stations the floor. At the same time, the 

NASA International Space Science Agency contributed to providing a database as one of its 

projects symbolized by the (POWER) database, which is an acronym (Prediction Of Worldwide 

Energy Resources); data cover a map of the world with spatial accuracy (5.0 latitude x 5.0 

Figure 1: Baghdad city location [12] 
.  

(b)Change ratio 
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longitude) [18]. As part of the NASA Applied Training Program for Remote Sensing, it works 

to improve the ability of countries to obtain environmental data for Earth research within the 

scopes of renewable energy development, building energy efficiency and sustainability, and 

applications of agricultural climatology [19].  

The system has been elected as “NASA/POWER CERES/MERRA2 Native Resolution 

Monthly and Annual”; Data include Dates Jan 01, 1981, through Dec 31, 2020. The station's 

coordinates for Baghdad station were entered (Latitude 33.18 and Longitude 44.28). File 

storage was in CSV format at an average height of (0.5 x 0.625) degree lat /extended region of 

(34.54 m). The data for 2021 was taken from Tutiempo.net climate Baghdad, altitude, and all 

climate elements. The data was tabulated, unified, and divided into four-time cycles (1981-

1990), (1991-2000), (2001-2010), and (2011-2021), to see the extent of the climatic change in 

the city. In order to find out the amount of climate change, the climate change equation has 

been adopted: 

(Amount of change = current cycle rate - previous cycle rate/previous cycle rate * 100) 

[20] [21] 

 

1. Solar radiation: 

As shown in Table 1 and Figure 1, solar radiation data indicates an increase in the annual rate 

of solar radiation during the climatic cycles. There is a fluctuation between rising and falling 

monthly rates, but the highest rates were recorded during June. For the rate of climate change, 

there was a sharp decrease during the last period between the third and fourth cycles, compared 

to the previous periods and the percentages were (0.006 - 0.005 - 0.0003)%, respectively . 

 

Table 1: Monthly and annual rates of solar radiation for Baghdad city and the four climatic 

cycles & Change ratio [19] 

Time 

cycles 

JA

N 

FE

B 

MA

R 

AP

R 

MA

Y 

JU

N 
JUL 

AU

G 
SEP 

OC

T 

NO

V 

DE

C 
Rat 

Amount of 

 changes 

Chan

ge  

ratio 

1984-

1990 

222.

91 

280.

17 

353.

312 

419.

397

1 

461.

85 

477.

73 

467.

85 

432.

41 

374.

474

3 

302.

56 

237.

26 

205.

24 

352.

931 
  

1991-

2000 

222.

94 

280.

22 

353.

406 

419.

536 

461.

9 

477.

74 

467.

86 

432.

42 

374.

424 

302.

5 

237.

25 

205.

24 

352.

952 

5.95017E-

05 
0.006 

2001-

2010 

223.

12 

280.

31 

353.

267 

419.

366 

461.

88 

477.

796 

467.

87 

432.

35 

374.

399 

302.

59 

237.

38 

205.

37 

352.

973 

5.94982E-

05 
0.005 

2011-

2021 

223.

07 

280.

38 

353.

524 

419.

587

2 

462.

04 

477.

874

1 

467.

84 

432.

22 

374.

185 

302.

37 

237.

25 

205.

36 

352.

974 

2.83308E-

06 

0.000

3 

 

 
 

 

 

 

Figure 2: (a) Monthly and annual solar radiation rates for Baghdad city and the four climatic 

cycles (b) Change ratio. 
.  

(b)Change ratio 
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2. Average air temp: 

      Table 2 and Figure 2 show the temperature rates during the four-time cycles. There is an  

apparent increase in the monthly and annual rates, especially during the fourth time cycle, where 

the annual rate reached 24.362C⁰. The highest percentage in the monthly rates was recorded 

during July, while the lowest percentages were during January and the percentages and quantity 

of time change between one cycle and another. The percentage of climate change gradually 

increased during the periods, and the percentages were (-0.1, 1.07, and 1.7) %, respectively. 

