
184 I.S. Abdulfattah et al.

Key words: AIRS, remote sensing, pollution, 
carbone monoxide, Iraq

Introduction

Both as an air pollutant and as a sig-
nifi cant in atmospheric chemistry, the 
CO is an effi cient research topic entails 
accurate representation of the magnitude 
and location of CO surface emissions 
(Fortems-Cheiney et al., 2011). The CO 
is regulated as the Environmental Pro-
tection Agency (EPA) specifi cation pol-
lutant due to of its lineal adverse effec-
tiveness on human health. It emitted by 
incomplete combustion of hydrocarbons 
and industrial operations to the atmo-
sphere such as iron smelting (Al-Bayati 
& Al-Salihi, 2019). It importantly af-
fects the OH budget, and thus secondar-

ily impacts the ozone (O3) and methane 
(CH4) concentrations. The CO affecting 
air quality and climate, and acts as a se-
rious indirect greenhouse gases (GHGs) 
because of it does not absorb terrestrial 
thermal infrared (IR) from the Earth. 
These is due to the CO distinctive by in-
direct radiative forcing raises and effect 
the troposphere CH4 and O3 measure-
ments through chemical reactions with 
other atmospheric constituents (Rajab, 
Jafri, Lim & Abdullah, 2011; Herron-
-Thorpe et al., 2012; Faten, 2018). The 
two largest surface sources of CO are the 
fossil fuel and combustion of biomass. 
In general, agreed the biomass burn-
ing accounts almost one quarter of CO 
emission to the atmosphere (Pétron et 
al., 2004). Carbone monoxide molecular 
have a global-average lifetime of about 
two months and it weight is close to that 
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of air. Unpredictability in the CO budget 
are still rightly large due to distress in 
quantify the variability of CO sources 
and sinks, because of the lack of emis-
sions statistics and quantifi cation used 
to derive emissions inventories (Drori et 
al., 2012).

Although the aircraft-mounted and 
ground-based devices are able to make 
precise observations of CO measure-
ments in the troposphere, they are not 
able to provide large-scale global or re-
gional coverage. Only the space obser-
vations allow such measurements (in 
the absence of cloud) to be made over 
a rationally short time period. Over the 
past decade IMG (Interferometer Moni-
tor for Greenhouse Gases) (Kobayashi et 
al., 1999), MOPITT (Measurements of 
Pollution in the Troposphere) (Deeter et 
al., 2010), TES (Tropospheric Emission 
Spectrometer) (Bowman et al., 2006; 
Luo et al., 2007) and AIRS (Automated 
Import Reference System) (McMillan 
et al., 2003). Sensors have all success-
fully implemented measurements in the 
4.7 μm spectral band to increase the ver-
tical information content of profi les and 
also global coverage as well as cost so 
much money and arduous efforts (Illing-
worth et al., 2011).

The satellite remote sensing provide 
good global coverage and quantitat-
ively data with crucial temporal or spa-
tial resolution, and boost the researcher 
ability to understand the impact of hu-
man activities on the chemical com-
position of the atmosphere and climate 
change. Also, the free download satellite 
information provided by AIRS website. 
Therefore, the scientists have explored 

its use in studying fi re emission and bio-
mass burning. Parameters deduced from 
satellite data include aerosol index, fi re 
counts, biomass density, and fi re counts. 
Using these parameters from satellite 
data, the CO emission has been indi-
rectly estimated from vegetation fi res 
(Rajab, Jafri, Lim & Abdullah, 2012). 
The Aqua satellite put to space aboard 
Aqua satellite by the NASA on 4 May 
2002 provide vertical profi les of the at-
mosphere with a nadir 45 km fi eld-of-
-regard (FOR) across a 1650 km swath. 
The AIRS have wide spectral coverage 
(3.7–16 μm with 2,378 channels) com-
prises spectral features of O3, CH4, CO, 
and CO2. The AIRS observe the CO total 
column by 36 channels with vertical en-
casement 1,000–1 mb. The troposphere 
CO multitude is restore in the 4.58–4.50 
μm (2,180–2,220 cm–1) area from AIRS 
observed radiances of IR spectrum (Cha-
hine et al., 2006; Rajab, Hassan, Kad-
hum, Al-Salihi & Hwee, 2020).

