
 

 

 

 

 
Journal of Green Engineering (JGE) 

 

Volume-10, Issue-10, October 2020 

 
 

  
 
 
 
 
 
 

 
Analysis of Seasonal and Annual Relative 
Humidity Using GIS for Selected Stations 
over Iraq during the Period (1980-2017) 

 
1
Sara Ali Muter, 

2
Wedyan G. Nassif, 

3
Zahraa A. Al-Ramahy,

 4,
*Osama 

T. Al-Taai 
 

1,2,3,4
Department of Atmospheric Sciences, College of Science, Mustansiriyah 

University, Baghdad, Iraq. E-mail: sara.a.atmsc@uomustansiriyah.edu.iq, 

wedyan.atmsc@uomustansiriyah.edu.iq, zahraaarief@uomustansiriyah.edu.iq, 

osamaaltaai77@uomustansiriyah.edu.iq 

 
Abstract 
 
In"this work, spatial analysis of Relative humidity at 36 cities in Iraq was 

analyzed during 1980-2017. Also, the Seasonal and annual humidity were 

analyzed using the Mann Kendall test to detect the important trend, where the 

results showed that the trend during the winter, spring, summer and Autumn 

have a negative highest value of summer and was 5.18 °C/season in Basra 

city. The spatial analysis of ArcGIS showed that the annual and monthly 

seasonal relative humidity can be divided into two or three northern, southern 

and eastern sections with high relative humidity in the northern regions for 

winter, spring and southern regions in summer and autumn, and decreases 

towards the eastern regions of Iraq. The spatial trend with respect to relative 

humidity indicates that the decrease starts from north to east in the winter and 

spring seasons. As for summer and autumn, the decreasing occurs from south 

to east, and therefore the highest monthly value of relative humidity reached 

by Iraq is concentrated in the month (June, July and August) in the 

southeastern regions of the country in the summer. 
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1 Introduction 
 
Water"is important for all ecosystems on earth. The presence of surface 

water on Earth mainly consists of oceans, lakes and rivers [1]. The extent of 

lakes accounts for nearly 3% of the surface and is endowed with 

irreplaceable functions to supply water, control flooding, and sustain kinds, 

due to the play role of water in climate [2]. The climate changes can be 

observed in falling precipitation levels and in global temperature rises of up 

to (3∘C) [3].The studies presents a large number of publications that claim 

the negative impact of climate change on environmental and on groundwater 

recharge [4]. The"changes of rainfall quantities and frequencies reported 

directly changing the stream flow pattern and its demand, spatiotemporal 

allocation of run-off, ground water reserves and soil moisture [5]. 

Consequently, these changes presented the widespread consequences on the 

water resource, environment, terrestrial ecosystem, ocean [6]. There studies 

showed diurnal and seasonal variations in urban–rural humidity contrasts and 

pointed out differences in relative humidity between urban and rural areas 

[7]. So most climate change studies are concerned with the change in 

temperature and precipitation. However, relative humidity (RH) is an 

important as an environmental condition which effects the development of 

the plants and human health and determine the aerodynamic component of 

the atmospheric evaporate demand’ [8]. Near-surface RH and air 

temperature, named as the observed values, taken at the height 1.5 m above 

the surface measured by meteorological instruments such as the hair 

hygrometer and the psychrometric, these two measures are representing the 

major variables in the studies of human climate change [9]. Mapping relative 

humidity and temperature during hot summer (June to August) over China 

carried out using meteorological data (e.g. relative humidity, average 

temperature, average maximum temperature and extreme temperature) and 

satellite remote sensing imagery [10]. A geographic information system 

(GIS) is a computer-based information system for capturing, modeling, 

storing, checking, and presenting data regarded to positions on Earth’s 

surface [11] Improvements of components with GIS functions are also 

advantageous for software developers to satisfy the spatial data view and 

analysis demands in meteorology [12]. Providing a programing library 

including both GIS and meteorological data analysis functions would be a 

useful for software and application developers [13]. Therefore, GIS provides 

an elastic environment for entering digital data from different sources, and is 

a robust tool [14]. This study aims to examine the temporal and spatial 

relative humidity and trends in seasonal and annual means for relative 

humidity in Iraq for 37 years of time period (1980-2017) by using Mann- 
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Kendall test. All data were provided by European Center for Medium Range 

Weather Forecast (ECMWF) that has trustable data. 

