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1 INTRODUCTION 

 
Our existence on earth came into being millions of years after the Big Bang. During this time the 

level of green house gases (GHGs) in the atmosphere served as a blanket to keep the planet 

warm, rather than turn it into a cold ball, enabling the existence and sustenance of life. The 

factors that contributed to the changes in climate and enabled the evolution of life and 

ecosystems are ascribed to natural forcing such as volcanic activity, solar irradiance, and earthôs 

orbit around the sun. 

 

Climate change concerns us because of the potential impacts on the humans. Climate variability 

and greenhouse gas concentrations in the atmosphere are of no concern to humans unless there 

are human implications and risks. Greenhouse gas concentration is at the highest today than ever 

before including pre-industrial (before 1750) ages (World Meteorological Organization (WMO) 

2011). Studies have shown high correlation between climate variability and greenhouse gas 

concentration. Climate change today is at a pace that has exceeded paleo-climatological changes. 

Human societies today have to adapt to the rapidly changing climates and the risks posed are not 

to the earth but to humans. There is a need to build the resilience against the impacts of climate 

change.  

 

The Brundtland Commission Report of 1987, referred to as ñOur Common Futureò, opened the 

eyes of the world to the impending doom on the environment due to rapid industrial 

development. The World Meteorological Organization (WMO) and the United Nations 

Environment Programme (UNEP) to provide governments of the world with reliable, scientific 

evidence on the climate system and pressures and the potential impacts on humans created the 

Intergovernmental Panel on Climate Change (IPCC) in 1988. The first assessment report by the 

IPCC brought out in 1990 gave scientific evidence of anthropogenic emissions and itseffects on 

the climate system and the importance of dealing with climate change at a political platform. The 

Brundtland Commission report and the first assessment report of the IPCC was the highlight of 

the United Nations World Commission on Environment and Development at Rio de Janeiro 

(Earth Summit);the deliberations led to the formation of the international environment 

convention, the United Nations Framework Convention on Climate Change (UNFCCC) in 1992. 

 

Climate system is a global common and climate change is a global phenomenon as it manifests 

across land, air, ocean and life thereby the climate systems becomes entwined with our relations 

with one and other. There is a great deal of certainty of climate-induced changes, although 

predictions about the precise nature of their changes are uncertain. The UNFCCC recognized the 

climate system as a global common whose stability can be affected by the industrial and other 

greenhouse gas emissions. As a common property resource, the climate systems would also be 

subject to the principle of the ótragedy of the commons. There is a need for global solution and 

the enforcement of common but differentiated responsibilities (CBDR) to sustain this global 

common. The convention set a framework for intergovernmental efforts to tackle the problem of 

climate change and today the convention enjoys membership with 192 countries to combat 

climate change.  

 

In 1997, a second and far more reaching treaty was signed on climate change and adopted in 

Kyoto, where it enforced mandatory targets on greenhouse-gas emissions for the world's leading 
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economies, commitments of greenhouse gas reductions under the protocol vary from nation to 

nation. It put into place flexible mechanisms for meeting these targets through, international 

emissions trading, intergovernmental emissions trading, clean development mechanism and joint 

implementation. The protocol intended to be effective against a complicated problem and was 

also politically accepted, except for the United States that stayed out of the protocol.   

 

In February 2007 the IPCC in it summary for the policy makers concluded, ñwarming of the 

climate system is unequivocal, as is now evident from observations of increases in global 

average air and ocean temperatures, widespread melting of snow and ice, and rising global 

average sea level.ò The Convention defines climate change in Article 1(2) as ña change of 

climate which is attributed directly or indirectly to human activity that alters the composition of 

the global atmosphere and which is in addition to natural climate variability observed over 

comparable time periodsò (UNFCCC n.d.). The definition has accentuated the role of 

anthropogenic factors that influence climate change. However to understand the gravity of 

climate change, attention has to be paid to climate variability and its impacts.  

 

The IPCC Fourth Assessment Report (IPCC 2007) has highlighted the climate change impacts as 

an increased risk of animal and plant species extinction, melting of glaciers and snow cover, 

displacement due to sudden climate change related disasters, and adverse health impacts. At this 

juncture it is pertinent to differentiate between the impact on developed and developing 

countries. Developing and least developed countries do not have the means to address climate 

change related challenges making them the most vulnerable to the impacts of climate change. It 

has also been identified by the UNFCCC and the IPCC that it is the vulnerable communities that 

are urgently required to increase their adaptive capacity. The Third Assessment Report of the 

IPCC has suggested that despite full implementation of the Kyoto protocol, the impacts of global 

climate change will start being felt within the next few decades especially by the most vulnerable 

countries and communities. 

 

The global community has to follow the UNFCCC and Kyoto Protocol in dealing with the 

impacts of climate change. The UNFCCC has two policy frameworks on tackling climate 

change. One is through ñmitigationò where there is a prevention of a dangerous interference with 

the climate system and the second is through the process of ñAdaptationò where there is 

reduction of vulnerability to climate change. Adaptation relates to development and related 

policy questions (UNFCCC n.d.). These actions reduce the forcing on the climate system as well 

as increase the coping capacity of humans to the impacts of climate change. 

 

1.1 Important Negotiations and the Climate Deal  
 

Climate change debate and negotiations have been volatile; the United Nations Conference on 

Climate Change in Bali in 2007 was to create a successor for the Kyoto Protocol.  The main 

objective of the new protocol had to be the same as before; to stabilize greenhouse gas emission 

so as to avoid uncontrollable climate change. There were various alliances that went into the 

conference. The European Union sought binding comments from the industrialized nations that 

went beyond the Kyotoôs 20-40 percent reduction from 1990 levels by 2020. The developing 

countries with the BASIC countries (Brazil, South Africa, India and China) as leaders however 

objected to binding emission targets in the interest of development and proposed common but 
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differentiated responsibilities (CBDR). United States backed by Canada, Japan and Australia 

opposed the emission reduction targets set by the EU. While the least developed countries (LDC) 

and Association of Small Island States (AOSIS) faced the brunt of the climate vagaries and 

where in need financial assistance from developed nations. The question that arose next was who 

would take the financial burden of reducing greenhouse gas, follow a sustainable approach to 

development and help poor countries adopt a path of sustainable development with rapid 

economic growth. Finally at the end of the Bali conference there was some hopefor a new 

protocol emerging beyond the Kyoto when the US reversed its standon staying out of the climate 

deal. Developing countries like India and China plan on sitting out of the climate negotiations 

were also ending as US decided to be party to the climate agenda. This was the first step taken by 

the developed nations through collective action to protect the global common property resource.  

 

On March 28th 2008, the United Nation Human Rights Commission adopted a resolution on 

human rights and climate change. It was for the first time in a UN resolution explicitly 

recognized that climate change ñhas implications for the full enjoyment of human rightsò. The 

application of human rights principles and norms can bring about a range of benefits to 

international and national efforts to respond to global warming, and that the obstacles to doing so 

are mainly practical difficulties, related in particular to the entrenched ñpath dependenceò of the 

two policy areas (Limon 2009). Following this another change had taken place in the developing 

nations; India had brought out in June 2008 its National Action Plan on Climate Change 

(NAPCC) stating Indiaôs contribution in combating climate change. There are eight missions 

under the NAPCC namely  

 

1. National Solar Mission 

2. National Mission on Enhanced Energy Efficiency 

3. National Mission on Sustainable Agriculture  

4. National Water Mission 

5. National Mission for Sustaining Himalayan Ecosystem  

6. National Mission on Sustainable Habitat  

7. Green Indian Mission  

8. Nation Mission for Strategic Knowledge for Climate Change  

 

and the concernedministries would be responsible for developing objectives, implementation 

strategies, timelines, and monitoring and evaluation criteria.  

 

Post 2008, Indiaôs stand on the climate change debate became convincing at the next Conference 

of Parties (COP) 15 in Copenhagen in 2009, where India signed the Copenhagen accord with 

China and accepted legally binding carbon reduction of 20-25 percent and with a low carbon 

growth strategy. In a landmark decision at COP 17 in Durban (2011) for the first time 

commitment from all countries were to work out a global legally binding framework to cut 

emissions. Though the three largest emitters of the world, US, India and China have committed 

to sign a legal framework to cut emissions, India showed strong resistance. The contribution of 

this deal will be felt in the long term as it will increase food and water security, provide clean air 

and would improve livelihood of individuals in the country rather than write their livelihood 

away. At Durban it was also decided that the Kyoto was to exist until 2017 and during this 

period, a new legal binding commitment is to be decided to supersede the Kyoto Protocol. India 
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demand of equitable access to sustainable development for developing countries without being 

hindered by emission cuts at local level. At the local level there has been much action in the 

energy sector to mitigate climate change by the government through clean energy projects, there 

has been a little done to facilitate adaptation and increase resilience of poor and vulnerable 

communities. Although Gujaratôs image is of high economic growth, it cannot do away with the 

livelihood needs of the poor, and discharging welfare functions for its citizens. There is a critical 

need for Gujarat to implement adaptation projects in the agricultural, water resources and coastal 

zone to increase resilience. 

