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ABSTRACT 

Study of spatial distributions of different greenhouse gases by using satellite instruments 

has been largely improved since past thirty years. It has given new dimensions to the monitoring 

of atmospheric composition not only at the global scale but also at the regional and even at local 

scale. This is an important step forward to acquire the knowledge about composition and evolution 

of the atmosphere around the globe. Increase in CO2 concentrations, an important greenhouse gas, 

plays a vital role in altering the climatic conditions. This study proposes to investigate temporal 

and seasonal variations in CO2 concentrations over Pakistan during the period of seven years (2003-

2009). Main emphasis was made on the hotspot regions where concentration of CO2 has risen to 

the level above global averages. Results showed a temporal increase of about 3.32% in the amount 

of CO2 over seven years (2003 - 2009). Both maxima and minima in CO2 concentrations have 

shown an increasing trend. This increase may be attributed to increase in the fossil fuel combustion 

during the suggested period. It has also been observed that regions in the KPK and the Gilgit-

Baltistan provinces of Pakistan have shown marked increase in the concentrations of CO2. The 

increase may be attributed to increase in deforestation and land use change. 
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Chapter 1 

INTRODUCTION 

1.1 Background 

Human activities are linked to current increase in the concentration of various green house 

gases which are said to affect the climate by altering various factors such as temperature, 

precipitation, sea level rise etc. Within the scientific community this increase in the concentration 

of green house gases is considered  as a major concern at global level (Stocker et al., 2013). Since 

the pre-industrial era, anthropogenic greenhouse gas emissions have increased and attributed to 

economic and population growth. This has caused an increase in the atmospheric concentrations 

of methane, nitrous oxide and carbon dioxide. Effects of these anthropogenic emissions have been 

detected throughout the climate system and are considered to be the dominant cause of the 

observed warming since the mid-20th century (Pachauri et al., 2014). For instance global average 

CO2 concentration measured over South Pole and Mauna Loa increased to 395 ppm in 2014 from 

315 ppm in 1958. During this period, the airborne fraction of CO2 due to industrial emissions 

(fossil fuel plus cement) accounts for 57% (Rafelski et al., 2009). 

1.1.1 Global Climatic Changes 

 The climatic effects due to anthropogenic changes in the last three decades have led to 

successively warmer temperatures at the Earth’s surface than any preceding decade since 1850. In 

the Northern Hemisphere, the period from 1983 to 2012 was likely the warmest 30-year period of 

the last 1400 years. The globally averaged temperature data for both land and ocean surface show 

a warming of 0.85 (0.65 to 1.06)°C over the period 1880 to 2012. Similarly the Greenland and 

Antarctic ice sheets have been losing mass over the period 1992 to 2011 and at a larger rate over 

2002 to 2011. It has been observed that around the world the glaciers have continued to shrink and 
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snow cover has continued to decrease in the Northern Hemisphere. Arctic sea-ice has also shown 

a decrease over the period 1979 to 2012, with a rate of 3.5 to 4.1% per decade. Global mean sea 

level rose by 0.19 (0.17 to 0.21) m over the period 1901 to 2010. Since the mid-19th century, the 

rate of sea level rise has been larger than the mean rate during the previous two millennia (Pachauri 

et al., 2014). All these climatic effects pose a serious challenge to life on earth and merits 

implementation of an effective mitigation plan in order to address these changes. 

1.1.2 Climate Change in South Asia 

South Asia is considered to be the most disaster prone region in the world and is home to 

over one fifth of the world’s population. The vulnerability of the region to climatic impacts is due 

to continuing high rates of poverty and food insecurity, high rates of population growth and natural 

resource degradation. Climate variability in South Asia may be marked by increasing air 

temperatures, increasing trend in the intensity and frequency of extreme events over the last 

century. Recent modelling experiments indicate significant warming in arid regions of Asia and 

Himalayan Highlands including the Tibetan Plateau (Shivakumar et al., 2011). 

1.1.2.1 Extreme Events 

In many countries of South Asia there have been significantly longer heat waves with several 

cases of severe heat waves (Shivakumar et al., 2011). Similarly, in many parts of Asia, the 

frequency of more intense rainfall events has increased, causing landslides, severe floods and 

debris/mud flows (Team, C.W et al., 2007). At the same time, the rain has been concentrated in 

few days and the total amount of rainfall has decreased. In South Asia, the linear trends for 

decrease in the rainfall for 1900–2005 were 7.5% (Shivakumar et al., 2011). Besides that, the 

droughts have increased in the frequency and intensity in this region since the 1970s (Team, C.W 

et al., 2007). The vulnerability of coastlines of South Asia to cyclones has increased along with 
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coastal flooding, which has resulted in fatalities and substantial economic losses (Shivakumar et 

al., 2011). 

1.2 Atmospheric Chemistry 

1.2.1 Green House Gases 

Solar Energy drives Earth’s climate. The process mainly involves absorption of some of the 

energy while radiating the rest back towards the space. However, greenhouse gases in the 

atmosphere absorb some of the energy radiated from the Earth thus acting as a blanket, warming 

the Earth’s surface. This is known as “greenhouse effect” which occurs naturally to sustain life. 

But as a result of human activities in the past century, the amount of greenhouse gases has 

increased substantially in the atmosphere trapping more heat and leading to changes in the Earth’s 

climate. 

The major anthropogenic greenhouse gases emitted into the atmosphere are carbon dioxide, 

methane, nitrous oxide, and fluorinated gases. These can remain in the atmosphere for tens to 

hundreds of years after being released. Various factors determine the way a greenhouse gas will 

affect the Earth’s climate. These include length of time for which the gas remains in the 

atmosphere. Another factor is the ability of a gas to absorb energy. These factors determine the 

gas’s global warming potential when compared to an equivalent mass of CO2 which has been 

assigned a standard global warming potential equal to 1 as shown in the table below (Green House 

Gases, 2012). 
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Table 1.1:  Major Green House Gases 
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1.2.2 Carbon dioxide: Major Green House Gas 

CO2 naturally occurs in the Earth’s atmosphere causing natural Greenhouse Effect. As 

mentioned earlier that the main source of emission of CO2 is burning of fossil fuels along with 

changes in land use, solid waste and deforestation. Ice core measurements confirm the increasing 

trend followed by CO2 since industrial era (Ehhalt et al., 2001). 