 

Table 2: Monthly and annual rates of temperature for Baghdad city and the four climatic cycles 

& Change ratio [19] 

Time 
cycle

s 
JAN FEB 

MA
R 

AP
R 

MA
Y 

JUN JUL 
AU
G 

SEP 
OC
T 

NOV 
DE
C 

Rat 
Amount of 
 changes 

Chang
e  

ratio 

1981

-

1990 

9.16

6 

11.4

2 
16.1 

23.

6 
30.1 34.232 

37.

1 

36.

2 

32.8

1 

25.

8 

17.1

2 
11 23.71   

1991

-

2000 

9.49

8 

11.0

2 
15.6 

23.

2 
29.8 34.871 37 

36.

6 

32.2

9 
26 

17.2

3 

11.

1 

23.68

2 
-0.001 -0.1 

2001

-

2010 

8.99

5 

11.7

9 
17.3 

22.

7 
29.6 35.116 

37.

2 

37.

3 

32.6

3 

27.

1 

16.6

2 
11 

23.93

7 
0.0107 1.07 

2011

-

2021 

9.89

9 

12.2

2 
17.2 

23.

3 
30.2 

35.176

4 

38.

1 

37.

4 

33.4

8 

26.

6 

17.4

1 

11.

3 

24.36

2 
0.017 1.7 

 

 
Figure 3: (a) Monthly and annual rates of temperature for Baghdad city and the four climatic 

cycles (b) Change ratio 

 

a. Minimum temperatures: 

      Table 3 and Figure 3 show the minimum temperature for the four-time cycles, where the 

monthly and annual rates increased, especially during the fourth time cycle, the annual rate 

reached 12.5 degrees Celsius, and July recorded the highest monthly rates, while the lowest 

rates were during January. There was a fluctuation between one cycle and another as the rate 

of climate change between the first and second cycles reached 1.7%; the percentage dropped to 

0.8% between the second and third cycles and then rose to 7.7% between the third and fourth 

cycles. 
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Table 3: Monthly and annual rates of minimum temperature for Baghdad city and the four 

climatic cycles & Change ratio [19] 

Time 
cycles 

JAN FEB 
MA
R 

APR 
MA

Y 
JUN JUL AUG SEP OCT NOV DEC Rat 

Amount 
of 
 

changes 

Chang
e  

ratio 

1981-
1990 

-1.456 -0.013 
2.3
85 

9.3
45 

16.
05 

22.
23 

25.1
23 

23.7
9 

20.
44 

12.97
8 

5.35
1 

-
0.1
3 

11.3   

1991-
2000 

-1.448 -1.276 
3.1
1 

9.1
59 

15.
75 

22.
35 

25.5
25 

24.9
3 

19.
87 

14.29
6 

5.29
3 

0.8
22 

11.5 0.017 1.7 

2001-
2010 

-2.106 0.367 
4.4
04 

9.0
25 

15.
49 

22.
53 

25.4
57 

25.7
5 

20.
38 

13.93
1 

4.80
8 

-
0.8
3 

11.6 0.008 0.8 

2011-
2021 

-0.845 
0.511

8 
5.1
45 

10.
05 

17.
89 

22.
93 

26.4
38 

26.2
7 

21.
42 

14.13
64 

6.01
27 

1.2
05 

12.5 0.077 7.7 

 

 
Figure 4: (a) Monthly and annual rates of minimum temperature for Baghdad city and the 

four climatic cycles (b) Change ratio (b)Change ratio 

  
b. Maximum temperature: 

Regarding the maximum temperature for the four-time cycles, there were fluctuations in the 

monthly and annual rates, and the highest percentage in the monthly rates was recorded during 

July and August. The lowest rates were during January, as well as the percentages of the time 

change. There was a fluctuation between one cycle and another, as the percentage of climate 

change between the first and second cycles amounted to 0.05% and rose to 0.9% between the 

second and third cycles, then decreased to -1% between the third and fourth cycles, Table 4 and 

Figure 4. 