 

There is scientific evidence that climate change impacts humans across various sectors affecting 

human health, economy, increasing food and water security and the livelihoods of the poor and 

vulnerable. There is a need to communicate the causes and the impacts of climate change to 

increase resilience. The world continues to negotiate a comprehensive international climate 

agreement and countries begin to implement their national greenhouse gas emission reduction 

targets as actions under the precautionary principal. Skepticism still remains mainly among those 

who deny taking responsibility for the climate system, and want to befoul it without looking at 

implication of their actions. Today there is peer reviewed scientific evidence and new findings 

are connecting the dots between anthropogenic greenhouse gas emissions and its effects on the 

natural climate system and the consequence impacts on humans.  

 

1.2 New Scientific Findings  
 

The World Resources Institute (WRI) has put its efforts to understand the functioning of the 

climate system and its impacts. Since 2005, the WRI has taken up a daunting task of identifying 

astounding contributions to support climate change science and reduce skepticism. This section 

will give a few insights on new scientific, peer-reviewed evidence on climate change.  

 

Physical climate 

New scientific findings have shown that cumulative total anthropogenic carbon emissions need 

to be limited to one trillion tones if global average temperatures are to remain below the 2° C 

(range of 1.3ï3.9 °C) limit as per temperature increase agreed to in the Copenhagen Accord. 

Estimates of future warming are more dependent on total anthropogenic carbon emissions than 

on the realization of a specific stabilization scenario (Allen et al. 2009). It is suggested by Lean 

& Rind (2009) that short-term climate (2009-2014) trends will show an increase in temperature 

of 0.150C (+/- 0.03°C), a rate that is 50 percent higher than IPCC projections. However, because 

of declines in solar activity resulting from the Sunôs natural cycle, the increase from 2014 to 

2019 would be 0.03° C (+/- 0.01° C). 

 

Intensification of hydrological cycle 

According to Allen & Soden (2008)based on a study conducted using models forecast that a 

warmer atmosphere will hold more moisture and rainfall events will become more common in 

the tropics. Precipitation events will be more extreme than previously thought. The researchers 

compared model predictions (using multiple Coupled Model Inter-comparison Project 3 

(CMIP3) models) of daily precipitation over tropical oceans with data collected from satellite 

observations. They found that the observations and model simulations do not match perfectly, 

with the simulated rate of extreme rainfall events being lower than the observations. The Indian 
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Ocean Dipole (IOD) is an important driver of tropical weather patterns in the Indian Ocean. The 

authors suggest that human-induced climate change will lead to a strong interdependency 

between the IOD and Asian monsoon precipitation variability. IOD events can result in heavy 

rainfall events in western India (Abram et al. 2008). 

 

Ecosystem and ecosystem services   

According to a recent study by Carpenter et al. (2008), the resilience of corals will depend upon 

its ability to adapt, future atmospheric concentrations of carbon dioxide, and the reduction of 

non-climate stressors, such as eutrophication, sewage discharge, and coastal development. 

Bleaching events may become so common that the species will be unable to recover and will be 

pushed to extinction. The loss of coral species will have concomitant impacts on reef-dependent 

species and, thus, on marine ecosystems and global biodiversity at large. The authors point out 

that the loss of reef-building corals will have cascading impacts on food security, given that 

human populations on the order of hundreds of millions depend on reef fish for food sources. In 

a study it is pointed out that higher temperatures alone will have significant negative effects on 

crop yields, even without the projected impacts of associated drought. Experimental models of 

most major grains suggest that the temperature increases that are projected will reduce yields by 

2.5ï16 percent for every 1 degree C in seasonal temperatures, simultaneously stressing already 

vulnerable populations in India, China and Indonesia (Battisti & Naylor 2009). 
 

1.3 Sine Qua Non 
 

The question in consideration here is whether the weather is propitious to take action? 

 

Action to reduce the impending impacts must be taken now. Despite the international scientific 

community's consensus on climate change, critics continue to deny that climate change exists or 

that humans are causing it. There has been agreement in terms of reducing the build-up of 

greenhouse gases in the atmosphere but limited real action and bitter arguments around 

negotiations show that the achievements of lasting reduction in greenhouse gas emission will 

involve more than setting targets. This attitude has been taken to the international negotiations 

where negotiators use the uncertainty among the risks to avoid making planned responses to 

adapt and mitigate. Cautious observations about challenges facing governments in reaching 

decisions on actions to minimize the threat of climate change looks like a cop out.   

 

There is scientific evidence that climate change will affect humans and ecosystems, it is 

therefore, imperative to mitigate climate change or to adapt to it. Where there is risk with 

uncertainty of harm being caused to the society and environment, preemptive action needs to be 

taken. Here the precautionary principle must be enforced so as to reduce these impacts. The Rio 

declaration of 1992, defines the precautionary principle ñin order to protect the environment, the 

precautionary approach shall be widely applied by States according to their capabilities.  Where 

there are threats of serious or irreversible damage, lack of full scientific certainty shall not be 

used as a reason for postponing cost-effective measures to prevent environmental degradation 

(UN General Assembly 1992). 

 

According to the UNFCCC 1992, the ultimate objective of this Convention and any related legal 

instruments that the Conference of the Parties may adopt is to achieve, in accordance with the 
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relevant provisions of the Convention, stabilization of greenhouse gas concentrations in the 

atmosphere at a level that would prevent dangerous anthropogenic interference with the climate 

system. Such a level should be achieved within a time frame, sufficient to allow ecosystems to 

adapt naturally to climate change, to ensure that food production is not threatened and to enable 

economic development to proceed in a sustainable manner. Depending on what is done and how 

quickly it is implemented, the rate of growth will be slowed, but consequences will become 

appreciable in the long term.  

 

Action can be taken in two broad forms of mitigation and adaptation. The UNFCCC (n.d.) 

defines mitigation as ñan anthropogenic intervention to reduce the sources or enhance the sinks 

of greenhouse gases.ò Climate adaptation is the, ñAdjustment in natural or human systems in 

response to actual or expected climatic stimuli or their effects, which moderates harm or exploits 

beneficial opportunities.ò Types of adaptation can be distinguished, as autonomous and planned 

adaptation. Climate change mitigation is action to decrease the intensity of radiative forcing in 

order to reduce the potential effects of increased temperature due to increase in greenhouse 

gases. Adaptation to global warming and climate change seeks to reduce the vulnerability of 

natural and human systems to climate change effects. 

 

However, if action against climate change is not taken up, and if the climate system warms up 

more rapidly or reaches a critical level which precipitates a flip, then it could be too late. Actions 

taken now are bound to concentrate on making economic sense, which may delay global 

warming and could have additional benefits of reducing risks of extreme events.   
 

Gujarat has taken cognizance of climate change and related impacts it may have on livelihoods, 

vulnerable population and industry. Under the common but differentiated responsibility, the state 

has done commendable work to mitigate climate change and has the maximum number of 

registered projects under the clean development mechanism in India. The state is also gearing up 

to adapt against climate related impacts through various programmes such as Krushi Mahotsav, 

crop and soil management, integrated coastal zone management, etc. 
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2 METHODOLOGY 
 

2.1 PSIR Framework  
 

Society is becoming more concerned with environmental issues. This increased awareness means 

that there is a willingness to protect the environment and limit the damage caused by human 

activities. PSIR is a general framework for organizing information about state of the 

environment. The idea of the framework was however originally derived from social studies and 

only then widely applied internationally, in particular for organizing systems of indicators in the 

context of environment and, later, sustainable development (Niemeijer & Groot 2008). 

Environmental Impact Assessments (EIA) has been made mandatory for planning and decision 

making from private enterprises to governments and international organizations. 

 

Environmental indicators have come to play a vital role in environmental reporting as they 

provide signs to communicate complex messages. In recent years, environmental indicators have 

become a prerequisite component of assessing environmental impacts and reporting the state of 

the environment in India and various other countries. This has increased the influence of 

environmental indicators on environmental management and policy making at all scales of 

decision making as well as monitoring and evaluation (OECD 1999; Niemeijer & Groot 2008). 

 

According to Kristensen (2004), the DPSIR framework is a chain of causal links starting with 

ódriving forcesô (economic sectors, human activities) through ópressuresô (emissions, waste) to 

óstatesô (physical, chemical and biological) and óimpactsô on ecosystems, human health and 

functions, eventually leading to political óresponsesô (prioritization, target setting, indicators). It 

obvious that not all issues or themes of a state-of-the-environment report need a full DPSIR 

presentation, in many cases some aggregation of DPSIR elements will only make them easier to 

work with and understand. Here for ñThe State of Climate Change Reportò we use a PSIR 

framework, which is more adapted to the state of environment reporting in India.  