1.2.2.1 Natural Fixation 

CO2 is absorbed by plants through the process of diffusion from stomata into leaves and later 

to the sites of photosynthesis. Almost one-third of all the CO2 in the atmosphere is dissolved in the 

leaf water which is equivalent to about 270 PgC/yr (Farquhar et al., 1993; Ciais et al., 1997). The 

amount of CO2 which does not participate in photosynthesis is diffused out from the leaf surface. 

Gross Primary Production (GPP) is the amount of CO2 that is fixed from the atmosphere and is 

converted into carbohydrates through the process of Photosynthesis. This fixed amount of CO2 has 

been estimated to be 120 PgC/yr (Ciais et al., 1997) however, the other half is released back into 

the atmosphere by autotrophic respiration (Lloyd and Farquhar, 1996; Waring et al., 1998).  

1.2.2.2 Land Use Changes 

Amount of carbon in plant biomass and soils is also affected by Changes in land use. 

Comparison of maps of natural vegetation in the absence of human intervention to the maps of 

current vegetation derived from satellite data 1987 shows the carbon loses of 180 to 200 PgC due 

to changes in land us (de Fries et al., 1999). Since 1850, almost 90% of the estimated emissions 

due to land-use change were caused by deforestation resulting in 20% decrease in the global forest 

area (Houghton, 1999). 
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1.2.2.3 Fossil Fuel Emissions 

Accelerating increase in the atmospheric CO2 is primarily caused by emissions from the 

burning of fossil fuels (Raupach et al., 2007). Approximately 337 billion metric tonnes of carbon 

have been released to the atmosphere since 1751 from the consumption of fossil fuels and cement 

production (Boden et al., 2010) fossil-fuel combustion accounts for 90% of total CO2 emissions 

whereas emissions from cement clinker production is the largest source of non-combustion-related 

CO2 emissions which contributes about 4% to the global total (Olivier et al., 2012). 

1.3 Present Study 

This study proposes to extract and analyze CO2 concentrations over Pakistan during the 

2003-2009 with main emphasis on major districts of Pakistan. This will help in identification of 

the potential sources of CO2, seasonal cycle and temporal and spatial evolution of CO2 over 

Pakistan. 

1.3.1 Justification of the Study 

In order to have better understanding of climate change, weather extremities, a better 

understanding of atmospheric composition and the dynamics driving these phenomena is essential. 

Carbon dioxide is the most important anthropogenic greenhouse gas and taking into account the 

role of CO2 in climate change, long-term data of atmospheric composition of CO2 is therefore 

needed to evaluate temporal variations and trends in climate extremes. Unfortunately, no such 

record of atmospheric composition over Pakistan exists. This poses a major obstacle in examining 

the climatic extremes especially in developing countries like Pakistan. This study is part of the 

efforts to eliminate these obstacles and to prepare scientific base line information of atmospheric 

CO2 concentration during 2003-2009 over Pakistan. 
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1.3.2 Benefits of the Study 

This study will provide information on evolution of CO2 over in Pakistan during 2003-2009. 

This study will result in creation of a CO2 database which may act as baseline information for 

further research in this field and region. This study will facilitate in identification of hotspot areas 

where levels of CO2 have reached maximum levels in Pakistan. This study may help policy-makers 

and decision-makers to design relevant adaptation and mitigation strategies. 

1.4 Objectives 

 To prepare database of CO2 concentrations over Pakistan during the time period 2003-

2009 using satellite observations. 

 To analyze the evolution of CO2 concentrations over Pakistan. 

 To compare the level of CO2 in various Districts of Pakistan. 

Chapter 1 deals with introduction and aim and objectives of this study.  Chapter 2 deals with 

the Literature that has been reviewed before and during the execution of this study. Chapter 3 

consists of description of study area and data sets with complete methodology that was used to 

conduct this study. The results obtained from this study are given in Chapter 4 and in the end 

conclusion with recommendations are presented in Chapter 5.  
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Chapter 2 

LITERATURE REVIEW 

2.1 Carbon Cycle 

2.1.1 Stages 

Atmospheric CO2 constitutes only a tiny fraction of the carbon in the earth system. Major 

portion of the carbon is part of the reservoirs in that system. Human intervention however, is 

changing this natural balance by making carbon from fossil fuel emissions part of the atmospheric 

CO2 cycle. Fossil fuel reserves and land use change are two important contributing factors in 

changing the dynamics of the natural cycle. Archer and Brovkin, (2008) has shown time scale of 

thousands of years to remove anthropogenically emitted carbon from the atmosphere by natural 

processes as shown in the table below. 

Processes Time scale (years) Reactions 

Land uptake: Photosynthesis–

respiration 
1–102 

6CO2 + 6H2O + photons → C6 H12 

O6 + 6O2 

C6 H12 O6 + 6O2→6CO2+ 6H2O + 

heat 

Ocean invasion: Seawater buffer 10–103 CO2+ CO3
-2+ H2O→2HCO3

 -1 

Reaction with calcium carbonate 103–104 CO2 + CaCO3 + H2O → Ca+2 + 

2HCO3
-1 

Silicate weathering 104–106 CO2 + CaSiO3 → CaCO3 + SiO2 

 

Table 2.1: Natural Removal of CO2 

The above mentioned reactions are part of the natural flow of carbon in the terrestrial, oceanic 

and atmospheric systems but the balance created by these systems is changing with time and 

depends on the level of emissions. Ciais et al. (2014) studied the relationship between natural cycle 

and its adjustment to human induced emissions which can be divided into three stages. 
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For several decades of emissions, almost third to half of CO2 gets absorbed into the terrestrial 

ecosystem and the ocean while rest of it goes into the atmosphere. Within few centuries, it existed 

as inorganic carbonate in the oceans thereby decreasing the pH. Eby et al. (2009) and Joos et al. 

(2013) has analyzed the increase in atmospheric fraction of CO2 with the decrease in carbonate 

buffer capacity of the ocean.  