 

Table 4: Monthly and annual rates of maximum temperature for Baghdad city and the four 

climatic cycles & Change ratio [19] 

Time 
cycles 

JAN FEB 
MA
R 

AP
R 

MA
Y 

JUN JUL 
AU
G 

SEP OCT NOV DEC Rat 
Amount 

of 
 changes 

Chang
e  

ratio 

1981-
1990 

21.2
7 

25.
4 

30.9 39 44.7 
47.8

2 
49.3

3 
48.
6 

46 
40.6

2 
31.4

9 
23.1

5 
37.3

4 
  

1991-
2000 

21.3
8 

24.
4 

31.2 
39.
8 

45 
47.8

5 
48.7 

49.
3 

45.
9 

40.2
8 

31.1
6 

23.5 
37.3

6 
0.0005 0.05 

2001-
2010 

21.4
4 

25.
4 

32.9 
38.
5 

44.5 
48.1

4 
49.3

9 
49.
6 

46.
8 

41.2
3 

31.2
3 

23.7
2 

37.7
3 

0.009 0.9 

2011-
2021 

21.4
9 

25.
4 

30.9 38 44.6 
47.7

5 
49.8

7 
49.
3 

46.
2 

40.5
7 

31.2 
22.9

3 
37.3

3 
-0.01 -1 
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Figure 5: (a) Monthly and annual rates of maximum temperature for Baghdad city and the 

four climatic cycles (b) Change ratio 

 

3. Atmospheric pressure: 

       Regarding the annual and monthly atmospheric pressure rates, the annual rate decreases 

gradually for the first, second, and third time cycles, and the decrease was by 0.01 between one 

cycle and another. The rate of climate change witnessed stability and then a sharp decline, as 

the percentages were recorded (-0.009, -0.009, and -0.019)%, respectively. The monthly rates 

were deficient during July, and the highest was during January and December, Table 5 and 

Figure 5. 

 

Table 5: Monthly and annual rates of Atmospheric pressure for Baghdad city and the four 

climatic cycles & Change ratio [19] 
Time 
cycle

s 
JA
N FEB 

MA
R APR 

MA
Y JUN JUL 

AU
G SEP OCT 

NO
V DEC Rat 

Amount of 
 changes 

 Change  
ratio 

1981
-

1990 

10
1.5
8 

101.
31 

101 
100.

7 
100 99.9 

99.5
3 

99.6
7 

100.
25 

100.
88 

101.
36 

101.
58 

100.6
8 

    

1991
-

2000 

10
1.5 

101.
3 

101.
1 

100.
7 

100 
99.8

6 
99.4

7 
99.7 

100.
2 

100.
9 

101.
35 

101.
63 

100.6
7 

-9.93246E-
05 

-0.009 

2001
-

2010 

10
1.5
7 

101.
33 

101 
100.

7 
100 

99.8
3 

99.5
1 

99.6
7 

100.
25 

100.
84 

101.
36 

101.
55 

100.6
6 

-9.93345E-
05 

-0.009 

2011
-

2021 

10
1.5 

101.
3 

101 
100.

7 
100 99.8 99.5 99.6 

100.
2 

100.
8 

101.
3 

101.
6 

100.6
4 

-
0.00019868

9 
-0.019 

 

 
Figure 6:(a) Monthly and annual rates of Atmospheric pressure for Baghdad city and the four 

climatic cycles (b) Change ratio  
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4. Wind: It has been taken at two levels: 

a) Velocity at the height of 10 meters: 

      The annual rates of wind speed at the height of 10 m explicitly agreed with the atmospheric 

pressure rates in terms of stability and fluctuation. The annual rates gradually decreased during 

the first, second, and third time cycles, and the decrease was by 0.01, so finding that the rate of 

climate change has taken apparent stability as it recorded 0.2% during these periods, as shown 

in Table 6 and Figure 6. Then the percentage of change decreased sharply, reaching 0.5 -% 

between the third and fourth cycles due to the annual rate of the fourth period recording a sharp 

decrease of 3.48. The monthly rates were very high during July, while the lowest was during 

January and November. 

