
 

                                                                                                                  
 

 

   
   Journal of Green Engineering (JGE) 
       

          Volume-10, Issue-9, September 2020 

 
 

  

 

 
                      

 

 

 
 

 
 

 Time Series Analysis of Environment 
Aridity Indices for Iraq 

   
1
Hanan S. Al-Zamili and 

2
Alaa M. Al-Lami 

 
1,2Atmospheric  Sciences  Department,  College of  Science,  Mustansiriyah  University,  Iraq. 

E-mail: 1al.shayia.atmsc@uomustansiriyah.edu.iq 
 

Abstract 
 
Aridity evaluation is important to describe the landscape features and the 

balanced use of water resources. Aridity is predicted to rise in many areas of 

the planet with global warming. This study aims to analyze the temporal 
distribution of aridity indices depending on the data on temperature and 

precipitation from 28 routine weather stations in Iraq during the period 

(1981-2015). In addition to evaluating the annual variation of aridity indices 

at four stations were selected from different climatic zones: Baghdad, Basra, 
Mosul, and Rutba. Two analysis test were used in this research work namely, 

Sen’s slope estimator and Mann-Kendall test. Six aridity indices were used, 

namely, Lang (L), Erinc (IE), Emberger (Im), De Martonne (AM), 
Thornthwaite (PE), and UNEP (AIu). Mann-Kendall test results indicated a 

decreasing trend in aridity indices for each station with all indices. The 

highest decreasing trends were found at some northern stations which differ 

from one index to another. Sen’s slope estimator results show that all stations 
have a negative trend slope with each index. The highest value of negative 

trend slope was found at some northern stations especially at Tuz station with 

values ranged from (-0.01 mm/year) with the UNEP index to (-1.236 
mm/year) with the Emberger index. annual variation results detected that the 

highest decreasing trend was found at Mosul station followed by Basra 

stations with each index series, whereas the lowest decreasing trend was 
found at Baghdad stations also with each index series. 
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1 Introduction 
 

Global climate change and climate variability, resulting from natural 

processes and anthropogenic factors, considered as the major ecological 
problems that may influence the plant in the last decades. Both the changes 

in the temperature and precipitation are significant factors of the potential 

impacts of the change in climate [1]. According to the report of the 
Intergovernmental Panel on Climate Change (IPCC 2007), the average 

worldwide surface air temperature has been increased by 0.7 ᴼ C over the last 

hundred years [2]. Adjusting climate is a difficult problem that has 
multifaceted challenge. Arid and semi-arid areas of the world are 

exceedingly delicate to anthropological-initiated climate as well as land 

change. The arid areas covers around 40% of the  terrestrial surface of the 

world. Such areas, which are already at the limits of sufficient water supplies, 
are assumed to be more vulnerable to climate change. [3]. complications 

exhibited by arid and semi-arid conditions might be intensified because of 

worldwide climate change, as precipitation is anticipated to both increments 
in variability and decrease overall in a considerable lot of these areas. These 

changes are relied upon to especially influence settlements and biological 

systems on the limits of arid or semi-arid conditions [4]. Aridity, which is a 

lack of moisture in the environment, consider as an important characteristic 
of a significant part of the earth’s surface. Aridity complicated, and its 

ecological manifestations differ from area to area and over time, so that its 

definition, incidence, and ecological consequences are complicated and 
require accurate unraveling [5]. Various mathematical measures have been 

suggested for quantifying the degree of dryness of the atmosphere at a 

specific position and thereby identifying climatic zones. [6]. These indices 
divided into two groups depending on the nature of the variables of climate 

used. The first one of them includes both precipitation and air temperatures 

such as Lang and De Martonne aridity indices, and the second one is based 

on potential evapotranspiration. The changes in the temporal conditions of 
aridity indices were analyzed in several studies. Al-Zamili and Al-Lami 

investigate the geographic characteristicsof aridity indices in Iraq. According 

to the results, drylands covered most of the study area with about 91-100%. 
Dry sub-humid, moist sub-humid, and humid classes covered nearly 10%.[7]. 