The second stage pertains to restoring the original balance of carbon in the oceans. Within 

next few thousand years pH of the ocean that was decreased in stage 1 is restored by the reaction 

of dissolved CO2 in the ocean with that of calcium carbonate (CaCO3) present in the sea floor 

sediments which restore the balance by drawing down atmospheric CO2 into the oceans.  After 

about 10,000 years, this stage decreased the remaining atmospheric CO2 fraction down to 10 to 

25% of the original CO2 amount. 

 In this stage, within several hundred thousand years, silicate weathering played its role in 

CO2 removal from the atmosphere which is a very slow process and involves reaction between 

CO2 and calcium silicate (CaSiO3) and other minerals of igneous rocks (Sundquist, 1990; Walker 

and Kasting, 1992).  

In this way CO2 circulated between different systems maintaining a balance among them. 

These long time processes of CO2 removal from the atmosphere however, does not allow to 

designate fix atmospheric lifetime to CO2. 

2.2 Annual Increase 

Keeling et al. (1976) reported that the concentration of atmospheric carbon dioxide at 

Mauna Loa Observatory, Hawaii is reported for the years from 1964 to1971 in order to observe 

the effects of combustion of fossil fuels on the distribution of CO2 in the atmosphere. The data led 
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to the findings that between 1959 and 1971the annual average CO2 concentration rose to 3.4% 

with decline in the mid-1960's. These changes have also been observed at the South Pole making 

it a global phenomenon. 

Schimel (1995) stated that the carbon cycle involves flow of carbon among four main 

reservoirs: the oceans, the terrestrial biosphere, fossil carbon and the atmosphere. The findings of 

his work involve measurement of carbon flux during 1980s where emissions of fossil carbon 

averaged 5.5 Gt y−1 while the atmosphere gained 3.2 Gt C y−1. Cias et al. (2014) has assessed 

global anthropogenic CO2 budget, averaged over the 1980s, 1990s, and 2000s until 2011. The 

negative land or ocean to atmosphere CO2 flux depicts gain of carbon by these reservoirs.  

FACTORS 1980-1989 PgC yr-1 1990-1999 PgC yr-1 2002-2011  PgC yr-1 

Atmospheric increase 3.4 ± 0.2 3.1 ± 0.2 4.3 ± 0.2 

Fossil fuel combustion and cement 

production 
5.5 ± 0.4 6.4 ± 0.5 8.3 ± 0.7 

Ocean-to-atmosphere flux –2.0 ± 0.7 –2.2 ± 0.7 –2.4 ± 0.7 

Land-to-atmosphere flux Partitioned as 

follows 
–0.1 ± 0.8 –1.1 ± 0.9 –1.6 ± 1.0 

Net land use change 1.4 ± 0.8 1.5 ± 0.8 0.9 ± 0.8 

Residual land sink –1.5 ± 1.1 –2.6 ± 1.2 –2.5 ± 1.3 

Table 2.2: Global Anthropogenic CO2 budget 

The global anthropogenic CO2 budget indicates increase in the concentration of carbon 

dioxide since 1980s whereas there is constant decrease in the land and ocean flux to the 

atmosphere. 
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Sirignano et al. (2010) analyzed atmospheric CO2 concentrations from 2000 until 2005 from 

the coastal stations Mace Head (MHD), Ireland and Lutjewad (LUT), The Netherlands and 

observed an average increase in CO2 concentration in the atmosphere of about 1.7±0.2 ppm y−1 

which is mainly attributed to human activities, particularly fossil fuel burning. 

2.3 Seasonal Oscillations 

Seasonal pattern of CO2 refers to interannual variation in the levels of CO2 which can be 

attributed to changes in CO2 absorption and release alternatively in summer and winter seasons 

respectively.  A study carried out by Bacastow et al. (1985) showed that a seasonal pattern is 

exhibited by atmospheric carbon dioxide at Mauna Loa Observatory that repeats with a specific 

regularity. It was observed that the seasonal amplitude, increased per year from 1958 to 1982 at 

an average rate of about 0.7% with high statistical significance. It was argued that the seasonal 

cycle of CO2 in the northern hemisphere is considered to be due to the metabolic activity of 

terrestrial vegetation. 

Kane and De Paula (1996) determined that seasonal variation in atmospheric CO2 indicates 

maxima during May and minima during September or October at Mona Loa. Dettinger and Ghil 

(1998) observed that the seasonal cycle of CO2 depends upon the local absorption and release of 

CO2. This shows that seasonal levels of CO2 differ from place to place   as were determined at both 

South Pole and Mona Loa. 

Sirignano et al. (2010) determined the seasonal difference in the concentration of CO2 in 

summer (minima) and winter (maxima) which was 14.4 and 16.1 ppm at Mace Head and Lutjewad, 

respectively. 
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Bergeron and Strachan (2011) investigated CO2 flux over a suburban and an urban residential 

area in the Montreal region for a two-year period. The suburban area contributed about 50 t CO2 

ha_1 year_1,whereas urban area contributed about 200 t CO2 ha_1 year_1.The results indicated that 

biological sources and sinks (vegetation) was a dominant component of the net CO2 flux at 

suburban site, specifically in summer, while human activity dominantly affect CO2 fluxes at the 

urban site. Therefore, the major factors affecting CO2 exchange over Montreal residential areas 

were vegetation, fuel combustion for heating and vehicular traffic emissions, along with air 

temperature and incoming light levels. 

Shim and Wang (2013) examined spatial and temporal variability of CO2 over East Asia 

through nested modeling and GOSAT satellite retrievals. Their findings indicated that seasonal 

changes in the atmospheric levels of CO2 are largely caused by northeastern forest uptake. 

2.4 Temperature and Carbon dioxide 

Alexiadis (2007) has suggested complexity in the relation between CO2 concentration and 

temperature. He stated that carbon dioxide is a greenhouse gas and directly affects the thermal 

balance of the planet while, as a result of subsequent warming, various feedback mechanisms affect 

the concentration and exchange of CO2 in various sources and sinks of carbon (photosynthesis, 

respiration, marine CO2 pump e.t.c). The results of the study show that the anthropogenic CO2 is 

the main driving force in increasing global temperatures even if the emissions decrease for a certain 

time. 

