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Abstract 
 

IMPACT OF URBAN PLANNING POLICIES 

 ON CARBON-DIOXIDE EMISSIONS:  

AN INDIAN PERSPECTIVE 

 

Kiranmayi Raparthi 

 

The University of Texas at Arlington, 2014 

 

Supervising Professor:  Ardeshir Anjomani  

Climate change is a multidimensional observable fact and is regarded as one of 

the greatest challenge human society is facing in the 21st century. Debates on climate 

change advocate that, urban areas not only contribute to climate change by emitting 

huge amounts of carbon-dioxide (CO2) gas into the atmosphere, but also play a vital role 

in addressing climate change. International negotiations highlight the need to respond to 

climate change by mainstreaming climate change mitigation in urban planning however 

these have remained research rhetoric.  

One reason for this gap between research and planning practice may be due to 

the lack of empirical evidences that analyze if a relationship between urban planning 

policies and CO2 emissions exists. Most planners consent that there is a significant link 

between urban form and CO2 emissions thereby, agree that by integrating climate 

change mitigation policies in urban planning there is an ability to mitigate climate change. 

However, lack of convincing studies that support this ability might have halted the 

process of mainstreaming to some extent.  

This research identified that statistically significant relationships exists between 

urban planning policies and CO2 emissions, as well as between gender and CO2 
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emissions. Specifically, this research investigated whether urban planning policies in 

master plans target CO2 emission reduction and identified what is the impact of those 

policies on local CO2 emissions?  As a first step, this research undertook a qualitative 

content analysis of the policy framework of master plans that are involved in the sample 

and developed climate change mitigation indexes for all the sampled master plans by 

assessing urban policies against climate change mitigation evaluation protocols. Later, 

using the developed indexes this research examined the impact of urban planning 

policies on local CO2 emissions, while controlling for socio-economic characteristics.   

This dissertation significantly contributes to the field of urban planning and public 

policy by developing empirical evidence that analyzes the relationship between urban 

planning policies and CO2 emissions. This research supports the use of master plans as 

an effective tool in mitigating climate change thereby promoting low-carbon regions 

through urban planning. This research has an implication for mainstreaming climate 

change mitigation in urban planning. Conclusions and recommendations emphasize the 

application of urban planning as a policy tool for mitigating climate change. Future 

research is recommended to identify opportunities for using master plans as a tool in 

mitigating climate change.  
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Chapter 1  

Introduction 

1.1 Background 

Global climate change is possibly one of the greatest threats human society is 

facing in the 21st century. According to the National Aeronautics and Space 

Administration’s (NASA), Surface Temperature Analysis Report (2007), since 1850s the 

warmest years that have been recorded all occurred from the year 1998, with the year 

2005 being noted as the warmest year. Based on improved scientific data and general 

observations such as increase in atmospheric temperatures, increased rainfalls and 

rising sea levels, The Intergovernmental Panel on Climate Change (IPCC) affirms that 

climate change is unequivocal (IPCC 2007). 

Global warming which is the main cause of climate change is a result of 

increased concentration of atmospheric greenhouse gases (GHG) (IPCC, 2007d). GHG 

are mainly composed of carbon dioxide (CO2), methane, nitrous oxide and fluorinated 

gases (EPA, 2001). Among all these GHG, CO2 emitted through anthropogenic activities, 

is considered to be mainly responsible for climate change, since it accounts for about 

84% of total GHG emissions in the atmosphere (Hofmann et al., 2006; Etheridge et al., 

1996). According to the National Oceanic and Atmospheric Administration’s (NOAA’s) 

State of the Air quality Report 2010, CO2  level in the atmosphere has risen drastically 

from 280 parts per million (ppm) during the 1700s to 397 parts per million (ppm) by the 

year 2005. This increase in CO2 level is mainly due to the burning of fossil fuels, trees, 

solid waste, and emissions from industrial processes that have occurred since the 
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industrial revolution (EPA, 2001; IPCC, 2007; Hughes et al., 2003; Parmesan & Yohe, 

2003). 

Almost 80% of the world population lives in urban areas (Kates & Torrie, 1998). 

Urban activities consume huge amounts of energy to improve the quality of life and as a 

result emit about 78% of CO2 gas into the atmosphere (Grimm et al., 2008; Stern & 

Taylor, 2007). Hence, urban areas significantly increase CO2 level in the atmosphere 

thereby, contribute to climate change (Dodman, 2009). According to Environmental 

Planning Agency (EPA), the major sources of CO2 emissions are electricity accounting 

for 38%, transportation emitting 31%, industrial activities accounting for 14% of CO2 

emissions followed by residential and commercial activities emitting 10% and non-fossil 

fuel combustion accounting to 6% (EPA, 2011).  

Urban areas as huge emitters of CO2 not only contribute to climate change, but 

also experience the resulting impacts of climate change (Bell & Batterson, 1978). Impacts 

of climate change such as loss of ecosystem, heat related illness, increased mortality 

rates and high economic losses are expected to have an effect on almost all aspects of 

human life (Post & Altman, 1994). Recently, scientific evidence reveals that all over the 

world, almost 160 million people residing in 20 coastal cities are expected to be affected 

by the rising sea levels (Nicholls, 1995). Hence, the impacts of climate change are very 

alarming and it is necessary to address climate change. 

In most countries, urban planning refers to the spatial distribution of residential, 

commercial, industrial and recreational activities over a widespread area and generally 

involves integration of various components of planning namely land use planning, 

transportation planning and environmental planning (Levy, 2010). Through urban 

planning, regional and local governments have an ability to respond to the changing 

social, economic and environmental conditions by controlling the distribution of various 
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land uses and planning decisions related to local development (Berke, Godschalk, Kaiser 

& Rodriguez 2006; Berke & Conroy, 2000; Agyeman, Evans, & Kates, 1998). Hence, 

urban planning policies by incorporating coordination among land use, transportation and 

environmental planning might have an ability to reduce CO2 emissions thereby mitigate 

climate change. 

 Although, the Intergovernmental Panel on Climate Change (IPCC) and various 

United Nations (UN) agencies have repetitively acknowledged that urban planning 

practices can significantly reduce CO2 emissions. However, lack of empirical evidences 

that emphasize the impact of urban planning policies on CO2 emissions, to some extent 

has hampered the mainstreaming of CO2 reduction policies in urban planning. 

Nevertheless, International negotiations such as U.S. Mayors Climate Protection 

Agreement and Local Governments for Sustainability (ICLEI) have put forth noticeable 

efforts to reduce CO2 levels in the atmosphere by developing local climate change action 

plans which consist of activities that are relatively consistent in reducing CO2 emissions. 

However, these climate change action plans lack the regulatory framework and 

institutional capacity to achieve their goals and objectives (Wheeler, 2008). So, it is 

essential to formulate policy discussions related to CO2 reduction in accordance with their 

applicability at the regional as well as at the local level.  

Wilbanks (2003) advocate that climate change is a multidimensional concept, 

and any effort taken to mitigate climate change must take into account its multi 

dimensions.  According to him, climate change can be effectively mitigated at the urban 

level by incorporating a comprehensive approach. However, Wilbanks (2003) highlights 

that a comprehensive approach requires urban areas to mainstream CO2 reduction 

strategies into respective land use, transportation, environmental and developmental 

policies to mitigate climate change. 
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 Furthermore, Betsill and Bulkeley (2007) identified that, individual commitment is 

one of the main reason to effectively address CO2 reduction at the regional as well as at 

the local level. Acknowledging the fact that regional authorities with their regulatory power 

have an ability to promote behavioral changes. Urban planning can be used as a pro-

active tool to influence individual and organizational behavior and to incorporate 

comprehensive approach. Thereby effectively reduce CO2 emissions.  

The main interest in undertaking this research is based on the fact that, many 

developing countries like India and China due to urbanization, emit high levels of CO2 

emissions into the atmosphere, in comparison to many developed countries (OECD, 

2010). As a result, developing countries not only contribute significantly to climate 

change, but as a result also experience large number of calamities that result from 

climate change such as intense rainfall, flooding and high temperatures (IIR, 2010).  

In response to climate change mitigation and natural calamities, this research 

focuses on a developing country like India and puts forth an effort to evaluate the ability 

of urban planning policies in reducing CO2 emissions. Later, develops a statistical study 

that analyzes the impact of urban planning policies on CO2 emissions in India.  

1.2 Problem Statement 

Impacts of climate change are expected to adversely affect many developing 

countries in the world. Urban planning policies have been considered as a significant tool 

in promoting and regulating the development of cities (Kaiser & Godschalk, 1995). 

Adequate research has been conducted in analyzing the role of urban planning policies in  

natural hazard reduction (Berke, Roenigk, Kaiser & Burdy, 1996), environmental 

protection (Berke et al., 1999), promoting sustainability (Berke & Conroy, 2000), 

promoting smart growth principles (Edwards, 2007) and encouraging intergovernmental 
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collaboration (Burby & May, 1997). Recently, it has been analyzed that urban planning 

polices also have an ability to address public health (APA, 2013).  

Hence, urban planning policies with their capability to influence growth and 

development patterns may also significantly reduce CO2 emissions thereby mitigate 

climate change (IPCC 2007; Bulkeley, 2006; Wilbanks & Kates, 1999). Nevertheless, 

research focusing on analyzing the impact of urban planning policies on CO2 emissions is 

limited.   

1.3 Research Purpose and Research Questions 

The purpose of this research is to evaluate the influence of urban planning 

policies on local CO2 emissions. Accordingly, this research puts forth an effort to assess 

whether urban planning policies of Indian metropolitan regions have reduced CO2 

emissions thereby helped in mitigating climate change. This study mainly focused on 

developing a statistical study that analyzed the influence/nature of impact of urban 

planning policies on CO2 emissions especially in a developing country like India.  

Specifically, the research questions of this dissertation are: 

1. Do master plans include and promote policies that target climate change 

mitigation (CO2 reduction)?  

2. And if they promote climate change mitigation policies, what is the impact of 

those policies on CO2 emissions?  

1.4 Research Justification 

Devastation of many coastal cities in India from Monster cyclone Phailin, heavy 

rain fall and intense flooding in eastern states of India, increased droughts and high death 

rates in arid and sub-humid regions of the country provides stimulus for this research. 

The fact that climate change will continue to intensify in the future and increasing efforts 
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by international negotiations to mitigate climate change by reducing CO2 emissions 

highlights the need for this research. 

Around the globe, urban planning authorities develop urban planning policies to 

deal with and manage urban growth (Berke & Godschalk, 2008). Ample literature exists 

on urban plan evaluation studies (chapter 4 of this dissertation). These studies analyzed 

that urban planning policies have an ability to address various issues including but not 

limited to sustainable development, natural resource conservation and natural resiliency 

performance (Berke, 1995; Berke et al., 2006; Berke & Godschalk, 2008; Godschalk et 

al., 1999), intergovernmental collaboration (Godschalk, 1992, 1994; Burby & May, 1998;) 

planning mandates (Berke & French, 1994), natural hazard reduction (Berke & Burdy, 

1996), promoting sustainability (Berke & Conroy, 2000), public participation (Brody, 

2003), plan implementation (Laurian et al., 2007), promoting smart growth principles 

(Edwards, 2007) and public health (APA, 2013). Likewise, climate change researchers 

have acknowledged that, urban planning policies targeting CO2 reduction can facilitate 

effective climate change mitigation (McEvoy et al., 2006; Stern 2006; Stehr & Storch 

2005).  

Although major achievements were accomplished in urban planning and climate 

change research, very limited studies have considered analyzing the ability of urban 

planning policies to mitigate climate change by reducing CO2 emissions. In addition, very 

limited statistical models have been developed that analyze the statistical relationship 

between urban planning polices and CO2 emissions. With the understanding that urban 

areas contribute significantly to climate change by emitting huge amount of CO2, it is 

necessary to focus on statistical empirical climate change research. From an urban 

planning perspective it is essential to review, update the existing urban planning and 
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climate change literature by focusing on developing statistical relationships between 

urban planning policies and CO2 emissions. 

Finally, the reason behind choosing India as a case-study is the fact that India 

being a developing country due to urbanization poises rapid economic growth which by 

and large comes from mainly the service and industrial sectors of the economy. As such 

the developing countries not only experiences urban and economic growth but also 

significantly contribute to climate change by emitting high levels of CO2  emissions into 

the atmosphere, in comparison to many developed countries (OECD, 2010; IIR, 2010 & 

Gasper, 1998).  

India comprises of about 18% of the world’s population. As per India census 

2011, India’s urban population comprises about 32% of its total population and by 2030, it 

is expected that about 43% of the country's population will live in urban areas. Research 

highlights that as economies grows; rapid urbanization in India will drastically increase to 

nearly 60% and the pattern of urbanization will tend to be mostly concentrated in cities 

(Ribeiro, 2003 & Ahmad, 2010). As such, it is projected that India’s urban population 

would increase drastically from 288 million in 2011 to about 475 million in 2031 and 820 

million by 2051 (Census, 2011). Accordingly, most of the economic activities tend to be 

mainly located in urban areas as such, urban areas are considered to contribute 

significantly to climate change.  