Croitoru et al. determined the temporal distributions of aridity indices in the 

extra-Carpathian regions in Romania during (1961-2007). The major results 
were that most semi-arid is the southeastern region, mainly in the warm 

period of the year [8]. Nastos et al. studied the aridity index in Greece during 

the period (1951-2000). They found a gradual change from the category of 

humid towards the categories of sub-humid and semi-arid [9] .  
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Tabari and Aghajanloo analyzed the monthly and annual aridity index for 

10 stations for 40 years[10].. Their results showed the lowest negative trends 

in July and the highest negative trends in January, February, and March. 
Annual results of the aridity index detected a negative trend in most of the 

study stations. Andrade and Corte-Real used the De Martonne index and 

pinna combinative index to determine the aridity status over the 20th century 
in the Iberian Peninsula. They found that the trend tends to more severe 

aridity conditions [11].This study aims to determine the aridity status in Iraq 

by analyzing the temporal distribution of six aridity indices, utilizing the 
Mann-Kendall test and Sen’s slope estimator from the period (1981-

2015).The first part of this study will include a detailed description of the 

study area, climatological data, and the statistical tests for Aridity indices.in 

the second part, an assessment of six aridity indices for Iraq will be presented 
and the last part will contain the conclusion of the study.  

 

2 Materials and Methods 
 

2.1 Study Area 
     

Iraq is located in the southwest of Asia, with a total area of 438,320 km2. 

It is bordered by Syria and Jordan to the west, Turkey to the north, Iran to the 

east, and by Saudi Arabia and Kuwait to the south. Topography, the form of 
Iraq is like a basin, composed of the vast Mesopotamian plateau of the rivers 

Tigris and Euphrates. This plain is bordered by mountains in the north and 

east, which can reach a height of 3550 meters above sea level, and by desert 

regions in the south and west, which account for more than 40% of the land 
area[12]. The climate type of Iraq is basically of a continental, subtropical 

with the north and north-eastern regions which have a Mediterranean climate. 

precipitation is extremely seasonal and happens within the winter ( 
December to February) within all country excluding the northern parts, 

where in these parts the rainy season begins from November to April. 

Average annual rainfall rating about 216 mm ranges from a maximum of 
1200 mm in the north-east toabout of 100 mm over most southern. In 

summer, the air temperature during July and August is usually 43°C, drops 

down to 2°C and 16°C during the day and the night in wintertime 

respectively [13]. 
 

2.2 Data Source 
 

In this paper, climatic data used for the analysis include monthly 

precipitation data, monthly mean air temperature, and monthly maximum air 

temperature. Data acquired from the Iraqi Meteorological Organization and 
Seismology (IMOS) for the period 1981-2015.  
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The data were collected from 28 meteorological stations located in 

different regions of Iraq as shown in figure (1). Also, daylight hours data 

were used to compute Thornthwaite formula. During the selected period, the 
mean annual precipitation data ranged from 92 mm at Karbala station to 728 

mm at Sulaymaniyah station. Mean annual temperature data ranged from 

17.4°C at Salahaddin station to 26.3°C at Basara station. The maximum 
annual temperature ranged from 21.8°C at Salahaddin station to 33.4°C at 

Basara station. In these data of temperatures and precipitation, the missing 

data values ranged from 0 to 23%. To estimate missing values, the process of 
interpolation method (spline and cubic) was used in the MATLAB program. 

 
Figure 1: location of measurements stations in Iraq. 