Liu and Rodrı́guez (2005) reported that with the doubling of CO2 the temperature change 

lies between 2.15 and 3.4 0C which coincides with the previous report of the IPCC (2001) using 

15 different general circulation models. 
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Ghommem, et al. (2012) quantified the coupling between global temperature and carbon-

cycle utilizing general circulation model (GCM) and investigated how sequestration of 

anthropogenic CO2 would impact the lowering the rate of increase in global temperatures. Their 

findings indicated that in order to impact global warming CO2 emissions would have to be 

sequestered on large scale. They concluded that about 25 % of these emissions can be removed 

from direct absorption or land use management. 

Rafelski, et al. (2009) explained warming-induced release of CO2 from the land biosphere 

to the atmosphere. They elaborated that multi decadal variation in temperature, possibly through 

processes such as fires and temperature-dependent respiration, cause variations in the land CO2 

sink. 

2.5 Fossil Fuel Emissions 

Siegenthaler and Sarmiento (1993) indicated the relation between atmospheric increase of 

CO2 between Northern Hemisphere and the Southern Hemisphere. They stated in Northern 

Hemisphere which accounts for almost 95% of fossil fuel emissions, the annual mean 

concentrations of CO2 has exceeded the Southern Hemisphere’s concentrations and these inter 

hemispheric differences can be attributed to fossil fuel emissions of CO2. 

Cias et al. (2014) studied that fossil fuel combustion and cement production contributed 5.5 

± 0.4 PgC yr–1 to global CO2 emissions during 1980–1989.  These reached to the levels of 6.4 ± 

0.5 PgC yr–1 during 1990–1999 whereas during 2000–2009 these emissions were equal to 7.8 ± 

0.6 PgC yr–1 on the average. This showed an increase of 3.2% yr–1 on average during the decade 

2000–2009 compared to 1.0% yr–1 in the 1990s and 1.9% yr–1 in the 1980s.  
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Sawa et al. (2012) studied CO2 measurements from 5224 flights from commercial airliners 

during 2005-2010 and observed through surface CO2 measurements that about half of the CO2 

produced by cement production and fossil fuel combustion and has stayed in the atmosphere while 

the remainder has been absorbed by various natural sinks on land and in the ocean.  

2.6 Deforestation 

Van der Werf et al. (2009) suggested that after fossil fuel combustion, deforestation is the 

second largest anthropogenic source of CO2 to the atmosphere. House et al. (2002) studied the 

impact of land use changes over increase and decrease of CO2 in the atmosphere. This study 

showed an increase of 90 ppm of CO2 between the pre-industrial era and year 2000 in the 

atmosphere due to land-use changes (mostly deforestation) and fossil fuel emissions.  

DeFries et al. (2002) estimated carbon fluxes from deforestation for the 1980s and 1990s 

using satellite in combination with a terrestrial carbon model. The results indicated that the 

clearing rate of tropical forest increased ≈10% from the 1980s to 1990s, specifically in Southeast 

Asia. This led to an increase in mean annual carbon fluxes to an average 0.6 and 0.9 Pg yr−1 for 

1980s and 1990s, respectively.  

Pakistan is also affected by similar situation. Ali et al. (2005) assessed that forest in Basho 

Valley in the Western Himalayas of Pakistan has been reduced by at least 50%. Tariq et al. (2014) 

studied the climatic impacts in Dir Kohistan region of KPK Pakistan indicating increase in the 

temperature by 0.33°C besides the decrease in rainfall and humidity which can be regarded as an 

outcome of forest degradation  in Dir Kohistan. 
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2.7 Climate Change Impacts 

Solomon et al. (2009) discussed the irreversibility of climatic changes for 1000 years due 

to increase in the concentration of CO2 in the atmosphere. The irreversible impacts would be 

expected if the levels of CO2 increased to 450–600 ppmv from current levels. These impacts 

include reductions in dry season rainfall reductions and inexorable rise in sea level. It was further 

explained that global average sea level rise of at least 0.4–1.0 m is expected if CO2 concentration 

exceeds 600 ppmv. 

Sajjad et al. (2010) analyzed that rapid urbanization, population and vehicles growth and 

industrialization played a critical role in the consumption of fossil fuels in Karachi during 1947 to 

2008. It was also observed that emission of CO2 increased from 39 million metric tons in 1980 to 

151 million metric tons in 2007 which was in consonance with the increase in the consumption of 

oil and petrol, natural gas and coal which showed an increase of about 219, 365 and 287%, 

respectively during the same period. 

Mustafa (2011) in view of the current status of climate change indicated that Pakistan will 

have to face environmental, social and economic impacts. Pakistan is frequently exposed to natural 

hazards like droughts, floods and cyclones. The agriculture sector is most vulnerable to climate 

change which affects and changes cropping and productivity negatively impacting poor rural 

communities of the country. With problems relating to water shortages and high temperatures arid 

and semi-arid regions are most vulnerable. Therefore in Pakistan, this vulnerability is high because 

of economic dependence on primary natural resources. 
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Chapter 3 

METHODOLOGY 

3.1 Study Area 

Pakistan stretches between 61-78 0E and 23.6-38 0N with an area of 796,096 square 

kilometers. The surface elevation ranges from Arabian Sea (in the south) to the world’s second 

highest (8,611 m) peak of K-2 in the North (Chaudhry et al., 2009). Pakistan shares its borders 

with India on the East, Iran on the West, China in the North and with Afghanistan on the 

NorthWestern side with coastline of 1100 km in the South. 

3.2 General Methodology 

 Following Methodology was followed in this research 

 

Figure 3.1: General Methodology 

Spatial Analysis
Hopt Spot Regions

Temporal Analysis 
Annual, Monthly, Climatological

Creation of Maps
Annual, Monthly

Data Extraction using Matlab Scripts

Homogenous Data Script

Standard File Script

Creation of Matlab Scripts

Satellite CO2 Data Retrieval
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3.3 Satellite CO2 Data Retrieval  

In order to analyze the CO2 distribution over Pakistan, SCIAMACHY data product (Version 

2.3, Level 3) was used. Data from 2003 to 2009 was downloaded. Specifications of the satellite 

are given below. 

