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Abstract 
 

Precipitable Water Vapor (PWV) is a measure of the water vapor integrated 

between two levels of specific humidity. Iraq, especially in the middle and 

south regions, is a perfect region to study WV feedback on global warming. 

To enhance the understanding of climate change, it is important to study the 

spatial and temporal PWV and WV distribution and variations in Iraq in ten 

recent years. In this paper, the data has been got from the European Centre 

for Medium-Range Weather Forecasts (ECMWF) cover North and East and 

West and South of Iraq for the period (2009-2019). This study was 

calculated the spatial and temporal distribution of PWV and water vapor for 

the period (2009– 2019) by using the Geographical Information System 

(GIS). And calculated the monthly and annual and seasonal variation of 

PWV and water vapor by using the Sigmaplot program and study their 

effects on climate change for five-station stations covering north, east, west, 

central and southern (Arbil, Khanqen, Baghdad, Rutba, Basrah).  

The results showed that the amount of precipitable water vapor increases 

in the summer and decreases in the winter, as well as the precipitable water 

vapor ratios whose values vary between stations  (Arbil, Khanqen, Baghdad, 

Rutba, Basrah) depending on several factors, including temperature 

distribution, humidity, proximity or distance from a river and other factors. 

It was also found that an increase in the amount of water vapor leads to an  
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increase in the amount of PWV. 
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1 Introduction 
 
Water vapor is one of the main greenhouse gases that influence climate 

change [1]. Water vapor has a large role in heat transfer and the formation of 

clouds and rain, despite its low percentage in the atmosphere [2]. Because of 

the great importance of water vapor, and the great role it plays in 

environmental changes, it has garnered a large amount of attention in 

finding ways to calculate and measure it. Total column water is the sum of 

vapor, liquid, ice, rain, and snow in a column extending from the earth's 

surface to the top of the atmosphere. The old versions of the ECMWF did 

not have the necessary technologies that can calculate and precipitation and 

PWV [3]. 

PWV is defined as the amount of water vapor present in a column of air 

extending from the bottom to the top of the atmosphere in mathematics it is 

represented by integrated water vapor that is called Precipitable water vapor 

(PWV) [4]. From previous studies of the change in the WV and  PWV, the 

Precipitable water, it was found that the PWV is a good indicator for 

predicting precipitation and thus warnings can be issued before disasters 

such as floods and thus reduce the damages caused by them [5]. With the 

development of technology, monitoring and monitoring devices developed, 

and the temporal and spatial accuracy of satellite sensors developed, it 

became possible to calculate the PWV with very high accuracy [6]. Few of 

those who use Radio sound to calculate the precipitable water vapor due to 

its high cost and inaccuracy in the data it provides. Therefore, most 

researchers resort to using satellite data for ease of obtaining it, as well as its 

ability to cover large areas, including remote areas where it is difficult to 

obtain data using the radio sound [7]. Precipitable water vapor (PWV) can 

calculate by Eq. of state of an ideal gas [8]: 

   
      ( )   (   )

 
        ( ) 

 Where T is absolute temperature, and RH (z) is the relative humidity. e 

(z, T) is saturation water vapor pressure is Mbar. Integration of Eq. (1) along 

the vertical profile gives total PWV [9]: 

    ∫   

 

 

 ( )              ( ) 

There is a positive relationship between water vapor and temperature, 

where any increase in temperature leads to an increase in the WV over the 

whole globe Regardless of the hemispheres and the latitudinal regions. This 

behavior is also found in all temperature ranges [10]. 
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2 Materials and Methods 
 

 2.1 Data and Study Area 
 
    Figure 1 Illustrates the Study Areas. 

 

 Data: the monthly averaged of PWV and WV for the period (2009 to 

2019) have been downloaded from ECMWF at a spatial resolution of 

2.5∘ × 2.5∘. 
 Study Area: The study was on five stations covering north, east, west, 

central and southern Iraq (Erbil which is located between longitude 

44◦00’and latitude 36◦15’- Khanqen which is located between longitude 

45◦38’ and latitude 34◦35’ - Baghdad which is located between longitude 

44◦40’and latitude 33◦30’- Rutba which is located between longitude 

40◦28’ and latitude 33◦03’ - Basra which is located between longitude 

47◦78’ and latitude. 30◦52’). 

Figure 1 Illustrates the Study Areas [11]. 

 

3 Methods 
 

3.1 Experiment  
 

 The time series add spatial distribution of annual, seasonal and monthly 

PWV and WV over Iraq have been studied by using the period (2009-

2019) from ECMWF by using GIS. 

 Enter spatial coordinates:1680 points of spatial coordinates after 

converted from UTM system to geographical coordinates system have  
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been projected on the map by using ArcGIS (V 10.5)  to determine 

spatial coordinates of a point as shown in figure3 [12]. 

 Clip Raster: The projected points used in the study included larger areas 

of the study area, so were deducted by using ArcGIS (V 10.5) . it is 

shown in figure 2 [13]. 

 Kriging: Kriging use to predict values at unknown points based on the 

known point. This method only uses in meteorological data by using 

ArcGIS (V 10.5) as shown in figure 2. 

 
Figure 2 Clip Raster and Kriging in ArcGIS [14]. 

 

Meanwhile, the PWV and WV datasets from 5 stations (Arbil, Khanqen, 

Baghdad, Rutba, Basrah) are used to analyze monthly, seasonal, annual 

average during period (2009-2019), and also studying the type of 

relationship between PWV and WV and found simple linear regression for 

PWV and WV by using sigma plot program[16-19]. 