 

2.3 Aridity Indices 
 

Aridity indices are objective measures of the degree of water deficiency 

at a site. [14], used to characterize climatic conditions, and to know the 

climate system state. In this study, six indices of aridity were used to assess 
the temporal distribution to analyze the climate conditions of Iraq, which are: 

 

2.3.1 Lang (1920)  
 

Lang introduced the rainfall index as" the ratio between the mean annual 

precipitation and mean annual temperature" by using the following 

equation[15]: 

                                                                                             (1) 

Where P represent the mean annual precipitation in (mm), and T is the mean 

annual temperature in (°C)[15]. 
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2.3.2 De Martonne (1926) 
 

De Martonne attempted to establish an empirical relation between 
temperature and moisture content, where the arid climates could be more 

accurately described. This equation, provided as an aridity index, can be used 

over a short time scale (a few days, month, season, or a year). Annual De 
Martonne index is calculated using the following equation[14]: 

                                                                                              (2) 

 

2.3.3 Erinc Index (1996) 
 

Erinc aridity index or precipitation efficiency is based on the 

precipitation and maximum temperature supposed to cause water deficiency 

by evaporation, it's defined as follows[16]: 

                                                                                                (3) 

T is the maximum annual temperature in (°C). 

 

2.3.4 Emberger Index (1932) 
 

Emberger index is constructed on the climatic measurments that related 

with the vegetation areas, it's acquired with the mean values of  annual 

precipitation (mm) and the mean temperature of both the coldest and hottest 
month (°C) using the following formula [17]: 

                                                                                   (4) 

  

2.3.5 UNEP Index (1997) 
 

The United Nations Environment Program (UNEP) index, primarily 
suggested as UNESCO aridity index in 1979 (which represents the 

relationship between precipitation and potential evapotranspiration calculated 

by the Penman method). It is computed using the equation: 

                                                                                              (5) 

PET is the mean annual potential evapotranspiration in (mm). The values 

of potential evapotranspiration were calculated depending on the mean 
monthly temperatures, by using Thornthwaite methodology. Although there 

are many methodologies to calculating the potential evapotranspiration, this 

method was chosen according to the easy calculation based on temperature 
values and sunshine duration data only [18]. 

 
2.3.6 Thornthwaite (1948) 

The precipitation effectiveness index (PE) suggested by Thornthwaite 

defined as P/E, where P is the precipitation and E is the evaporation.  
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This ratio is an index of the effectiveness of the precipitation and its 

maximum value when the evaporation rate from the free water surface is 

known. Thornthwaite suggested another equation for stations where 
evaporation data are not available. This equation is based on the mean 

monthly precipitation in (mm) and mean monthly temperature in (°C) [19]: 

                                                                   (6) 

The detailed description of the climate classification for the selected indices 

are illustrated in Table 2. 

Table2: Climate classifications of aridity indices. 
Index Climate Classification 

Lang aridity index (L) L >160 Very Humid; 40-60 Humid; 20-40 Semi-Arid; 

< 20 Arid [18]. 

De Martonne aridity 

index (AM) 

AM > 60 Very Humid; 30-60 Humid; 20-30 moist sub 

humid; 15-20 Dry Sub-Humid; 5-15 Semi-Arid; < 5 

Arid [20]. 

UNEP aridity index 

(AIu) 
AIu > 0.65 Humid; 0.5-0.65 Sub Humid; 0.2-0.5 
Semi-Arid; 0.05-0.2 Arid; < 0.05 Hyper-Arid [21]. 

Thornthwaite aridity 

index (PE) 
PE > 128 Very Humid; 64-127 Humid; 32-63 Sub-

Humid; 16-31 Semi-Arid; < 16 Arid [19]. 

Erinc aridity index (Im) 
Im > 55 Very Humid; 40-55 Humid; 23-40 Dry Sub 

humid; 15-23 Semi-Arid; 8-15 Arid; < 8 Hyper-Arid 

[16]. 

Emberger aridity index 

(IE) 
IE > 90 Humid; 50-90 Sub-Humid; 30-50 Semi-Arid; 

< 30 Arid [17]. 

