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ABSTRACT:
As the dominant anthropogenic greenhouse gas, Carbon Dioxide (CO2) is the most prominent
Greenhouse gas in Earth's atmosphere and plays a key role in earth's climate. It’s resulting more than 50%
of the global warming when all greenhouse gases (excepting water vapor) are added together. Since the
dawn of the Industrial Revolution, its concentrations increased over 110 ppmv. The troposphere CO2 have
been studied employing Atmosphere Infrared Sounder (AIRS), onboard NASA's Aqua Satellite, and data of
CO2 emission in Iraq during the period 2010 – 2011. The analysis for five dispersed stations shows the
seasonal variation in the CO2 fluctuated considerably observed between spring and autumn seasons. The
mean and the standard deviation of monthly CO2 was (391.77±4.55 ppm) for the entire period. The CO2 in
2011 values was higher than its values in 2010 at all stations throughout the period. The highest value that
occurred in this period was on March at Baghdad (396.32 ppm) and the lowest value was in September at
Basra (387.22 ppm). Elevation in CO2 values can be observed throughout the year over the congested urban
and Industrial area. The monthly CO2 maps for study area were obtained from the NASA-operated
GIOVANNI portal (http://disc.sci.gsfc.nasa.gov/giovanni). The AIRS data and the Satellite measurements
are able to measure the increase of the troposphere CO2 concentrations over different regions.
Keywords- CO2, AIRS, AMSU, Iraq

INTRODUCTION
Many gases occur naturally in the atmosphere while others are synthetic. The Carbon
dioxide (CO2) is the dominant anthropogenic greenhouse gas, represents an important
component of climate change, and occurs naturally through the terrestrial biosphere and
the ocean. Its concentrations increased over 110 ppmv since the dawn of the Industrial
Revolution due to burning of fossil fuels and deforestation. Our reliance on fossil fuels
has been firmly solidified and global population has increased, so emissions of these
gases have risen. CO2 resulting more than 50% of the global warming when all
greenhouse gases (excepting water vapor) are added together (Jasim et al., 2011 a).
Anthropogenic pollutants are emitted mainly from stationary sources, such as industrial
or urban areas, or from specific locations are known, such as roads (Drori et al., 2012). It
is a toxic in higher concentrations: 1% (10,000 ppm) will make some people feel drowsy,
7% to 10% cause dizziness, headache, visual and hearing dysfunction and
unconsciousness within a few minutes to an hour (Shakhashiri, 2008). CO2 contributes
substantially to the greenhouse effect because it is easily excited by IR radiation. Thus,
IR radiation can be absorbed and emitted during rotational transitions, which can be
produced by collision energy transfer (Hill, 2004).
Across the Middle East region, people have always contended with excessive heat,
shortage of rainfall, dust storms and harsh geography. In this century, climate change,
industrial development, political upheaval, and war have left a legacy of environmental
impacts and health problems. Iraq, it is considered one of Middle East country,
industrialization; urbanization and rapid traffic growth have contributed significantly to
economic growth. Emissions of heavy pollution are being created from major industrial
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zones, office buildings, manufacturing facilities, a dramatic increase in the number of
residences, and increases in the number of motor vehicles (Metz, 1993).
It is very important to observe and document changes in the forcing terms such as
gases, in order to evaluate and understand their effect of climate change, and to achieve
more reliable longer range projections. The abundances of the atmosphere gases, over the
past three decades, were obtained from a lot of sources such as Balloons, airplane and
sparsely distributed measurement sites. Observations from space by satellite remote
sensing only allows for such measurements in order to make over a reasonably short time
period, and has very good global coverage increase our ability to access the climate
change and the impact of human activities on the chemical composition of the
atmosphere (Jasim et al., 2012). In addition, the free download satellite data provided by
the Atmospheric Infrared Sounder (AIRS) instrument make it as a useful space device for
monitoring the Earth’s atmosphere. Satellite measurements have been used in several
studies which have provided some evidence for the transport or traces of atmospheric
components from the surface to the upper atmosphere (Kar et al., 2004; Park et al., 2004
and reference therein; Li et al., 2005; Randel and Park, 2006; Xiong et al., 2009).
The AIRS is one of six instruments flying onboard NASA's Aqua satellite, launched
on May 4, 2002. The instrument is designed to support climate research and improve
weather forecasting. It includes 2378 infrared spectral channels provides spectral
coverage in the 3.74–4.61μm, 6.20–8.22-μm, and 8.8–15.4-μm infrared wavebands at a
nominal spectral resolution of λ∕∆λ=1200. Providing information for several greenhouse
gases is one goal of the AIRS instrument, new Insights into Weather and Climate for the
21st Century, and study the water and energy cycle (Chahine et al., 2006; Jasim et al.,
2011 b).