 Simple Linear Regression: 

Simple linear regression use finds the linear relationship between two 

variables   (i.e., the equation of a straight line) between these two variables, 

and calculated by this eq. [15]: 

                      ( ) 
b: Slope and show a milestraight line (Y = a +bx). 

a: Constantgradient and show the value of the lump of Y-axis of the 

straight 
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4 Results 
 
Figure 3 and figure 4 show the spatial change and time series of the 

annual averaged water vapor WV and Precipitable water vapor PWV in Iraq 

from 2009 to 2019. The values for PWV were high in the and middle SE 

areas, while low in the NW areas and the values progressively decreased in 

the southeast to northwest direction, that is because of temperature change 

between N and S and distance from rivers or oceans from water vapor 

sources.  

The result show Figures (5, 6, 7, 8, 9, 10, 11, and 12) from Spatial and 

temporal variation of seasonal averages (winter Spring Summer Autumn)  of 

water vapor WV and Precipitable water vapor PWV for five stations Arbil, 

Khanqen, Baghdad, Rutba, and Basrah. The Maxima value of WV and PWV 

was in the city of Basrah and the minim value in the city of Rutba. The 

reason for this is due to: 

 The multiple climates of Iraq (as all of Arbil, Sulaymaniyah and Dohuk 

are characterized by a mountainous climate, while the climate of Mosul 

is similar to that of the Mediterranean, while Kirkuk, Salah al-Din, 

Anbar, and Diyala are characterized by With the climate of the steppes, 

and the southern regions such as Basra and Maysan are characterized by 

an almost desert climate. 

 Also due to the relationship of wind direction with humidity, where if 

the winds were south-easterly such as the wind that blows toward 

Basrah lead to increase the amounts of humidity, this humidity begins to 

decrease as we rise above the sea level, such as Arbil and Rutba, away 

from the tropical source Or the Arabian Gulf. 

Figure 13 shows types of association between water vapor WV and 

Precipitable water vapor PWV was positive, where increase water vapor 

WV lead to increase Precipitable water vapor PWV, and from linear 

regression found spatial decreasing from the SE to NW direction for PWV 

and WV. Figures 14 and 15 shows the relationship of WV and PWV for an 

annual and monthly average of WV and PWV for Arbil and Khanqen and 

Baghdad and Rutba and Basrah and display how PWV decrease from South 

toward North, the Maxima value of PWV and WV was approximately 22.5 

mm, 22.1 kg/m
2 

in the city of Basrah and Minim value was approximately 

16.6 mm and 16.2 kg/m
2 
that is because of the relationship of wind direction 

with humidity and distance from water vapor sources. Figure 16 illustrates 

the seasonal variation of PWV, where PWV increases in the summer. 

Increase temperature leads to increase evaporation and water vapor WV that 

leads to increase PWV and decreases in the winter because decrease 

temperature leads to a decrease in WV and PWV.   
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Figure 3 Spatial Variation and Time Series of PWV for the Period 2009-2019 

Over Iraq. 

 
Figure 4 Spatial Variation and Time Series of WV for the Period 2009-2019 

Over Iraq. 
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Figure 5 The Temporal and Spatial Change of Seasonal Average (winter) Of PWV 

for Period 2009-2019 Over Iraq. 

 
Figure 6 The Temporal and the Spatial Change of Seasonal Average (winter) 

Of WV for Period 2009-2019 Over Iraq. 
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Figure 7 The Temporal and the Spatial Change of Seasonal Average (spring) 

Of PWV for Period 2009-2019 Over Iraq. 

 
Figure 8 The Temporal and the Spatial Change of Seasonal Average (spring) 

Of WV for Period 2009-2019 Over Iraq. 
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Figure 9 The Temporal and the Spatial Change of Seasonal Average (summer) 

Of PWV for Period 2009-2019 Over Iraq. 

 
Figure 10 The Temporal and the Spatial Change of Seasonal Average 

(summer) Of WV for Period 2009-2019 Over Iraq 
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Figure 11 The Temporal and the Spatial Change of Seasonal Average (autumn) 

Of PWV for Period 2009-2019 Over Iraq. 

 
Figure 12 The Temporal and the Spatial Change of Seasonal Average (autumn) 

Of WV for Period 2009-2019 Over Iraq. 
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Figure 13 Linear Regression between Month Average for PWV and WV for 

1860 Point Over Iraq For The Period 2009-2019. 

Figure 14 The Relationship Between WV and PWV to the Monthly Average 

for WV and PWV for the Period 2009-2019 Over Iraq. 
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Figure 15 The relationship of water vapor and Precipitable water vapor for an 

annual average of WV and PWV for Arbil and Khanqen and Baghdad and Rutba 

and Basrah for period 2009-2019. 

 
Figure 16 Seasonal Variation of PWV for the Period 2009-2019 over Iraq. 
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5 Conclusions  
 

The spatial and temporal distribution features of PWV and WV over 

Iraq for the period (2009–2019) based on ECMWF reanalysis data and also 

the correlation between the WV data and PWV data have been studied in 

this paper .and the results of this research, show: 

 The results of the spatial distribution and linear regression of the 

monthly, annual and seasonal averages of WV and PWV, showed that 

WV and PWV increase in the S and begin to decrease towards the NE, 

the highest values of PWV are in Basrah and Baghdad, and the lowest 

values were found in Rutba and Arbil. 

 Also, the temporal changes of the monthly, annual, and seasonal 

averages of WV and PWV showed that WV and PWV increase in the 

summer months and decrease in the winter months. 

 Also, the results of the drawing of the relationship between WV and 

PWV, the two variables correlate with a positive relationship. 
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