 

3 Statistical Tests for Trends Analysis 
 

3.1 Mann-Kendall Test (MK) 
 

Mann-Kendall test is one of the most important nonparametric statistical 

tests used to analyze the trend characteristics in climate information. It 

examines the null hypothesis (Ho) of no trend (the data are independent and 
randomly ordered) Contrary to an alternative hypothesis (Ha) of the increase 

or decrease trend. This test is very appropriate for the trend analysis in data 

over a period because it does not require any assumption of statistical data 
distribution. Also, it is practically useful since missing data are allowed and 

data need not correspond to any given distribution[22].  

If the data is less than 9, this test is calculated as [23]: 

                                                             (7) 
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Where: 

n: the total of the data point. 

Xi, Xj: data values in time series i and j (j>i), respectively. 
Sgn(Xi, Xj): the sign function as: 

                                                          (8) 

And when data is 10 or more, the MK test calculated as: 

Compute the variance S by: 

                 (9) 

Where: q: Is the number of tied groups and tp is the number of data values on 
the pth group. 

VAR(S) is used to compute the test statistic Z as follows: 

                                                                      (10) 

A positive (negative) value of (S) indicates an upward (downward) trend 

[23]. 
 

3.2 Sen's Slope Estimator (SS) 
 

Sen's slope estimator is a non-parametric test developed by Sen (1968) to 

estimate the slope of the trend in sample N pairs of data: 

                                                                                                (11) 

for i=1, ... , N 

Where Xj and Xk are the data value during the period j and k (j>k), 
respectively. The Sen’s estimator of the slope is the median of these N values 

of Qi. The N values of Qi are ranked from the smallest to the largest and the 

Sen’s estimator is [23]: 

                                              (12) 

To processing data, the Excel MAKESENS template, were used for data 

processing. This software Implement two kinds of statistical analyzes: test 

the existence of monotonic decrease or increase trend using the non-
parametric test (Mann-Kendall) and calculating the linear slope estimated 

using Sen’s non-parametric test [24]. Both tests were utilized in this study In 

its essential forms and provide numerous features: missing data are 

permitted, and the required data cannot be given to any specified distribution; 
individual data errors or extreme values do not meaningfully influence on 

Sen’s slope method [23]. 



                                                                                                                  
 

 

 
 

 

 
5875 Hanan S. Al-Zamili et.al 

 

4    Results and Discussions 
 

The temporal variation of aridity indices was detected by Mann-Kendall 

test (MK) and Sen's slope estimates (SS). The results of MK and SS tests 

were presented in the table (3), and figures (2) and (3). The negative values 
of the MK test mean that there is a decreasing trend for aridity indices values, 

and it should be noted that the increasing trend means lower arid conditions. 
Table 3: Results of Mann-Kendall and Sen's slope tests. 

Station 
Lang Erinc UNEP Emberger Thornthwaite De Martonne 

MK SS MK SS MK SS MK SS MK SS MK SS 

Taleafer -2.06 -0.21 -2.00 -0.14 -2.56 -0.003 -2.34 -0.40 -1.84 -0.301 -1.91 -0.130 

Kirkuk -2.02 -0.17 -1.93 -0.12 -2.61 -0.003 -1.99 -0.33 -2.13 -0.310 -1.99 -0.114 

Karbala -1.08 -0.03 -1.08 -0.03 -2.19 -0.001 -1.45 -0.08 -0.85 -0.040 -1.08 -0.022 

Biji -1.25 -0.11 -1.11 -0.07 -2.11 -0.002 -1.28 -0.20 -1.53 -0.142 -1.14 -0.068 

Nasiryah -0.65 -0.02 -0.60 -0.02 -1.76 -0.001 -0.57 -0.04 -0.20 -0.010 -0.48 -0.011 

Mousl -2.11 -0.22 -2.08 -0.16 -2.34 -0.004 -1.87 -0.35 -2.19 -0.361 -2.05 -0.140 

Rutba -0.36 -0.01 -0.53 -0.01 -1.04 0.000 -0.42 -0.03 -0.36 -0.022 -0.27 -0.008 

Hai -1.05 -0.03 -1.05 -0.03 -1.90 -0.001 -1.11 -0.07 -1.05 -0.051 -1.02 -0.025 

Basara -1.11 -0.04 -1.05 -0.03 -2.73 -0.001 -1.42 -0.11 -1.11 -0.065 -0.97 -0.027 

