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 المستخلص:

الفروق        أسلوب  بتطبيق  احصائيا   الامطار  لهطول  الزمني  التباين  دراسة   Cumulation التراكميةتم 

(Deviation)  وكشف   الامطار،لتحديد اتجاه كميات    (2018  –  1937)عاما  من    (81)بغداد لمدة    لمحافظة

كميات   في  كبير  وانخفاض  تذبذب  وجود  عن  ثاني    الامطار،التحليل  مستويات  بارتفاع  التغيرات  هذه  وترتبط 

البشرية   الأنشطة  عن  الناجمة  الدفيئة  والغازات  الكربون  فترةوخاصة  أوكسيد  حيث  في  تأثرت    التسعينيات 

    .المناخيةالهيدرولوجيا بالتقلبات 

الكلمات المفتاحية: اتجاهات الهطول، هطول الأمطار في بغداد، التقلبات المناخية، الفروق التراكمية،  

 الهيدرولوجيا. 

 

Abstract : 

This study statically investigates the temporal variation of rainfalls in Baghdad 

governorate over a period of 81 years (1937 - 2018) using the Cumulative 

Deviation approach. The results reveal a volatility and a significant decrease in 

rainfall amounts. These changes are mainly linked to the increase in atmospheric 

carbon dioxide levels and greenhouse gases caused by human activities, that have 

contributed to global climate change. The study highlights the impact of these 

shifts on Baghdad’s hydrological patterns, particularly during the 1990s. The 

effects on water resources, agriculture, and infrastructure in the region are also 

examined. 

Keywords: Precipitation trends, Baghdad rainfall, climate variability, 

cumulative deviation, hydrology. 
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Introduction 

The word 'Climate' refers to the weather conditions throughout an era, 

whereas the word 'weather' describes a specific event that may last for 

hours or days such as thunderstorms, snowstorms, and the current 

temperatures [1, p1].  

The amount and pattern of rainfalls are considered to be among the most 

important characteristics of weather that immensely affect agriculture. 

Nevertheless, it has a direct impact on the water balance in soil for it is 

interrelated with other weather variables such as solar radiation, 

humidity, and temperature.  Still, both are regarded as primary factors 

that affect corps growth, diseases, pests, and weeds [2, p.363].  

Climate change is causing changes in the weather and rainfall patterns, 

leading to heat waves, water scarcity, crop failures, floods, droughts, and 

disease. Understanding these emerging events helps us adapt to the onset 

of a dynamic climate [  3 , p86] . 

Changes in rainfall affect agriculture and water resources. To reduce 

dependence on rainfall, careful land and water management planning is 

essential. Understanding rainfall trends helps support crops with 

supplemental water during critical periods. Analyzing rainfall trends will 

determine whether climatic values are increasing or decreasing, helping 

to assess the impacts of climate change [ 4  , p952] . 

To know the exact the amount of rainfall for a specific period of time, the 

general trend of the rainfall amounts has been noted, and both the 

changes and deviations of these amounts have been registered (from 1937 

till 2018) by dividing this period into (7) climate circles in which each 

circle lasted for (11) years.  
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Research Limitation 

The place in which the study is conducted lies between (14 – 32) degree 

north latitude and (14 – 44) east longitude and the altitude of (31.7 m) 

[5].  

Data and Method 

This study has relied on its data on the amount of rainfall during the rainy 

season extended from September to May, with the exception of 

mountainous regions which extended till June.  

The study has adopted the analytical approach by describing and 

interpreting the statistical and climatic data of rainfall amounts in 

Baghdad over (81) years (See Table 1). The 'Cumulative Deviation' 

approach has been used here to accomplish that instead of the old 

'Moving Average' approach in which we usually suffer from losing data 

at both the beginning and end of the studied period of time.  

Nevertheless, the researcher faced a number of difficulties while 

collecting data of which are the lack of some climatic data issued by the 

Iraqi Meteorological Organization and Seismology especially those 

concerning rains in February, March, April, and May (1991), and in 

January, February, March, April and May (2003). In addition to the 

months September, October and November (2004 – 2005).  