PROPERTIES SCIAMACHY 

Spatial resolution 60 x 30 Km2 

Swath width 960 km 

Temporal resolution 6 days 

Temporal coverage 2002 to 2012 

Red and NIR bands                                   - 

Spectral range 240 to 2380 nm 

Data quality assessment 70% Accurate 

                          

Table 3.2: Satellite Sensors and their Properties 

3.4 Data Extraction 

Current study covers the geographical area of Pakistan. Sciamachy data was global data; 

which was to be extracted over the region of Pakistan. To obtain Pakistan specific data Matlab 

scripts were created. These scripts extracted monthly data of Pakistan from 2003 to 2009 creating 

84 Pakistan specific files for 7 years. 

3.4.1 Script for Standard File Creation 

Purpose of this script was to create a standard file which covers the region of Pakistan. This 

script was used to extract Pakistan specific data from the global files.  



24 
 

 

Figure 3.2: Matlab Script for Standard File Creation 

After the script is executed on Matlab, following standard file was created. Left column 

indicate latitude values and right column indicate longitude values. 
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Figure 3.3: Standard Pakistan Lat Long File 

3.4.2 Script for Data Extraction 

This Matlab script was created to extract CO2 data from the global file based on the latitude 

and longitude present in the standard file. This script resulted in Pakistan specific files having 

latitude, longitude and CO2 concentrations. 
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Figure 3.4: Matlab Script for Data Extraction 
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This script created following files 

 

 

Figure 3.5: Pakistan Specific Files 

3.5 Creation of Maps 

In order to analyze the data graphically, annual and monthly maps of Pakistan were created 

presenting the variation in the amount of CO2. These maps were created in ArcGIS.  
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Figure 3.6: Annual mean map of Pakistan showing concentrations of CO2  

3.6 Temporal Data Analysis 

Temporal data analysis presented the annual, monthly and climatological variation in the 

concentrations of CO2 over Pakistan during 2003 – 2009. This was performed using excel. In excel, 

monthly and annual means for the seven year’s data were calculated. Different graphs indicating 

the annual, monthly and climatological trend of CO2 over Pakistan were created. Besides that 

analysis of fossil fuel data and calculation of coefficient of correlation was also performed in excel. 
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3.7 Spatial Data Analysis 

This was performed in order to determine the hotspot regions with respect to CO2 

concentration over Pakistan in ArcGIS. In ArcGIS, carbon dioxide concentrations in various 

districts of Pakistan were determined and selected concentrations i.e ranging between 391 ppm 

and 400 ppm and above 400 ppm were extracted using SQL queries and was exported in the excel 

files. 

 

 

Figure 3.7: District Data for Carbon dioxide values between 391 ppm and 400 ppm 

In this research above mentioned tools and processes were used in order to analyze the data 

of CO2 over Pakistan and its districts during 2003 – 2009. 

  



30 
 

Chapter 4 

RESULTS AND DISCUSSION 

4.1 Temporal Analysis of Carbon dioxide over Pakistan 

4.1.1 Annual Analysis 

The current research aims at analyzing the levels of carbon dioxide in the atmosphere over 

Pakistan. The analysis of the data starting from 2003 till 2009 shows that the amount of carbon 

dioxide has increased linearly to 3.32% in seven years over Pakistan. Average concentration of 

carbon dioxide in 2003 was 378 ppm whereas in 2009 it reached to the level of 391.2 ppm. Globally 

the amount of carbon dioxide has increased from 270 ppm in 1750 to 390.5 ppm in 2011 (Ciais et 

al., 2014) which verifies the increasing trend of carbon dioxide over Pakistan reaching to an 

average amount of 391.2 ppm in 2009 as shown in the figure 4.1. 

 

Figure 4.1: Annual Carbon dioxide Analysis (2003-2009) 
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Annual variations in the levels of carbon dioxide over Pakistan clearly show substantial 

increase in its concentration from 2003 – 2009. This was graphically verified by creating annual 

maps in ArcGIS Software.  

 

Figure 4.1 a: Mean Maps of CO2 Concentration over Pakistan (2003 - 2009) 

The annual mean maps clearly show the annual increase in the levels of carbon dioxide with 

the maximum levels reaching in 2009 as indicated by the yellow, orange and red color range. 

Yellow colour depicts the range of 387 – 393 ppm, orange colour represents concentration of 394 

– 400 ppm, whereas maroon colour range represents 401 – 437 ppm concentration of carbon 

dioxide. As mentioned above that the maximum average concentration of carbon dioxide was 

391.2 ppm in 2009 which falls in yellow colour range. The maps therefore, also indicate regions 
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of Pakistan where concentration of carbon dioxide is more than 391.2 ppm. These regions are 

shown by orange and maroon colour range which mostly falls in the KPK province of Pakistan.  

4.1.2 Monthly Analysis 

4.1.2.1 Change in Maxima and Minima 

Monthly analysis of carbon dioxide over Pakistan not only depicts increase in the 

concentration of CO2 as mentioned earlier but also gives information about the seasonal increase 

in concentration of carbon dioxide over seven years as shown in the graph below. The curve shown 

below is termed as the keeling curve. Peaks in the curve are termed as maxima whereas depths are 

termed as minima. Minima and maxima correspond to the minimum and maximum concentration 

of carbon dioxide during winter and spring respectively. 

 

Figure 4.2: Monthly Carbon dioxide Cycle (2003-2009) 

From the analysis of satellite data it has been observed that in 2003 the minima was at the 

concentration of approximately 374.6 ppm whereas in 2009 it reached at 387.9 ppm. Similarly in 

Maxima 

Minima 
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2003 the maxima was approximately at 381.4 ppm, which reached to the concentration of 393.8 

ppm in 2009. This shows an absolute increase of 13.3 ppm in minima and 12.4 ppm in maxima 

regarding the concentration of carbon dioxide during  the period of 7 years over Pakistan as shown 

in figure 4.3,4.4and 4.5. 

 

Figure 4.3: Increase in Maxima 

 

 

Figure 4.4: Increase in Minima 
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Figure 4.5: Combined increase in Maxima and Minima 

4.1.2.2 Increase in Amplitude of the Monthly Cycle of Carbon dioxide 

The analysis of monthly cycle reveals concentration of carbon dioxide has experienced 

change in the amplitude in winters and summers. Winter Increase (WI) corresponds to the increase 

in the concentration of carbon dioxide in the atmosphere in winter season as a result of decline in 

carbon fixation (as elaborated in the climatological analysis explained in the following section). 