Amara -0.26 -0.01 -0.03 -0.002 -1.25 -0.001 -0.34 -0.03 0.09 0.012 -0.11 -0.003 

Rabiah -1.68 -0.25 -1.39 -0.16 -2.00 -0.004 -1.89 -0.53 -1.78 -0.364 -1.50 -0.151 

Ramadi -2.84 -0.11 -2.81 -0.08 -3.49 -0.002 -2.90 -0.24 -2.38 -0.140 -2.74 -0.073 

Sinjar -1.93 -0.21 -1.87 -0.18 -2.37 -0.004 -1.75 -0.35 -1.78 -0.358 -1.54 -0.132 

Baghdad -0.37 -0.01 -0.26 -0.006 -1.36 -0.001 -0.94 -0.05 -0.60 -0.034 -0.37 -0.007 

khanaqin -2.78 -0.18 -2.78 -0.14 -3.61 -0.003 -2.47 -0.39 -2.81 -0.340 -2.73 -0.125 

Haditha -2.82 -0.14 -2.85 -0.11 -3.43 -0.002 -2.93 -0.29 -2.78 -0.199 -2.75 -0.098 

Najaf -1.53 -0.05 -1.39 -0.04 -2.47 -0.001 -1.68 -0.11 -1.53 -0.066 -1.51 -0.033 

Hella -2.28 -0.11 -2.18 -0.08 -2.71 -0.002 -1.89 -0.19 -2.00 -0.151 -2.18 -0.072 

Diwaniya -0.99 -0.03 -1.02 -0.021 -1.70 0.000 -0.74 -0.04 -0.80 -0.025 -0.94 -0.018 

Samawa 0.65 0.022 0.71 0.021 -0.14 0.000 0.80 0.05 0.88 0.057 0.68 0.018 

Samara -2.57 -0.16 -2.57 -0.122 -2.64 -0.002 -2.50 -0.29 -3.03 -0.255 -2.60 -0.117 

Anah -0.99 -0.04 -1.05 -0.031 -1.38 -0.001 -1.31 -0.09 -0.89 -0.048 -0.92 -0.023 

Kut -1.66 -0.06 -1.56 -0.047 -1.70 -0.001 -1.66 -0.12 -1.70 -0.094 -1.47 -0.043 

Tikrit -2.65 -0.26 -2.54 -0.195 -2.88 -0.003 -2.31 -0.44 -2.65 -0.413 -2.65 -0.178 

Tuz -2.94 -0.49 -2.66 -0.377 -3.22 -0.010 -2.87 -1.23 -3.50 -0.711 -2.66 -0.327 

Arbil -2.39 -0.33 -1.78 -0.21 -3.25 -0.01 -2.57 -0.68 -1.86 -0.44 -2.11 -0.20 

Salahaddin -0.77 -0.23 -0.77 -0.17 -0.97 0.00 -0.65 -0.26 -0.41 -0.20 -0.61 -0.12 

Sulaymaniyah -1.00 -0.37 -0.89 -0.26 -1.43 -0.01 -1.03 -0.61 -1.03 -0.55 -1.03 -0.24 
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of the MK test results indicated that the trend tends to decrease with each 

index for all stations. The highest decreasing trends were found at some 

northern stations which differ from one index to another. These stations 
include Haditha, Khanaqin, Mosul, Kirkuk, Taleafer, Arbil, Tuz, Tikrit, and 