 

Table 6: Monthly and annual average wind speed at 10 m for Baghdad city and the four time 

cycles &Change ratio [19] 

Time 
cycles 

JAN FEB 
MA

R 
APR 

MA
Y 

JUN JUL AUG SEP OCT NOV DEC Rat 
Amount of 
 changes 

Chang
e  

ratio 

1981-
1990 

2.97
1 

3.24
8 

3.33
5 

3.35
9 

3.69
4 

4.55 
4.35

6 
4.12

4 
3.37

5 
3.17

6 
3.09

6 
3.01 

3.5
2 

  

1991-
2000 

2.95
4 

3.20
1 

3.22
2 

3.36
8 

3.59
5 

4.33
8 

4.79
2 

4.28
1 

3.59
3 

3.05
1 

2.94
6 

2.87
9 

3.5
1 

-0.002 -0.2 

2001-
2010 

3.03 
3.08

6 
3.21

6 
3.28

2 
3.47

7 
4.54

4 
4.62

7 
4.06

1 
3.63

8 
3.13

6 
2.95

4 
2.95

3 
3.5 -0.002 -0.2 

2011-
2021 

2.97 3.01 3.37 3.28 3.53 4.57 4.62 4.13 3.55 
3.00

7 
2.85 2.97 

3.4
8 

-0.005 -0.5 

 

 
Figure 7: (a) Monthly and annual rates of wind speed at 10 m for Baghdad city and the four 

climatic cycles (b) Change ratio 
 

b. Velocity at the height of 50 meters: 

    At the height of 50 m, the annual rates of wind speed recorded an apparent rise, especially 

during the fourth time cycle, as well as the rates of climate change, which rose slightly for the 

first periods, and then a sharp rise, where the percentages were recorded (0.01, 0.08, and 

0.39)%. The monthly averages were very high during July, while the lowest rates were during 

January and November, which agreed with the monthly averages of wind speed at 10 m, Table 

7 and Figure 7, 
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Table 7: Monthly and annual average wind speed at 50 m for Baghdad city and the four time 

cycles &Change ratio [19] 

Time 
cycles 

JAN FEB 
MA
R 

APR 
MA

Y 
JUN JUL AUG SEP OCT NOV DEC Rat 

Amount 
of 

 changes 

Chang
e  

ratio 

1981-
1990 

4.74
5 

5.18
6 

5.25
8 

5.26 
5.67

4 
6.91 

6.69
2 

6.49
1 

5.52 
5.16

2 
5.00

7 
4.85

6 
5.56

3 
  

1991-
2000 

4.75
3 

5.14
9 

5.11
9 

5.30
5 

5.56
7 

6.63
4 

7.23
4 

6.70
6 

5.82
2 

5.01
6 

4.81
2 

4.65
6 

5.56
4 

0.0001 0.01 

2001-
2010 

4.85
7 

4.98
4 

5.17
6 

5.20
7 

5.47
9 

6.97
1 

7.12
5 

6.43
4 

5.90
3 

5.14
4 

4.78 
4.76

9 
5.56

9 
0.0008 0.08 

2011-
2021 

4.84 4.98 5.45 
5.27

3 
5.55 

7.00
6 

7.13
6 

6.58 5.79 
4.98

6 
4.64

2 
4.85

9 
5.59

1 
0.0039 0.39 

 
Figure 8: (a) Monthly and annual rates of wind speed at 50 m for Baghdad city and the four 

climatic cycles (b) Change ratio 
 

  5. Humidity 

 It includes two types: 

 a) Specific humidity: 

       The annual rates of specific humidity increase significantly over the four-time cycles, while 

climate change recorded the lowest percentage, 1.9%, between the second and third cycles, and 

the highest percentage, 5.3%, between the third and fourth cycles, as shown in Figure 8. The 

monthly rates fluctuated from one cycle to another and recorded the lowest rates in January and 

the highest in August, Table 8. 

 

Table 8: Monthly and annual average specific humidity for Baghdad city and the four time 

cycles &Change ratio [19] 

Time 
cycles 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Rat 
Amount of 
 changes 

Change  
ratio 

1981-
1990 

4.16 4.06 4.8 5.39 5.46 5.01 5.49 5.6 4.65 5.15 5.22 4.55 4.96   

1991-
2000 

4.32 4.14 4.6 5.5 5.65 5.38 5.9 5.99 5.16 5.3 5.26 4.68 5.15 0.038 3.8 

2001-
2010 

4.24 4.73 5.2 6.14 5.95 5.09 5.93 5.84 5.25 5.32 4.88 4.54 5.25 0.019 1.9 

2011-
2021 

4.2 4.5 5.2 6.01 6.4 5.9 6.2 6.5 5.6 5.6 5.6 4.7 5.53 0.053 5.3 
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Figure 9: (a) Monthly and annual rates of specific humidity for Baghdad city and the four 

climatic cycles (b) Change ratio 
 

b) Relative Humidity: 

      The annual rates of relative humidity are witnessing a rise in the four-time cycles, as shown 

in Table 9, while climate change is recording an apparent gradual decrease from 2.6-1.4-0.5%, 

as shown in Figure 9. The monthly rates fluctuated from one cycle to another and recorded the 

highest rates in January and the lowest in July. 