 

 

2 Materials and Methods 
 
2.1 Patients and Control 
 

In this paper, Iraq has been employed to be the area of study and that is 

because of the following reasons. Firstly, the geographical coordinates of it 

are between latitudes (29.5°-37.5° N), and between longitudes (38.45°-

48.45° E) in the Northern Hemisphere [15]. Secondly, lies in Asian 

(southwest) and in the northern part of the Arab homeland, where it has 

borders with Turkey (north), Iran (east), Syria, Jordan and Kingdom of Saudi 

Arabia (west) and Kuwait and Arabian Gulf (south) [16]. Thirdly, the Iraq’s 

location appears to be affected by water bodies adjacent to it such as the 

Mediterranean Sea and the Arabian Gulf, which have clear impact in the 

climate and thermal properties [17]. Fourthly, the climate of Iraq is a sub-

tropical, continental, dry climate with dry hot summers and cool winters, 

with some precipitation in central and southern of country, and 

more precipitation in the northern of the country [18]. In this study, the data 

of relative humidity have been provided by ECMWF of the period (1980-

2017) for 36 stations as shown in Table 1 and Figure 1 spreading at various 

parts of Iraq. 

 

3 Methods 

3.1 Mann-Kendall Test 

 Mann-Kendall (MK) test is a non-parameter statistical analysis of trend 

in the time series of climatologic, environmental and hydrologic data. The 

MK test is The MK test is usually utilized to discover directions that are 

monotonic but do not have to be linear and utilized in hydrologic analysis. 

The world meteorological organization has been recommended MK to 

determine the direction in time series. The MK needs hypothesis of 

normality, and not pointes to magnitude but only the trend Also, this test is 

applicable when in case values xi of a time series undergo to [17]. This test is 

 

 



 

 

 
 

 

 

 

          

 

                                      Table 1. Geographical coordinates of Iraqi cities in this study 

Station 
Longitude 

(°) 

Latitude 

(°) 

Height 

(m) 
Station 

Longitude 

(°) 

Latitude 

(°) 

Height 

(m) 

Baghdad 44.40 33.30 31.7 Zakho 42.72 37.13 433.0 

Rutba 40.28 33.03 630.8 Sulaymaniya 45.45 35.53 883.0 

Basra 47.78 30.52 2.4 Erbil 44.00 36.15 420.0 

Mosul 43.15 36.31 223.0 Talafer 42.48 36.37 273.0 

Najaf 44.32 31.92 32.0 Tuz 44.65 34.88 218.0 

Diwania 44.95 31.95 20.0 Samara 43.88 34.18 69.5 

Ramady 43.32 33.45 45.1 Anna 41.95 34.37 138.0 

Karbala 44.05 32.57 29.0 Qiam 41.07 34.38 177.5 

Kirkuk 44.35 35.74 331.0 Nukheb 24.28 32.03 305.0 

Amara 47.17 31.83 9.5 Balad 44.15 34.00 5353 

Kahalis 45.62 33.88 3355 Sinjar 41.83 36.32 465.0 

Smawa 45.27 31.27 11.4 Alialgarbi 46.43 32.28 ..55 

Kut 45.75 32.49 19.0 Badra 45.57 33.06 05555 

Nasiriya 46.23 31.02 7.6 Aziziah 45.04 32.55 5555 

Babylon 44.45 32.45 27.0 Haditha 42.35 34.13 108.7 

Tikrit 43.75 34.37 107.0 Biji 43.53 34.90 115.5 

Duhuk 43.00 36.78 0.555 Fao 48.50 29.98 1.2 

Emadiya 43.35 37.05 005555 Rabia 36.48 42.06 382.0 
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Figure 1. Map of Iraq with the positions of the cities denoted by the solid points. 

usable in the situations where values xi of a time series may have subjected 

to 

                                                 Xi=f(ti )+ εi                                       (1) 

Where f (ti) is developing or decreasing function with time t, and derives 

from division with zero itself. For the zero assumption test there is no 

direction for example the monitoring xi are at random with time, a growing 

or diminishing monotonic direction which usually used with the substitution 

hypothesis [19]. For time series with 9 or lower values, the S test is utilized, 

the normal approximation is utilized when time series with 10 or more 

values. The MK test statistic S is given as: 