 

The framework assumes cause-effect relationships between interacting components of social, 

economic, and environmental systems, which are 

 

1. Cause of the problem: Pressure (P) 

¶ Economic, social, institutional or other pressures on the environment that may 

contribute to or cause particular environmental states 

2. Status of the issue: State (S) 

¶ Condition or quality of the environment and trends in that condition brought about 

by human or other pressures  

3. Impact of the issue: Impact (I) 

¶ Effects of the issue on people, environment and economy 

4. Response to the issue: Response (R) 

¶ Measures taken by different stakeholders to improve the situation  
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Figure 1: Simple PSIR Framework 

 
 

2.2 Methods, Data Collection and Issues  
 

2.2.1 Climate trend analysis  
 
Methods: Data on mean, minimum and maximum temperatures and annual rainfall were 

analyzed. For temperature analysis, average of all the seasons was calculated region wise. 

Seasons considered are spring (March), summer (April, May), monsoon (June, July, August, 

September), autumn (October, Number) and winter (December, January, February) for the 

analysis. The trend line has to show the change in climate has been tested for significance. To 

understand trends 30 years moving point averages have been calculated. These calculations were 

based on data from 20 stations located at district level and were up-scaled to show five regions. 

The regions are North Gujarat (Ahmadabad, Banaskantha, Gandhinagar, Mahesana, Patan, 

Sabarkantha), Central Gujarat (Anand, Dhaod, Kheda, Panchmahal, Vadodara), South Gujarat 

(Baruch, Dang, Narmada, Surat), Saurashtra (Amreli, Bhavnagar, Rajkot, Surendarnagar). For 

rainfall annual mean precipitation for the different regions were calculated. 

 
Data Collection: Data on mean, minimum, maximum temperatures for the period of 1901-2001 

was collected from India water portal. Similarly rainfall data for 1901-2008was collected from 

India water portal and IMD. 

 

2.2.2 Greenhouse gas accounting 
 

Climate change happens due to the increased concentration of greenhouse gases in the 

atmosphere contributed by natural and anthropogenic activities. Today the level of greenhouse 

gases in the atmosphere is highest at any given point in time (World Meteorological Organisation 
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(WMO) 2011); therefore, the increase in anthropogenic greenhouse gas concentration has 

affected the climate system through the greenhouse gas effect. For the State of Climate Change 

Report of Gujarat 2012, efforts were made to inventorise greenhouse gases (CO2, CH4and NOx). 

To estimate the total amount of greenhouse gases emitted from Gujarat the IPCC 2006 guidelines 

and the Inter Government Panel on Climate Change (IPCC) 2003 guidelines were used for 

making inventories of greenhouse gases.  

 

The general procedure for calculating GHG emissions from each emission source is as follows: 

 

1. Determine the needed activity data for each emission source 

2. Collect the activity data. 

3. Select appropriate emission factors based on the activity data 

4. Calculate GHGs emissions by gas (i.e., CO2, CH4, N2O, HFCs, PFCs, and SF6) by 

multiplying activity data by the appropriate emission factors 

5. Convert emissions to metric tons CO2-equivalent (CO2e) using each GHGôs global 

warming potential (GWP) and sum to obtain total emissions  

 

Three methods provided in the IPCC 2006 Guidelines for estimating greenhouse gases. The Tier 

1 Reference Approachô aggregate estimates of emissions by fuel type; whereas the Sectoral 

Approach allocates these emissions by source category, these values are aggregated. The Tier 2 

and Tier 3 methods provide more detailed results for those countries whose consumption data 

are collected at a detailed level. Tier 2 and tier 3 give more accurate values.    

 

The procedures for greenhouse gases inventories of the following sectors are given below in 

detail include data collection, issues and limitations.  

 

Power Sector  

 

Methods: IPCC 2006 guidelines, calculation done till tier 2.  

 

Tier 2 

Emission GHG = Fuel consumed fuel * Country specific Emission Factor GHG, fuel 

 

Data Collection: Fuel consumption, time of commissions, technology used and efficiency data 

was acquired from 15 out of the 18 power stations in Gujarat.  

 

Issues: Time series data is available only from 2005- 2006 onwards. To show emissions form 

Gujaratôs power sector from 1990 (baseline) default values for coal, lignite and natural gas were 

acquired from consultations with experts.  

 

Transport Sector 

 

Methods: IPCC 2006 guidelines for tier 1 for road, rail, water-borne and airways to inventories 

emissions. For road transportation tier 2 another methodology was used developed on the basis 

of the IPCC 2006 guidelines , approach of Ramachandra et al.(2009) was used to make the 

inventory stronger by reaching more accurate values.  
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Tier 1: Emissions = Fuel consumed type of fuel * Default emission factor type of fuel (Road, rail, water 

and air transportation) 

 

Tier 2: Emissions = (Number of vehicles * distance travelled in a year per different vehicle type) 

* Country specific emission factor (For road transportation) 

 

Data Collection: Data was collected from Indian Oil Corporation Limited (IOCL) on fuel 

consumed by each of the following sectors. Average kilometer travelled by vehicle type was 

understood by various authors (Mittal & Sharma 2003, CPCB 2007; EEA 2001). Total number 

of vehicles data was collected from the Directorate of Economics and Statistics, Government of 

Gujarat. 

 

Issues:  As far as the waterways are concerned the International bunkers are not considered. 

Even for the airways and railways, only the emissions are based on the fuelling within the state. 

Emissions by planes / locomotives, which operate in Gujarat but are fuelled elsewhere, have not 

been accounted for. 

 

Industry Sector 

 

Methods:  The Intergovernmental Panel on Climate change (IPCC) has come out with a 

methodology for estimating the emissions from the industry sector under the industrial processes 

and product use (IPPU) in 1996 and again in 2006 and the Good Practice Guidance 2000. The 

2006 IPCC guidelines for National Greenhouse Gas Inventories also provide methods of 

estimating GHGs from industry sector. According to this the Greenhouse gas emissions are 

categorized into two types 

¶ non energy emissions 

¶ energy emissions 

The non energy emissions are basically due to industrial processes and use of products and the 

non energy use of fossil fuel carbons, whereas the energy emissions are due to the use of fossil 

fuels for energy and heat generation during the processes. 

 

Here we consider only those industry types that have a high share in contributing to greenhouses 

gas emissions in the State. Considering the importance and GHG emission potential, we 

considered following industries for our study. 

¶ Ammonia production 

¶ Cement 

¶ Textile Manufacturing 

¶ Paper and pulp 

¶ Food Processing  

Tier 1 level of emission estimates were achieved for all the industry types and Tier 2 was 

achieved for the Cement manufacturing industries.  

 

For the textile and food processing industry the emissions based on the fossil fuel consumption 

for their activities were used to calculate the emissions. All others are based on the non-energy 

emissions, and were calculated based on their industrial processes. 
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The Formulae used for calculation of the Greenhouse Gas emissions are as provided by the IPCC 

2006 guidelines and the IPCC good practice guidelines of 2003. 

 

Ammonia Production  

 

Tier 1 

ECO2= AP*FR*CCF*COF*(44/12)-RCARBON DIOXIDE 

 

Where, 

ECO2= Emissions of CO2, Kg 

AP= ammonia production, tonnes 

FR= fuel requirement per unit of output, GJ/tone of ammonia produced (38.141748GJ as is 

used in the INCCA report 2007)  

CCF= carbon content factor of the fuel, kg c/GJ (14.4, INCCA report 2007) 

COF= carbon oxidation factor of the fuel, fraction (0.995, INCCA report 2007) 

RCO2= CO2recovered for downstream use (urea production), kg 

 

Cement Manufacturing: Tier 1 and Tier 2 

 

Tier 1 

CO2emissions = [× (Mci*Ccli) ïIm+Ex] * EFclc 

 

Where: 

Mci = weight (mass) of cement produced of type i, tones 

Ccli = clinker fraction of cement of type i, fraction 

Im = imports for consumption of clinker, tones 

Ex = exports of clinker, tones 

EFclc= emission factor for clinker in the particular cement, tonnes CO2/tonne clinker (0.537 

tonnes CO2per tonne of clinker produced, INCCA report 2007) 

 

Tier 2  

CO2emissions = Mcl*EFcl*CFckd 

Where: 

Mcl = Weight (mass) of clinker produced, tonnes 

EFcl = emission factor for clinker produced, tonnes 

EFcl = emission factor for clinker, tones CO2per tonne clinker 

CFckd = emissions correction factor for CKD, dimensionless 
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Paper and Pulp: 

Pollutant Emitted = Amount of paper produced * Emission Factor 

 

Food Processing: 

Pollutant Emitted = Quantity of food produced * Emission Factor  

 

Based on the Fuel consumed 

Emissions = Quantity of fuel consumed * Emission Factor for that particular fuel 

 

Textile Manufacturing:  

The emissions were calculated based on the fuel consumed 

Emissions = Quantity of fuel consumed * Emissions Factor of that particular fuel 

 

Data collection: Data to calculate greenhouse gas emissions from the industry sector was largely 

collected from Industrial Extension Bureau (iNDEXTb) for large and medium scale industries. 