For all the above mentioned reasons, India can be considered as a good platform 

to undertake climate change research by conducting an in-depth study of analyzing the 

ability of urban planning policies in mitigating climate change.  

1.5 Limitations 

This study does not investigate the institutional and governance perspectives that 

shape urban planning decisions to deal with climate change in India. This research does 
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not identify the barriers to an integrated climate change response planning. In addition 

this dissertation does not develop a viable method or framework that promotes climate 

change to be an integral part of urban planning processes.  

This research only analyzes the statistical relationship between climate change 

mitigation policies and local CO2 emissions by evaluating master plans and assessing 

whether their policies include and promote climate change mitigation. Thereby 

emphasize the application of urban planning as a policy tool for mitigating climate 

change.  

1.6 Dissertation Structure 

This dissertation contains nine chapters. Chapter 1 gives an introduction to the 

dissertation topic by providing a brief contextual background of the research, presenting 

the purpose and objectives of the research. 

Chapter 2 reviews the literature on climate change, various challenges of climate 

change and the impacts of climate change. The relationship between sustainable 

development and climate change, effect of urbanization and urban economy on climate 

change and in specific, India’s response to the challenges of climate change are 

analyzed and understood. This chapter provides a brief overview of various climate 

change and urban planning aspects. Thematic analysis of all these aspects provides 

foundational base to develop a conceptual framework. Insights gained during the review 

will guide in, the selection of independent variables and analysis. Thereby, significantly 

address the research questions. 

Chapter 3 briefly discusses the discourses on urban planning and how they 

relate to climate change planning in India. The theoretical issues of plan implementation 

and the processes involved in implementing CO2 emissions reduction strategies in India 
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are examined. This helps in developing a conceptual research framework that informs the 

research method. 

Chapter 4 conceptualizes plan evaluation literature by briefly introducing the 

development of plan evaluation studies in urban planning and provides an in-depth 

overview of the qualitative content analysis technique/method used in evaluating urban 

plans. The reliability of plan evaluation research studies is analyzed and 

recommendations that have been proposed by researchers to improve the measure of 

reliability are briefly discussed. Thematic analysis of all these aspects and insights gained 

during the review provides foundational base to significantly address the reliability issues 

for single-coded data.  

Chapter 5 outlines the methodology. The epistemological positioning of the 

research, the conceptual research approach and mixed method approach involving both 

the qualitative content analysis and statistical quantitative analysis to answer the 

research questions are briefly described. All research variables both dependent and 

independent variables and relationships between them are identified in this chapter. 

Chapter 6 summarizes the results of climate change mitigation policy index and 

climate change mitigation implementation index. This chapter briefly summarizes the 

preceding results of climate change mitigation policy index and climate change mitigation 

implementation index, as such addresses the first research question. 

Chapter 7 summarizes the results of the regression model. It provides a 

descriptive statistical analysis of all the variables that are included in the research.  

Chapter 8 provides policy recommendations based on the results from the 

detailed statistical analysis. 

Chapter 9 concludes by providing a brief summary of the dissertation and also 

highlights scope for future research. 
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Chapter 2  

Climate Change: Review of Theoretical Issues 

In this chapter, the existing literature and research on climate change, various 

challenges of climate change and the impacts of climate change are reviewed. The 

relationship between sustainable development and climate change, effect of urbanization 

and urban economy on climate change and in specific, India’s response to the challenges 

of climate change are analyzed and understood. This chapter provides a brief overview of 

various climate change and urban planning aspects.   

Thematic analysis of all these aspects provides foundational base to develop a 

conceptual framework. Insights gained during the review will guide in, the selection of 

independent variables and analysis. Thereby, significantly address the research 

questions. 

2.1 Science of Climate Change 

The climate of a geographical location is broadly generalized as the variability of 

temperature, wind and precipitation, over certain decades, usually thirty years (Glickman, 

2000). According to the IPCC Fourth Assessment Report, climate change is defined as a 

noticeable change in the climate of a region over a period of time and this change may be 

either due to natural changes or due to man-made activities (IPCC, 2007e). Climate 

change is assessed statistically by carefully analyzing the changes in the temperature, 

wind, or precipitation over a significant time period.  

Generally the terms global warming and climate change are used 

interchangeably. However, as mentioned earlier, global warming is the main cause of 

climate change and difference exist between these terms. Global warming refers to the 

warming up of the atmosphere due to increased GHG emissions where as climate 
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change refers to the significant change in the temperatures such as increased rain fall, 

droughts in addition to the high atmospheric temperatures which is a result of the 

increased GHG emissions (NAS, 2008).  

2.1.1 Global Warming and Green House Effect  

Generally, global warming is defined as an increased heating up of the 

atmosphere which is a result of the heat generated from GHG emissions due to human 

activities, such as deforestation and burning of fossil fuel (Houghton, 2005). Global 

warming, which is the main cause of climate change is usually well explained through the 

greenhouse effect (figure 2.1). The phenomenon of green house effect was first identified 

by a French mathematician named Fourier in the year 1827. Later in 1860, British 

scientist named Tyndall discovered that green house effect is a result of certain gases 

such as carbon dioxide, nitrous oxide, methane, and water vapor that withhold the 

infrared radiations within earth’s surface and do not let them to pass the atmosphere. 

These gases act as a blanket around the earth and retain heat within its atmosphere 

thereby; drastically heating up the earth similar to how heat is trapped within the glass 

panels of a manmade greenhouse (Hansen, 1988).  

Gases such as carbon dioxide, methane, nitrous oxide and chlorofluorocarbons 

that are the main causes of greenhouse effect are referred to as greenhouse gases 

(Trewartha & Horn, 1954). Ever since industrial revolution, the concentration of carbon 

dioxide which is considered to be the major component of GHG and major driver of global 

warming has increased significantly (nearly 30%) (Kates, 1998). According to the 

Intergovernmental Panel on Climate Change (IPCC), if we fail to reduce/control CO2 

emissions, then by end of the 20th century the concentration of CO2 in the atmosphere is 

expected to further increase resulting in increased global temperatures (IPCC, 2001b). 



Hence, it is necessary to reduce the levels of CO

warming and mitigate climate change.

Source: Trenberth, K. E., J. T. Fasullo, and J. Kiehl, 2009:

2.1.2 Analyzing Climate Change

Svante Arrhenius in 1896, estimated that if CO

doubled then the average global temperature would increase from 10.0

(Dickinson & Cicerone, 1986). Recently, IPCC reports

is likely to increase from 5-11.5

Recently, various climate change models are being developed to predict the 

variations in the climate. The models mostly use mathematical algorithms 

changes in land surface and relationships between the components that are related to 

the climate change. The most commonly used models are the General Circulation Model 
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to reduce the levels of CO2 in the atmosphere to reduce global 

warming and mitigate climate change. 

Source: Trenberth, K. E., J. T. Fasullo, and J. Kiehl, 2009: Earth's global energy budget.

Figure 2-1 Green House Effect 

2.1.2 Analyzing Climate Change 

Svante Arrhenius in 1896, estimated that if CO2 level in the atmosphere were 

doubled then the average global temperature would increase from 10.0-11.8oF 

(Dickinson & Cicerone, 1986). Recently, IPCC reports that the mean global temperature 

11.5oF by end of this century (IPCC, 2007c). 

Recently, various climate change models are being developed to predict the 

variations in the climate. The models mostly use mathematical algorithms to indicate 

changes in land surface and relationships between the components that are related to 

the climate change. The most commonly used models are the General Circulation Model 

in the atmosphere to reduce global 

 
Earth's global energy budget. 
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Recently, various climate change models are being developed to predict the 
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changes in land surface and relationships between the components that are related to 

the climate change. The most commonly used models are the General Circulation Model 
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(GCM) and the Atmosphere-Ocean General Circulation Model (AOGCM) (IPCC, 2007e). 

However, most of these global climate models provide a continental scale analysis and 

possess several limitations when applied to analyze studies on the regional scales 

(Giorgi &Francisco, 2000). 

With an intention to accurately predict climate changes over a regional scale, 

Regional Climate Models (RCMs) are being developed (Dickinson, Errico, Giorgi, & 

Bates, 1989). Since these models compared to the global models, are capable of 

accurately predicting the change in the climate over a limited region, these models have 

become more reliable (Busuioc, Chen, & Hellström, 2001). In addition, the climate 

projections that are developed by using these regional climate models are proven to be 

realistic and hence are most widely being used by climate change researches (Meehl et. 

al., 2000). 

2.1.3 Assessing Climate Change  

Climate change models are used to forecast future climate changes. Climate 

change assessments are generally based on forecasted GHG emissions and the 

forecasted scenario outputs from the climate change models. Assessing climate change 

through climate change models is essential since it helps in understanding the changes 

in the climate thereby helps in analyzing and addressing the anticipated impacts of 

climate change significantly.  

Most studies related to assessing the impacts of climate change have mostly 

focused on the global level and regional level especially the coastal areas. In addition, 

these studies are mostly confined to assessing the impacts of climate change such as 

rising sea level. Since climate change is a multi dimensional issue, it is necessary to 

assess the impacts of climate change even at the local level so as to successful address 
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climate change (Hunt, 2004). In the next section, the global impacts, regional impacts 

and local level impacts are summarized.   

2.2 Impacts of Climate Change 

Climate change is not exclusively an environmental issue, and the main drivers 

of climate change are social, economic and development patterns (Cohen et al., 1998; 

Moomaw et al., 1999 & Stern, 2007). Climate change poses a challenge to sustainable 

development in most of the developing countries since the impacts of climate change 

affect the economy, ecosystem and society in a variety of ways (IPCC 2007). Hence, it is 

necessary to assess the impacts of climate change at the global, regional and local level 

to effectively address climate change.  

Effects of climate change on sectors such as agriculture and food supply, 

ecosystem and biodiversity, human health, food security and water scarcity are highly 

significant from the perspective of developing countries like India in particular and in 

general (IIR 2010).  

2.2.1 Global Impact 

The following review of anticipated climate change impact is based on IPCC 

2007 assessments. Climate change is a result of the existing and future changes in 

atmospheric conditions. Future predictions of climate change are mainly based on the 

causes for the climate change such as population, technological change and 

socioeconomic development. According to IPCC The Fourth Assessment Report on 

emission scenarios, carbon dioxide concentrations, surface temperature, and sea levels 

are projected to increase consistently in the 21st century. It is projected that global 

average surface temperature will increase from 1.6 to 5.48o C over the period 1995 to 

2100 (NAST 2001).  
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Due to this increase in temperatures, there will be a rise in the mean sea level by 

0.11 to 0.89 m by the year 2100. Most notable land areas, that would be warmer than 

other areas are the northern regions of North America, northern and central Asia. As a 

result, the global impact of climate change would be melting of glacier and ice caps and 

the loss of certain wildlife that live in these areas such as the polar bear (IPCC 2000). 

2.2.2. Impact of Climate Change in India. 

Different regions are likely to experience different weathers during the same time. 

Some regions may experience high rainfall during a month and in the same month other 

regions tend to experience droughts. According to the Indian Ministry of Environment and 

forests, since 1960s India has experienced reduced annual rainfall. For instance, the 

plains of Kerala, experienced a decrease in rainfall from at least 3,800 mm received in 

the 1950s and 1960s to around 2,600 mm in the 2009s, a fall of nearly 25 per cent. In 

contrast, Punjab experienced as a heavy rainfall ranging from 697 mm in 1970s to 

around 1,500 mm, in 2010s, recording an increase of 38.5 percent. This variation in 

climate tends to affect various sectors and causes various problems such as water 

pollution and also habitat destruction due to flooding thereby making it difficult for 

institutional practices also to provide services to vulnerable areas (MoEF 2009). 

2.2.2.1 Increased warming affecting agriculture and food supply. 

Climate Change has a significant impact on agriculture thereby affecting the food 

supply. Rise in temperature caused by increased GHG emissions affect the crop yield by 

affecting agricultural inputs such as lack of required water for irrigation and also the 

occurrence of pests that affect plant growth due to lack of required solar radiation. 

Thereby, pose a serious challenge to farmers. This affect is likely to vary from region to 

region (Rees & Wackernagel 1996). In addition, climate change affects the tropical and 

sub-tropical regions due to decreased water availability. Production of many regional 
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staples, such as millet, rice, and maize in South Asia could be reduced by 10 percent by 

2030 (Schmidhuber, 2007).   

Particularly in India, increasing temperatures and lack of sufficient water 

increases the requirement of fertilizers for crop production thereby result in increased 

GHG emissions. Increased droughts, floods and storms invariably affect the agricultural 

productivity and especially the livelihoods of the poor as their vulnerability to food supply 

is manifold (MoUD 2006). Hence there is a need to mitigate climate change and sustain 

livelihood.  