Samara as well as Hella and Ramadi stations in the middle. In addition to 

these stations, the highest decreasing trends with the UNEP index were found 
at stations of Rabiah, Sinjar, Biji and some stations in the south and middle 

parts include Karbala, Najaf, and Basra stations. The highest values of the 

decreasing trends with most of the indices were found at stations of Haditha, 
Tuz, Ramadi, and Khanaqin, these values ranged from (-2.38) with the 

Thornthwaite index at Ramadi station to (-3.61) with the UNEP index at 

Khanaqin station. Whereas the lowest decreasing trends were found at some 

south and middle stations include Amara, Nasiriyah, Baghdad, Samawa, 
Diwaniyah, and Rutba station in the west, Salahaddin in the north with each 

index except UNEP. The lowest decreasing trend with the UNEP index was 

found at Samawa station with value (-0.14).  
Some stations have statistically significant decreasing trends that differ 

from one index to another, also different in the statistically significant levels 

as shown in the table (3). The  statistically significant decreasing trends with 

the Lang index were detected in 14 out of 28 stations Taleafer, Kirkuk, 
Mosul, Rabiah, Ramadi, Sinjar, Khanaqin, Haditha, Hella, Samara, Kut, 

Tikrit, Tuz, and Salahaddin. Similar to the Lang series, 14 stations of the 

Thornthwaite and Emberger series detected a statistically significant 
decreasing trend but with only a different station which is Arbil instead of 

Salahaddin. In addition to these stations, Najaf station also Indicates 

statistically important decreasing pattern in the Emberger series. 
A decreasing trends with the Erinc and the De Martonne series were 

found at 11 stations which are Taleafer, Kirkuk, Mosul, Ramadi, Khanaqin, 

Haditha, Hella, Samara, Tikrit, Tuz, and Arbil. As well, Sinjar station 

presented a clear decreasing trend in the Erinc series. According to the UNEP 
series, a clear decreasing trends found in most of the stations (21 out of 28). 

The trend slope magnitude for each aridity index was found by using 

Sen’s slope estimator. As can be seen from the table (3), all stations have a 
decreasing trend slope with each index. The highest decreasing trends slope 

were found in some northern stations include Tuz and Sulaymaniyah stations 

with each index. In addition to these stations, Sinjar, Mosul, Arbil, and Tikrit 
stations with the Lang index, Arbil with the Emberger and UNEP indices, 

and Haditha with the Emberger index. 

The trend slope magnitude for each aridity index was found by using 

Sen’s slope estimator. As can be seen from the table (3), all stations have a 
decreasing trend slope with each index. The highest decreasing trends slope 

were found in some northern stations include Tuz and Sulaymaniyah stations 

with each index.  
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In addition to these stations, Sinjar, Mosul, Arbil, and Tikrit stations with 

the Lang index, Arbil with the Emberger and UNEP indices, and Haditha 

with the Emberger index. 
 

 
Figure 2: Mann-Kendall test results in Iraq for the period (1981-2015) 

 

 



                                                                                                                  
 

 

 

 

 
 

Time Series Analysis of Environment  Aridity Indices for Iraq 5878 

 

 
Figure 3: Sen's slope estimator test results in Iraq for the period (1981-2015). 
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The highest value of decreasing trend slope was found at Tuz station 

according to all indices with values varying from (-0.01 mm/year) with the 
UNEP index to (-1.236 mm/year) with the Emberger index. These results are 

in line with the highest values of the MK test and this is evident by the 

significant decline in the values of rainfall at these stations in recent years. 
With each index, there was a slightly decreasing trend slope at Samawa 

station. The lowest values of decreasing trend slope were detected at most of 

the stations in the south, middle, and western parts. Amara, Rutba, and 

Baghdad stations showed the lowest values of decreasing trend slope with 
most of the indices. 

The Emberger aridity index detected the maximum decreasing trend 

slope compared with other indices with slope magnitude ranged from (-0.026 
mm/year) to (-1.236 mm/year). Whereas the UNEP aridity index detected the 

minimum decreasing trend slope compared with other indices with slope 

magnitude ranged from (-0.0004 mm/year) to (-0.01 mm/year). 