Rainfall Characteristics 

One of the most distinguished characteristics is the rainfall variability 

especially those of mid-latitude. This happens due to some factors such as 

the nature of the gaseous atmosphere general circulation, zonal 

circulation, and the constant shifting of pressure zones.  

Table (1), which contains the rainfall annual sum in Baghdad, shows that 

rainfall amounts vary throughout the determined period of time. It 

reached its highest level in the year (1973-1974) with a record of (307.7 

mm). It is to be noted that the whole data in this table was collected and 
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arranged by the researcher from unpublished records of the Water 

Resources Section at the Iraqi Meteorological Organization and 

Seismology [6].   

Table 1. The recorded rainfall amounts in Baghdad 1937 - 2018. 

The annual rainfall amounts in 

mm 

YEAR 

241.8 1938-1937 

236.2 1939 

144.9 1940 

107.7 1941 

75.6 1942 

127.0 1943 

61.7 1944 

140.0 1945 

178.9 1946 

122.2 1947 

116.8 1948 

134.1 1949 

134.2 1950 

220.0 1951 

106.6 1952 

79.0 1953 

189.1 1954 

253.1 1955 

126.9 1956 

228.5 1957 

198.3 1958 

181.4 1959 

84.1 1960 

200.1 1961 

171.7 1962 

173.6 1963 

81.7 1964 

133.8 1965 

128.4 1966 

115.6 1967 

251.6 1968 

122.9 1969 

163.7 1970 

155.3 1971 

205.0 1972 

63.0 1973 

307.7 1974 

198.3 1975 

127.5 1976 

87.4 1977 
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127.2 1978 

120.8 1979 

91.7 1980 

144.1 1981 

151.3 1982 

73.8 1983 

83.2 1984 

109.6 1985 

170.0 1986 

35.4 1987 

164.1 1988 

139.3 1989 

140.8 1990 

65.8 1991 

71.5 1992 

220.3 1993 

89.3 1994 

157.2 1995 

110.1 1996 

36.6 1997 

173.1 1998 

55.8 1999 

62.4 2000 

106.9 2001 

84.3 2002 

24.4 2003 
 2004 

110.4 2005 

141.4 2006 

125.9 2007 

37.6 2008 

52.2 2009 

96.8 2010 

121.1 2011 

29.3 2012 

263.6 2013 

278.1 2014 

73.2 2015 

219.4 2016 

100.5 2017 

183.2 2018 

135.2 The Total Rainfall Average 

*: Any empty slot refers to missing data.  

Chart (1) illustrates a state of divergence and contraposition away from 

the general average of the annual rainfall amounts, mainly during specific 

years. These years display either dryness or humidity, and even within it 
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the amounts distinguishingly varied. The years in which the amount of 

rain exceeded the general average are (37) years, and those in which it 

was lower than the general average are (43) years. This 'chart' is done by 

the researcher depending on the data in Table (1).[6]. 

Chart (1) 

The Fluctuation of the Annual Rainfall Amounts in Baghdad 
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Annual Rainfall Trends 

A 'Trend' is one of the characteristics that appear in a timeline and which 

indicates a decrease or increase in the values of that timeline for one or 

more years. It also refers to climate change if it continues for a specific 

period of time.  

The study adopted an approach to determine the 'General Trend' of 

rainfalls in Iraq; this method is known as " Cumulative Deviation".  

The Cumulative Deviation Approach    

Cumulative variances are calculated by the subtraction of monthly or 

annual values of climate phenomena from the overall average of the 

timeline values, then adding each variant to the one after it till the end of 

the timeline values.  

In Table (2), of the cumulative values, the negative values point out the 

lack of rain, while the positive values refer to the abundance of rain. 

In Chart (2), the results show clearly that all the cumulative values were 

positive from (1937) to (2003). Then from (2004) till (2018) it all 

changed to negative, which indicates sever lack of rain compared with the 

previous period.  