2.2.2.2 Vulnerable ecosystem and biodiversity. 

Climate Change has an impact on both individual species and their ecosystems 

thereby causing an immense loss to biodiversity system. Increased temperatures may 

cause certain species to migrate for one place to another, where the temperatures are 

more conducive to live. Similarly rise in sea levels affects the fisheries and aquatic 

species as salt water intrusion may cause certain species to die (Hassan, 2002). Climate 

changes may have an impact on the ecosystem. It is anticipated that due to the 

increased temperatures, the Himalayas located in the northern part of India are likely to 

disappear in few years. It is also anticipated that the thick forests in the Southern part of 

the country would possibly shatter up into woodlands and grasslands. In addition, these 

forests may also experience major loss in species. This is a permanent loss to the 

country and canto be replaced even in the future (Ramesh and Yadava 2005).  

2.2.3 Local Level Impacts 

Though climate change is generally acknowledged through modeling scenarios, 

most researchers have difficulty in addressing the impacts of climate change at the local 

level (Ewing 2008). It is essential for planners to understand the effects of climate change 

at the local level and develop impact assessments to overcome local challenges of 
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climate change that are applicable to their community (Shackley & Wynne 1996). This will 

help in mainstreaming climate change mitigation in urban planning. The issues that 

planners need to be concerned about the anticipated effects of climate change can be 

broadly generalized as physical and socio-economic issues. 

2.2.3.1 Physical issues 

Built-in Environment: As a result of climate change, local temperatures and 

rainfall patterns are anticipated to rise. The increased temperature and rainfall are likely 

to impact the built structure (Zahran 2008). For example, changes in temperature will put 

stress on structures that are built of cement thereby causing cracks on the buildings. 

Likewise structures that are made of wood are more prone to insect attacks. Hence, 

impacts of climate change have an effect on the built-in environment and this issue can 

be addressed by revising the local building codes (Revi, 2008). 

Transportation: Climate change immensely affects the transportation 

infrastructure. The rise in sea levels causes a lot of damage to the coastal area’s 

infrastructure. Roads tend to be damaged due to intense rainfall. Generally, bridges are 

designed to withstand storms which have a probability of occurring once in 50 years, 

however frequent occurrence of storms cause a lot of damage to these massive 

structures. Climate changes can severely damage the existing transportation 

infrastructure thereby increase the costs of repair and maintenance (Rydin, 2009).  

Hence, there is a need for planners to incorporate cost-benefit analyses. 

Energy: Increase in atmospheric temperature is likely to affect the amount of 

energy we consume and the ability to produce it reliably. Increase in temperatures 

requires more electricity to cool a building. Generating more electricity leads to increased 

production of CO2 emissions and climate change. In addition, it is difficult to generate 

electricity in high temperature since power plants require cold water to generate 
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electricity. Hence increased air as well as water temperatures could reduce the efficiency 

of the power plants to convert fossil fuel into electricity (Solomon, 2009). Thereby, 

inversely affects the economic costs to generate electricity. 

2.2.3.2 Socio-economic issues 

Increased Health issues: Climate change poses a lot of threats to the survival of 

mankind. The unbearable impact of climate change on health is beyond the concern of 

environment (Hulme, 2003). Particularly in India, every year, about 800,000 people die 

due to air pollution, 1.8 million die from diarrhea which is a result of lack of access to 

clean water supply, 3.5 million from malnutrition and approximately 60,000 in natural 

disasters (UN Habitat 2008). One of the causes for these deaths is the results of 

increased atmospheric temperatures, rainfall and severe floods. Warmer temperatures 

would result in higher death rates since people are not able to bear the heat waves, 

floods and heavy rainfalls leads to the transmission of diseases through unclean water 

and contaminated food (Younger, 2008). Hence, Climate change has a direct impact on 

human health and poses a challenge to the livability of humans. 

Tourism: Cities that have an active tourism activity must try to analyze the 

anticipated local climate changes since the local weather condition significantly impact 

the tourism industry. For instance, changes in the climate may result in less attractive 

areas and this may have an impact on the local economy (Zetter, 2002). Hence, urban 

planners need to consider these impacts of climate change  

Social behavior:  Climate change also tends to have an impact on the social 

behavior of the community. For instance, in cold regions, warm temperatures may 

encourage more outdoor activities and in moderate to warm temperature regions further 

increasing in temperatures may result to a decreased interest in the usage of public 
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space. Hence planners must plan the usage of place accordingly to the anticipated 

impacts (Bulkeley, 2006).  

Industry and business: Climate change may result in business and industries to 

relocate from one city to another due to a decrease in the availability of resource that are 

required for the functioning of an industry (Mukhopadhyay & Revi,  2009). This may have 

a negative impact on the economic conditions of a city and may also affect the social 

conditions of the people who are dependent on these industries (Grazi, 2009).Hence 

planners must anticipate the impacts of climate change and plan to broaden their 

economic base accordingly.   

Insurance: Recently, insurance industries are considering climate change 

concerns into their policy formulations to effectively address the impacts of climate 

change, insurance companies by increasing the property insurance costs in those areas 

that are more vulnerable to climate change. Hence, there is a need for urban planners to 

restrict development in those areas that may be severely affected by climate change 

such as restricting development near coastal areas to incur the increasing insurance 

costs (Zetter, 2002).  

In addition to the above, resulting impacts of climate change such as air pollution, 

water pollution and local destruction poses a challenge to sustainable development. 

Hence, addressing climate change is not only considered as an integral element of 

sustainable development but also considered as one of the most intimidating challenge to 

sustainable development (IPCC, 2007). 

2.3 Sustainable Development 

Sustainable development is a concept that emerged in early 1980s to address 

the interactions and conflicts between socio-economic developments and the 

environment. Since then, it has been adopted by various UN agencies, local 
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governments and private-sectors as an objective of social and economic development. 

According to the World Commission on Environment and Development’s (WCED), Our 

Common Future report, sustainable development is defined as ‘development that meets 

the needs of the present without compromising the ability of future generations to meet 

their own needs’ (WCED, 1987). The WCED commends that it is necessary for nations to 

maximize their economic production but at the same time ensure that they minimize 

human suffering and don’t harm the ecosystem. According to Babbie (2007), social, 

economic, and environmental issues are interdependent on each other and a balance 

among the three principles by entwining together social, economic and environmental 

issues is required to achieve sustainable development thereby, confront the challenges of 

reducing the overuse of resources and pulverizing poverty. 

In the field of urban planning, sustainable development acts as a framework to 

address the challenges among economic development, social equity, and environmental 

protection. Berke (1995) analyzed sustainable development from a planning perspective 

and identified two key characteristics that influence sustainability within a community. The 

first characteristic is “reproduction”. According to this characteristic, it is essential for 

planners to analyze the existing and identify the future needs of a community thereby 

shape the nature of future development, such that the demands of the community will be 

addressed without letting the communities lose their ability to revitalize. This means that 

communities must focus on building livable environments that are more livable, do not 

harm the existing ecosystem and promote economic development such that economic 

growth is responsive meaning that economic benefits are equally distributed rather than 

adding to the profits of the richer.  

The second characteristic is to achieve “balance” among social economic and 

environmental principles According to Berke, sustainable communities must reflect an 
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appropriate balance among social, economic and environmental values and if these 

values are not addressed equally in a community, then development cannot be 

represented as sustainable. For instance, in a master plan, if environmental principles are 

not accounted, then the ecosystem upon which a community tends to depend is not 

sustained. Likewise, if economic development principles are not represented, then the 

primary source of improvements within a community is denied. Similarly if social 

principles are not addressed, then there will be developments that do not meet the needs 

of the people within the community. Hence, sustainable development can be achieved 

through balance of the three principles which can be accomplished through coordination 

and negotiation among these values (Berke et al., 1995). 

Recently, many local governments are employing sustainable development by 

implementing sustainability programs within their communities. According to Krueger and 

Agyeman (2005), it is not essential for communities to adopt a sustainable action plan to 

achieve sustainability. However, sustainable development can be achieved if urban 

planning policies have a capacity (consist of certain goals) to promote sustainability 

through the presence of sustainable objectives. In addition, Berke and Conroy (2000) 

analyzed a sample of U.S. municipalities’ comprehensive plans and observed that 

planning polices in the plans did have objectives that promoted sustainable development 

in the community. This is consistent with Krueger and Agyeman’s conclusion that it is not 

essential for communities to actually develop a sustainability action plan to incorporate 

sustainable development in a community. 

In contrary to the conclusions made by Krueger and Agyeman, Portney (2003) 

examined a sample of communities that employed specific policies that were committed 

towards achieving sustainable development. In his analysis he implicitly contends that 

sustainable development within a community can only be achieved through a formal 
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implementation of policies that promote sustainability. He advocates that it is essential for 

local governments to influence individual behavior and public forethought to achieve 

sustainable development and. incorporate effective local policies that primarily focus on 

promoting sustainability.  

2.4 Sustainable Development and Climate Change 

According to IPCC, a strong relationship exists between sustainable 

development and climate change. On one hand, climate change has an impact on 

ecosystem, adversely affects the living conditions of human’s and also the economic 

growth thereby, affecting the sustainable development of a community. On the other 

hand, sustainable development protects the environment from degradation and also 

reduces GHG emissions that cause climate change by promoting sustainable projects 

that focus on transportation efficiency, natural preservation and resource conservation. 

Hence, impacts of climate change affect sustainable development and sustainable 

development eventually leads to climate change mitigation.  

In relation to urban planning, addressing climate change is an integral element of 

sustainable development policies. By promoting sustainable development, a community 

can make a major contribution towards climate change mitigation by enhancing a 

community’s climate change mitigation capacity. At the local level, Berke identifies a set 

of sustainability principles that are mostly addressed within a community to ensure 

sustainable development. They are: harmony with nature; livable built environments, 

place based economy; equity; polluters pay and responsible regionalism. He advocates 

that sustainable principles that are employed in urban planning do not tend to effectively 

mitigate climate change (Berke, 1995).  

It is generally acknowledged that sustainable development policies are 

interpreted very broadly and so it is difficult to assess their capability of addressing 
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climate change. For instance, Complete streets is a policy initiative that is implemented at 

the local level to enhance the livability in a city by building streets that are safer, more 

livable and welcoming to everyone. This policy makes streets to be user-friendly to the 

old and young, wheelchair users and walkers, bicyclists and motorists, bus and train 

riders. However, this initiative does not necessarily imply that a community is committed 

to reducing vehicle-miles-traveled and, consequently greenhouse gas emissions.  

On the other hand, certain policies such as building livable environments that 

tend to promote mixed use developments; bicycle and pedestrian travel to reduce the 

need for commuting long distances thereby reduce vehicular emissions and prove 

beneficial in addressing climate change. This initiative unlike the complete streets directly 

implies that a community is focused on reducing GHG emissions. Hence, sustainable 

development policies are certainly complex in nature since they try to address the socio-

economic and environmental issues in a broader context.  

Likewise, climate change policies that emphasize on promoting energy efficiency 

polices and renewable energy polices tend to reduce CO2 emissions and also prove to be 

economically beneficial.  However, they may not tend to promote sustainable 

development as they may or may not create jobs, improve health benefits. For this 

reason though sustainable development and mitigating climate change are certainly 

interrelated, yet  planning for sustainable development doesn’t mean planning for climate 

change. Therefore, many international negotiations advocate that it is essential to 

integrate climate change mitigation policies in urban planning to effectively mitigate 

climate change.  

2.5 Urbanization and Climate Change 

Urbanization is happening rapidly. It is analyzed that by 2007, almost half of the 

world’s population live in urban areas. In India, urban areas as hubs of economic growth 
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contribute to about 64% of the country’s GDP (Ministry of Urban development, 2009). 

This productivity is mainly dependent upon the availability of infrastructure services. 

Infrastructure such as roads, mass transportation, roads, water supply and solid waste 

management not only increase the productivity of urban areas but also improves the 

quality of life in these areas.  

Economic growth generally implies the need for more land to accommodate 

urban development (residential uses, industrial and commercial uses) and basically 

refers to the conversion of agricultural land into urban based industries and services. In 

developing countries, urbanization and per capita income increase at the same rate as 

productivity increases. So, Rapid productivity and high GDP implies improvements in 

industries and services, transportation production and information technologies thereby 

having a profound effect on urbanization (Quigley 1998, Romer 1986 and Lucas 2007). 

Rapid urbanization and improvements in technologies have spurred economic growth 

(Quigley 2009). Hence, Urbanization in simple terms means the development of 

industries which means increased CO2 emissions and thereby contributes to climate 

change. So, it is important for both the developing and developed countries to address 

climate change. 