In this study we present the AIRS 
vertical (seven levels CO) profi le ob-
servations of troposphere CO obtained 
during the year 2012. The restored AIRS 
monthly L3 product V5 measurements 
were utilized. We show the temporal and 
vertical distribution of troposphere CO 
across Iraq for fi ve locations; Baghdad, 
Basra Mosul, Al Fakka, and Maysan, in 
study period. The seven layers monthly 
CO MVR was produced using kriging in-
terpolation technique to analyses its allo-
cation over study area during 2012. With 
AIRS observations, spatial and tempo-
ral differences of CO emission able are 
examined directly and separately from 
other approaches over various areas.
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Material and methods

Study area and climate features

Iraq, located in the western part of 
Asia and mainly occupies the Mesopo-
tamian Plain, located, between 39° and 
49° E longitudes (a small area lies west 
of 39°) and 29° and 38° N latitudes. At 
the north, Iraq borders by Turkey, Kuwait 
and Saudi Arabia at south, Syria at north-
west, Iran at east, and Jordan at south-
west. Iraq country involves of 437,072 
km2 by 18 states; it is the 58th biggest 
country in the world (Faten, 2018; Al-
-Salihi, Rajab & Salih, 2019).

The Iraqi Meteorological and Seis-
mology Organization (IMSO) divide 
Iraq into four regions according to geo-
logical, meteorological and hydrological 
characteristics as follows:

Northern Region bounded by longi-
tudes 43.09 and 43.50° E, and lati-
tudes 34.11 and 36.19° N.

a)

Southern Region bounded by the 
longitudes of 44.45 and 48.50° E and 
latitudes 30.11 and 32.30° N.
Western Region bounded by longi-
tudes 43.19 and 44.32° E and lati-
tudes 30.30 and 33.15° N.
Central Region bounded by longi-
tudes of 45.20 and 45.19° E, and 
latitudes 31.81 and 34.18° N.

Acquisition and specifi cation

The data used in this study was 
acquired from AIRS Level-3 (L3) as-
cending data (NASA Earthdata, 2019). 
Generally, ascending granules L3 data 

downloaded for 12 months (January–
–December) to get the required output. 
The data are covering Iraq as a grid of 
132 points extends from 28.5–49.5° N 
latitudes and 38.5–49.5° E longitudes 
with a uniform grid interval of 1° in lon-
gitude and 1° in latitude. In previous pa-
pers, we discussed the distribution of CO 

b)

c)

d)

 
FIGURE 1. The geographical attribute of study area (Rajab, Ahmed, & Moussa, 2013)
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for different periods (2003–2016) over 
Iraq using spatial, temporal, and trends 
(Rajab et al., 2013; Salih, Al-Salihi & 
Rajab, 2018; Al-Salihi et al., 2019). To 
preferable exam the vertical distribution 
of CO VMR above Iraq for the study 
period the cross section, time–pressure 
of CO, mole fraction in air (daytime/
/ascending) monthly 1° (AIRS AIRX-
3STM v006) over January–December 
2012, Region 49E, 28N, 38E, and 49N 
map obtained from the NASA-operated 
GIOVANNI website. Seven atmospheric 
layers CO data used in this work with 
height and pressures are summarized in 
Table 1, for vertical analysis. In addition, 
surface CO values for time series distri-
bution and comparison. The diffi culty in 
obtaining the monthly ground CO data, 
due to Iraq circumstances, only Bagh-
dad station CO data were collected from 
Iraqi Meteorological Offi ce for compres-
sion and regression analysis with AIRS 
data during the period 2012. The simple 
linear regression is utilized to model the 
relationship between two singles, re-
sponse and exploratory, variables y and 
x. The SigmaPlot software were used 
for this model between the ground and 
AIRS monthly CO values over Baghdad 
station; the model is

yi = Â0 + Â1xi + εi

where:
(xi, yi), i = 1, …, n – response and ex-
ploratory variables sample values,
Â0 – intercept parameter,
Â1 – slope parameter, 
εi – random disturbance terms (Landau 
& Everitt, 2004).