 

Table 9: Monthly and annual average relative humidity for Baghdad city and the four time 

cycles &Change ratio [19] 

Time 
cycles 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Rat 
Amount of 
 changes 

 Change  
ratio 

1981-
1990 

60.3 51.6 45.3 32.9 22.9 16.5 15.3 16.5 16.6 27.5 45.6 58.4 34.11     

1991-
2000 

60.6 53.1 45 34.8 24.3 17.1 16.6 17.3 18.7 28 45.3 59.6 35.03 0.026 2.6 

2001-
2010 

61.8 58.1 46.2 39.7 26.2 15 16.3 16 18.9 26.6 44.3 57.5 35.55 0.014 1.4 

2011-
2021 

58.7 54.5 45.02 36.4 27.02 18.2 16.7 17.8 19.7 28.6 47.9 58.4 35.74 0.005 0.5 

 

 
 

Figure 10: (a) Monthly and annual rates of relative humidity for Baghdad city and the four 

climatic cycles (b) Change ratio 
  

6. Precipitation: 

     Table No. 10 and Figure 10 show the annual rates of precipitation and the rates of change 

occurring to them. Both rates increased slightly during the first three cycles and then decreased 

sharply during the fourth time, where the percentages of change were recorded (55, 85, and 8) 



Moussa and Alwehab                              Iraqi Journal of Science, 2023, Vol. 64, No. 8, pp: 4290-4301  

4300 

% respectively. The monthly rates fluctuated from one cycle to another and recorded the highest 

rates in February and the lowest rates during June, July, and August. 

 

Table 10: Monthly and annual average precipitation for Baghdad city and the four time cycles 

&Change ratio [19] 

Time 
cycles 

JAN FEB 
MA
R 

APR 
MA

Y 
JUN JUL AUG SEP OCT NOV DEC Rat 

Amount 
of 

 changes 

Chang
e  

ratio 

1981-
1990 

0.41
5 

0.52
3 

0.49
4 

0.28
3 

0.07 
0.00

7 
0 

0.00
1 

0.00
1 

0.23
8 

0.46
7 

0.42
2 

0.24
3 

  

1991-
2000 

0.68
5 

0.67
6 

0.82
2 

0.47
2 

0.24
3 

0.02
2 

0.00
1 

0.01
9 

0.02
1 

0.23
5 

0.64
1 

0.69
7 

0.37
7 

0.55 55 

2001-
2010 

1.49
4 

1.35
2 

0.95
1 

1.01
9 

0.19
5 

0.00
3 

0.00
1 

0.00
7 

0.04
4 

0.44
6 

0.77
5 

0.87
5 

0.59
6 

0.85 85 

2011-
2021 

0.77
09 

2.2 
0.95

4 
0.47

4 
0.20

9 
0 

0.00
54 

0 
0.00

6 
0.26
73 

0.97
4 

0.65
7 

0.54
3 

-0.08 -8 

 

 
Figure 11: (a) Monthly and annual rates of precipitation for Baghdad city and the four 

climatic cycles (b) Change ratio 
 
Conclusions: 

As one of the major cities, Baghdad has seen climatic changes during the past four decades, 

1981-2021, primarily caused by human activity. 

1. The annual and monthly rates witnessed the highest rates of climate change during the fourth 

period. 

2. The increasing temperature rise and the corresponding decrease in the precipitation rates 

index indicate the increasing drought in the city. There is a gradual increase in the time change 

of temperature index from -0.1, 1.07, and 1.7 % for the periods between climatic cycles. At the 

same time, the precipitation index witnessed a fluctuation of 55, 85, and 8%. 

3. The climate change index of solar radiation witnessed a gradual decrease in the time intervals 

between climatic cycles, where the percentages were 0.006, 0.005, and 0.0003%, respectively. 
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