Urban areas as concentrations of large economic activities encompass 

residential, commercial, industrial, and infrastructure services. Thereby has a significant 

impact on climate change. It is evident that urban areas through sprawl increase the 

usage of cars thereby contributing to climate change. This means that more the sprawl 

more is the CO2 emissions. Similarly urban areas means increased residential and 

commercial buildings. More energy is required to heat and light the buildings (McCarney 

2009). Increased consumption of energy leads to more generation of energy and 

eventually increased emissions thereby adding more CO2 emissions to the atmosphere. 
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Increased area of a building requires more energy to heat and light. According to the 

Clinton Foundation, urban areas are responsible for about 75 percent of GHG emissions 

that are released into the atmosphere. 

In this context, it is necessary to understand how urban areas in a developing 

country like India contribute to climate change. Grazi and Waisman (2009) analyzed that 

economic growth through urban agglomeration has external cost benefits on land use 

and transportation thereby contribute to climate change. Recently, The Energy and 

Resource Institute (TERI, India) analyzed the CO2 emissions from different sectors in 

Indian urban areas. The figure below represents the emissions by various sectors. It is 

observed that industrial sectors are a major source of CO2 emissions in urban areas. 

Residential emissions (28%) followed by transportation emissions (emitting 24%) are 

considered to be significant emitters of CO2 gas. 

 

Source: IIRC report, 2010. 

Figure 2-2 Carbon dioxide Emissions by Sector 
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2.6 Urban Economy and Climate Change 

Urban areas as concentrations of high population density and economic growth 

are vulnerable to climate change. Climate change impacts such as increased rainfall and 

severe droughts affect the inputs required for economic production such as raw materials 

and products, thereby reducing the production and economic growth. Particularly, in 

India, where urban areas are generally characterized as areas with high rates of 

migration, residential and commercial stock and also valuable infrastructure, the 

economic and social costs of climate change are very expensive and so, it is necessary 

to mitigate climate change. 

For instance, at sub-national level, Gujrat’s, annual Gross State Domestic 

Product (GSDP) has reduced by nearly two per cent due to the severe droughts, storms 

and inland flooding that the state witnessed during 2011.It is estimated that loss due to 

drought is 57 per cent, storm contributed to 14per cent, and inland flooding makes to 8 

per cent of loss to the overall GSDP. According to IIRC (2010) the economic damage 

caused to the foundations of a building due to sea level rise to Mumbai, an urbanized city 

in India may amount to nearly Rs 1,501,725 crores. Tourism losses in the form of less 

tourists visiting is Rs. 1,970, 800 crores and mortality costs due to flooding is nearly Rs. 

405 crores. Hence, climate change not only damages the infrastructure but also has an 

impact on the economic productivity thereby affecting the country’s GDP. 

2.7 Local Climate Change Mitigation 

The various global, regional and local impacts of climate change suggest that 

urban areas act as an interface between the components of climate change and urban 

activities. Various urban activities results in increased GHG emissions thereby, 

contributing to an increase in atmospheric temperatures and subsequently impacting the 

urban areas. Thus, urban areas not only result in causing climate change but are also 
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adversely affected by climate change (Brown, 2001, 2008 & Nicholls, 1995). In order to 

overcome the increasing consequences of climate change there is a need for regions and 

cities to efficiently reduce their CO2 emissions (mitigation action) and develop climate 

change resilient regions and cities (adaptation action) (Mcevoy, et al., 2006).  

2.7.1 Opportunities of Climate Change Mitigation  

In the literature of climate change, mitigation activities are broadly defined as 

strategies that tend reduce greenhouse gas emissions especially CO2 gas emissions or 

promote greenhouse sinks (IPCC, 2007b). Climate change mitigation strategies are 

mainly developed to reduce CO2 emissions into the atmosphere thereby not only 

safeguard the environment but also the humans who are most likely to be affected by the 

impacts of climate change (Stehr & Storch, 2005). CO2 reduction activities mostly include 

but are not limited to promoting public transportation, improving energy efficiency, 

infrastructural investments and implementation of renewable energy (Laukkonen et al., 

2009). According to McCarney, climate change mitigation strategies mainly tend to target 

five sectors that are considered to be responsible for emitting large amounts of CO2 

emissions. They are: transportation, energy supply, industry, buildings, and waste 

management. 

Generally, most researchers consider mitigation of climate change as a global, 

issue and responsibility. According to them, a major amount of GHG emissions are 

mainly generated from power generation industries. So, it is necessary for national level 

policies to target these industries and thereby significantly reduce their GHG emissions 

(Lashof & Tirpak, 1990; Lim, Burton, Malone, & Huq, 2005). However, recently, there is 

an increasing research that focuses on analyzing the impacts of urban form, urban 

patterns and urban characteristics on carbon emissions. These studies conclude that by 
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altering the spatial patterns of urban development the CO2 emissions of a community can 

be significantly reduced (Condon, 2010, Ewing, 2008, Wheeler, 2008, Hough, 2004).  

Incorporating changes to the urban form by increasing the density within a 

community, by altering the design form, promoting regional accessibility and transit 

availability, and promoting the usage of low carbon energy statistically prove to be 

efficient in reducing CO2 emissions to a considerable extent (Ewing & Cervero 2010). For 

instance, transportation emissions which are primarily a result of car travel and one of the 

major sources of CO2 gas can be reduced to some extent by reducing car travel through 

promoting better development patterns or considerable changes to existing patterns 

(Glaeser, 2008). In addition, individual behavioral choices to rely on public transport, car 

pooling and use bicycle mode or walking for short trips will all add up to reducing the 

transportation emissions which is one of the major contributor to GHG emissions. Hence, 

mitigation policies are no more limited to global and international level negotiations 

(Kyoto protocol), but can also be implemented at regional as well as local level.  

While mitigation is necessary and also proves to be beneficial in reducing CO2 

emissions, there are evidences that suggest that certain climatic changes are 

unavoidable and unexpected. So, there is a need to adapt to the changes by 

incorporating adaptation actions (Reilly et al., 2001). 

2.7.2. Opportunities of Climate Change Adaptation 

 Climate change adaptation is referred to as actions that tend to prepare a region 

or a city to become accustomed to harmful effects of climate change. Unlike mitigation 

actions, which focus more on minimizing climate change, adaptation action focus more 

on acclimatizing to climate change (IPCC, 2007a). Unlike mitigation strategies, 

adaptation strategies are mostly short term, action–oriented solutions (Huq, 2006).  

According to IPCC, implementation of adaptation options lies on the ability of government 
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organizations, communities and individuals to transform strategies into actions (Tompkins 

2005). Adaptation actions apart from being action oriented can also tend to facilitate 

social capital within a community, promote public works development and market 

processes (Smit, et al., 2000).  

Adaptation actions similar to the mitigation actions can be addressed at the 

regional level and are mostly community based approaches. But unlike mitigation, they 

depend on the intensity of threat a local environment faces from a particular climate 

change impact and the inbuilt socio-economic capacity of the community to deal with the 

impacts (Mendelsohn, 2001). Hence, adaptation actions mostly depend on the ability of 

the region to respond to the impacts of climate change when they are experienced. The 

regional/community response to the impacts of climate change is almost similar to the 

way a region/community responds to natural disasters. So, climate change adaptation 

actions require assessing both the risks and vulnerabilities that limit capacity building of 

impacts imposed by climatic changes (Adger, 1996). Hence, it is sensible to assess 

climate change vulnerability and plan for climate change by taking advantage of natural 

hazard vulnerability literature (Mendelsohn, 2000). 

2.7.3 Synergies and Conflicts 

In the climate change literature, it is evident that research on climate change 

adaptation is very limited when compared to the research on climate change mitigation. 

As there are increasing scientific evidences that acknowledge that climate change will 

continue to happen and it is unavoidable, it is necessary to protect the society from the 

impacts of climate change and hence requires more research (Stehr, 2005). However, 

researchers advocate that both mitigation and adaptation go hand in hand and there is a 

need to supplement mitigation actions with adaptation actions. According to Ager 2001, 
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by promoting climate change mitigation strategies in a community, the need for adaptive 

actions can be significantly reduced (Ager, 2001).  

Climate change mitigation policies mainly focus on reducing CO2 emissions 

thereby eventually reducing adaption actions. Likewise, adaptation actions such as 

developing urban forests limits storm water run-off and eventually reduces CO2 emissions 

in the atmosphere through carbon sequestration. Hence, synchronization between 

mitigation and adaptation actions can prove to be beneficial in addressing the impacts of 

climate change in a cost effective manner (Adger, 2001). 

In contrary, mitigation and adaptation policies can also result to be 

counterproductive if they are implemented without addressing the co-relation between the 

climate change mitigation and adaptation strategies. Thereby, tend to undermine their 

ability in achieving their respective objectives (Wheaton, 1999). For example, 

emphasizing more on development of urban forests can lead to sprawling communities, 

resulting in more vehicular trips thereby increasing CO2 emissions. Hence adaptation 

actions can prove counterproductive to mitigation action (Hamin, 2009). So, it is 

necessary to achieve a balance of mix between both mitigation and adaptation actions.  

With the existing knowledge on climate change, researchers highlight that there 

is a need to develop a justifiable mix of mitigation and adaptation strategies to effectively 

address climate change (Klein, et al., 2005).  

As mentioned earlier in chapter 1 of this dissertation, Wilbanks (2005) 

recommends a comprehensive approach to climate change. As the name suggests, 

comprehensive approach deals with addressing climate change at the regional level. The 

comprehensive approach requires urban areas to mainstream climate change mitigation 

and adaptation strategies into respective land use, transportation, environmental and 

developmental policies (Hamin & Gurran, 2009).  
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This comprehensive approach mainly focuses and targets the CO2 emissions 

sectors that emit huge amounts of CO2 emissions such as transportation, buildings, 

energy supply industries, waste and industrial pollution activities and also promotes 

adaptation strategies such as pursuing innovative cooling, managing storm water and 

preserving trees and plants to adapt to climate change at the local level. Hence, 

mitigation and adaptation benefits are best achieved through this the community based 

approach, since it is not only manageable but also feasible (Kates et al., 2001).  

However, most of the research and analysis related to climate change is 

qualitative rather than empirical and most of the studies are confined to only a single 

issue of climate change such as increase in sea levels (Sato, 2012, Markandya & 

Chiabai, 2009; Hunt and Watkiss 2007; Kreimer et al. 2003). The main challenge that is 

yet to be resolved in the literature of climate change is to develop statistical studies that 

analyze the relationship between climate change mitigation policies and CO2 emissions. 

Later, integrate climate change mitigation policies in urban planning (IPCC, 2007). 

2.8 Reducing Climate Change Impact on Cities  

Schlosberg, (2008) highlights that most of the climate change mitigation actions 

currently taking place to reduce CO2 emissions at the local level are informed by urban 

planners. The various mitigation strategies can be broadly categorized into “compact city” 

approach and the “green city” approach. The ‘compact city’ approach emphasizes on 

high density development within a city (densification) and the ‘green city’ approach 

emphasizes the promotion of new developments as a result of the polycentric growth of a 

city (spatial expansion).  

The “compact city” approach emphasizes that high density development can be 

ascertained by promoting future development of a city within the existing city limits.  This 

requires an effective land use transportation planning approach and also incentives that 
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encourage not only reducing distances between various activities and car travel demand 

but also reducing single family homes demand as they have a high demand for energy. 

Alternatively the “green city” approach emphasizes the urban design centered aspect of 

the developing urban sub-centers by promoting mixed land use developments. This 

involves the promotion of mass transit routes, and improvements in architectural designs.  

2.9 Mainstreaming Climate Change Concerns in Local Urban Planning 

Discussion of integrating climate change concerns into urban planning and 

considering climate change as a new aspect of sustainability has just started evolving. 

Themes of sustainability, smart growth, and new urbanism have been a part of planning 

concerns and have been integrated into master plans. Likewise, master plans may also 

have the ability to integrate climate change mitigation policies that reduces or moderates 

the impacts of climate change in the master plans.  

Researchers who advocate mainstreaming climate change mitigation into urban 

planning have identified a set of planning actions that benefit in achieving CO2 emission 

reduction. Climate change mitigation effective planning policies focus on promoting low 

building energy use, reducing vehicle miles, creating dense urban environments and 

green urban spaces. All these policies eventually reduce CO2 emissions (Kahn, 1996). 

Cervero and Kockelman (1997) identified the 3 D’s namely density, diversity and design 

as a model for sustainable urbanism. Later, Ewing (2008) in addition to the 3 D’s adds 

two more components thereby puts forth five key components for climate change 

mitigation and addresses them as the 5 D’s. These are: accessibility to destination, short 

distance between work and transit, increased density; increased diversity in land uses; 

and small block designs. The main benefit of all these aspects is the significant reduction 

in vehicle miles travelled and eventually the reduction of CO2 emissions.  
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In addition to these aspects, Ewing (2008) also suggest urban growth 

boundaries, workforce housing within close proximity to jobs, pedestrian friendly 

surroundings and low energy efficient building design standards. Recently, compact 

urban form is also closely related to climate change mitigation (Ewing, 2008). The 

justification behind this is that low density development is associated with more sprawling 

areas that lead to more vehicles miles travelled and increased CO2 emissions. Recently 

low density is also related to large single family dethatched units with large interior 

spaces that lead to more energy consumption and eventually more energy demand.  This 

eventually increases GHG emissions (Ewing, 2008).  