In order to evaluate and investigate 
the seasonal change in troposphere CO 
emission, two steps were used to analyze 
the data. The fi rst step is monthly basis 
fi le data, including the identical location 
and time in a HDF (hierarchical data for-
mat) format from AIRS website, and set 
out in table using MS Excel. In the sec-
ond step the fi ve dispersed locations were 
selected across Iraq (Baghdad, Mosul, 
Basra, Al Fakka and Maysan), as sum-
marized in Table 1. Two graphs between 
CO with altitude, and troposphere CO 
with months for 2012, respectively, were 
designed to detect the seasonal change in 
CO values for the study period.

Results and discussion

The fi rst analysis for the data showed 
that there is signifi cant increase of maxi-
mum values of the troposphere CO in 

TABLE 1. Height and pressure of the layers (left) and stations GMD (right)

Layer Height 
[m]

Pressure 
[hPa]

Station Longitude Latitude0 13 500 155.625 
1 11 000 253.5 
2 8 500 351 Baghdad 44.36 E 33.31 N
3 5 820 505.25 Mosul 43.16 E 36.35 N
4 3 100 706 Basra 47.78 E 30.50 N
5 1 450 850 Al Fakka 47.30 E 32.10 N
6 750 930 Maysan 47.10 E 31.50 N
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March over all fi ve locations. Figure 2 
illustrates monthly troposphere CO from 
January to December 2012 for fi ve loca-
tions; Baghdad, Basrah, Maysan, Al Fak-
ka, and Mosul. The standard deviation of 
monthly troposphere CO was (107.15 
±18.75 ppbv) for the whole period. El-
evation in troposphere CO observed 
along study period over the manufactur-
ing and crowded urban zones, i.e. Bagh-
dad, Mosul and Basra. The CO exposure 
differences seasonal alterations depend 
on whether circumstance and topogra-
phy. The seasonal variations undulate 
between winters and summer seasons. 
A more certain inspections illustrate 
a spatial pattern subtle differences in the 
CO values for each season. A minimum 
value of the CO occurs in October. The 
seasonal differences are observable, but 
none are as declared during the study 
period.

The nominal summit of troposphere 
CO amount and sensitivity observed from 
seasonal variations. Record the variation 
between the seasons with maximum val-

ues in the winter and minimum values in 
the autumn. The seasonal photochemi-
cal cycle of hydroxyl radical (OH) in the 
troposphere cased the seasonal dicho-
tomy of CO variations. In the Northern 
Hemisphere, reduction of OH concen-
trations coincides with the elevation CO 
values concentrations during winter and 
early spring (McMillan et al., 2003).

From Figure 2, the highest value of 
CO raised through the winter and early 
spring seasons as a results of the increased 
of partial product by burning of thermal 
heaters, were used excessively for heating 
throughout the cold season. In March CO 
raised to its maximum values throughout 
the year, though it a bit decreases to me-
dium in April, compare to prior months. 
Extensive sources are evident in both 
north and southeast of Iraq with subse-
quent plumes contributed to CO concen-
trations are from Turkey bring by north-
westerly wind (winter shamal) driven by 
the passage of a strong synoptically forced 
cold front. This variation in the CO values 
throughout the period (December–May) 

FIGURE 2. Monthly troposphere CO VMR for January to December 2012 for the locations: Baghdad, 
Basrah, Maysan, Al Fakka, and Mosul



Observed vertical distribution of tropospheric carbon monoxide during 2012 over Iraq 189

was also due to the human activity, geo-
graphic nature and climatic changes (Sa-
lih et al., 2018).

In contrast, during the summer and 
autumn seasons the troposphere CO 
decreases, whereas a bit rise to medi-
um values of CO in August. The sum-
mer season is near the lack of the CO 
sources, anthropogenic sources have very 
small variability, and the CO emissions 
from Turkey have very small contribu-
tion (Drori et al., 2012). The summer 
Gasus (shamal) or “wind of 120 days” 
blows nearly daily through the summer 
months (June–September) and has great 
vertical motion over a large natural fl at 
area, which able to diminish the CO val-
ues (Rajab et al., 2013). Elevation of CO 
concentrations during this period over 
the southeastern districts compared to its 
values over the rest areas. All these be-
cause of the pollutions released from oil 
prospecting and extraction, and paddy 
fi elds by burning residuals of agricul-
tural (Salih et al., 2018). In this period, 
the best high value happened on Novem-
ber over Maysan state, and on October 
was the lowest value.