However, Summer Decrease (SD) corresponds to the decrease in the amount of carbon dioxide in 

the atmosphere in summers due to increase in the rate of carbon fixation by plants (as elaborated 

in the climatological analysis explained in the following section). It has been observed that during 

the period of seven years the amplitude with respect to these two indicators i.e WI and SD has 

increased over Pakistan as shown in figure 6. 
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Figure 4.6: Monthly CO2 Analysis (2003 - 2009) 

 WI is calculated from minima of the previous year to the maxima of the following year whereas; 

SD is calculated from the maxima to the minima of the same year. 

WI = Yx+1 (max) – Yx (min) Eq.1 

 SD = Y (max) – Y (min)       Eq.2 

The results show an increase in the amplitude of WI from approximately 9.01 ppm in 2003 to 

12.91 ppm in 2008 whereas average increase during 2003 – 2009 is 9.538035 ppm . The results 

also indicate and increase in SD which was 6.7 ppm in 2003 and 9.7 ppm in 2008 and the average 

increase during 2003 – 2009 is 7.242806 ppm. Decrease in amplitude of WI and SD in the year 

2009 may be attributed to decrease in CO2 emissions due to fossil fuel burning as a result of Global 

economic recession (Olivier et al., 2010) 

Summer Decrease Winter Increase 
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Figure 4.7: Increase in Winter Amplitude 

 

Figure 4.8: Increase in Summer Amplitude 

This change in seasonal amplitude of carbon dioxide can be explained by the shift in the 

seasonal timing of heterotrophic respiration (Soil Respiration) and Net Primary Productivity (The 

rate at which plants incorporate atmospheric carbon through photosynthesis) (Randerson et al., 

1997, Idso et al., 1999, Kumar et al., 2014). Moreover, seasonal cycle of carbon dioxide is 

primarily affected by two major human activities which include consumption of fossil fuel and 
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burning of forests and grassland (Randerson et al., 1997). In addition to that it has been suggested 

that the rising temperatures may have played a central role in increasing the amplitude of seasonal 

cabon dioxide cycle (Idso et al., 1999). 

4.2 Climatological Analysis of Carbon dioxide over Pakistan 

Climatological analysis involves study of variation in the concentration of carbon dioxide 

from January till December during 2003 to 2009. The analysis reveals a pattern of decrease in the 

concentration of CO2 in summers and increase in winters. 

 

 

Figure 4.9: Climatological Analysis of Carbon dioxide (2003-2009) 

As observed from the satellite analysis over Pakistan, the amount of CO2 starts increasing in 

the month of January till it reaches its maximum level in the months of April and May. The 

maximum point is known as Spring Maximum. After that it starts decreasing till it reaches its 

minimum level in the months of August and September. The minimum point is known as Fall 

Minimum. This trend is in consonance with the one measured in Mauna Loa, Hawaii (Kane et 

Spring Maximum 

Fall Minimum 
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al., 1996). The increasing trend in the atmospheric CO2 in winters can be attributed to the end of 

growth season in plants. During winters the rate of photosynthesis in plants decreases and that of 

respiration increases thereby decreasing the uptake of CO2 by plants and increasing the 

concentration of CO2 in the atmosphere. Whereas in summers when the growth season is at its 

peak, the rate of photosynthesis increases as compared to the rate of respiration in plants, thereby 

decreasing the amount of CO2 in the atmosphere resulting in greater CO2 fixation by plants 

(Dettinger et al., 1998). This shows that biotic component plays an important role in the variation 

levels of CO2 in the atmosphere as strong correlation exists between and inter annual variability in 

CO2 and the biological activity (Adams et al., 2005, Idso et al., 1999) 

As depicted in figure 4.9a and 4.9b, the yellow and orange scheme shows concentration of 

CO2 greater than 386 ppm. The maroon scheme shows the amount of CO2 greater than 400 ppm. 

The colour scheme shows greater amount of atmospheric CO2 in Spring season as compared to 

that of Fall season. 
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Figure 4.9 a: CO2 Concentration over Pakistan in Spring Season (2003 - 2009) 

 

 

Figure 4.9 b: CO2 Concentration over Pakistan in Fall Season (2003 - 2009) 
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4.3 Correlation Analysis of Temperature and Carbon dioxide 

4.3.1 Temporal Analysis 

4.3.1.1 Annual Analysis 

Annual analysis of carbon dioxide and Temperature delineates the increasing trend with 

positive correlation of 0.32 during the years 2003 – 2009 as shown in figure 4.10. 

 

Figure 10: Annual Analysis: CO2 vs Temperature (2003-2009) 

The increasing trend in both the variables reinforces the climatic impacts of increased carbon 

dioxide concentration in the atmosphere manifesting as an increase in the surface temperatures 

thus causing global warming. Increase in temperature due to CO2 over Pakistan during 2003 – 

2009 is in harmony with the increase in observed global average surface temperature. The reported 

increase in the global average surface temperature during the period of 100 years from 1906 to 

2005 is of 0.74 ± 0.18°C (Ciais et al., 2014, Sivakumar et al., 2011) where as in Pakistan, since 

early 1900s it is 0.16 – 1.0°C in the coastal areas (Sivakumar et al., 2011). 
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4.3.1.2 Monthly Analysis 

Figure 4.11 depicts the monthly variation in carbon dioxide and temperature during the years 

2003 – 2009. This time series is determined from monthly means of CO2 and temperature over 

Pakistan. Data analysis reveals positive correlation of 0.054 between both the variables indicating 

an increasing trend during the period from 2003 till 2009 over Pakistan. The graph also delineates 

the seasonal oscillations between carbon dioxide and temperature as will be elaborated in the 

climatological analysis. 