The Climate Protection Agreement recommends a set of both short and long-

term activities for mitigating climate change (ICLEI, 2005). A set of short-term activities 

that is relevant to planning are: planting shady street trees; maintaining urban forests, 

encourage car-pooling and mass-transit; promoting usage of green energy; strict 

residential and commercial building codes; promoting reuse and recycling programs and 

public education. Long-term actions include: promote high-density, relocating facilities to 

reduce travel time; ordinances to limit sprawl, infill development and Brownfield 

redevelopment; preserve open space; and infill development.  

Climate change researchers agree that for policies to effectively mitigate climate 

change it must constitute a mix of climate change mitigation and adaptation actions. 

Policies and actions that emphasize in limiting or reducing CO2 emissions contribute to 

the climate change mitigation activities. 
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Chapter 3  

Climate Change Planning in India 

In this chapter the discourses on urban planning and how they relate to climate 

change planning in India are reviewed and discussed briefly. The theoretical issues of 

plan implementation are reviewed. This helps in developing a conceptual research 

framework that informs the research method. 

3.1 Nature of Urban Planning  

Urban planning is a diverse field and can be viewed from various perspectives. 

This may involve perceptions which focus on urban planning policy issues while others 

may consider it in terms of urban planning practice. 

 Urban planning involves a range of activities designed to promote the growth 

and development of the built environment (Chapin and Kaiser, 1979). Since the 1900s, 

the field of urban planning has undergone a gradual shift from an initial emphasis on the 

promotion of architectural beauty to urban reform movements with concern about 

improving the living conditions of people, focusing on issues of equity and social justice. 

Faludi (1973) asserts that urban planning is a ‘rational’ process and must be approached 

from a scientific and technical perspective. Accordingly, rational planning mainly 

emphasized on identifying and focusing on the best methods for practicing planning and 

future courses of action with regard to the city.  

Gradually in the mid 1970s with the introduction of political discourse into urban 

planning and later, in the 1980s with the launch of John Friedman’s  context-value laden 

nature of participatory, action oriented, communicative and radical approaches, planning 

was viewed as a mutual learning process involving consensus building rather than a 

rational decision making process. As such in the 1990s the field of urban planning 

witnessed a significant shift in its use of ‘rationality’ from one that views plan making 
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(providing an outline of the various development strategies, policies, and activities taken 

at the different planning scales) and plan implementation (putting plans into effect) in 

isolation to one that views plan making process and plan implementation as a single 

activity (Friedman, 1969).  

3.1.1 Plan Implementation Theory  

In the mid 1970s, Friedman (1971) describes implementation as an inseparable 

activity from plan making process, as such involving the inclusion of a wide-range of 

actions in the process of shaping and making of plans. Friedman (1971) through his 

action model of planning highlights the political process involved in the implementation of 

the plans. He advocates that a planner must be like a facilitator or communicator trying to 

promote participatory planning among all interest groups, discussing issues with the 

public and developing a hierarchy of goals and workable strategies for plans with the 

public interest and also put them into action with the help of the public. Accordingly 

Friedman (1973) highlights that, planning is a form of undertaking action, and 

implementation means thoroughly carrying out the planning. 

Friedman (1971) emphasizes that planning is a mutual learning process and a 

participatory action process where in both the planner and the public participate together 

in the plan making process and put into action as such work towards the reformation of 

the project undertaken. According to him, the radical planning process is the best 

approach to practice planning since they are created with the public interests within the 

social context and is value laden (Taylor, 1998). Thereby highlights that for effective 

implementation of a plan, the planner must act as a facilitator, researcher and must be 

skilled at contacting, communication and negotiating with others (Friedman, 1973; 

Forester, 1989; Healey, 1992; Taylor, 1998). 
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Later in the early 1990s, John Forester (1989) coined the phrase communicative 

planning highlighting that negotiation was a pre-requisite skill for a planner. Since then,  

implementation was widely used to imply that decision-making processes for the city has 

been widened out, with a restructuring of the relationships between city government 

officials, planning professionals, non-profit organizations (NGOs), stakeholders and the 

public (Forester, 1989). As such, radical planning demands for more participation in 

decision-making and underscores the need for planners to involve clients in debate and 

dialogue to effectively implement urban plans.  

From a public policy perspective, this approach to implementation is referred as 

the “bottom-up; action centered” approach of implementation. From this point of view 

implementation is seen as “action perspective” which is in contrast to the “policy 

centered” approach.  The latter considers implementation to be “putting policy into effect” 

whereas action-perspective claims that instead of formulating policy first then going on 

with the implementation; policy could arise as the plan was implemented. 

3.1.2 Challenges of Urban Planning 

Friedman (2005) highlighted that most of the countries in the world were 

originally based on the European urban planning tradition. Accordingly most of the 

countries influenced by the European planning practice emphasized on land use planning 

and architectural urban design as a solution for most of their spatial urban problems, 

without much regard to the specificities of context (Friedman, 2005). Cohen (2006) 

describes the characteristics of urban planning by highlighting the enormous challenges 

urban planners’ experience. One of the most common challenges is the unregulated 

growth and expansion of the cities due to urbanization. In many cities, unregulated 

growth has led to an increased pressure for land thereby, intensifying sprawl and 

congestion. Farvacque et al. (1992) identifies the existence of inappropriate and obsolete 
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planning regulations and codes and the dominance of the comprehensive long range 

planning as some of the challenges related to urban planning. 

However, in the late 1980s, with the growing realization that planning can 

significantly influence the livability of cities if its environmental, socio-cultural and 

economic dimensions are fully explored many developing countries broadened their 

scope of urban planning by incorporating sustainable planning in their planning agendas. 

Accordingly, this has led to a shift from traditional planning concerns about land use, to 

concerns about the promotion of the sustainable development in many developing 

countries (Friedman, 2005).  

3.2 India’s Response to Climate Change  

Impacts of climate change are very extensive and it is urgent to address these 

challenges. India has 17 per cent of the world’s population and contributes nearly 18 per 

cent of the total global greenhouse gas emissions. While US contributes approximately 

about 30% and the European countries contribute nearly 23% of GHG emissions. In 

terms of per capita CO2 emissions, India also has high per capita emissions of nearly 10 

MT CO2 (about 33% of the global average) compared with 24 MT CO2 in US and 17 MT 

CO2 in EU per capita emission.  According to WRI (2009), India emits an estimated 1.7 

TCO2 emissions per capita per year (WRI, 2009). 

India looks forward and participates in global negotiations on climate change. 

The country believes that developed countries are mainly responsible for the climate 

change problem, due to increased urban and economic growth. As growth will continue to 

happen, there is a need for developing countries to manage the growth and act 

accordingly by reducing their GHG emissions. In order to meet the demands of living and 

raise their living standards, total GHG emissions are bound to increase in India as well as 

in other developing countries. 
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India being committed to a pathway of sustainable development, recently 

adopted a National Action Plan on Climate Change (NAPCC) that consists of various 

urban CO2 emission reduction missions. The NAPCC outlines national level policies that 

address climate change mitigation as well as adaptation. The action plan identifies eight 

core areas and refers them as national missions to effectively mitigate and adapt climate 

change. They are “National solar mission”, “National Mission for Enhanced Energy 

Efficiency”, “National Mission on Sustainable Habitat”, “National Water Mission”, “National 

Mission for Sustaining the Himalayan Ecosystem”, “National Mission for a “Green India” 

“National Mission for Sustainable Agriculture” and “National Mission on Strategic 

Knowledge for Climate Change” (NAPCC, 2008).  

The NAPCC through these eight missions emphasize the need to maintain high 

standards of air quality, living conditions and economic growth. Accordingly, identifies 

strategies that promote sustainable development objectives and at the same time 

addressing climate change. Being a member of the Asia Pacific Partnership on Clean 

Development and Climate, the country actively participates at the UN Framework 

Convention on Climate Change (UNFCCC) and various international conferences to 

collaboratively develop and promote the usage of clean and environment friendly 

technologies.  

3.3 National Level Climate Change Planning in India 

Planning is the fundamental process required for promoting development. In 

India, the “National Action Plan for Climate Change” under its eight missions’ only 

highlights the aims and goals related to CO2 emission reduction, which the country has to 

achieve (Biesbroek et al., 2009). For instance within the NAPCC, the aim of the “National 

Solar Mission is to promote the development and use of solar energy for power 

generation and other uses with the ultimate objective of making solar competitive with 



39 

fossil-based energy options.”  Likewise the goal of this mission is “to increase the use of 

solar thermal technologies in urban areas, industry, and commercial establishments”. 

Therefore, the key role of the regional/local planning officials is to coordinate climate 

change (CO2 reduction) activities/policies that are dominant in reducing CO2 emissions, 

and accordingly include such activities in the planning process to effectively reduce CO2 

emissions (Biesbroek et al., 2009).  

In India, the idea of community participation and multi stakeholders in urban and 

regional planning is an accepted phenomenon in current day practice. The bottom up 

approach in Indian urban planning may be traced back to the late 1980’s when Lindblom 

(1963) ideas of incremental planning, Davidoff’s advocacy model and John Friedman’s 

action-oriented model planning were widely welcomed among Indian urban planners, due 

to evident failures of the long-term master plans, concerning over-optimistic growth 

estimations and socio-economic problems of large scale development.  

As such, India constitutional mandate (73rd & 74th Constitutional Amendment Act 

1992) laid the foundation of citizen and stake holder’s participation in urban / rural 

planning and also entrusted local Non-Governmental Organizations’ (NGOs) and 

Community Design Centre (CDC) with the responsibility to intervene in the 

implementation process of plans with the participatory action of the public in great way. 

As such NGOs and CDCs advocates for participation in planning and they became the 

staging ground for professionals for such work.  

Since, 1999, India has been actively engaging in multilateral negotiations in the 

UNFCCC. One of the main concerns of these negotiations is to reduce CO2 emissions in 

the country. India as a developing country receives funding from the World Bank to focus 

on their emission reduction and the national government commissioned municipal 

governments to work towards emission reduction.  
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In regard to climate change, Betsill and Bulkeley (1999) identified that, lack of 

individual commitment to reduce CO2 emissions is one of the main reason for not being 

able to effectively address CO2 reduction. Hence, it is essential for communities to be 

effectively involved in the climate change planning process. As such planning for CO2 

emission reduction/climate change mitigation in Indian cities is necessarily a response to 

the environmental pressures and also to the pressures from the planning officials. 

3.4 Public Policy in Urban Planning  

Comprehensive, development and master plans are regarded as a means of 

managing growth and directing development in order to achieve the desired goals of a 

community. These plans generally include elements of land use, urban design, 

transportation, housing, energy, environment, public facilities and economic development 

(Berke, 2006). This type of cross-thematic integration between development policies and 

various plan elements of a community along with the underlying regulatory framework are 

regarded as a viable tool in managing the growth and development of a community 

thereby help in accomplishing the goals and objectives of a community (Berke, 2006). 

Hence, these plans are regarded as the necessary policy document that promotes urban 

planning process in the city (Kaiser, 1995).   

Across the world, public participation in urban planning process is widely 

accepted to be efficient (Tauxe, 1995). The principles of public participatory planning in 

urban planning mainly emphasizes the stakeholders rights to be informed, to promote 

innovative issues and also assess alternative solutions during the planning process 

(Godschalk & Mills, 1966). According to Barrett and Fudge (1981), implementation that 

develops as a response to actions is referred as an action-centered approach as such 

involves an action in planning. Research on urban planning and policy formation methods 

analyzes the effectiveness of decision making through public participation to be an 
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effective practice for the implementation of planning goals (Friedman, 1973; Barrett & 

Fudge, 1981). 

Traditionally urban planning structure has been a regarded as public policy that is 

shaped by power (Kaiser & Godschalk, 1995a). Research emphasizes the role of urban 

planning policies in promoting sustainability (Berke and Conroy 2000), in environmental 

management (Brody, 2003), intergovernmental collaboration (Godschalk, 1994) and 

promoting natural resiliency performance and mitigating natural hazards (Nelson and 

Steven, 2002; Berke and Beatley 1992; Brody 2005). This aspect of public policy within 

urban planning process, that lies beneath the urban planning documents symbolizes the 

regulatory framework, the integrative, collaborative nature and the scope for public 

participation to develop innovative solutions in planning process.  Accordingly, urban 

planning and public policy have the ability to mitigate climate change by reducing CO2 

emissions and also the potential to increase governance to mainstream climate change 

mitigation policies in urban planning respectively. Thereby providing the regions an 

opportunity to be more responsive towards climate change mitigation.   