                        S=∑(k=1)^(n-1)∑(j=k+1)^n〖sgn(xj-xk  ) 〗                           (2) 

Where xj and xk represent the annual values in years j and k, j>k 

respectively, n is the number of data points, and 



 

 

 
 

 

 

𝑠(xj-xk)={(1 if x_j-x_k>0 

                   0 if x_j-x_k = 0 

                   -1 if x_j-x_k<0)                                                    (3) 

Called S statistic when number of data values 9 or lower. When the 

number of values 10 or more the Z statistics utilized. Although there are 

diverse tied data in the time series, this reduces validity the normal 

distribution when values about ten. The contrast of S computed by Equation 

(4) will be displayed as: 

 

Variance(𝑆)=1/18⌈n(n-1)(2n+5)]∑(p=1)^q tp(tp-1)(2tp+5]   (4) 

 

Here, tp is the number of data values on the pth tied set and q the number 

of the tied sets. The values of variance(S) and S are used for computing the Z 

test as shown below.  

   Z={((S-1)/√(Variance(S)) if S>0 

0 if S=0 

1 (S+1)/√(Variance(S))    if S<0)    (5) 

The existence of the Z value shows to estimate a statistically direction where 

a positive and negative values of Z show upward (increasing) and downward 

(decreasing) trend, respectively [20]. 

 

3.2 Sen’s Estimator Method 

It is non-parametric estimator method has been used for predicting the 

magnitude (true slope) of relative humidity time series data. The slope (di) of 

all data pairs was calculated using equation (6) by [21]. 

   d_i=  (x_j-x_k)/(j-k)                                                         (6) 

                   Sen's slope is then calculated as the median from all slope: 

         Q_i=Median (d_i)                                                      (7) 

A positive value of Qi indicate increasing (upward) trend while negative 

value of Qi represent downward or decreasing trend of time series data. 

 

4 Results 

4.1 Temporal Analysis 

The MK test and Sen`s slope results for the time series of relative 

humidity data calculated from Eqs. (5) and (7) for all districts studied in this 

paper, have been presented in Table 2. These results have been done for all 

seasons and also annual for 37 years at the time period (1980-2017). The 

positive value of both Z- and Q-statistics illustrated that there is rising trend 

with upward slope of RH on seasonal and annual basis. In winter, negative ( 
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or decreasing) trends of Z and Q are dominate across all the stations with 

lowest value at Zakho and Amara and highest at Rutba and Kerbela. Other 

seasons showed different directions in increasing and decreasing with various  

magnitudes in Z and Q, and the highest increase in Z=5.2 and Q=0.8 

°C/season found in Basra city at summer. Regionally, the cities of Fao, 

Tikrit, Biji, Duhuk, Zakho and Sulaymaniya have decreasing in trends for 

both Z and Q across long all seasons and annual. The results reveal an 

increase in most directions during the summer, except the above cities. The 

results of the annual analysis showed that the highest increase Q was in Najaf 

and Kut with the value of 0.06 °C/year and the lowest increase was in Zakho 

city -0.25 °C/year. 

 
Table 2 Seasonal and annual of Mann-Kendall result for RH where Q in unit of °C/season 