The data for various industrial products were also obtained from relevant publications such as 

that of the Ministry of Chemicals and Fertilizers, Ministry of Petroleum and Natural Gas 

(MoPNG) etc.   The emission factors that are required to estimate the emissions were obtained 

based on the Indian Network for Climate change Assessment (INCCA) and values which are 

countries (India) specific. The IPCC default values were used when country specific values were 

not available. For the Cement industry, data was collected from the Cement Manufacturers 

Association (CMA), the fuel consumed by the textile and food-processing industry was collected 

from the Prowess 4 (CMIE database). 

 

Issues: For tier 1 production detail of every industry is required, but is not available. Greenhouse 

gas emissions calculated using the assumption that every industry can produce to its installed 

capacity thereby the potential greenhouse gas emission as per installed capacity is calculated. In 

India, some industries produce above their installed capacity while others produce less. There is 

no detailed data available for calculation at tier 2 let alone tier 3 levels for the industry 

mentioned above.  The data obtained from Prowess 4 were found to be inadequate and erratic 

and does not account for all the industries in Gujarat. This is due to the fact that a number of 

industries were not covered under this database. Another limitation of using this database is 

industries with their head/registered office in Gujarat were also considered to have their 

manufacturing units in the State, which is not the case. Hence such industries have also been 

omitted from greenhouse gas calculations.  

 

Agriculture and  Livestock 

 

Rice cultivation 

 

Methods: IPCC 2006 Guidelines are used to estimate the methane emission from rice 

cultivation. Tier 1 is used by using the default values from 2006 IPCC Guidelines for National 

Greenhouse Gas Inventories. IPCC, 2003 Good Practice Guidance for Land Use, Land Use 

Change and Forestry. 

Tier 1  

Calculation of Daily Emission Factor 
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EFi = EFc Å SFw Å SFp Å SFo Å SFs,r 

 

Where, 

EFi = adjusted daily emission factor for a particular harvested area 

EFc = baseline emission factor for continuously flooded fields without organic amendments  

SFw = scaling factor to account for the differences in water regime during the cultivation period  

SFp = scaling factor to account for the differences in water regime in the pre-season before the 

cultivation period 

SFo = scaling factor should vary for both type and amount of organic amendment applied 

 SFs,r = scaling factor for soil type, rice cultivar, etc. 

 

Calculation of CH4from Rice Cultivation  

CH4 rice= ×(EFi,j,k . ti,j,k . Ai,j,k . 10-6) 

 

Where,  

CH4Rice = annual methane emissions from rice cultivation, Gg CH4 yr-1 

EFijk  = a daily emission factor for i, j, and k conditions, kg CH4 ha-1 day-1; tijk  = cultivation period 

of rice for i, j, and k conditions, day 

 Aijk  = annual harvested area of rice for i, j, and k conditions, ha yr-1; i, j, and k = represent 

different ecosystems, water regimes, type and amount of organic amendments, and other 

conditions under which CH4 emissions from rice may vary 

 

Data Collection: Data was collected from Directorate of Agriculture, and reports like Gujarat 

Agriculture statistics at a glance 2010-11, Irrigation in Gujarat 1997, Irrigation in Gujarat 1999, 

and Irrigation in Gujarat 2008-09. 

 

Issues: Only irrigated data is used for study as the further classification of Rain-fed/ deep-water 

area couldnôt be retrieved as detailed level of classification is unavailable.  

 

Burning of Crops 

 

Methods: The 2-step method as laid down by Revised 1996 IPCC Guidelines for National 

Greenhouse Gas Inventories: Reference Manual was used. Also INCAA (2007) was referred for 

India specific analysis. 

 

Tier 1 

Step 1: Total Carbon release from burning of agricultural residues 

Total Carbon released (tones of carbon) = × AĬBĬCĬDĬEĬF 

 

Where,  

A= Annual production of crop  

B= the ratio of residue to crop product  

C= the average dry matter fraction of residue  

D= the fraction actually burnt in the field  

E= the fraction oxidized  

F= the carbon fraction 
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Step 2: Gas Emissions 

The amount of carbon released is multiplied by Emission ratios (as given by IPCC, 1996) so as 

to get the full molecular weights of these gases. 

CH4 Emissions = (carbon released) x (emission ratio) x 16/12 

CO Emissions = (carbon released) x (emission ratio) x 28/12 

N2O Emissions = (carbon released) x (N/C ratio) x (emission ratio) x 44/28 

NOx Emissions = (carbon released) x (N/C ratio) x (emission ratio) x 46/14 

 

Data Collection: District wise crop production figures were collected from Directorate of 

Agriculture, Government of Gujarat. The ratios of residue to crop were taken from IPCC 1996. 

The dry matter fraction of crop residue is taken from Bhattacharya & Mitral (1998). Fraction 

oxidized, fraction burnt and carbon fraction value is taken from IPCC 1997. 

 

Enteric fermentation  

 

Methods: The production of CH4 is mainly calculated under this category. Ruminant livestock 

(e.g. cattle, buffalo and sheep) and non-ruminant livestock (pigs, horses, ponies etc.) are 

considered for analysis.  

 

Tier 2: This level of analysis is followed due to availability of country specific emission factors 

which have been derived from extensive research taking into account gross energy intake, 

methane conversion factor for specific livestock category. 

 

Formula for Enteric Fermentation emission from livestock category 

Emission= EF(T) . N(T) . 10-6 

 

Where,  

Emissions = methane emissions from Enteric Fermentation, Gg CH4 yr-1 

EF(T) = emission factor for the defined livestock population, kg CH4head-1 yr-1 

N(T) = the number of head of livestock species / category T in the country 

T = species/category of livestock 

 

Country specific emission factors for the subcategories of livestock population considered for 

study are taken from Indiaôs Initial National Communication to the United Nations Framework 

Convention on Climate Change (IINC-UNFCCC 2003) 

 

Data Collection: Data has been collected from Directorate of Animal Husbandry, Government 

of Gujarat in form of Reports: Livestock Census-1997, 2003, 2007 for Gujarat State.  

 

Manure Management 

 

Methods: The greenhouse gases emitted from this sector mainly include CH4 and N2O. For CH4 

Tier 2 is followed, the CH4 emission factors are obtained from Indiaôs Initial National 

Communication to the United Nations Framework Convention on Climate Change (IINC-

UNFCCC), 2003. For N2OTier 1 is followed. Due to non-availability of country specific 

emission factors, we relied on factors provided from 2006 IPCC Guidelines for National 
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Greenhouse Gas Inventories. 

 

Tier 2 (CH4 Emission Calculation): Country specific emission factors have been derived 

considering detailed information on animal characteristics and manure management practices 

which are based on the conditions prevalent in the country. 

 

CH4Manure= × (EF(T) . N(T) . 10-6 ) 

 

Where, 

CH4Manure = Methane emissions from manure management, for a defined population, Gg CH4yr-1 

EF(T) = emission factor for the defined livestock population, kg CH4 head-1 yr-1 

N(T) = the number of head of livestock species/category T in the country  

T = species/category of livestock 

 

Tier 1 (N2OEmission Calculation): It is done by taking into account different types of manure 

management systems. 

 

N2O D(mm) = [×(×(N(T) . N(ex) . MS(T,S) )]. EF3(S)]. 44/28 

 

Where, N2O D(mm) = direct N2Oemissions from Manure Management in the country, kg N2O yr-1 

N(T) = number of head of livestock species/category T in the country  

Nex(T) = annual average N excretion per head of species/category T in the country, kg N animal-

1yr-1 

MS(T,S) = fraction of total annual nitrogen excretion for each livestock species/category T that is 

managed in manure management system S in the country, dimensionless 

EF3(S) = emission factor for direct N2O emissions from manure management system S in the 

country, kg N2O-N/kg N in manure management system S  

S = manure management system  

T = species/category of livestock; 44/28 = conversion of (N2O-N)(mm) emissions to N2O (mm) 

emissions 

 

Data Collection: Data has been collected from Directorate of Animal Husbandry, Government 

of Gujarat in form of Reports: Livestock Census-1997, 2003, 2007 for Gujarat State.  

 

Landuse Change and Forestry 

 

Forestland remaining forestland 

 

Methods: 2006 IPCC Guidelines are used to estimate the potential annual increase in carbon 

stocks in biomass (includes above-ground and below-ground biomass) and loss of carbon from 

wood removal is estimated in the forests of Gujarat. The three main forest types in Gujarat out of 

the 11 forest types have been re-categorized as per the IPCC types of forest. The calculations 

were based on the default values provided by IPCC. Both the factors, annual increase in biomass 

and less of carbon, from wood removal is included in the study. 
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Step 1: Annual increase in biomass carbon stocks due to biomass increment in land remaining in 

the same land-use category 

æCG=×(Ai.j .GTOTALi.j  . CFi,j) 

 

Where, 

ȹCG = annual increase in biomass carbon stocks due to biomass growth in land remaining in the 

same land-use category by vegetation type and climatic zone, tonnes C yr-1 

A = area of land remaining in the same land-use category, ha  

GTOTAL= mean annual biomass growth, tonnes d. m. ha-1 yr-1 

i = ecological zone (i = 1 to n)  

j = climate domain (j = 1 to m)  

CF = carbon fraction of dry matter, tonne C (tonne d.m.)-1 

 

Step 2: Loss of carbon from wood removal 

L wood-removals= {H .BCEFR . (1+R) . CF} 

 

Where,  

L wood-removals = annual carbon loss due to biomass removals, tonnes C yr-1 

H = annual wood removals, round wood, m3 yr-1 

R = ratio of belowground biomass to aboveground biomass, in tonne d.m. below-ground biomass 

(tonne d.m. above-ground biomass)-1 

CF = carbon fraction of dry matter, tonne C (tonne d.m.)-1 

BCEFR = biomass conversion and expansion factor for conversion of removals 

 

Data Collection: Gujarat Forest Statistics Report, by Project Planning, Monitoring and 

Evaluation Cell, Government of Gujarat is used for the calculation. 