 

Figure 4.11: Monthly Analysis: CO2 vs Observed Temperature (2003-2009) 

4.3.2 Climatological Analysis   

Climatological analysis of carbon dioxide and temperature shows seasonal interaction of 

both the variables. In the month of June when temperature is maximum and growing season is at 

its peak (Zimov et al., 1999) the process of photosynthesis dominates the process of respiration 

and causes a reduction in the carbon dioxide concentration. Soon after the monsoon season, as the 

temperatures starts decreasing, the process of respiration in plants dominates the process of 
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photosynthesis and carbon dioxide is released into the atmosphere (Dettinger and Ghil, 1998). This 

shows alternating relationship between the monthly temperatures and the amount of carbon 

dioxide in the atmosphere as depicted in the figure 4.12. 

 

Figure 4.12: Climatological Analysis: CO2 vs Temperature 

4.4 Spatial Analysis 

4.4.1 Identification of Hot Spot Regions in Pakistan w.r.t Carbon dioxide Concentrations 

Spatial analysis of carbon dioxide concentration reveals variation in the distribution pattern 

in its amount over the entire region. Mean distribution during 2003 – 2009 indicates that the 

concentration of CO2 between 391 ppm and 400 ppm lies in the provinces of KPK, Balochistan, 

FATA and disputed area. The concentration of carbon dioxide greater than 400 ppm can be 

observed in the district Gilgit, province of KPK as shown in the table 4.1 and table 4.2.  
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PROVINCE 

NAME 
DISTRICT NAME 

CO2 

(ppm) 

KPK Upper Dir 399.74 

KPK Chitral 399.26 

KPK Swat 396.69 

KPK Kohistan 396.63 

KPK Chitral 396.45 

Balochistan Bolan 395.01 

KPK Swabi 395.00 

Balochistan Sibi 394.71 

KPK Upper Dir 394.60 

Balochistan Gwadar 393.58 

F.A.N.A. Diamir 393.15 

F.A.T.A. 
North Waziristan 

Agency 
392.60 

Disputed Area Disputed Area 392.24 

Disputed Area Disputed Area 392.09 

Disputed Area Disputed Area 391.94 

KPK Tank 391.06 

 

Table 4.1: Hotspot Regions having CO2 between 391 ppm and 400 ppm 

 

PROVINCE 

NAME 

DISTRICT 

NAME 
CO2 (ppm) 

KPK Chitral 406.42 

KPK Chitral 401.54 

 

Table 4.2: Hotspot Regions having CO2 greater than 400 ppm 

The map below shows mean distribution pattern of CO2 concentrations in the years 2003 – 2009 

in various provinces of Pakistan. It may be observed that in the KPK province the concentration 

of CO2 reaches the level greater than 391 ppm whereas, in the Gilgit district of KPK it is more than 

400 ppm. 
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Figure 4.13: Mean Map of CO2 Concentration (2003 – 2009) 

Like Pakistan, increase in the CO2 concentration in the northern region of India was also observed 

in the study conducted during 2004 – 2011 (Kumar et al., 2014). 

4.5 Fossil Fuel Emissions and Carbon dioxide: Analysis 

4.5.1 Sectoral Distribution of CO2 Emissions 

Fossil fuel combustion is considered one of the major sources of anthropogenic carbon 

dioxide emissions. According to 5th IPCC report, between 1750 and 2011, Anthropogenic CO2 

emissions to the atmosphere were 555 ± 85 PgC where fossil fuel combustion and cement 
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production contributed 375 ± 30 PgC. IPCC Report also mentions CO2 emissions from fossil fuel 

burning as one of the dominant cause of the observed increase in atmospheric CO2 concentration. 

Therefore, Emissions to the atmosphere of carbon dioxide from fossil-fuel combustion are of 

concern because of their growing magnitude, the resulting increase in atmospheric concentrations 

of CO2, the concomitant changes in climate, and the direct impact of increased atmospheric CO2 

on ecosystems and energy demand (Andres et al., 2012). 

Fossil fuel data analysis shows the sector wise distribution of 1809009 Kt CO2 emissions in 

Pakistan during 2003 – 2009 (Fossil Fuel data over Pakistan during 2003 - 2009 was obtained from 

carbon dioxide Information Analysis Center (CDIAC)). In Pakistan almost 24.38% emissions of 

CO2 are due to gaseous fuel consumption, 20.43% due to Liquid fuel consumption, 16.14% due 

to Manufacturing Industries and Construction, 15.36% due to electricity and heat production, 

whereas transport sector contribute only to 11.31% of total CO2 emissions. Similarly in case of 

global fossil fuel CO2 emissions, power generation and industry dominate the total mass of 

emissions (Andres et al., 2012). 

 

 

 

 

 

 

http://cdiac.ornl.gov/
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Sectors 

CO2 

Emissions 

(Kt) 

CO2 

Emissions 

(%) 

Electricity and heat production, total 277800 15.36 

Gaseous fuel consumption 441000 24.38 

Liquid fuel consumption 369567 20.43 

Manufacturing industries and construction 292020 16.14 

Other sectors, excluding residential buildings and 

commercial and public services 
3420 0.19 

Residential buildings and commercial and public 

services  

96000 5.31 

Solid fuel consumption  
124612 6.89 

Transport 204590 11.31 

Total CO2 Emissions 1809009 100 

 

Table 4.3: Sector wise Distribution of Total CO2 Emissions (Kt) 

 

Figure 4.14: Sector wise Distribution of CO2 Emissions 

http://www.indexmundi.com/facts/pakistan/co2-emissions#EN.CO2.BLDG.MT
http://www.indexmundi.com/facts/pakistan/co2-emissions#EN.CO2.BLDG.MT
http://www.indexmundi.com/facts/pakistan/co2-emissions#EN.ATM.CO2E.SF.KT
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4.5.2 Comparison of Total Fossil Fuel Consumption and Total Carbon dioxide Emissions 

Total CO2 emissions in Pakistan during 2003 – 2009 were almost 1809009 Kt from various 

sectors as mentioned above. The graph below shows an increasing trend in CO2 emissions during 

the suggested period. 