Areas 
Winter Spring Summer Autumn Annual 

Z Q Z Q Z Q Z Q Z Q 

Baghdad -1.7 -0.19 -1.3 -0.10 3.7 0.16 0.2 0.23 0.7 0.03 

Rutba -0.4 -0.03 1.1 0.05 2.9 0.07 0.2 0.02 0.2 0.02 

Basra -2.2 -0.21 2.1 0.10 5.2 0.18 0.9 0.09 0.7 0.02 

Mosul -3.6 -0.20 -1.2 -0.12 0.7 0.02 -1.8 -0.17 -2.7 -0.13 

Najaf -0.5 -0.06 2.1 0.11 4.1 0.17 0.8 0.09 1.2 0.06 

Diwaniya -0.9 -0.11 1.9 0.12 4.0 0.17 0.7 0.07 0.9 0.04 

Ramady -0.7 -0.05 1.8 0.11 4.0 0.13 0.3 1.00 0.4 0.02 

Kerbela -0.4 -0.05 2.0 0.12 3.9 0.16 0.8 0.09 1.2 0.05 

Kirkuk -4.1 -0.31 -1.5 -0.13 0.6 0.02 -1.7 -0.19 -3.3 -0.17 

Amara -4.3 -0.46 -0.6 -0.05 2.2 0.06 -0.7 0.08 -0.5 -0.15 

Kahalis -1.6 -0.15 2.0 0.11 4.2 0.15 0.5 -0.08 -3.0 0.027 

Samawa -2.6 -0.32 1.3 0.08 4.2 0.14 0.5 0.05 0.7 -0.03 

Kut -1.8 -0.17 2.4 0.12 4.7 0.16 0.8 0.05 -0.4 0.03 

Nasiriya -0.6 -0.12 2.0 0.14 4.1 0.17 1.1 0.09 0.9 0.06 

Babylon -2.1 -0.20 0.7 0.06 3.6 0.09 -0.1 0.11 1.0 0.04 

Tikrit -3.6 -0.19 -3.1 -0.25 -1.6 -0.07 -2.7 -0.01 -0.8 -0.20 

Duhuk -3.5 -0.19 -3.4 -0.26 -2.2 -0.09 -2.9 -0.20 -4.0 -0.19 

Zakho -4.9 -0.41 -3.0 -0.24 -3.3 -0.07 -2.2 -0.22 -4.5 -0.25 

Sulaymaniya -4.1 -0.29 -2.4 -0.21 -0.7 -0.02 -2.2 -0.25 -4.8 -0.19 

Arbil -3.4 -0.18 -2.0 -0.18 0.1 0.00 -1.9 -0.22 -3.7 -0.13 

Teleafer -3.9 -0.36 -1.0 -0.07 1.3 0.03 -1.1 -0.16 -3.2 -0.15 

Tuz -1.7 -0.17 1.1 0.07 4.0 0.12 0.5 -0.13 -2.8 -0.01 

Samara -1.3 -0.11 1.3 0.06 3.4 0.09 0.3 0.05 -0.3 -0.01 

Anna -1.6 -0.13 0.9 0.04 2.7 0.07 0.2 0.06 -0.3 -0.02 

Qiam -0.7 -0.05 1.7 0.10 3.7 0.12 0.4 0.02 -0.6 0.03 

Nukheb -1.8 -0.18 1.0 0.07 3.9 0.12 0.5 0.05 0.8 -0.01 

Balad -3.3 -0.19 -2.3 -0.16 -0.2 -0.01 -2.0 0.06 -0.1 -0.14 

Sinjar -3.1 -0.36 1.4 0.07 4.3 0.14 0.6 -0.17 -3.2 -0.03 

Alialgarbi -3.0 -0.38 0.8 0.06 3.7 0.12 0.0 0.07 -0.7 -0.06 

Badra -1.1 -0.19 1.8 0.13 4.1 0.16 1.2 -0.01 -1.2 0.03 

Aziziah -0.9 -0.08 1.5 0.07 3.7 0.10 0.3 0.11 0.7 0.01 



 

 

 
 

 

 

Haditha -2.5 -0.22 0.5 0.03 3.3 0.08 -0.3 0.05 0.1 -0.05 

Biji -3.1 -0.22 -2.5 -0.14 -1.6 -0.09 -0.9 -0.05 -0.9 -0.15 

Fao -3.7 -0.18 -3.3 -0.24 -2.0 -0.07 -2.8 -0.06 -3.9 -0.19 

Emadiya -2.6 -0.26 0.7 0.04 3.6 0.11 0.3 -0.22 -4.3 -0.04 

Rabia -3.8 -0.25 -1.1 -0.11 1.9 0.05 -1.4 -0.22 -4.2 -0.13 

 

Here the seasonal trend of RH in Baghdad city for all seasons and annual 

is displayed as case study and shown in Figure 2. This selection is due to that 

Baghdad is Iraq’s capital and located at its middle. Also this figure shows the 

variation in relative humidity data on seasonal and annual basis calculated 

individually for each season using MK statistically method and magnitude of 

slope is computed with Sen`s slope. As shown in Figure 2, maximum value of 

RH has occurred in winter with highest value of 74% in the year 1998, while 

minimum value (12%) has occurred in summer in 2001 of whole time period. 