 

Issues: Further analysis on loss of carbon due to fuel wood removal and loss of carbon from 

disturbances such as forest fires etc. could not be done to unavailability of data. 

 

Cropland remaining cropland 

 

Methods: 2006 IPCC Guidelines for national greenhouse gas inventories have been used the 

calculations are undertaken by using the default values from the same. The analysis has been 

conducted by using data on the woody crops like cotton, sugarcane, castor, mango, chiku, citrus, 

ber bean, guava and pomegranate. This is done to analyze the loss of carbon/ minerals due to the 

growth of perennial woody crops grown in the state. The study covers annual charge in carbon 

stocks in biomass as well as annual change in carbon stocks in mineral soils. 

 

Step I: Annual change in carbon stocks in biomass 

æCB = A * (ȹCG - ȹCL) 

Where, 

ȹCB = annual change in carbon stocks in biomass for each land sub-category, considering the 

total area, tonnes C yr-1 

ȹCG = annual increase in carbon stocks due to biomass growth for each land sub-category, 

considering the total area, tonnes C yr-1 
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ȹCL = annual decrease in carbon stocks due to biomass loss for each land sub-category, 

considering the total area, tonnes C yr-1 

 

Step II:  Annual change in carbon stocks in mineral soils 

SOC= × (SOC REF c,s,i . F LU c,s,i . F MG c,s,i . F Ic,s,I . A c,s,i) 

 

Where, 

ȹC Mineral = annual change in carbon stocks in mineral soils, tonnes C yr-1 

SOC0 = soil organic carbon stock in the last year of an inventory time period, tonnes C 

SOC(0-T) = soil organic carbon stock at the beginning of the inventory time period, tonnes C 

T = number of years over a single inventory time period, yr 

D = Time dependence of stock change factors 

c = represents the climate zones, s the soil types, and i the set of management systems that are 

present in a country. 

SOCREF = the reference carbon stock, tonnes C ha-1 

FLU = stock change factor for land-use systems or sub-system for a particular land-use 

FMG = stock change factor for management regime 

FI = stock change factor for input of organic matter 

A = land area of the stratum being estimated, ha 

 

Data Collection: Department of agriculture, Department of Horticulture, and Statistical Reports 

for Gujarat state, were the major source of data. 

 

Issues: Annual change in carbon stocks in organic soils analysis could not be done due to non-

availability of data. 

 

Waste sector 

 

Methods: The waste sector is covered under the Volume 5 of the 2006 IPCC Guidelines. The 

major gases that can be estimated in this sector are methane (CH4) and nitrous oxide (N2O). The 

following classes are considered for the estimation of greenhouse gases 

¶ Solid waste disposal 

¶ Incineration and open burning of waste  

¶ Domestic wastewater treatment and discharge 

The IPCC provides a default method, which gives a reasonable annual estimate of actual 

emissions. The Formulae used for calculation of the greenhouse gas emissions are as provided by 

the IPCC 2006 guidelines and the IPCC good practice guidelines of 2000 
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Domestic Wastewater:  

Tier 1 

 

CH4 emissions = [×(Ui*Ti j*EFj)](TOW-S)-R 

Where,  

Methane (CH4) Emissions = Methane (CH4) emissions in the inventory year, Kg CH4/yr 

TOW = total organics in wastewater in inventory year, Kg BOD/yr 

S = organic component removed as sludge in inventory year, Kg BOD/yr 

Ui = fraction of population in income group I in the inventory year 

Ti,j = degree of utilization of the treatment/ discharge pathway or system j, for each income 

group fraction I in inventory year 

I= income group: rural, urban high income and urban low income 

J = each treatment/discharge pathway or system 

EFj = emission factor, Kg CH4/Kg BOD 

R = amount of CH4recovered in inventory year, Kg CH4/yr 

 

 

Data collection: Solid waste and domestic waste water data has been collected from Gujarat 

Urban Development Company (GUDC). 

 

Issues: Data pertaining to industrial waste water and incinerated waste is unavailable in the 

format required for greenhouse gas inventory from the pollution control boards. Moreover time 

series data is unavailable thereby calculation of greenhouse gases over a period is limited.  

 

Residential sector 

 

Methods: IPCC 2006 methodology is used for tier 1 level of emission inventory. For this sector 

basically emissions due to energy use have been considered. Though residential sector uses 

electricity intensively, it has it been included in the calculations to avoid double counting. This is 

so because emissions from electricity have been taken care of in the power sector. Here, mainly 

consumption of kerosene, LPG, and biomass is taken into account.  

 

Tier 1 

Emission GHG = Fuel consumed fuel * Country specific Emission Factor GHG, fuel 

 

Data Collection:  Data on LPG and Kerosene has been collected from IOCL and consumption of 

biomass per person is a national default value of 27.75 kg per person per year, which is provided 

by a study by Centre for Study of Science, Technology and Policy (CSTEP 2011). 

 

Issues: No certain or fixed methodology provided  
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2.2.3 Impact analysis  
 

Methods: Documentation of observed impacts in Gujarat is done through literature review. 

Future trend in climate change is established from literature of regional climate models. 

Exhaustive literature review has been conducted to understand potential climate impacts.  

 

Data collection: Exhaustive literature review  

 

2.2.4 Response analysis 
 

Methods: Responses are analysed under the broad headings of óMitigationô and óAdaptationô. 

Documentation of responses made by state, private and civil society organizations is done under 

three domains of (i) institutional changes (ii) technological changes, and (iii) capacity building. 

Potential responses for future trends in climate will are also identified.  

 

Data collection: Exhaustive literature review  

 

The data sources and the type of data used to measure GHGs emissions are given in table 1.  
 

Table 1: Summary of Data Types and Sources 
Sector Data Type Year Source 

Agriculture and Livestock 

Manure Management Number of head of 

animal livestock 

species 

1997, 2003, 2007 Directorate of Animal 

Husbandry, 

Government of Gujarat 

(Livestock Census-

1997, 2003, 2007) 
Enteric Fermentation  Number of head of 

animal livestock 

species 

1997, 2003, 2007 Directorate of Animal 

Husbandry, 

Government of Gujarat 
Burning of Crops                       

(CH4& CO2) 

Crop Production  

 

1991-92 

1994-95 

2005-06 

2009-10 

Directorate of 

Agriculture, 

Government of Gujarat 

Rice Cultivation Annual harvested 

area, 

Cultivation period of 

the rice 

1989-90 

1994-95 

2004-05 

Directorate of 

Agriculture, 

Government of Gujarat 

Land Use and Forestry 
Cropland remaining 

cropland: Annual 

change in carbon 

stock 

Area under crop 

 

1990-2010 Directorate of 

Agriculture 

Forestland remaining 

forestland 

 

Area of forest land 

remaining forest land 

1990-2010 Monitoring and 

Evaluation Cell, Forest 

Department, Gujarat 
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Waste 

(Domestic waste 

water) 

Income group, 

Discharge pathway or 

system, Degree of 

utilization of the 

treatment/ discharge 

pathway or system 

for each income 

group,  

2010 Gujarat Urban 

Development Company 

(GUDC) 

Residential Fuel Consumption in 

terms of Liquefied 

Petroleum Gas, 

Kerosene 

2005-2010 Indian Oil Corporation 

Limited 

 Biomass 

Consumption 

(National default 

value) 

 

2005-2010 

 

Center for study of 

Science, Technology 

and Policy 

Industry  

Cement Installed Capacity 1992-2009 indextb, Cement 

Manufacturers 

Association 

Paper and Pulp Installed Capacity 1990-2007 indextb 

Food Processing Fuel Consumption 1989-2011 Center for Monitoring 

Indian Economy 

Textile 

Manufacturing 

Fuel Consumption 2009 Center for Monitoring 

Indian Economy 

Ammonia Production Production 2005 Department of 

Fertilizers, Government 

of India 

Power 

Coal & Gas based 

power generation  

Fuel Consumption, 

Time of consumption, 

Technology used and 

Efficiency 

2006-2009 15 power stations  

Transport    

 Fuel consumption 2006-2009 Indian Oil Corporation 

Limited 

 

 On-Road vehicle 

population 

1961-2010 Directorate of 

Economics and 

Statistics, Government 

of Gujarat 
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3 PRESSURES 
 

Climate change is a significant and lasting change in the statistical distribution of weather 

patterns over periods ranging from decades to millions of years. The industrial revolution in the 

19th century saw the large-scale use of fossil fuels for industrial activities. This also prompted 

extensive use of natural resources for construction, industries, transport, and consumption. 