To study the annual variation of aridity indices time series, four stations 
were selected from different climatic zones which are Baghdad, Basra, 

Mosul, and Rutba. The results of the time series, moving average for 5 years, 

and trends for the selected stations showed in figures from (4) to (7). The 
aridity indices presentation a significant annual variation in the analyzed 

period (1981-2015), their values have a clear decreasing trend. 

The time series of aridity indices at Baghdad station indicate a slightly 
decreasing trend with each annual indices series. Moving average detected 

that the highest values of aridity occurred during the period 1998-2008. At 

Basra station, the time series of aridity indices indicate a clear decreasing 

trend with each index. The highest decreasing trend was with the UNEP 
series. According to the moving average, the highest value of aridity 

occurred in 2008.  

The time series of aridity indices at Mosul station indicate a clear 
decreasing trend with each index, increasing more after the 2001 year. 

Moving average showed that the lowest rate of aridity was during the period 

1987-1994, and the highest rate of aridity was during the period 2002-2011. 
At Rutba station, the trend of the annual Thornthwaite series is a very 

slightly decreasing trend compared with the other indices series at this 

station. The trends of the other annual indices series are slightly negative. 

Moving average detected that the highest increased in aridity occurred during 
the period 2006-2014.From the figures, moving average detected the highest 

value of aridity at Rutba station in 2009 with the values of (0.016, 0.70, 0.80, 

1.04, 1.08, and 2.41) for the indices time series of UNEP, De Martonne, 
Erinc, Lang, Thornthwaite, and Emberger respectively, followed by Basra 

station in 2010 with the values of (0.04, 0.84, 0.89, 1.14, 1.33, and 2.44) also 

for the indices time series of UNEP, De Martonne, Erinc, Lang, 

Thornthwaite, and Emberger respectively, whereas the lowest value of aridity 
was at Mosul station with each index compared with the other stations. 
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In terms of trend, the highest decreasing trend was found at Mosul 

station followed by Basra stations with each index series, whereas the lowest 

decreasing trend was found at Baghdad stations also with each index series. 
The trend was decreased significantly during the last years of the period 

1981-2015 compared with the other years and this clear with all six indices. 

This clarify  that there is a significant increasing  in the last years, due to 
increase values of air temperature and decrease rainfall with time.  

 

 
Figure 4: Yearly changes of aridity indices during the period 1981-2015 at Baghdad 

station. 
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 Figure 5: Yearly changes of aridity indices during period 1981-2015 at Basra 

station. 

 
Figure 6: yearly changes of aridity indices during the period 1981-2015 at Mosul 

station. 
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Figure 7: Yearly changes of aridity indices during period 1981-2015 at Rutba 

station. 

5   Conclusions 
 

Aridity indices are a good methodology for measuring the climatic 

conditions in a region. Thus, According to the results of the six aridity 
indices, it can be concluded that the direction of the dry climatic conditions 

was increased. Where the analysis of aridity indices according to Mann-

Kendall test showed that there was a decreasing trend for all indices with 

each station. The decreasing trend of the MK test means that there is a 
decrease decreasing in indices values, subsequently increase in aridity 

conditions. Some stations had statistically significant decreasing trends 

which differed from one index to another.  
The higher values of decreasing trends were found at some northern 

stations    especially at stations of Haditha, Khanaqin, Ramadi, and Tuz. 

The results also indicated the magnitude of the trends according to Sen’s 
slope estimator test. This test showed that all stations had a decreasing trend 

slope with each index. The highest value of decreasing trend slope was found 

at Tuz station according to all indices with values varying from (-0.01 

mm/year) with the UNEP index to (-1.236 mm/year) with the Emberger 
index. 
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According to the annual time series of aridity indices at the four selected 

stations, the highest decreasing trend was found at Mosul station followed by 

Basra stations with each index series, whereas the lowest decreasing trend 
was found at Baghdad stations also with each index series. 
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