A slight variation is plainly evident 
in the comparison between AIRS (dotted 
line) values of CO with the in situ (sol-
id line) measurements, plotted against 
months for Baghdad station, as present-
ed in Figure 3. The ground values curve 
has fl uctuations and parallel to the AIRS 
curve throughout the year. There was 
a small phase delay between AIRS and 
ground CO values. The amplitude of the 
CO seasonal cycle generally increased 
to a natural peak in the late autumn 
season till early spring season between 
mid-October and March, and there were 
disparities between the ground and AIRS 
CO values resulting from increased 
its emissions by using fuel heating 
sources, especially in winter, when tem-
perature and hours of sunshine were at 
their minimum.

The ground CO was plotted against 
the AIRS value, and the results are pre-
sented in Figure 4. The agreements be-
tween both are fairly good, with a mean 
deviation not exceeding 4% between 
these two sets data. Another indication 
of the regression was the points tended 
to cluster along the 45 tangent lines, and 

FIGURE 3. The ground station CO (solid line) and AIRS CO values (dotted line) in 2012 for the 
Baghdad stations
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yielded the strong correlation coeffi cient 
(R) with AIRS for 2012 represented by 
values 0.962. Observed largest differ-
ences between terrestrial and satellite 
data at January and December due to 
clouds cover affects to satellite effi cien-
cy during winter season (Xiong et al., 
2008). In addition, the asset values of R2 
was 0.925, and the coeffi cient of the re-

gressions was statistically highly signifi -
cant (p < 0.001). The agreement shows 
that AIRS is very useful to perform the 
CO measurements.

An example of CO values variation 
with height over study area is illustrated 
in Figure 5 for 2012 over cross section, 
Region 49E, 28N, 38E, and 49N. The 
CO VMR was close to 125 ppbv on De-

FIGURE 4. The ground station CO versus AIRS CO values for 2012 over Baghdad

FIGURE 5. Cross section, time–pressure of CO, mole fraction in air ascending monthly over Janua-
ry–December 2012, Region 49E, 28N, 38E, and 49N
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cember–March and July–September at 
altitude of 850 hPa. The magnifi ed CO 
values was transported vertically up to 
500 hPa on February, and up to 600 hPa 
during February, March and August. The 
CO values were closed to 105 ppbv on 
February–April at altitude of 350 hPa. 
The lowest CO values closed to surface 
was 90 ppbv observed during October at 
altitude of 800 hPa. In addition, Figure 6
displayed a comparison for different lev-
els of mean vertical CO profi les of 12 
sets observed by AIRS between 0.75 and 
13.5 km altitude for the locations: Bagh-
dad (solid line), Basrah (dotted line), 
Maysan (dashed line), Al Fakka (solid-
-dotted line), and Mosul (long-dashed 
line) during 2012. All data have been in-
terpolated to a latitudinal grid of 1°. For 
the clean case (June–November), note 
how most of the CO values have similar 
shapes and peak between 8 and 10 km 
altitude and at surface are as signifi cant 
as any other CO values, especially in 
August and September. Near the surface, 
there are clear inequality and different 
between the CO measurements descend-
ing from north to south in March, April, 
May and September, while less differ-
ence in other months.

The vertical distribution of CO 
shown in Figures 6 is characterized by 
enhanced abundances of CO, with val-
ues that can exceed 120 ppbv at approxi-
mately 4 km altitude over Baghdad and 
Mosul. This enhanced layer of CO is 
present in February, March and April, 
and begins to dissipate by May. This is 
due to the moderate and low infl uence of 
the northward and eastward winds dur-
ing this period, which bring favorable 
CO from Europe, coincides with moder-
ate infl uence of northward winds over 

northern Iraq (Drori et al., 2012; Rajab et 
al., 2013; Faten, 2018). The substantial 
contribution of anthropogenic from Tur-
key and Europe carried by eastward wind 
tag to the local emissions affect the CO 
values (Drori et al., 2012), so the tropo-
sphere CO values were have consider-
able values. The prevailing northeast 
wind transported favorable CO plume 
from the northwest regions of Arab Gulf 
to the southern Iraq (Badarinath et al., 
2010). The lower CO amounts were ob-
served of approximately 88–90 ppbv at 
253 mb (altitude 11 km) during October. 
The vertical CO observation by AIRS 
is providing meaningful information 
for different altitude layers closer to the 
troposphere.