Consumerism (our increasing want for material things) has increased by leaps and bounds, 

creating mountains of waste. All this has contributed to a rise in greenhouse gases in the 

atmosphere. Human activities contribute to climate change by causing changes in Earthôs 

atmosphere in the amounts of greenhouse gases, aerosols (small particles), and cloudiness. The 

largest known contribution comes from the burning of fossil fuels, which releases carbon dioxide 

gas to the atmosphere. It has been stated by the IPCC (2007), that global atmospheric 

concentrations of carbon dioxide, methane and nitrous oxide have increased remarkably as a 

result of human activities since 1750 and now far exceeded pre-industrial values determined 

from ice cores spanning many thousands of years.  

 

Scientific consensus has identified carbon dioxide (CO2) as the dominant greenhouse 

gas forcing. Methane and nitrous oxide are also major forcing contributing to the greenhouse 

effect. The global increases in carbon dioxide concentration are due primarily to fossil fuel use 

and land-use change, while those of methane and nitrous oxide are primarily due to agriculture 

that acts as pressures on the climate system. Greenhouse gases and aerosols affect climate by 

altering incoming solar radiation and out-going infrared (thermal) radiation that are part of 

Earthôs energy balance. Anthropogenic emissions are changing the atmospheric abundance, or 

properties of these gases and particles can lead to a warming or cooling of the climate system. It 

is now evident that the warming of the climate system is unequivocal, evident from observations 

of increases in global average air and ocean temperatures, widespread melting of snow and ice 

and rising global average sea level (IPCC 2007). Gujaratôs rapid economic growth is serving the 

purpose of being a climate forcing. There is a need to reduce the pressure on the climate system 

and hence mitigate adverse impacts. India needs to reduce its carbon intensity by 20-25 percent 

below 2005 levels by 2025; therefore it is essential that Gujarat reduce its carbon intensity by 20-

25 percent under the principle of common but differentiated responsibilities. To understand the 

level of emission reduction there is a need to identify the total amount of emission from the state.  

This section tries to quantify the total greenhouse gases emitted from Gujarat. The sectors that 

contribute to major anthropogenic emissions are considered for such quantification. These 

emissions that act as pressure on the climate system are discussed below.  

 

The sectors for which GHG emissions are calculated are maintained in the following sections. 

Data used for the calculation of GHGs are given in the table along with the sources.  

 

3.1 Power Generation  
 

The energy systems of most economies are majorly driven by combustion of fossil fuels, namely: 

coal; oil, natural gases, etc. the burning of fossil fuels oxidises the carbon in it thus producing 

carbon dioxide. The carbon gets converted to CO, CH4 etc. which gradually get oxidised to 
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CO2over the years. In 2007, the energy sector in India emitted about 1100.06 million tonnes of 

CO2equivalent. Approximately 65.4 percent of the emissions of the energy sector were from the 

electricity produced (INCAA 2009).Gujarat is self sufficient in energy production. The emission 

from 15 power plants spread over Gujarat in the last half decade is also analysed. This is based 

on the actual coal/lignite/ oil consumption by the individual power plants (see Figure 2-3). A 

point worth noting is that the power sector in Gujarat initially heavily depended on coal. But 

there has been a shift from coal to gas based power generation due to dynamic policies 

encouraging use of cleaner fossil fuels. Other sources like solar, wind and nuclear power plants 

are also growing appreciably in Gujarat. It was inferred from the analysis of 15 power generation 

units, that the total generation from the coal-based power plants is 3770 MW whereas that from 

gas-based units is 2398 MW. Data of about 1800 MW of generation form coal based power 

plants has not been taken into account, due to unavailability of data. This also indicates that the 

Government of Gujarat has been proactive in advancement in gas-based power generation. Fuel 

switching to gas, enables to reduce the forcing applied on the climate system due to coal fired 

power plants.   
 

Figure 2: Emissions from Gas based Power plants, based on actual fuel consumption 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

2006-07 2007-08 2008-09

E
M

IS
S

IO
N

 (
 T

g
 o

f 
C

O
2
E

q
u

iv
a

le
n

ts
)

YEARS



26 
 

Figure 3: Emissions from Coal based power plants, based on actual fuel consumption 

 

 

3.2 Transportation  
 

Transportation sector emissions include all greenhouse gas emissions from road transport, 

railways, aviation and navigation. It is estimated in the last INCAA report for the year 2007, that 

the transport sector in India emitted 142.04 Tg of CO2 equivalents (INCAA 2009). Of this 

approximately 87 percent contribution was by the road sector. Analysis of greenhouse gas 

emissions from the transport sector show that the stateôs industrially and economically advanced 

status contributed maximum compared to the other states. The average emission for the country 

is 6.9 Tg of CO2 in the year 2003-04. The total CO2emission for the Indian transport was 258.10 

Tg in 2003-04, of which 94.5 percent is contributed by the road sector alone. Talking of road 

transport among all the states Gujarat stood just the third with 23.31 Tg after Maharashtra (28.85 

Tg) and Tamil Nadu (26.41 Tg) (Ramachandran 2009).  

 

The share of emission from the transportation sector is shown in 5for Gujarat. Railways, 

roadways, waterways and airways contribution to the total emissions from this sector can be 

understood herein. Road transport has the major share and is the most significant one covering 

approximately 92.5 percent. This is because large number of masses is dependent on the 

roadways for their passenger as well for goods movement over the years. 
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Figure 4: Contribution of different modes of transport in the emissions 

 
 

 

The total emission from the entire transportation sector in Gujarat comes to ~32.30703Tg when 

the cumulative emissions from the year 2006 to 2008 are calculated. The trend of emissions is 

seen to be increasing over the time (Figure 5).  

Figure 5: Total emissions from the transport sector from the years 2005- 2008 
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Roadways 

The roadways continue to be the significant contributor in these emissions. The decadal emission 

trend from roadways has been analysed. Figure 6 shows how the emissions from the transport 

sector have grown exponentially over the years due to rapid economic growth.  

 
Figure 6: Decadal growth of Carbon dioxide emissions from road transport sector in Gujarat 

 

The contribution of various vehicles to this emission can be shown in Figure 7. It is seen that 

over the years the share of two wheelers has increased substantially, and so have their emissions.  

 

Figure 7: Contribution of each vehicle type to the Carbon dioxide emissions in roadways 
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Next, consumer preference of vehicle use was analyzed; it is found that the pattern has changed 

over the last 46 years. As shown in the Figure 8, there has been a significant shift in the mode of 

travelling. The share of two wheelers dominates road transport. This shift indicates a growing 

preference for private conveyance over public transportation. One of the major mitigation 

potentials for climate change in this sector is a modal shift to public transportation, with an 

intention to burn less fuel as population increases. Figure 8 shows that for Gujarat, the share of 

two wheelers has increased over the years, while the proportion of buses shows a substantial 

decline. On comparison of the number of buses on road, with their emissions a similar trend is 

seen, i.e. the rate of decrease of buses on road and the rate of decrease in contribution of buses to 

emissions is the same. 

 
Figure 8: Vehicle population in Gujarat 1960-2006 

 
 

 

District-wise analysis of emissions was done to understand the spatial pattern. For 2006, 

Ahmadabad overshot the emissions as compared to all the other districts; so much so that district 

Surat registered only half of Ahmadabad. It can be assumed that this trend is due to the fact that 

these districts comprise the economic engines of the state. 
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Figure 9: District- wise GHG emissions (tera grams) from road and off- road transport, 2006 

 
 

Railways: 
There is increasing trend seen in the emissions by the railways. The total emissions amount to 

0.507889 Tg CO2equivalentsover the entire time frame under consideration. 

 

 

 

 

 

 

 

 



31 
 

Figure 10: Emissions from the railways sector from 2006-2008 

 

Waterways: 

It has been suggested by the Committee on Climate Change (n.d.) that emissions from shipping 

currently account for 3 percent of total global emissions, (1.1 Gt CO2). They have increased 

rapidly in recent years, driven by growth in international trade, and are projected to grow by 3 

percent per annum till 2050.  Around 80 percent of shipping emissions are due to international 

shipping, and are therefore not included in country-level emissions inventories and associated 

emission reduction targets. For Gujarat, we take into account the fuel consumed by water-borne 

transport sector. International bunkers are not taken into account for greenhouse gas emissions. 

The emissions sum up to a total of 0.393586Tg, and show a rising trend over the years (Figure 

11) 

Figure 11: Emissions from the waterways sector from 2005-2008 
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Airways:  

Aviation is responsible for 2 percent of global man-made CO2emissions ï but it is a small part of 

a major problem of climate change (IATA 2009).The emission estimates are based on the ATF 

sold in the state alone for the years 2005 to 2007-08, the emissions add up to 0.921069Tg during 

2005-06 to 2007-2008 shown in figure 12. 