3.5 Conclusion 

In sum, the important aspects of this chapter are the interconnections between 

climate change and urban planning and the potential role of public policy in dealing with 

climate change planning. The theoretical framework of planning discourses and climate 

change response planning in India illustrates the significant interrelationships between 

the city’s internal and external factors that shape local level actions. These 

interrelationships emphasize the technical political and policy aspects involved in the 

process of planning for climate change.  
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Chapter 4  

Plan Evaluation studies, Techniques and Measure of Reliability 

This chapter briefly conceptualizes the literature on plan evaluation and provides 

an in-depth overview of the qualitative content analysis technique/method used by urban 

planning researchers in evaluating urban plans. Reliability issues among plan evaluation 

research studies (Delphi technique, percentage agreement and Krippendorff alpha value) 

are analyzed and recommendations that have been proposed by researchers to improve 

the measure of reliability are briefly discussed.  

Thematic analysis of the content analysis technique and insights gained during 

the review of various inter-coder reliability measures, provide a foundational base to 

significantly address the necessity for the measure of reliability of urban plan evaluation 

studies.  

4.1 Conceptualizing Plan Evaluation Literature 

The development of a comprehensive plan or a master plan is the initial process 

in accomplishing planning goals and comprehending a community’s vision. In order to 

achieve a community’s goals and objectives, the community’s urban plans 

(comprehensive plans or master plans) must address the local context and also the 

needs of the community (Berke, 2006). Probably, the thrust for an efficient urban plan 

has enhanced studies and research on local planning documents. Accordingly, since the 

past decade, studies on evaluating urban plans have become very prominent, more 

structured and well organized. 

Earlier researches on evaluating urban plans suggest three distinct methods 

(Knaap et al. 1998). The first method is to compare the actual physical pattern of 

development to the planned spatial pattern of distribution as undertaken by Adger (1996). 
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This method of evaluation is a post evaluation process and sought to compare the 

current level of spatial patterns to those desired (Adger, 1996). As such it lacks to 

affectively assess the planning effect.  

The second method of evaluating urban plans is based on McHarg’s Overlaying 

map technique. This technique is most widely used for evaluating/analyzing 

environmental planning issues (Hopkins, 1974; Anjomani, 1984). Based on GIS 

mathematical modeling urban activities are allocated and decisions to regulate, plan and 

develop land are modeled independently based on logic and subjectivity (Anjomani, 

1984; Albers, 1991; Thrall and Thrall, 1993; Batty and Harris, 1994; Kolsterman, 1994; 

Satterthwaite, 2006). 

Anjomani (1984) identified that the main drawback of this approach is the 

inherent lack of an optimal solution. As such these plan evaluation studies lack reliability 

due to its nature of interpreting results based on ordinal combination. Thereby, proposed 

the ratio scale ratings and a linear assignment model as a solution to overcome the issue 

of reliability for plan evaluation studies based on overlaying map technique also referred 

as ordinal combination method. He further suggested two methods: Delphi technique 

(group technique) and percentage method as a measure of reliability for plan evaluation 

studies (Anjomani, 1984). These methods are discussed in detail in section 4.4 of this 

chapter.  

The third method is referred as the “Developing index method” and is based on 

the deductive approach, content analysis technique. This method relies on the 

assumption that quality/ability of a community’s urban plan to deal with their urban 

problems is a result of the urban planning process. This method evaluates the planning 

documents against a set of measures (evaluation protocol) that tend to constitute a good 

plan. Most of the urban planning researchers have incorporated this technique for 
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evaluating plans mainly for but not limited to sustainability issues, environmental resource 

and hazard mitigation (Dalton and Burby 1994; Berke and Conroy 2000; Nelson and 

Steven, 2002; Berke and Beatley 1992; Brody 2003; Edwards, 2007; APA, 2013; Stevens 

et al., 2014).  

Stevens et al., (2014) identified that the main drawback of these above 

mentioned plan evaluation studies is the lack of reliability in the plan evaluation studies/. 

He critiques the percentage agreement technique and puts forth a new measure referred 

as Krippendorff alpha value for inter-coder reliability. The commonality in the above two 

widely used methods for plan evaluation studies is the lack of a universally agreed and 

accepted measure of reliability. These issues of inter-coder reliability will be reviewed in-

depth in section 4.4 of this chapter. 

Having explained the approaches to plan evaluation, the next section provides a 

brief summary of about the 40+ plan evaluation studies that have been conducted in the 

field of urban planning till 2014. Since this dissertation incorporates the third method 

“developing Index method” to evaluate urban plans in India for CO2 emission reduction 

an in-depth understanding of the concepts involved in evaluation studies is required.  

4.2 Review of Plan Evaluation Studies in Urban Planning 

Plan evaluation is most commonly used in the field of managing environmental 

resource and hazard mitigation. In the field of urban planning, till date more than 40+ 

urban plan evaluation studies have been conducted. These studies use plan quality as a 

variable/index to assess the planning process and the implementation process of the 

developed plans (Berke & Conroy, 2000; Tang et al., 2010; Stevens et al., 2014).  Most 

of these evaluation studies have focused on evaluating the plans for natural hazards, 

coastal management, environmental management, sustainable development, sprawl, 
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growth management and affordable housing (Kaiser & Godschalk, 1995; Kaiser & Burdy, 

1996; Berke et al., 1999; Berke & Conroy, 2000; Edwards, 2007; Stevens et al., 2014).  

The concept of plan evaluation evolved in the early 1960s (Hill,1968; Young, 

1966). Early research of plan evaluation mainly emphasized on definite plan components 

such as housing, land use, and economic growth (Boyce, 1970; Masser, 1983 & Peiser, 

1984). Later Tett (1991) made a major advancement in evaluating plans by emphasizing 

on assessing the impacts of the plans and developing objective principles for evaluating 

plan quality. Healy (1993) builds on the research of Tett (1991) by emphasizing that the 

objective principles for evaluating urban plans must be consistent with the goals, 

objectives of the community.  

Nonetheless, in the late 1990s and early 2000s, with an intention to help urban 

planners in their assessment and analysis of the urban plans, Berke and French (1994) 

incorporated a qualitative content analysis technique from the field of communications 

and analyzed the impact of urban planning mandates on local urban plans by developing 

plan quality and policy indexes. In accordance, Kaiser et al. (1995) highlighted that goals 

and policies of urban plans are important characteristics against which plans are to be 

evaluated and are core components of developing plan quality and policy indexes. He 

cautions plan evaluation researchers the goals within the evaluation framework against 

which plans are evaluated should clearly articulate and target the problem that is to be 

evaluated. He acknowledges the necessity of plan evaluation studies by highlighting that 

evaluation of policies will enable the implementation of the goals and facilitate decision 

making. He  

Accordingly, since the late 1990s, most of the plan evaluation studies were 

conducted to enable the implementation and thereby analyze the ability of urban plans in 

achieving sustainable development (Berke and Conroy 2000), promoting natural 
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resiliency performance, in managing the ecosystem (Brody, 2003), mitigating natural 

hazards (Nelson and Steven, 2002; Berke and Beatley 1992; Brody 2003c) and also 

measuring the intensity of natural hazards in local urban planning (Berke et al., 1996; 

Burby, 1998; Godschalk, 1999). Adequate research has been conducted in analyzing the 

role of local planning policies in  natural hazard reduction (Berke & Burdy, 1996), 

environmental protection (Berke et al., 1999), promoting sustainability (Berke & Conroy, 

2000), promoting smart growth principles (Edwards, 2007) and encouraging 

intergovernmental collaboration (Burby & May, 1997). Thereby ascertaining that, local 

urban planning policies act as a significant tool in promoting and regulating the 

development of cities (Kaiser & Godschalk, 1995).   

However, though plan evaluation proves to be beneficial in examining the 

efficiency of local planning policies (Berke, 2000). Research has also identified that 

planning policies sometimes lack the ability and efficiency in promoting certain goals that 

are outlined in their vision statements and that are desired to be achieved by the 

community. As such a difference between the anticipated impact of planning policies and 

actual development exists. 

For instance, Brody (2005) evaluated a community’s master plan in Florida for 

implementation of environmental management component. The results analyzed that 

though master plans included environmental policies, they did not have a much desired 

environmental impact in restricting the development of wetlands as the plan 

implementation index, that measured that extent of implementation was associated with a 

less degree of probability. Likewise, Portney (2003) evaluated a sample of thirty 

communities that employed specific policies that were committed towards achieving 

sustainable development. In his analysis he implicitly contends that sustainable 

development within a community can only be achieved through a formal implementation 
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of an agenda that constitutes a set of policies that primarily promote sustainability and 

urban local planning policies lack the ability to promote sustainability. He advocates that it 

is essential for local governments to incorporate effective local policies that primarily 

focus on promoting sustainability. Hence, evaluating local comprehensive plans and 

master plans helps in analyzing the efficiency of the planning polices in achieving the 

community’s’ goals and visions. 

In sum, all these articles advance our understanding on plan evaluation. 

However, plan evaluation studies have various strengths and weaknesses also. They are 

briefly discussed below. 

4.2.1 Strengths and Weaknesses of Plan Evaluation Studies 

Chapin and Kaiser (1979) identified three core characteristics of Plan Evaluation 

Studies. They are 1) strong factual basis; 2) clearly articulated goals and objectives and 

3) appropriately directed planning policies and strategies. The factual basis refers to the 

existing local conditions and identifies the needs related to the community physical 

development.  The goals refer to the aspirations and the needs that are developed on 

shared values. Finally policies are a general guide to decisions about the location and the 

type of development to assure as policies tend to put the actions into effect (Berke and 

Godschalk, 2009; Talen, 1997; Tang et al., 2010).  

The strengths of developing Indexes and evaluating plans in terms of assisting 

an effective assessment of policies in the development/master plans can be summarized 

as: 1) providing a framework to implement goals within a community 2) integrating a 

methodical thinking to understand the objectives 3) developing a proactive approach for 

planning and promote decision making 4) an ability to implement community’s goals in 

planning and update the existing regulations, laws and policies 5) strengthening inter 
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organizational collaboration at the local scale 6) identifying potential conflicts in urban 

development. 

The weakness of plan evaluation studies as mentioned earlier (section 4.1) is the 

apparent lack of a universally agreed and accepted measure of reliability. Lack of 

reliability reveals the lack of consistency or stability in the plan evaluation results. In 

terms of developing an effective assessment of policies/ planning documents, lack of 

reliability in plan evaluation methods cannot accurately reflect the entire dynamics of local 

urban planning. Besides the issues of reliability, external factors such as socioeconomic 

characteristics and bio-physical characteristics can to some extent also affect the results 

of plan evaluation. As such both validity and reliability of plan evaluation studies is an 

issue. 

However despite the issues of validity and reliability most urban planning 

researchers agree that the “Developing index approach”, is an effective approach to 

analyze the ability of urban plans.  

4.3 Plan evaluation Technique: Overview of Content Analysis 

Content analysis is defined as a set of methods for analyzing the content of any 

written communication. Content analysis has traditionally been used in the field of 

communications to analyze novels, newspapers, and other media in order to characterize 

and evaluate the message being conveyed by them or the apparent assumptions or 

attitudes contained within them. The general approach employed for content analysis 

involves preparing an evaluation protocol by defining categories/components 

(presence/absence of a category/component), for analysis. Then having one or more 

evaluators or ‘‘coders’’ use that protocol to read and ‘‘score’’/”code” (assign numerical 

numbers 0, 1, 2… as required to the indicators/aspects/data) the written communication 
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in the documents being evaluated. As such, the unit of analysis is the ‘‘recording unit’’ 

(Krippendroff, 2004). 

In the early 1990s, urban planning researchers adopted this predominantly used 

content analysis evaluation technique from the field of communication to evaluate urban 

plans (Krippendroff, 2004; Steven et al., 2014). Urban planning researchers developed 

evaluation protocols to measure various attributes of plans. The plans are coded either 

by a single person (coder) or are coded by two person working independently of each 

other on the basis of certain agreed levels codes (inter-coder). The coder/inter-coder 

used the developed protocols to score the content of the plans that are being evaluated 

on a scale of 0, 1 and 2.  

A brief description of this qualitative content analysis technique that is widely 

used by many researchers in evaluating plans based on the “Developing index method” 

is described below. In the first stage of this method, an evaluative framework is 

developed which consists of a set of indicators/ principles for which the plan is being 

evaluated.  These policies are evaluated for the presence of the indicators/principles that 

are listed in the evaluation protocol.  Later, the evaluated policies are then scored based 

on the nature of the policy i.e., whether the evaluated policy is a suggestive policy or a 

mandatory policy.   

A score/code of ‘1’ is assigned to policies which address the indicator/ principle 

but tend to be a “suggestive” policy. Words such as ‘may’, ‘should’, ‘prefer’, ‘encourage’, 

‘suggest’ indicate the suggestive character of the policy. Likewise, if the 

indicator/principle is present in the policy and the policy is a “mandatory policy” then that 

policy receives a score/code of 2. Mandatory policies usually address keywords such as 

‘shall’, mandated’, ‘must’, and ‘will. If the indicator is absent within a policy then, the score 

of the policy will be “0”. As such the range of the scores/coded is between 0, 1 and 2. 
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Later these scores/codes undergo mathematical calculations to develop an Index which 

depicts the ability/quality of the plan for which it is being evaluated. Accordingly, analyze 

the ability of plans that determines the distinctiveness of a plan (Talen, 2005). 