In general, Baghdad witnessed an abundant rainy period extended from 

(1960) to (1999). However, it witnessed a rainfall decrease in the 

following years.  
Table (2) 

Variances Accumulation of the Annual Rainfall Values 

Variances Accumulation YEAR 

106.6 1938-1937 
207.6 1939 
217.3 1940 
189.8 1941 
130.2 1942 
122.0 1943 
48.5 1944 
53.3 1945 
97.0 1946 
84.0 1947 
65.6 1948 
64.5 1949 
63.5 1950 

148.3 1951 
119.7 1952 
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63.5 1953 
117.4 1954 
235.3 1955 
227.0 1956 
320.3 1957 
383.4 1958 
429.6 1959 
378.5 1960 
443.4 1961 
479.9 1962 
518.3 1963 
464.8 1964 
463.4 1965 
456.6 1966 
437.0 1967 
553.4 1968 
541.1 1969 
569.6 1970 
589.7 1971 
659.5 1972 
587.3 1973 
759.8 1974 
822.9 1975 
815.2 1976 
767.4 1977 
759.4 1978 
745.0 1979 
701.5 1980 
710.4 1981 
726.5 1982 
665.1 1983 
613.1 1984 
587.5 1985 
622.3 1986 
522.5 1987 
551.4 1988 
555.5 1989 
561.2 1990 
491.8 1991 
428.1 1992 
513.2 1993 
467.3 1994 
489.3 1995 
464.2 1996 
365.6 1997 
403.5 1998 
324.1 1999 
251.3 2000 
223.0 2001 
172.1 2002 
61.3 2003  

2004 
-24.8 2005 
-18.6 2006 
-27.9 2007 

-125.5 2008 
-208.5 2009 
-246.9 2010 
-261.0 2011 
-366.9 2012 
-238.5 2013 
-95.6 2014 
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-157.6 2015 
-73.4 2016 

-108.1 2017 
-60.1 2018 

   

*: It is to be noted that the whole data in this table was collected and 

arranged by the researcher from unpublished records of the Water 

Resources Section at the Iraqi Meteorological Organization and 

Seismology [6]. 

*: Any empty slot refers to missing data.  

Chart (2) 

Cumulative Values of the Annual Rainfall Accumulation in Baghdad 

 

*: This 'chart' is done by the researcher depending on the data in table 

(2).[6]. 
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The Decadal Changes in the Annual Rainfalls of Baghdad 

Table (3) is exhibited to show how much change there is in the rainfall 

amounts. It illustrates the accumulation average of rain for (11) years in 

(7) climatic cycles.  

Through the analysis of the data in Table (3) and the given inputs of 

Chart (3), It becomes clear that there was an increase in the rainfall 

amounts during the seven climatic cycles, especially in the cycle (1948-

1959). The lowest cycle is that of (1992-2003).  

Table (3) 

The Accumulation Average of Rains for (11) years in Baghdad 

The Accumulation Average Years 

141.2 1948-1937 

168.3 1959-1948 

147.9 1970-1959 

148.0 1981-1970 

109.5 1992-1981 

101.9 2003-1992 

125.6 2014-2003 

 

  *: It is to be noted that the whole data in this table was collected and 

arranged by the researcher from unpublished records of the Water 

Resources Section at the Iraqi Meteorological Organization and 

Seismology. 

Chart (3) 

The Accumulation Average of Rains for (11) years in Baghdad 

 

*: This 'chart' is done by the researcher depending on the data in table (2). 
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The Rainfall Changes that took place over the World 

Our climate is experiencing numerous and enormous changes due to the 

rise of temperature, needless to say, these changes have a huge impact on 

rainfall patterns, extreme weather, rising sea levels, glaze/ice melting, 

longer growing seasons, public health, and ecology. These changes are 

linked to carbon dioxide mounting levels and the greenhouse gases 

resulting from numerous human activities [1, p.1].  

