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Abstract 
 
Air pollutants and meteorological parameters are closely related through 

dynamical processes and chemical reactions. This research work concentrate 
on the effect of temperature, wind speed, and precipitation on the surface 

concentration of Carbon Monoxide over Iraq. Third-generation MERRA-2 

reanalysis data of these parameters for the period from 1980 to 2018 were 
analyzed on monthly basis. The long-term spatial and temporal distribution 

of CO showed that the concentration of this pollutant is significant only over 

most populated and industrial cities of the country (Baghdad and Basra). In 

general, the results indicated that CO concentration is negatively correlated 
with temperature and wind speed and positively correlated with precipitation 

and the degree of correlations depends on the concentration of CO, high 

concentration means gives higher correlations. Temperature and wind 
disperse pollutants while precipitation scavenges them from higher level 

towards earth’s surface. 
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1 Introduction 
 

Air Pollution is distinguished from other forms of pollution quickly by 

spreading, as its impact is not limited to the source area but extends to 

neighboring and far areas. Air pollution cannot be controlled after leaving the 
source so it must be controlled and treated before it spreads. Carbon 

Monoxide (CO) is one of the primary air pollutants, which can cause a 

significant deterioration in air quality. It is a colorless gas it does not cause 

any irritation to the object that inhaled. However, it is a very toxic gas and its 
affinity for hemoglobin is about 200 times greater than that for Carbon 

Dioxide (CO2)  [1].  Carbon monoxide is emitted through the incomplete 

combustion of fuel like natural gas, coal or wood so the exhaust of 
automobiles and electric generators is one of the main sources of CO. In Iraq, 

like the rest of the world, an increase in industrialization, reconstruction and 

urbanization can significantly increase air pollutants in the atmosphere 
including  CO. Pollutants from Turkey in the north and from the southeastern 

Mediterranean region can be driven towards Iraq by the northwesterly 

Shamal wind. This weather phenomena  can occur any time during the year 

but mostly during spring and summer. Shamal wind is also responsible for 
most dust storms activities in the region [2]. Pollutants originated in the 

Indian subcontinent may reach Iraq by the Sharqi wind that comes from the 

south and southeast. It is seasonal, lasting from April to early June, and 
comes again between late September and November [3]. Shamal and Sharji 

names are both originated from Arabic words “North and Easterly” 

[4].Weather and climate play an important role in the air pollution processes 

in the atmosphere. Meteorological parameters such as temperature, relative 
humidity, wind speed and direction, radiation, and precipitation can affect the 

formation, transportation, dispersion, and removal of pollutants from the 

atmosphere. Several research works related to weather and atmospheric 
pollution have provided evidence that meteorological parameters can 

significantly affect air quality [5-8]. Over the past decade, several research 

workers have paid attenuation to the issue of air pollution matter in Iraq. 
Most of their works have dealt with the CO as an element among others 

pollutants. Douabul et al., (2013) [9] analyzed measurements of air pollutants 

conducted during winter and summer of 2011 near electric power plant, oil 

refinery, and urban area in Basra city. Their results indicated that 
concentration of CO for short-term exposure pose serious health hazard 

especially near industrial areas.   Al-Anbari et al., (2018) [10] monitored and 

analyzed air pollutant gases in Karbala city. Their six-month data showed 
that the concentration of CO was high in the north of the city.  Salih et al., 

(2018) [11] used 14 years (2003-2016) data from Atmospheric Infrared 

Sounder (AIRS) to study  the spatial and temporal variation of CO, their 
results suggest that the concentration of CO in Iraq  can vary considerably 

from time to time and from place to another in Iraq.  
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Fattah et al., (2019) [12] employed the European Centre for Medium-

Range Weather Forecasts (ECMWF) total column CO over Iraq for the 

period 2003-2013 to make an assessment on the temporal and spatial 
distribution of column CO. They found that the seasonal cycle of the total 

column is consistent with that of the Northern- Hemisphere, especially in the 

central and southern part of the country where oil refineries and other 

industrial  establishments  are  located.The aim of this work is to use 39 years 
monthly means of CO and related meteorological parameters to investigated 

the long-term variation of CO and determine how CO surface concentration 

is related with meteorological parameters. 
 

2   Study Area and Materials  
 

2.1   Study Area  
 

     Iraq, with an area of about 437,072 km
2
, is located approximately between 

29
o
 N and 38

o 
N in latitude and between 38

o
 E and 49

o
 E in longitude. Figure 

1 shows an elevation map of Iraq, It seen that Iraq's topography can be 

divided into four distinct regions: the mountain area in the north and 

northeast part of the country; the alluvial plains which extends from  the 
central and southeastern areas  of the country;  an upland which extends from 

northwest to southwest of the country; and high deserts in the west. The last 

two parts of Iraq are the major sources of dust storms that occur during any 
time of the year but mostly during summer season [13]. The climate of Iraq is 

mainly arid and semi-arid, except in the north and northeast areas where the 

Mediterranean climate prevails. The average annual precipitation in Iraq is 
about 215 mm. Precipitation only falls during the period from October to 

May [14]. Temperature may reach 50 
o
C during summer months in the 

central and southern parts and below freezing during winter in the north and 

mountain areas [15]. 
 