In this study the analysis of troposphere CO2 was investigated for the period 2010 2011 in Iraq using Level 3 monthly product (AIRX3C2M) Version 5 AIRS data. Results
from the analysis of the retrieved mid-tropospheric CO2 profile from the AIRS and
AMSU instrument employed to evaluate and analyze the midtropospheric CO2
distribution over study area. The CO2 data analyzed for over six stations; Baghdad
(33.20°N, 44.20°E), Basra (30.30°N, 47.50°E), Mosul (36.2°N, 43.06°E), Flughafen 2
(32.44°N, 39.35°E), and Radif Al Khafi Hwy strip (31.55°N, 42.08°E), in study period.
To better assess the impacts and distribution of CO2 over Iraq for the year 2011, the
spatial correlation for CO2 has been analyzed using monthly average Level-3 AIRS data
obtained
from
the
NASA-operated
GIOVANNI
portal
(http://disc.sci.gsfc.nasa.gov/giovanni).
STUDY ARIA
The study area is Iraq, a country in south-western Asia. It lies in the western part of
Asia and occupies mostly the Mesopotamian Plain, located, between 29° and 38° N
latitudes , and 39° and 49° E longitudes (a small area lies west of 39°). Iraq borders
Turkey to the north, Syria to the northwest, Kuwait and Saudi Arabia to the south, Iran to
the east, and Jordan to the southwest.
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Figure 1. The geographical feature of study area
An area (Fig. 1) comprises of 437,072 square kilometres (168,754 sq mi); it is the
58th-largest country in the world. Country divided into four major regions: highlands in
north and northeast; alluvial plain in central and southeast sections; and desert in west
and southwest; rolling upland between upper Euphrates and Tigris rivers. These two
major rivers, run through the centre of Iraq, flowing from northwest to southeast are
fertile alluvial plains. The north of the country is mostly composed of mountains; the
highest point being at 3,611 m (11,847 ft). Iraq has a narrow section of coastline
measuring 58 km (36 mi) on the northern Arab Gulf (Metz, H. C., 1993).
MATERIALS AND METHODS
This research has been carried out for two years data from January 2010 to December
2011. In order to evaluate and analysis the troposphere CO2 distribution over the study
area, we selected five stations dispersed across Iraq; Baghdad, Mosul, Basra, Flughafen 2,
and Radif Al Khafi Hwy strip. Results from the analysis of the retrieved mid-tropospheric
CO2 profile obtained from AIRS ascending (AIRX3C2M) Level-3 data, are utilized to
investigate the monthly variability of Troposphere CO2 in Iraq. Generally, twenty four
monthly L3 ascending granules were downloading to obtain the desired output. Using
AIRS website the AIRX3C2M product's files data, including the corresponding location
and time along the satellite track in a HDF (Hierarchical Data Format) format on monthly
basis, extracted from the Satellite and arrange in table using MS Excel.
To better assess the impacts and distribution of CO2 over Iraq for the year 2011, the
spatial correlation for CO2 has been analyzed using monthly average Level-3 AIRS data
obtained
from
the
NASA-operated
GIOVANNI
portal
(http://disc.sci.gsfc.nasa.gov/giovanni). The CO2 data were obtained from 2º×2.5º
(latitude × longitude) spatial resolution ascending orbits.
RESULTS
Fig 2 shows the monthly CO2 from 2010 – 2011 for five stations; Baghdad, Basra,
Mosul, Flughafen 2, and Radif Al Khafi Hwy strip, respectively. The mean and the
standard deviation of monthly carbon dioxide was (391.77±4.55 ppm) for the entire
period. The CO2 experience various seasonal fluctuations depend on weather conditions
and topography. There is a progressive increase in the CO2 values with distinct growth
rate variations observed during the 2010-2011 period. An increasing, long-term trend in
CO2 can be attributed to the human activity; combustion of fossil fuels and a significant
net flux of CO2 to the atmosphere as a consequence of land use changes, such as biomass
burning. Year-to-year variations in fossil-fuel-related emissions are relatively increased
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as a result of various sources, including motor vehicles and other industrial sources. The
CO2 in 2011 values was higher than its values in 2010 at all stations throughout the
period. Looking carefully at Figure 2, two much localized areas stand out against its
background on July 2010: Mosul and Flughafen 2. They reveal enhanced in CO2 values,
due to the extensive biomass burning from the forest fire that have occurred on July in the
province of Dohuk. In addition, the slight contribution from the northern of
Mediterranean basin bring by northwesterly wind.