Climatologists have believed, since the 1950s, that humans are the reason 

behind climate change. It has been established that human activities 

including combustion of fossil fuel, crop cultivation, livestock farming, 

and deforestation all produce greenhouse emissions. Carbon dioxide 

amounts in the atmosphere have increased 40% than pre-industrialism, 

and even that is higher than it was 800 thousand years ago. The 

greenhouse gases impact is increased through the reactogenicity resulting 

from aqueous vapor and this leads to more global warming and climate 

changing. Natural effects like solar radiation, climatic cycles, and 

volcanic eruptions cannot fully explain the current warming trend [1, 

p.3].  

Hydrology was affected in the 1990s by climate changes, and the summer 

of 1995 was the driest ever in both England and Wales in which the rain 

level was even lower than that of 1976[7, p. 784,785،780]. When 

comparing the annual temperature averages of central England with the 

rest of the world we can notice an increase in these averages, especially in 

the years (1969-1990) and they are warmer than they were 100 years 

earlier. The period extended from (2000) to (2009) was the hottest 

central England ever witnessed [8, p.2].  

The Arctic (North Pole) temperature is rising faster than any other place 

on Earth, and that leads to an increase in rainfall levels. This affects the 

hydrology cycles, energy balance, and sea glacier mass. Rainfall levels 
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increased in the Arctic from (1980) till (2016), especially in Autumn, 

north of the Atlantic Ocean and the surrounding seas [9]. Global warming 

has a deep impact on the glaciers in Greenland in which it lost huge 

amounts of its mass, and this led to a considerable rise in sea levels [10, 

p.1-3].  

The annual rainfall average in Kerala state (India) reveals a slightly 

descending trend in the long term. It also shows a huge descending in 

rainfall levels starting from (1951) upward, with a small decline of 9.8% 

from (1999) to (2005). A humid period has been noticed starting from 

(1900) up to (1980) [11, p.1942].  

Chart (4) presents the changes in global climate parameters since (1937) 

in comparison with IPCC (Intergovernmental Panel on Climate Change) 

scenarios in Mauna Loa (Hawaii). The data shows a deviation from the 

trend-line amount in (1990) which is the main year for IPCC scenarios 

[12, p.709].  

Chart (4) 

Changes in Global Climate Parameters since (1937) in comparison with IPCC 

scenarios in Mauna Loa 

 

  

 In Chart (5), the red lines mean global temperature averages on both land 

or sea is higher than the normal average on the long term, whereas the 

blue lines mean lower temperatures than the normal averages on the long 
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term. The black line shows the concentration of carbon dioxide in the 

atmosphere [1, p2].  

Chart (5) 

Global Temperatures and Carbon Dioxide Concentration 

  

Climate system high temperatures are a fact. Since the 1950s enormous 

unprecedented changes over thousands of years have been recorded. 

Ocean and atmosphere temperatures have increased, glacier levels have 

reduced, sea levels have increased, and greenhouse gases have become 

more concentrated and intensified.  

These high temperatures already affect Hawaii and the Pacific Ocean 

Islands, this can be seen through the rise of sea levels, ocean 

acidification, rainfall patterns variability, lower stream flow, and winds 

and wave patterns irregularity [13, p.i].   

 In summary, Earth's temperatures are rising extremely and this has and 

will lead to countless unprecedented climate changes, according to the 

fifth evaluation report presented by the Intergovernmental Panel on 

Climate Change (IPCC). 
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Conclusions 

Based on the obtained results, the rainfall amounts in Baghdad witnessed 

a clear fluctuation from the normal averages and a substantial decrease in 

the trend of these amounts and the climatic cycle (1948-1959) is 

considered the highest cycle in rainfall amounts. In addition, the lower 

rains average over the climatic cycle (1992-2003) was due to the 

increasing levels of carbon dioxide. Finally, Hydrology was affected, in 

the 1990s, by climate variability which took place all over the world as a 

result of rising temperatures. This has a deep impact on climate cycles 

and is the reason behind changing rainfall trends, extreme weather, sea 

levels rising, glaciers melting, and growing season disparity; not to 

mention the effects on the infrastructure, public health, and ecology.  
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