Conclusions

We present new observations from 
the AIRS instrument of the vertical dis-
tributions of troposphere CO over Iraq. 
We had started to scrutinize the wealth of 
CO information for the 2012. The AIRS 
IR and AMSU (without-HSB) L3 month-
ly CO retrieval Standard V5 data were 
used to evaluate and analyses the month-
ly troposphere CO spatial and vertical 
distributions over study area, and quality 
of the satellite measurements. The CO 
concentrations are virtually correlated 
with weather circumstance and nature of 
areas geography. The foreseeable varia-
tion of monthly CO was 107.15 ±18.75 
ppbv for the entire study duration. The 
seasonal differences of CO surface os-
cillated signifi cantly observed between 
two seasons, the winter and summer. 
The lowest CO measurements observed 
of approximately 88–90 ppbv at 253 mb 
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(altitude 11 km) during the autumn sea-
son, and the highest CO occurred dur-
ing spring season on March. Also, the 
increases in CO concentrations can be 
spotted along the year over the manufac-
turing and crowded urban districts.

The variations in the CO values 
from December to May duration were 
caused by the human actions, geograph-
ic regions nature and climatic changes. 
While the raises of CO measurements 
along the June–November duration over 

 
FIGURE 6. Monthly mean January to December 2012 CO vertical profi les over fi ve locations: Baghdad 
(solid line), Basrah (dotted line), Maysan (dashed line), Al Fakka (solid-dotted line), and Mosul (long-
-dashed line)
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south-eastern districts compared to its 
values over the rest areas, was caused by 
the pollutions released from the oil drill-
ing and extraction, and the paddy fi elds 
by burning residuals of crops. Winter 
shamal bring subsequent plumes from 
Turkey are contributed to CO concen-
trations, and summer shamal have very 
small contribution to CO concentra-
tions. Combined ground based and satel-
lite measurements of CO play a crucial 
role in obtaining better satellite validate 
data set. The results show that AIRS are 
strong candidates in order to improve 
our knowledge of vertical atmospheric 
CO. The capability of AIRS information 
and the satellite observations could en-
able the researchers in future studies to 
measure the elevation of the troposphere 
CO values over various districts and alti-
tudes, and long periods.
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Summary

Observed vertical distribution of 
tropospheric carbon monoxide during 
2012 over Iraq. The atmospheric parameters 
observations enable to made continental and 
global scales by remote sensing devices ex-
istent in space. One of these instruments is 
the Atmospheric InfraRed Sounder (AIRS) 
onboard Aqua satellite. We characterize the 
vertical distribution of troposphere carbon 
monoxide (CO) measured by AIRS over 
IRAQ. This study presents one year data. 
Results shown standard deviation of month-
ly troposphere CO for fi ve locations: Bagh-
dad, Basrah, Maysan, Al Fakka, and Mosul, 
from January to December 2012, was 107.15 
±18.75 ppbv for entire period depend on 
whether circumstance and topography. The 
seasonal differences undulate between win-
ter and summer seasons, with higher values 
CO in the winter than in the summer and au-
tumn seasons. In addition, the rising in tropo-
sphere CO values can be measured during 
year over the manufacturing and crowded 
urbanized zones. AIRS observations reveal 
enhanced abundances of CO, with values 
that can exceed 120 ppbv at approximately 
4 km altitude over Baghdad and Mosul. The 

lower CO amounts observed of approxim-
ately 88–90 ppbv at 253 mb (altitude 11 km) 
during October. Comparisons over Baghdad 
station in 2012 showed close agreement be-
tween the ground CO data and the observed 
CO from AIRS, and regression result showed 
high correlation coeffi cient (R = 0.962). The 
vertical CO observation by AIRS is provid-
ing meaningful information for different alti-
tude layers closer to the troposphere, and the 
satellite measurements are able to measure 
the increase of the atmosphere CO concen-
trations over varied regions.
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