2.2    Data Sources and Methodology   
 
     In this work, multi sets of data were used including monthly means of 

surface concentration of Carbon Monoxide (CO), monthly accumulated 

precipitation, and monthly means of surface air temperature and wind speed 
for the period 1980-2018. CO, temperature, wind speed, and precipitation 

data sets were all obtained from Modern-Era Retrospective analysis for 

Research and Applications, Version 2 (MERRA-2). MERRA-2 is the latest 

atmospheric reanalysis of the modern satellite era produced by NASA’s 
Global Modeling and Assimilation Office (GMAO) [16]. All these 

mentioned data sets were accessed via Giovanni. Giovanni is a Web-based 

application developed by NASA Goddard Earth Sciences Data and  
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Information Services Center (GES DISC) that provides a simple and intuitive 

way to visualize, analyze, and access vast amounts of Earth science remote  

sensing data without having to download the data. GIOVANNI is an 
acronym for the GES-DISC Interactive Online Visualization ANd aNalysis 

Infrastructure [17]. The spatial resolution of data sets is 0.5
o
×0.625

o
. In this 

work, gridded data covering the entire country of Iraq were used to 
investigate the spatial distribution and correlations of the four parameters. 

Also, grids close to four cities representing north, center, west, and south of 

Iraq were used. Table 1 gives the geographical coordinates of these cities.  
 

  

 

  Fig. 1: Map of Iraq. (source: http://www.diva-gis.org) 

Table 1: Geographic coordinates of selected cities 

 

City 
Latitude 

(deg.) 

Longitude 

(deg.) 

Altitude 

(m) 

Mosul 36.34 43.13 223 

Baghdad 33.31 44.36 34 

Rutba 33.04 40.28 600 

Basra 30.51 47.78 5 

 

3 Results and Discussion 
 

     Figure 2 shows the spatial and temporal variations of CO surface 
concentration over Iraq for the period 1980-2018. It is obvious that the 

highest concentration occurs during winter months  (Dec-Feb) and the lowest 

concentration happens in the summer months (Jun-Jul). The CO 
concentration also varies from place to another, but mainly depends on the 

population density and infrastructure installations. The capital city of 

Baghdad is the most populated city (over 7 million), there are many power 

plants, and an oil refinery located in south district of the city. In addition, 
there are thousands of diesel power generators operated by civilians due to 

the lack of power supply by the National Network.  For these reasons, 

Baghdad has the notable highest concentration of CO (more than 300 ppbv 
during winter).  
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The effect of Shamal wind in deriving pollutants toward southeastern 

part of the country is obvious. The Basra city in the south also has notable 

concentrations of CO. This city is the second most populated city in Iraq 
(more than 2 million) and has an oil refinery. It is also clear that some CO are 

driven towards the city from nearby State of Kuwait located just south of 

Basra. Kuwait is an oil rich small state with a population of more than 4 

million and has many oil refineries.  The frequency distribution of CO, 
averaged over  time and  area is shown in Figure (3).  The results indicate 

that the mean value of CO is 100.70 ppbv and the concentration of 95.00 has 

the highest frequency (about 60000). The notable distribution is constrained 
between 75 and 125 ppbv. Figure (4) demonstrates the behavior of seasonal 

area averaged CO during the period 1980-2018.  In general, the period 

between 1988 and 2007 was characterized by relatively high concentration 
but the overall linear trends show that trends during winter and spring were 

significantly decreasing while the summer and autumn trends were 

insignificantly increasing. This behavior might have resulted from the 

averaging processes over the area and months of the seasons.  The monthly 
trends of CO for specific location will be discussed in the last part of this 

section.  

To investigate how temperature, wind speed, and precipitation may 
affect the surface concentration of CO, Spatial distribution of time averaged 

for these meteorological parameters are plotted along with that of CO. The 

results, shown in Figure (5) suggest that on the bases of long-term averaging 

the patterns of these four parameters are not visibly correlated As discuss 
earlier, CO has high concentration in the central and southern parts of the 

country. but rather giving information on the distribution of each parameter 

over Iraq.The distribution of temperature indicates that temperature is warm 
in the central and southern parts, mild in the northwestern and western parts, 

and cool in the northeastern part.  For the wind, almost most of Iraq has 

similar pattern of wind except the northern and northeastern regions where 
wind is relatively low due to the topography of these regions (hills and 

mountains).  
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Fig. 2: Long-term variations of CO surface concentration in ppbv in Iraq for the 

period of 1980-2018 

 

In Iraq, most precipitation falls in the northern and eastern regions. This 
may also be attributed to topography and patterns of weather and climate   

Figure (6) illustrates the spatial correlations of 39 years averaged CO 

concentration with temperature, wind speed, and precipitation. In general, the 
CO is negatively correlated with temperature and wind while with the 

precipitation the correlation is positive. 