Having explained the content analysis technique that is widely used by planning 

researchers to evaluate urban plans, the next section analyzes the issues of reliability 

among plan evaluation research studies. The recommendations that have been proposed 

by researchers to improve the measure of reliability: The Delphi technique, the 

percentage agreement and the Krippendorff alpha value are briefly discussed.  

4.4 Reliability in Plan Evaluation Studies 

Reliability is the consistency or stability of the measurement of a variable when 

the measurement is performed at another time in the same manner. Validity refers to the 

accuracy of the measurement in a manner that reflects the underpinning theoretical 

concepts appropriately (Cook and Campbell, 1979).  

According to Krippendroff (2004), the main goal of any evaluation methodology is 

to draw reliable inferences from the texts. Reliability of content analysis mainly depends 

on the way the data is being replicated, meaning the procedure involved in coding the 

data. As such proper replicability of the data implies that the data is reliable and any data 

that cannot be replicated like an earlier data is considered to be invalid. Hence, the 

reliability of the coded data is the most essential constituent of plan evaluation studies.  

Similarly, in content analysis reliability of the data depends on how the data is 

coded. Many researchers consider that data coded by a single coder is considered to be 

less reliable because the coded data is subjective to the coder’s (his/her) views and 

those studies that employ two or more coders (inter-coder) for coding the plans are 

considered to be reliable (Krippendorff, 2013; Steven et al., 2014).  
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In urban planning, till date 47 plan evaluation studies are done and only 16 

studies employed inter-coder reliability (incorporated the above conditions to maximize 

inter-coder reliability). These plans employed inter-coders, calculated the percentage of 

agreement among the inter-coders value and presented that value to the readers as a 

measure of inter-coder reliability as such only those 16 studies are considered to be 

reliable (Steven et al., 2014). The rest of the 31 plan evaluation studies that are not inter-

coder are considered to be unreliable (Steven et al., 2014). However, based on the 

existing established literature on land suitability analysis (Delphi technique and Group 

technique) disregarding single coded plans on the basis of lack of reliability is to some 

extent questionable. The issue of reliability for single coded plans is discussed briefly in 

section 4.5.  

The next subsection reviews the various inter-coder reliability measures that are 

commonly used by urban planning researchers.  

4.4.1 Measure of Inter-coder Reliability: Delphi Technique 

Land suitability analysis mainly deals with studies related to evaluating and 

analyzing environmental planning issues with the urban environmental context.    

According to Anjomani (1984), the Delphi technique also referred as the “Group 

technique” is a method of assessing the codes/scores or values based on the experience 

and intuition of a group of individuals who are regarded as “experts”. These experts are 

required to not only be an expert in the field of study but also have a clear understanding 

of the theoretical and practical aspects of quantitative analysis. According to this 

technique, in the first stage numeric weights ranging from 0 to 9 are assigned to the 

factors that are being evaluated by coding based an “indicative scale of the meanings” for 

the values that are to be assigned. As such, 9 may be coded for a factor of “very high 

importance”, 5 for “moderate importance” and 0 for “no importance”. The experts code 
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the plans based on their “subjective” opinions. In the second stage based on 

consensus/agreement the scores/weights are decided and mutually accepted. Later, 

statistical analysis of the scores/weights is conducted for analyzing the research. 

4.4.2 Measure of Inter-coder Reliability: Percentage Agreement Technique  

According to Anjomani (1984), percentage agreement technique is obtained by 

dividing the total number of disagreements received in coding by the total number of both 

agreements and disagreements and multiplying it with 100. (If both the coders code an 

item as either 1-1 or 0-0, then it said to be an agreement and if one coder codes an item 

1 and the other coder codes it 0 (0-1) then it is said to be an disagreement). Accordingly, 

the percentage agreement provides an average reliability score of all the 

components/categories in the protocol. Later Berke and Conroy, (2000) incorporated this 

technique as a measure of reliability for inter-coded urban plan evaluation studies.  

However, Krippendorff (2004) advocates that the percentage agreement 

technique is only a measure of the average reliability and as such cannot be considered 

as a measure for overall data reliability. He further highlights that percentage agreement 

is not a statistically proven method and highly ignores the concept of probability theory. 

For this reason, it cannot be considered as a measure of inter-coder reliability (Hayes 

and Krippendorff, 2007; Krippendorff, 2004; Stevens at al, 2014). 

4.4.3 Alternative to Percentage Technique: Krippendorff’s Alpha (α) 

Very recently Stevens et al., (2014) brings to the forefront of plan evaluation 

researchers an alternative to percentage techniques referred as Krippendorff’s Alpha (α). 

He emphasizes that the Krippendorff’s Alpha (α) is a statistically proven measure of inter-

coder reliability and it also fulfills all the five criteria’s that are essential for a “good 

measure of reliability” (Hayes and Krippendorff, 2007; Steven et al., 2014).  
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According to Stevens et al. (2014), Krippendorff’s Alpha value is calculated “as 

the ratio of observed disagreements to the number of disagreements expected from 

chance, the overall ratio subtracted from 1.00”. Basically determines the number of 

disagreements between coders (0-1) that can occur under the conditions of chance. 

Accordingly, an Alpha value of (0.76) in plan evaluation studies means that the 

distribution of agreements and disagreements is 76 percent better than what would be 

expected under chance. As such based on the theory of probability, a higher value of 

Krippendorff’s Alpha depicts a higher measure of inter-coder reliability. 

Having explained the content analysis technique and the measure of reliability 

that are widely used by planning researchers to evaluate urban plans, the next section 

briefly analyzes the necessity of the measure of reliability for plan evaluation studies that 

incorporate the content analysis technique.  

4.5 Thematic Analysis 

Based on the existing established literature on land suitability analysis (Delphi 

technique and Group technique) the need for the measure of reliability is to some extent 

questionable.   

Most of the urban plan evaluation studies in general, and in specific this 

dissertation proposal incorporates content analysis for the presence/absence of certain 

words/phrase. Thereby score/code that “indicative words/phrases” from 0 to 2. (A 

score/code of ‘1’ is assigned to for the presence of words such as ‘may’, ‘should’, ‘prefer’, 

‘encourage’, ‘suggest’. Score/code of 2 for words such as ‘shall’, mandated’, ‘must’, and 

‘will. And 0 if these words are absent). This approach of coding plans based on an 

“indicative scale of the meanings” for the values that are to be assigned is very similar to 

the Delphi technique that is explained in the previous section.  
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Based on Anjomani (1984), logic of Group technique and keeping in view the 

nature of coding being widely practiced in urban plan evaluation studies, it is important to 

acknowledge that plan evaluation studies incorporating content analysis technique lack 

the issue of “subjectivity” while coding the plans. Since, coding/scoring or assigning 

values is purely based on only the “presence/absence” of certain phrases/words. As such 

these words can be easily identified and counted as such they can be readily determined 

by the use of text analyzer computer software’s that are available.  

From this viewpoint, the measure of reliability for plan evaluation studies to some 

extent can be disregarded. However, the “Test-Retest reliability” can be used as a 

measure of single coder reliability.  

4.5.1Test-retest Reliability 

A technique for reliability measurement of single coded data but is time 

consuming and tedious is the “test-retest reliability”. In test-retest reliability, the same 

results should be produced if the same person completed it twice. A single person 

evaluates and codes the plans once and without looking at the results and after few days, 

the same person re-codes the same plans again. Then with the statistical test-retest 

reliability tests a number between 0 and 1, with 1 being a perfect correlation between the 

test and the retest is calculated using SPSS. Values above 0.7 are considered to be 

reliable.  
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Chapter 5  

Methodology 

In this chapter the philosophical positioning of the research, research approach 

and the mixed method research that was undertaken is described. The mixed method 

approach research method comprises the qualitative content analysis and quantitative 

ordinary least square (OLS) regression analysis. Content analysis was used as a 

qualitative research technique to develop climate change mitigation indexes by assessing 

whether, policies within master plans target climate change mitigation. The quantitative 

method incorporated a statistical regression analysis to analyze the influence/ nature of 

impact of master plans’ urban planning policies on CO2 emissions. As mentioned earlier, 

this research considered India as a case-study, thereby assessed the master plans of 

metropolitan regions /urban agglomerations across India. 

5.1 Research Philosophical Positioning 

 One of the primary necessities of social science research is the need to 

conceptualize the nature of social reality and how one can know about that reality 

(Denzin and Lincoln, 2011). This involves holding a necessary discussion about the 

relationship between widely-accepted views of urban policies and climate change 

mitigation (ontology) and how such knowledge shapes our understandings about the 

impacts that climate change policies imposes on CO2 emission reduction (epistemology). 

Epistemology has developed various approaches to knowledge and has a 

considerable bearing on the way researchers undertake research projects (Lewis, 2009; 

Kuhn, 1970; Adams and Pierre, 2011). Epistemology is a set of fundamental principles 

that guide the researcher while doing his research and acts as a lens through which 

researchers can examine the research process and gain knowledge. In philosophy, 

different epistemologies exist (positivism, empirism, rationalism, realism, postmodernism) 
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and these epistemologies are distinguished from each other based on their 

view/assumptions of the researcher (object) and to be researched (subject), and their 

relationship between them. For instance, does the knower/researcher need to be 

"objective" and affect the outcome as little as possible, or does the knower/researcher 

actively co-construct knowledge by producing a more accurate, comprehensive and 

objective representation of the object of study. Hence, epistemology acknowledges the 

position of the researcher and embraces different perspectives on the aims of 

understanding social research and methodological issues. Accordingly epistemology is 

referred as “The theory of knowledge” (Moser, 1998).  

A particular researcher's position (either neutral or social constructive position) 

during the process of gaining knowledge is regarded as their epistemological 

stance/position. This research is developed within a constructivist paradigm and adopts a 

postmodern epistemology. This research incorporates a mixed method methodology that 

bridges the divide between quantitative and qualitative research paradigms. The main 

agenda of this research is to construct knowledge on whether or not local master plans of 

Indian cities promote policies that target climate change mitigation and if they promote 

climate change mitigation policies, do those policies have an impact on local CO2 

emissions. 

5.2 Research Approach 

The urban environment is widely conceptualized of consisting three components 

namely human environment, bio-physical environment and public policy environment 

(Kaiser, 1995). The human environment comprises of individuals, community and their 

related institutions such as social values, cultural values, housing and work. The second 

component referred to as the bio-physical environment, which consists of the biotic and 

abiotic components of the urban landscape that are essential for the development and 
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evolution of human environment. The third and most essential component of urban 

environment is the public policy environment. It is the local institutional and regulatory 

framework, which consists of rules, strategies and policies for efficiently managing both 

the human environment and the bio-physical environment so that a sustainable urban 

environment can be achieved (Kaiser, 1995). 

Local comprehensive plans, master plans and development plans are considered 

as an important constituent of this local public policy environment because they provide 

the essential and important guidelines for spatial distribution of various social, cultural 

and economic and functions within the urban environment (Berke, 2006). Hence, it can 

be deduced that the urban form which mainly comprises of different land uses, 

infrastructure and socio-economic functions, is a result of intimate connections between 

the human environment, bio-physical environment and public policy environment (Berke, 

2006). Figure 5.1 provides a simplistic representation of the local urban environment. 

 

Figure 5-1 Local Urban Form 
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5.3 Conceptual Research Framework 

The literature review in chapter 2 confirms that local master plans act as a 

blueprint for guiding the growth and development of a community. The existing literature 

on urban planning structure and land use planning, confirms that master plans with their 

regulatory power and policy mandates have an ability to influence the socio-economic 

characteristics within the human environment and urban ecological characteristics within 

the bio-physical environment. As a result, master plans not only guide but are held 

responsible for the growth and development of a community (Berke, 2006 & Kaiser, 

1995). Hence, public policy environment acts as an interface between the human 

environment and the bio physical environment. As such master plans have an ability to 

influence the interaction within and between the socio-economic characteristics and 

urban ecological characteristics. 

International negotiations on climate change mitigation affirm that interactions 

between the human and bio-physical environment causes climate change and so there is 

a need to regulate these environments to address climate change. Master plans with its 

regulatory characteristics have an ability to encompass the essential characteristics of 

influencing the quality of life in a community thereby reduce CO2 emissions.  Hence, it is 

reasonable to deduce that climate change can be mitigated through policy management 

which also has the ability to manage the socio-economic and ecological characteristics of 

the urban environment.  