Fig. 3 illustrated the monthly CO2 for five stations together from January 2010 to
December 2011 respectively, the nominal peak of AIRS sensitivity and the magnitude of
the seasonal variations in troposphere CO2. The CO2 experience various seasonal
fluctuations depend on weather conditions. The seasonal variation in the troposphere CO2
fluctuated considerably observed between spring and autumn seasons. A more particular
examination shows subtle differences in the CO2 spatial patterns for each season, with
higher values for CO2 in the spring (at central region) than in the autumn season (at
southwest region). Seasonal variations are visible, but none are as pronounced or regular
during the study period. The highest value that occurred in this period was on March at
Baghdad (396.32 ppm) and the lowest value was in September at Basra (387.22 ppm).
This seasonal dichotomy results are primarily from the extensive sources are evident
in the central, southern and west regions due to increased human activity through the
burning of agricultural waste after harvest season, which coincides with the end of spring.
In addition, the subsequent plumes contributed to CO2 concentrations are from
Mediterranean basin bring by northwesterly wide at the same time (Drori et al., 2012). In
contrast, the anthropogenic sources have very small variability during late summer. The
wind of 120 days" blows almost daily during the months of June through September and
has great vertical motion over a large horizontal area, which can reduce the CO2
concentrations (Anderson, 2004).

Figure 2. The Monthly troposphere CO2 from 2010 - 2011 for five stations; Baghdad,
Basra, Mosul, Flughafen 2, and Radif Al Khafi Hwy strip, respectively
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Figure 3. The monthly CO2 for five stations together from January 2010 to December
2011 respectively.
Fig 4, a. illustrated AIRS monthly coverage retrieved troposphere CO2 for the winter
and spring seasons [December - May] 2011. Observed the gradual decline of CO2 values
at the onset of winter season, especially at western region as a result of the rain and
southerly winds (called Kasus in Arabic) slowly increase in intensity as the front
approaches and may reach gale force before the frontal passage, this event occur as
frequently as two to three times per month between December and early March (Vishkaee
et al., 2012). In February, the CO2 values increase slightly to reach its maximum in
spring, especially at central region due to the increased human activity in congested cities
with many CO2 sources. The highest value that occurred in this period was on March at
Baghdad (396.32 ppm), and the lowest value was in January (390 ppm).

(a)
(b)
Figure 4. The AIRS monthly coverage retrieved CO2, (a) for winter and spring seasons
[December - May] and (b) for summer and autumn seasons [June - November] in Iraq for
the year 2011.
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Fig 4, b. shows the distribution of monthly coverage CO2 for summer and autumn
seasons (June - November) 2011.. Differences in the CO2 spatial patterns for each of the
peak months, fluctuations are visible for most geographic regions for different months,
but none is regular during these six months. Observed slight contribution during summer
months from Turkey coincide with the impact of the northwesterly wind. The highest
values of CO2 were over western region during June (394.55 ppm, Flughafen 2). The
lowest value of CO2 was over Radif Al Khafi Hwy strip on October (390.72 ppm).
Overall, the figures 2, 3 and 4 a, b shows the CO2 values in the north and central are
higher than in the rest of areas throughout the year except the month of May with a
explicit increases on the south area in August and October due to human activity and
abundance sources of CO2 at these area. . In addition, elevation in CO2 values can be
observed throughout the year over the congested urban and Industrial area. The CO2 in
2011 values was higher than its values in 2010 at all stations throughout the period. In
central (e.g., Baghdad), the CO2 values were fewer variations than the rest of the areas
throughout the year due to its geographical position, densely populated areas and high
traffic, large-scale industrial and commercial activities.
CONCLUSION
This paper represents the attempt to quantify monthly distribution of troposphere CO2
in Iraq based on satellite (AIRS) data. As demonstrated here, AIRS’ monthly views of
troposphere carbon dioxide across the study area enable detailed analyses of both the
spatial and temporal variations in the visualization of subsequent transport and emissions.
We have just begun to investigate the wealth of information for the 2010 - 2011. The
mean and the standard deviation of monthly CO2 was (391.77±4.55 ppm) for the entire
period. There is a progressive increase in the CO2 values with distinct growth rate
variations observed during the 2010-2011 period. The CO2 in 2011 values was higher
than its values in 2010 at all stations throughout the period. The CO2 experience various
seasonal fluctuations depend on weather conditions and topography. The highest value
that occurred in this period was on March at Baghdad (396.32 ppm) and the lowest value
was in September at Basra (387.22 ppm).
The CO2 values in the north and central are higher than in the rest of areas throughout
the year except the month of May with a explicit increases on the south area in August
and October due to human activity and abundance sources of CO2 at these area. .
Elevation in CO2 values can be observed throughout the year over the congested urban
and Industrial area. The AIRS data and the Satellite measurements are able to measure
the increase of the troposphere CO2 concentrations over different regions.
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