The seasons of winter and spring showed decreasing monotonic trend with -

0.19 and -0.1 °C/season, respectively. The remaining seasons showed 

increasing trend with 0.16 and 0.23 °C/season, respectively. The trend of 

annual RH of 37 years data is displayed in the last of Figure 2, which depicted 

that annual RH ranges from 30% in 2001 to 45% in 2015 with slightly rising 

trend of 0.03 °C. 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 2. Seasonally and annually mean relative humidity at Baghdad Station 
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4.2 Spatial Analysis 

One of the best ways to understand our climate system is to analyze the 

relative humidity data measured in the air adjacent to the surface at all cities 

of Iraq to study the spatial distributions of this variable over whole Iraq. This 

analysis is an important due to its benefit in comparing it with other climate 

studies and researches. Thus, the monthly, seasonal and annual means of RH 

were taken at each city. To execute spatial analysis, a digital map layers 

including contours for RH were created by GIS using Kriging method for 

making up the interpolation in ArcGIS version 10.4.1 software. The mapping 

procedure had started by converting geographic coordinates for all sample 

locations to universal transverse Mercator coordinates. However, data are 

interpolated to display a continuous surface as visual display. The spatial 

interpolation maps of the above means in the study area are shown in Figures 

3-5, respectively. Figure 3 shows the spatial analysis of monthly means for 

RH during all months starting from January to December. The lowest value 

of (35%) was in March in Samawa city and the highest value in (75%) in 

January and December in Sinjar in winter. In summer season, it was noticed 

that the highest monthly average relative humidity value was (42.9%) in 

August, while in July and June (36.4%) in the city of Fao, and the lowest 

value was on (13.5%) in June in Mosul city. In spring, it was found that the 

highest average monthly relative humidity was in November with (63.4%) in 

Amadiyah and the lowest in September with (16.4%) for Amara. Finally, in 

autumn, it was noticed that the highest value was in the month of February 

with (70.9%) in Amadiyah, while the lowest value of (35%) in March for 

Samawa city. Through the spatial analysis and distribution of Fig. 3, the 

results showed that the highest value of relative humidity in the winter (75%) 

in the northern regions, and the lowest value (48%) was concentrated in the 

southern regions. The spatial distribution of RH means at the four seasons 

over Iraq are displayed Figure 4. In spring, the highest value was 

concentrated in the northern areas with their value (45%) and the lowest 

value in the eastern regions (20%). As for the summer season, the highest RH 

value was in the southern regions (45%) and the lowest in the northern and 

eastern regions (15%). the fall season, the highest value is in the southern 

regions (62%) and the lowest value in the eastern regions (43%). The spatial 

distribution of annual means of RH over Iraq for 37 years is illustrated in 

Figure 5. In southern region there was the lowest RH with average 33% 

value, middle region has showed variable humidity ranging from 35 to 43% 

with average 39% value, lastly highest RH values has focused on the 

northern part of Iraq. 

 

 



 

 

 
 

 
 

                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Spatial distribution of monthly means of relative RH for the period (1980-2017) 
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               Figure 4. Seasonal distribution for RH over Iraq for the period (1980-2017) 

 

 

 

 

 

 

 

 

 

        Figure 5. Annual distribution for RH over Iraq for the period (1980-2017) 

 

 



 

 

 
 

 

 

 

5 Conclusions 

This study explored the seasonal and annual fluctuations in relative 

humidity in Iraq. The results showed that average mean relative humidity 

trends for the annual and seasonal series trends decreased in different regions 

of Iraq. The trend of increasing relative humidity in the southern region (5.18 

°C/season) is in the summer season at Basra city. The trend was decreasing 

relative humidity in the northern region and the same in the western and 

eastern regions of Iraq. The decreasing trend in winter was in the northern 

part of the country. The same value for the rest of the other parts, where the 

highest value of the decreasing direction of relative humidity was in the 

northern part during the winter season, at the value of -4.9 °C/season in the 

Sulaymaniya station. Since the seasonal spatial distribution of relative 

humidity can be divided into two distinct regions, the southern part was the 

highest and lowest value in the northern part of the country in summer, and 

the results of the annual seasonal analysis showed the highest relative 

humidity value of 75% in the northern regions and the lowest of 48% in the 

southern regions in winter. The results of the monthly mean relative humidity 

shows that the highest value is in June, July and August in the southeast of 

the country in summer. 
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