Figure 12: Emissions from the Airways sector from 2006-2008 

 

 

3.3 Industry Sector  
 

The International Energy Agency (2007) has suggested that industries account for nearly a third 

of the worldôs energy consumption and 36 percent of the CO2 emissions. Chemicals, 

petrochemicals, iron and steel, cement and paper and pulp account for more than two-thirds of 

this amount. In the developing countries the use of energy has grown by 61 percent between 

1971 and 2004.The major gases emitted by the industry sector are CO2, CH4and N2O. The 

INCCA (2007) report has indicated that the CO2equivalent emissions from the industrial sector 

(cement, ammonia production, paper and pulp, food processing and textiles) of India to be 

174.80997 Tg out of which the individual contribution of these industrial sectors is as given 

below 

¶ Cement: 129.92 Tg 

¶ Ammonia production: 10.05643 Tg 

¶ Paper and pulp: 5.24835 Tg 

¶ Food processing: 27.71725 Tg 

¶ Textiles: 1.86794 Tg 
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Industrial development in Gujarat  

At the time of its inception, the Stateôs industrial development was majorly confined to four 

major cities, namely, Ahmadabad, Vadodara, Surat and Rajkot and some isolated locations. 

Today almost every district of the state has witnessed industrial development in varying degrees.  

Gujarat has shown impressive industrial development since its formation in 1960. This was 

possible only by the judicious exploitation of the natural resources such as minerals, oil and gas, 

marine, agriculture and animal wealth. Gujarat has diversified its industrial base from textiles 

and auxiliaries in 1960-61 to 12 major industry groups. This comprises over 1200 large and 

345000 micro, small and medium industries. Gujarat accounts for 19.69 percent of Indiaôs fixed 

capital investment and added 15.35 percent of the net value in the industrial sector. The 

discovery of oil and gas in the 60s played an important role in setting up of petroleum refineries, 

fertilizer and petrochemical complexes. In the recent years, the refined petroleum products have 

emerged as one of the largest industrial groups having 33 percent followed by chemicals having 

21 percent of the total share. This is followed by the food products (8.5 percent), textiles and 

apparel (6.9 percent) and paper and pulp products (1.1 percent) (Industries Commissionerate 

n.d.). The products considered for the study include those, which have a substantial contribution 

in terms of production to the industrial sector of India. The Stateôs contribution in terms of 

production in India is ammonia fertilizers (19.5 percent), textiles (34percent), refined petroleum 

(33 percent) and cement (10 percent) (Industries Commissionerate n.d.) 

 

The following section deals with the calculation of the GHG estimates from ammonia 

production, cement manufacturing, paper and pulp industry, food processing and textile industry 

 

Ammonia Production 

The major greenhouse gas emitted from ammonia fertilizer production is CO2. The state has 

seven large-scale plants that contribute to significant emissions from this sector. The total 

emission for the year 2005 is found to be5.16Tg; the value is after subtracting the CO2removed 

during urea production. The 13show a secular increase in the emissions from ammonia 

production. 

 

Figure 13: Carbon dioxide emissions from ammonia production in Tera grams 

 

 

R² = 0.0072

0

2

4

6

8

10

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

E
m

is
s
io

n
s
 in

 T
g

Year

Emissions in Tg

Linear (Emissions in Tg)



34 
 

The emissions from the individual plants considered for calculating the emissions from ammonia 

production based on the data provided by the reports of the Department of Fertilizers (GoI) are as 

shown in Figure 14. It is seen that the plant in Kandla emits the highest with 41.9Tg for the past 

10 years. 

 

Figure 14: Plant wise Carbon dioxide emissions from ammonia production in Tera grams for the 

period 2000- 2010 

 
 

Cement Industry 

The Stateôs cement production accounts for 10 percent of the total production of India. The 

major greenhouse gas emitted from manufacturing of cement is CO2. The emissions are 

calculated from two data sources (the installed capacity from indextb (Tier 1) and based on the 

Cement Manufacturers Association (CMA) (Tier2). The emissions are calculated for those 

cement industries that are registered with the CMA during the year 2008 -2009 and are estimated 

to be 8.55 Tg. The emission based on the installed capacity of the state for the year 2009 is found 

to be 8.74Tg. The Figure 15 shows a comparison with the increasing emissions with the number 

of industries. A secular trend is seen with the increase in the emissions and the number of 

industries 
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Figure 15: A comparison of the emissions in tera grams and the number of cement industries 

 

The Figure 16 shows the emissions from the cement industry from 1992 to 2009 shows that there 

is an increase in the emissions of CO2 from the cement industries with a coefficient of regression 

of 0.568. 

Figure 16: Figure showing the emissions from the cement industry in Tera grams 

 

 

The district wise emissions based on the installed capacity from the cement industry are as 
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Figure 17: District wise Carbon dioxide emissions in tera grams from the cement industry 

 

 

Textile Industry  

The textile industry accounts for 34 percent of the total production of the country. The emissions 

are based on energy consumption by the textile industries of the state. The major greenhouse 

gases that are emitted from this sector are CO2, CH4 and N2O. The total emission from this sector 

is based on the fuel consumption data from Prowess 4 (CMIE database). The major fuel types 

used are gas, natural gas, furnace oil and diesel. Apart from this, the emissions from coal (0.12 

percent) and gas (0.06 percent) whose contributions are negligible. The emissions based on the 

Prowess 4 database are found to be 11.89 Tg of CO2 equivalents, of which gas has the highest 

share of 62 percent (7.36 Tg) followed by furnace oil, 24 percent (2.80 Tg), diesel, 14 percent 

(1.70 Tg). 
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Figure 18: Emissions in percentage of Carbon dioxide equivalent from the textile industry based 

on their fuel consumption 

 
 

Ahmadabad contributes to 29.72 percent (3.531Tg) followed by Bharuch 24.56 percent (2.91Tg) 

and Surat 20.98 percent (2.49Tg). 

 

Figure 19: District wise Carbon dioxide equivalent emissions from the textile industries 
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Paper and Pulp 

The emissions from the paper and pulp industry are CO2 andN2O. These are calculated based on 

the installed capacity in the State. The total emission from the year 1990-2007 is calculated to 

be 0.45Tg.  The Figure 20 shows that there is an increase in the emissions with the increase in 

the number of industries. The coefficient of regression is given to be 0.955. 

 

Figure 20: Figure showing rise in emissions corresponding to rise in the number of industries 

 

It can be seen from the Figure 21 the increase in the emissions during the period 1990 to 2007 

with a coefficient of regression of 0.878.  

 

Figure 21: Carbon dioxide equivalent emissions in Tera grams from the paper and pulp industries 

 
 

The district wise contribution from the paper and pulp industry is as shown in Figure 22; with 

Valsad having the highest share of 81.9 percent followed by Bharuch 6.32 percent. 
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Figure 22: Percentage contribution from the paper and pulp industry to the emissions for the 

years 1990-2007 

 

 

Food Processing 

The emission from the food processing industry on the basis of installed capacity for the year 

2011 is calculated to be 0.00033Tg. The Figure 23 shows an increase in the emissions with the 

year with a coefficient of regression of 0.645. 
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Figure 23: Emissions in Tera grams from the food processing industry 

 
 

 

The emission from the food processing industry is calculated based on the fuel consumption. 

Calculations done on the data obtained from Prowess 4 (CMIE database) shows that the furnace 

oil contributes to 97 percent(20.95 Tg) of the CO2equivalent contributed by the sector, followed 

by firewood (1.34 percent,0.29 Tg), coal (1.04 percent, 0.222 Tg), and diesel (0.64percent, 0.136 

Tg). The emissions from gas and lignite are meager. 

 

Figure 24: Contribution of individual fuels to emissions from the food processing industry 
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3.4 Agriculture and  Animal Husbandry  
 

Rice Cultivation  

The contribution of agriculture to anthropogenic greenhouse gas emissions is about one-fifth of 

the annual increase in emissions and rice cultivation is accredited as one of the most important 

contributor of anthropogenic methane. Methane emissions from rice cultivation are not only 

majorly determined by water regime and organic inputs, but are also influenced by soil type, 

weather, tillage management, residues, fertilizers, and rice cultivar. Recent assessments of 

methane emissions from irrigated rice cultivation in Gujarat estimate global emissions for the 

year 2000 at a level corresponding to 625 million metric tons of carbon dioxide equivalent 

(CO2e). Rice environments with an insecure supply of water, namely rain-fed rice have a lower 

emission potential than irrigated rice.  