                                                                                                                  
 

 

 
 

 
Effects of Meteorological Parameters on Surface Concentration of Carbon 

Monoxide over Iraq 5933 

 
These results may be interpreted such that warm temperature may 

generate upward convention and moving pollutants from near surface to 

higher levels while wind dissipate pollutants from areas of high 
concentration. The positive correlation of CO with precipitation can be 

explained  by the fact that precipitation particle (raindrops, snowflakes, 

hailstones) scavenge pollutants by washout process and move them towards 

earth surface making their concentration higher near the earth surface. The  
positive correlation of CO with the wind in the western part of Iraq suggest 

that wind brings CO from neighboring countries since that part is a desert 

and usually has a very low concentration of CO. The four cities of Mosul, 
Baghdad, Rutba, and Basra were chosen to represent north, middle, west, and 

south of Iraq in order to study the monthly trends of CO surface 

concentration over the period of interest.  
 

 

 

 
 

 

 
 

 

 

 
 

 

 
Fig 3: Histograms of CO surface concentration in ppbv in Iraq for 1980-2018 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

Fig. 4: Seasonal average CO surface conc. in ppbv in Iraq for 1980-2018 
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Fig. 5: 39 year annual average of a) CO, b) surface air temperature, c) surface wind 

speed and d) precipitation 

 

 
Fig. 6: Correlation between CO surface concentration and a) temperature, b) surface 

wind speed, and c) precipitation in Iraq for 1980-2018 

 

     Figure (7) shows the monthly variations of CO at these four cities from 

1980 to 2018. The results indicate that level of CO and trends are not 
significant in Mosul and Rutba while high level and significant increasing 

trend are observed in Baghdad during all months of the year. In Basra, the 

increasing trend started in 2010 and mostly during late autumn and winter 
seasons. The annual behavior of CO concentration for the four cities is 

shown in Figure (8).The pattern of the trends (increase/decrease) are similar 

for Mosul, Rutba, and Basra and the annual variability in Baghdad is quite 

different.  
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 In general, Mosul and Rutba have a weak decreasing CO trend while 

Baghdad and Basra have significant increasing trends.  Figures (8) to  (12) 

describe the correlations between CO concentration and the three 
meteorological parameters. The correlations are similar to those of time-

averaged correlations (Figure 5). Table (2) lists the parameters for these 

correlations. The results reflect that temperature is the most effective 

parameter on the concentration of CO followed by the wind while 
precipitation has very weak effect.In addition, the correlations depends on 

both the values of CO and that of the three meteorological parameters, i.e. 

higher values give better correlations.   

 
Fig.7: Monthly variations CO Surface Concentration in ppbv in Iraq for 1980-2018. 

a) Mosul, b) Baghdad, c) Rutba, d) Basra 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Annual time series of CO surface concentration for the four cities 
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Table 2: Parameters of correlations between CO surface concentration and 

meteorologicalparameters 

City Test Temp. Wind Prec. 

Mos. 
P -0.527 -0.418 0.521 

R2 0.277 0.175 0.272 

Bag. 
P -0.733 -0.730 0.282 

R2 0.538 0.533 0.079 

Rut. 
P -0.547 0.271 0.070 

R2 0.299 0.073 0.004 

Bas. 
P -0.734 -0.434 0.157 

R2 0. 539 0.189 0.024 

 

    
Fig. 9: Correlation between CO surface concentration and a) temperature,  b) wind 

speed, and c) precipitation for Mosul 

 

 
Fig. 10: Correlation between CO surface concentration and a) temperature, b) wind 

speed, and precipitation for Baghdad 

 

 
Fig. 11: Correlation between CO surface concentration and a) temperature, b) wind 

speed, and precipitation for Rutba 
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Fig. 12: Correlation between CO surface concentration and a) temperature, b) wind 

speed, and precipitation for Basra. 

 

4 Conclusions 
      

In the present work, 39 years of monthly data sets were analyzed to 

investigate the effect of some meteorological parameters on surface 
concentration of Carbon Monoxide over Iraq.  The spatial and temporal maps 

of CO indicated that the largest concentration and increasing trend of this 

pollutants only exists over the most populated and industrial cities of the 
country (Baghdad and Basra). The three meteorological parameters, 

temperature, wind speed, and precipitation affect the concentration of CO in 

the sense that warm temperature and large wind speed disperse the pollutants 
and heavy precipitation scavenges pollutants from upper levels towards 

ground and therefore enhance concentration near earth surface. These effects 

depend on the concentration of CO, high concentration high effect and vice 

versa. Winds may have positive correlation with CO in areas of very low 
concentration. In such cases pollutants are driven by the wind to a certain 

place from neighboring areas. 
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