 

Year Total CO2  Emissions (Kt) 

2003 215962 

2004 239559 

2005 245977 

2006 262854 

2007 285181 

2008 277225 

2009 282251 

Total 1809009 

 

Table 4.4: Total CO2 Emissions Kt (2003 – 2009) 
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Figure 4.15: Total CO2 Emissions (2003 - 2009) 

According to Economic Survey of Pakistan 2014, total fossil fuel consumption during 2003 – 

2009 in Pakistan was about 56370784.56 Kt 

Year Total Fossil Fuel Consumption (Kt) 

2003 6085305.78 

2004 7916422.79 

2005 7737625.96 

2006 7917601.33 

2007 10135629.67 

2008 8414517.96 

2009 8163681.07 

Total 56370784.56 

 

Table 4.5: Total Fossil Fuel Consumption Kt (2003 - 2009) 

 



49 
 

The graph below indicates the increasing trend in the consumption of fossil fuel in Pakistan during 

2003 - 2009. 

 

Figure 4.16: Total Fossil Fuel Consumption (2003 - 2009) 

Comparison of total fossil fuel consumption and total CO2 emissions show that during that period 

both the consumption and emissions increased linearly having correlation coefficient of 0.84 as 

shown in the figure 4.17. Similarly comparison of total CO2 emissions, CO2 emissions from fossil 

fuel and the atmospheric concentration of CO2 through satellite analysis all showed positive 

correlation of 0.92 as indicated in the figures 4.18 and 4.19. 
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Figure 4.17: Total CO2 Emissions vs Total Fossil Fuel Consumption (2003 - 2009) 

 

 

Figure 4.18: Total CO2 Emissions vs Satellite CO2 Concentrations (2003 - 2009) 
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Figure 4.19: CO2 Emissions from Fossil Fuel vs Satellite CO2 Concentrations (2003 - 2009) 

It is therefore justified that annual increase in CO2 concentrations over Pakistan during 2003 

– 2009 can be attributed to annual increase in the fossil fuel consumption and hence annual increase 

in the CO2 emissions from the fossil fuel burning. 

4.6 Deforestation and Increase in Carbon dioxide Concentrations  

Forests play an important role in the uptake of carbon emissions. About 33% of CO2 

emissions are absorbed by the forests (Parry et al., 2007). Based on the recommendations of IPCC, 

besides lowering fossil fuel emissions, forest degradation and land use changes must be accounted 

for (Munawar et al., 2015). The analysis of hotspot regions in Pakistan clearly indicated marked 

increase in the amount of CO2 in the KPK region of Pakistan from 2003 – 2009. This can be related 

to the rate of deforestation in that particular region. In Pakistan an area of almost 4.6 million 

hectares is occupied by the forests. Of this 40 % is found in the KPK province, 15.7% in Northern 

areas and 6.5 % in Azad Kashmir (Tariq et al., 2015). Pakistan is ranked second in terms of 

deforestation rate around the globe which is 4.6 % per annum and the conifer forests which are 

found in the KPK province, Azad Kashmir and Northern areas is declining at the rate of 1.27% 
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(Ahmad et al., 2012; Khan et al., 2009). A Study conducted in Pakistan shows that the major cause 

of extensive deforestation in Khyber Pukhtunkhwa is to meet household needs such as cooking 

and heating purposes, for making furniture, etc. Moreover black marketing and stake holders on 

these forests are also aggravating the situation. Meanwhile the ineffective management and 

ignorance of the forest department is another contributing factor in enhancing the rate of 

deforestation in that region apart from inefficient grazing patterns followed in the region. 

Therefore, deforestation which has reached to the level of 14.7% since 1990 till 2005, results in 

biomass burning of wood thus increasing the CO2 concentrations in the atmosphere above those 

regions (Tahir et al., 2010). 
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Chapter 5 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

From the above mentioned results and discussion it can be implied that during the period 

of 7 years from 2003 to 2009, the concentration of CO2 increased with the absolute change of 13.2 

ppm and total relative change of 3.32% over seven years. Monthly analysis delineates the 

increasing trend in seven years where average maxima lies at 391.2 ppm an average minima lies 

at 378 ppm of CO2. It has been observed that the summer decrease and winter increase has also 

shown an increasing trend indicating increase in amplitude of the CO2 concentration. 

Climatological analysis show the inter annual variation of carbon dioxide concentration where in 

spring season the maxima is reached in the months of April and May. After reaching maxima it 

starts declining and reaches the fall minima in the months of August and September. The results 

also indicate an absolute increase of 13.3 ppm in minima and 12.4 ppm in maxima with respect to 

concentration of CO2 during the period of 7 years over Pakistan. The results show an increase in 

the amplitude of WI from approximately 9.01 ppm in 2003 to 12.91 ppm in 2008 whereas average 

increase during 2003 – 2009 is 9.538035 ppm. The results also indicate and increase in SD which 

was 6.7 ppm in 2003 and 9.7 ppm in 2008 and the average increase during 2003 – 2009 is 7.242806 

ppm. 

Variation of CO2 and Temperature show increase in annual concentration of both indicated 

by the positive correlation of 0.054. This confirms the warming effect caused by the CO2 emissions 

in the atmosphere. Monthly comparisons also present seasonal oscillations between both the 

variables which can be closely observed in the climatological cycle. 
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It was found that the annual increase in the amount of CO2 over Pakistan from 2003 - 2009 was 

linked to the increase in fossil fuel emissions during the suggested period. Comparison of total 

fossil fuel consumption and total CO2 emissions show that during that period both the consumption 

and emissions increased linearly having correlation coefficient of 0.84. Similarly comparison of 

total CO2 emissions, CO2 emissions from fossil fuel and the atmospheric concentration of CO2 

through satellite analysis all showed positive correlation of 0.92. 

The hotspot analysis of the districts of Pakistan revealed increased amounts of CO2 in the 

province of KPK, northern areas and AJK. Particularly in the province of KPK, District Gilgit, 

concentration of carbon dioxide greater than 400 ppm was observed. Such an increase in the 

northern region can be attributed to deforestation as a result of biomass burning thus releasing CO2 

in the atmosphere. This also causes reduction in the sinks available for CO2 fixation. 

5.2 Recommendations 

Following are the recommendations which can be observed in order to expand the current research: 

 The analysis can be further expanded by retrieving data post 2009. 

 Data sets from different satellites like with that of GOSAT can also be compared. 

 Land use change pattern including change in vegetation and deforestation can also be 

analyzed in detail using satellite datasets to find out its impact on the increasing concentration 

of CO2. 
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