 

Organic inputs stimulate methane emissions as long as fields remain flooded. Therefore, organic 

inputs should be applied to aerobic soil to reduce methane emission. In addition to management 

factors, methane emissions are also affected by soil parameters and climate. Rice soils that are 

flooded for long periods of the year tend to accumulate soil organic carbon, even with complete 

removal of above-the-ground plant biomass. Significant input of carbon and nitrogen is derived 

from biological activity in the soilïfloodwater system, and conditions are generally more 

favorable for the formation of conserved soil organic matter (Wassmann, Hosen & Sumfleth 

2009). Analysis of three points of time has been done to estimate the emission of rice cultivation 

in Gujarat state for the years being 1989-90 (baseline), 1994-95 and 2003-04. The state wide 

yearly emission graph shows that there has been marginal rise in emission from 1989-90 to 

2003-04 with total emission of the state ranging from 0.000364758 Tg CH4yr-1 to 0.000502529 

Tg CH4 yr-1, which is negligible, compared to India statistics.  
 

Figure 25: Yearly emissions from rice cultivation 
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The district wise analysis shows that Kheda contributes maximum to CH4 emissions from 

irrigated rice cultivation. The highest was calculated for the year 1994-95 i.e. 0.0001456 

TgCH4/yr followed by Ahmadabad 0.000084867443 TgCH4/yr. 
 

Figure 26: District wise emissions of year 1994-95 to 2003-04identify the district contributing 

the most to methane emission 

 

 

The calculated emissions have shown a considerable increase from 1994-95 to 2003-04. Mainly 

attributed to the fact that policy interventions and increase irrigation system have been put into 

place in the state due to which the production has gained with more usage of water. Kheda 

contributes to maximum emission of 0.00000960954 TgCH4 yr-1in 2003-2004 followed by 

Ahmadabad with 0.00008264208 TgCH4/Yr. 

Burning of Crop Residue  

Crop residues are generally left in the field after the crops are harvested and threshed. Though 

most of the crop residues are fed to the animals, burning of crops residue is also in practice 

mainly in areas with high yield potential. As the crop residues may interfere with tillage and 

seeding operations for the next crop, many farmers prefer to burn the residues left in the field. 

India produces about 500 million tons (Mt) of crop residues annually. Processing of agricultural 

produce through milling and packaging also produces substantial amount of residues. Many 

Indian states like Uttar Pradesh, Punjab, West Bengal, Haryana, Bihar, Madhya Pradesh, 

Himachal Pradesh, Maharashtra, Gujarat, Chhattisgarh, Jharkhand, Tamil Nadu, Uttaranchal and 

Karnataka are reported of burning agricultural crop residues which is responsible for producing 

gases like CO, CH4, N2O, NOx, NMHCs, SO2 and many others. 

 

According to INCAA (2010), 0.23 million tons of CH4 and 0.006 million tons of N2O were 

emitted from burning of crop residue in India in 2007. It has been reported that 40 to 80 percent 

of the nitrogen in wheat crop residue is lost as ammonia when it is burnt in the field. The ash left 

on the soil surface after burning crop residues causes an increase in urea activity and may cause 
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nitrogen losses from soil while applied fertilizer residue burning can have a beneficial short-term 

effect on the nitrogen supply to subsequent crops, but has negative long-term effects on overall 

nitrogen supply and soil carbon levels. 

 

GHGs emissions were calculated for crops like rice, wheat, millet, maize, sugarcane, cotton and 

mustard crops (the crops rice, wheat, millet, maize are considered from revised 1996 IPCC 

Guidelines, whereas sugarcane, cotton and mustard are taken due to their high production and 

also referring to literature). An increasing trend in emission of CH4and N2O was observed in the 

4 years time interval for analysis. In 1991-92 the estimated CH4 release was 0.001248 million 

tones and 0.0000934 million tonnes of N2O which increased to 0.004651 million tonnes of 

CH4and 0.000348212 million tonnes of N2O by the year 2005-06. This increase is mainly due the 

fact that the production of crops considered for analysis have increased leading to increase in 

crop residues and followed by traditional on field burning practiced in several parts of the state.  

 

Figure 27: Yearly emission increase from year 1991-92 to 2005-06 

  
 

District level emission of 2009-10 show that Rajkot contributes to maximum emission of 

708.8434 tonnes of CH4 and 53.068 tonnes of N2O followed by Surendranagar with 573.65 

tonnes of CH4 and 42.94 tonnes of N2O.  
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Enteric Fermentation  

Gujarat livestock population is the 11th largest in India as suggested by the 2003 livestock census 

and the total population according to 2007 census being 23793513; therefore an analysis on this 

area stands crucial. Livestock is also an important source of methane emission. Livestockôs 

impact on climate change is mainly due to the process called óEnteric Fermentationô. Ruminant 

like cattle, buffalo, sheep, goat and camels produce significant amount of methane under 

anaerobic conditions as part of their normal digestive process. The microbial fermentation 

process referred to as enteric fermentation produces methane, which is generally released by 

eructation, normal respiration and small quantity as flatus. At India level 9.65 million tons of 

methane was estimated emission in the year 2004 (NATCOM 2007), which is 96 percent of the 

total emissions from the agricultural sector.  Buffaloes are the highest producers of methane 

emissions in the livestock sector accounting to nearly 60 percent of the total emissions.  

 

Analyzing the data of past three livestock census (1997, 2003 and 2007) it has been observed 

that in 1997 the total emission calculated is 0.023906868 TgCH4/yr. The emissions in the 

subsequent years have increased from 0.022591 TgCH4 yr-1 as calculated in 2003 to 0.057192 Tg 

CH4 yr-1in 2007. The high emission is mainly due the reason that the state is highly dependent on 

its milk production that contributes to the economic and agriculture progress.  

 
Figure 28: Methane emissions from Enteric Fermentation 

 
 

 

The following Figure shows that the contribution of buffaloes in Gujarat is half compared to 

other species. 
 

 

 



45 
 

Figure 29: The contribution of various species of livestock towards Enteric Fermentation (Figure 

prepared by taking into account the statistics of year 2007) 

 
 

Figure 30: District wise emissions form Enteric Fermentation 2007 
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Mehsana buffaloes are one of the best milk breeds of buffaloes in India (Pundir & Sahana et al. 

2000). An analysis of the livestock census of three consecutive years has shown a remarkable 

increase in this species in Gujarat. Looking at the district wise emissions of 2003 Sabarkantha 

with 0.001819 TgCH4/yr and Banaskantha with 0.001749 Tg CH4/yr are the leading emitters, 

mainly due to the dependence on livestock for agriculture and dairy purposes.  Another reason 

for the livestock species increase in the past years particularly in Sabarkantha and Banaskantha is 

attributed to better management practices, utility of breed, animal housing, calf management, 

feeding and genetic characterization.  

 

Manure Management  

Manure from livestock is a huge contributor of greenhouse gas mainly methane and nitrous 

oxide. Methane is generally emitted during the anaerobic decomposition of organic matter 

mainly during storage whereas nitrous oxide is emitted during storage and soil application. 

Temperature, oxygen level (aeration), moisture and sources of nutrients are other factors that 

affect GHG emission from manure. The estimation of emission from manure management takes 

into account manure type, diet, storage, handling of manure (pile, anaerobic lagoon, etc.) and 

manure application (injected, incorporated, etc.). Methane emission from manure management 

tends to be generally lesser than that of enteric fermentation, also confined animal management 

operations contribute towards more substantial emissions where manure is mainly handled with 

liquid based systems. Nitrous oxide emissions is much more complex and may vary significantly 

between types of manure system used and can also result in indirect emissions due to nitrogen 

loss of the system (IPCC 2006). 

 

According to INCAA Report (2010) manure management is not systematically followed in India. 

Manure is mainly used for energy purposes by preparing dung cakes. It is estimated that about 

0.0115 million tonnes of CH4 and 0.07 thousand tones of N2Oare emitted from manure 

management. An analysis for CH4 emissions from manure management was done for Gujarat 

state. Emissions have tend to show an increase from 1997 to 2007 due to both increase in 

livestock population and also due to preferable breeding of buffaloes and crossbred cattle species 

to gain more economic benefit through them. The CH4emissions are accounted as 0.002020 

TgCH4yr-1 in 1997, 0.002103382 TgCH4 yr-1 in 2003 and 0.005476 Tg CH4 yr-1 in 2007 

respectively. 
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Figure 31: CH4 emissions from manure management 
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Figure 32: CH4emission from Manure management district wise in Gujarat 2007 where the 

highest emissions observed in Dahod 

 

Also a state specific estimation of N2O was calculated using the IPCC 2006, Tier 1 approach by 

taking into account management of manure practices prevalent in India and specifically in 

Gujarat state. The N2Oemissions are comparatively very less as compared to CH4emissions 

mainly due to the fact that proper management systems are still not prevalent in the state, which 

makes it possible to account emissions completely. The emissions are estimated for the three 

years considered for analysis are 6256817.228 Kg N2Oyr-1 in 1997, 16149562.2 Kg N2Oyr-1 in 

2003 and 16871733.235 Kg N2Oyr-1 in 2007. 
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Figure 33: Emission of N2Othrough manure management in Gujarat (for years 1997, 2003 and 

2007) 

 
 

Figure 34: Emissions of N2Odistrict wise with the highest being reported in Banaskantha 

 










































































































































































































































































































