Based on the conceptualization of the local urban environment, and identified 

linkages between human environment, bio-physical environment and policy environment, 

this research identified whether regional master plans in India include and promote 

policies that target climate change mitigation and developed a regression model that 
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emphasizes the statistical relationship between urban planning policies and local CO2 

emissions (Figure 5.2 illustrates the focus of the research) 

 

Figure 5-2 Research Focus 

In this research the policy environment refers to the climate change mitigation 

indexes that were developed by conducting an in-depth analysis of policy framework of 
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considered.  For the bio-physical environment urban sprawl was considered. The CO2 
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independent variables refer to the measures of socio-physical characteristics (human 

environment) and the bio-physical environment. 

5.4 Mixed Method Research 

 Due to the nature of this dissertation’s research questions and research aims, 

mixed method approach – that involved both quantitative and qualitative components – 

was most suitable for the analysis of the selected metropolitan plans.  

Many scholars advocate mixed-method approach because mixed-method 

approach enables a deeper understanding of the problem being investigated (Creswell, 

2002). In particular, the use of mixed-method approach enhances the validity of the 

research findings and conclusions (Patton 2002; Hesse-Biber and Leavy 2006; Babbie 

2007; Gaber and Gaber 2007; Neuman 2011). Researchers posits that mixed method 

research, when appropriately selected, designed and operationalize, produce a more 

accurate, comprehensive and objective representation of the research (Silverman 2006).  

  Qualitative content analysis was identified as the most suitable method in 

answering the first research question: Do master plans include and promote policies that 

target CO2 emission reduction (climate change mitigation)? Since, this research question 

requires a comprehensive, in-depth understanding of the policies within the selected 

regional master plans. Later, this research developed climate change mitigation indexes 

and conducted a quantitative statistical OLS regression analysis to study the second 

research question: What is the impact of climate change mitigation policies on CO2 

emissions?  As such a mixed method research approach helped in effectively addressing 

both the research questions. 

The next section describes the key steps that were involved in the content 

analysis and in developing the climate change mitigation indexes.  
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5.5 Research Method 

Within the theoretical framework the research was carried out in two phases to 

successfully answer the two research questions that have been mentioned earlier in 

chapter 1 of this dissertation. The research questions were: 

1. Do master plans include and promote policies that target climate change 

mitigation (CO2 reduction)?  

2. And if they promote climate change mitigation policies, what is the impact of 

those policies on CO2 emissions?  

 Basically the Phase I of this research addressed the first research question and 

Phase II addressed the second research question. 

The first phase (Phase I) of the research identifies whether or not master plans of 

metropolitan regions/ urban agglomerations include and promote policies that target 

climate change mitigation. For this reason, it was necessary to understand the extent to 

which the master plans included climate change mitigation policies and also the extent to 

which they are successfully implemented.  

This was achieved by developing two climate change mitigation Indexes: (1) 

climate change mitigation policy index that identifies the extent to which the sampled 

master plans included climate change mitigation policies and (2) climate change 

mitigation implementation index that highlights the extent to which the sampled master 

plans implemented (put to practice) the climate change mitigation policies. These indexes 

were developed by conducting an in-depth analysis of policy framework of all the master 

plans that are involved in the sample.  

Accordingly, in the first phase (phase I) of this dissertation the sampled master 

plans were evaluated against two evaluation protocols. These tables were developed 
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based on the existing literature on urban planning, climate change and plan 

implementation evaluation. 

The second phase (phase II) of the research focused on developing an OLS 

regression model to understand the impact of climate change mitigation policies on CO2 

emissions thereby analyzed the ability of urban planning policies in reducing CO2 

emissions, thereby mitigating climate change.  

5.5.1 Sample Frame 

Sample-frame for this research comprises of all the 64 metropolitan 

regions/urban agglomerations in India. These regions adopted master plans in year 2004 

and implemented their policies by 2007.  

The census in India is carried by the “Office of the Registrar General and Census 

Commissioner” under the “Ministry of Home Affairs”. In 2005, The National Government 

of India identified and defined metropolitan regions/urban agglomerations as (a) an area 

consisting of a densely populated urban area (the central built-up area of a place and the 

suburbs which are usually linked by urban areas), (b) places having population of one 

million (1,000,000) or more, (c) with a local government (Municipal Corporation) and (d) 

at least three fourths of the adult male population employed in pursuits other than 

agriculture (Indian Economic Census, 2005).  

In areas within the jurisdiction of municipal corporations, the flagship urban 

programs of Government of India (such as JnNURM) provide large funding to municipal 

corporations to undertake sustainability projects, climate change mitigation and 

adaptation projects and development of city infrastructure (water supply, drainage, solid 

waste management etc.).  

Climate change researchers  suggests that regional level needs to be priority 

targets for climate change mitigation action since, they are the primary population and 
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economic centers As a result of high CO2 emissions thereby contributing to climate 

change (IIR, 2010). Moreover, these 64 metropolitan regions/urban agglomerations 

represents a well organized administrative jurisdiction thereby tends to be appropriate for 

policy analysis. For all the above mentioned reasons, sample-frame for this research 

comprises of all the 64 metropolitan regions/urban agglomerations in India (Figure 5.3). 

5.5.2 Phase – I: Climate Change Mitigation Indexes 

With an intention, to understand the impact of urban planning policies on CO2 

emissions thereby, on climate change mitigation, it was necessary to understand the 

extent to which the regional master plans included climate change mitigation policies and 

also the extent to which they are successfully being implemented. Hence, this research 

developed two climate change mitigation indexes (1) climate change mitigation policy 

index that identified the extent to which master plans developed climate change 

mitigation policies and (2) climate change mitigation implementation index that 

highlighted the extent to which master plans implement the climate change mitigation 

policies. These indexes were developed for all the sampled 64 regions. As such, climate 

change mitigation indexes were theoretically conceptualized as the measure of city 

master plans to include and promote urban planning policies that effectively reduce CO2 

emissions thereby, significantly promote climate change mitigation.  

The climate change mitigation policy index was developed by evaluating the 

planning policies within the master plans against the policy evaluation protocol. Likewise, 

the climate change mitigation implementation index was developed by evaluating the 

planning policies against the plan implementation protocol (table 5.2). As such, these 

protocols evaluated the plans for their ability to address mitigation projects and their 

ability to successfully implement the addressed projects. These policies were scored/ 

coded based on an indicative scale of the meanings for the values that are to be 
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assigned and eventually the climate change mitigation index was developed. This 

method of developing the Index and assigning the codes is explained in detail in section 

5.5.2.2 of this chapter. 

5.5.2.1 Evaluation protocols 

The two evaluation protocols consist of a set of indicators that tend to have a 

significant impact on climate change mitigation and ability of the policies to be 

successfully implemented.  

In specific planning policies related to land use, urban design, physical planning, 

building specifications, transportation, environment, incentive tools, educational tools, 

attainment tools and physical infrastructure were analyzed. The table describes the 

protocol against which the master plans were evaluated for the presence of climate 

change mitigation policies. In addition, it was necessary to evaluate the plans for their 

implementation capacity. Accordingly, describes the protocol against which the master 

plans were evaluated for their implementation capacity.   

As such, conducting a detailed analysis by evaluating the master plan against the 

two developed evaluation protocols helped in analyzing the presence and success of 

implementation of the listed climate change mitigation related policies in the master 

plans.  

5.5.2.2 Climate change mitigation index calculation. 

Plan evaluation studies made by various urban planning researchers that depict 

the development of index have been briefly summarized in Chapter 4 of this dissertation 

(Refer to section 4.2 of this dissertation). 

The Climate change mitigation policy index in this dissertation was calculated by 

using the “Developing Index method”, which was widely used by many researchers in 

evaluating the quality of a plan.  The climate change mitigation implementation index was 
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calculated by using the “Plan Implementation Evaluation (PIE) method” which was used 

by planning researchers to evaluate the implementation success of plans. Since, much of 

the research till date that focused on evaluating urban plans have adopted the above 

mentioned methods to develop indexes to evaluate comprehensive plans and their 

success in implementation (Laurian et al., 2007; Berke, 2007; Portney, 2003, Edwards, 

2007 & APA, 2013). This research also tends to use the same technique. Accordingly the 

climate change mitigation policy index and implementation index for all the sampled 64 

master plans were developed.   

5.5.2.2.1 Climate change mitigation policy index 

The development of the index includes five steps: The first step was to assign the 

scores for each policy on a scale of 0-1-2. Scores will be assigned based on the 

presence of the indicators that are mentioned in the evaluation protocol. If the indicator 

was absent within a policy then, the score of the policy was “0”. A score of ‘1’ was 

assigned to policies which address the indicator but tend to be a suggestive policy. 

Words such as ‘may’, ‘should’, ‘prefer’, ‘encourage’, ‘suggest’ indicated the suggestive 

character of the policy. If the indicator was present in the policy and the policy was a 

mandatory policy then that policy receives a score of 2. Mandatory policies usually 

addressed keywords such as ‘shall’, mandated’, ‘must’, and ‘will’. The range of these 

scores was from 0 to 2 (Berke & Conroy, 2000; Edwards, 2007; APA 2013). 

The second step was to sum all the indicator scores within each plan component. 

The third step involves calculating the fractional scores of each plan component. This 

was achieved by dividing the total of assigned scores for each plan component by the 

maximum possible scores of the plan component. (Maximum possible scores imply that 

all the indicators are mandatory. For example, if there were 5 indicators in a plan 

component, then the maximum possible score of that plan component was 10).  
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In the fourth step, the fractional scores were standardized by multiplying the 

fractional score by 10. So that scores for each plan component can be scaled on a range 

between 0 and 10 (as shown in equation 1). 

SC� � 10
2	


� I

��

��
   �Equation 1� 

Where SCj represents the jth plan component standardized score; mj represents 

the number of indicators within the jth  plan component (scale 0-10); Ii represents the ith 

plan components’ scores (sale 0-1-2). 

The fifth step involved calculating, the mitigation policy score of a city’s master 

plan. This was achieved by adding up the standardized score of all the plan components 

(as shown in equation 2). 

Policy Index#$%� � SC& ' SC( ' SC) ' * SC�   (Equation 2) 

Where policy indexcity1 represented the climate change mitigation policy index of 

region 1’s master plan, SCa, SCb, SCc….SCj represented the standardized scores of the 

plan components in region 1’s master plan.  

The climate change mitigation policy index ranges from 0 to 100. Assuming that 

there were 10 plan components and all the plan components achieved a standardized 

score of 10. Then the raw mitigation index of such a plan is 100. 

5.5.2.2.2 Climate change mitigation implementation index 

In addition to the master plan’s policy evaluation for climate change mitigation, 

the implementation potential of the master plan was also assessed using the plan 

implementation capacity evaluation protocol that consists of ten implementation 

indicators. Absence of the implementation indicator was coded as ‘0’. A score of ‘1’ was 

given if the implementation indicator was “mentioned but not in detail” (suggestive). 

Indicators that were “mentioned in detail” (mandatory) were assigned a score of ‘2’.  
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The implementation index” of a city was calculated as the ratio of the indicator 

capacity score received by each city’s plan to the maximum possible score any city plan 

can achieve and multiplied it by 100 (In this research, the maximum possible points any 

city can achieve is 20 points (10x2) since there were 10 indicators against which the 

implementation capacity of a city was being evaluated.) 

Implementation Index#$%� = -./0)&$12 #&3&)$% 4)125
67 8  X100    (Equation 3) 

The climate change mitigation implementation index ranges from 0 to 100. 

Assuming that for a city’s plan all the 10 implementation indicators were “mentioned in 

detail” then the Implementation Score is (10 x 2)/20 multiplied by 100 which is 100. 

Accordingly, by calculating both the climate change mitigation policy index and 

implementation index for each city master plan, it was able to deduce whether planning 

polices within the master plan had an ability to influence climate change mitigation within 

the city. Thereby addressed the first research question. 

Research Question 1: Do master plans include and promote policies that target 

climate change mitigation?  

Hypothesis 1: High climate change mitigation policy index and high climate 

change mitigation implementation index for a master plan indicates that, the master plan 

promotes and includes policies that target climate change mitigation. Thereby, has an 

ability to support climate change mitigation.  

5.5.3 Phase -2: Impact of Urban Planning Policies in Mitigating Climate Change. 

In this phase, the statistical relationship between urban planning policies and 

CO2 emissions was derived by using OLS regression analysis. In this phase the second 

research question was answered. 

Research Question 2: What is the impact of climate change mitigation policies on 

CO2 emissions?  
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Hypothesis 2: Cities with higher climate change mitigation policy index and 

higher climate change mitigation implementation index will significantly have lower 

increase in CO2 emissions. 

5.5.3.1 Primary dependent variable: Change in CO2 emissions (1999-2012). 

The primary dependent variable was the measure of change in local CO2 

emissions emitted from a region from 1999 to 2012. Hence, it can be regarded as the 

region’s contribution towards climate change. It was measured as the per capita 

anthropogenic CO2 in metric tons and was calculated by dividing the total emissions for 

each region by the total population estimates for the respective years. The change in CO2 

emissions was measured as the difference between per-capita emissions in 2012 and 

1999. The CO2 emission data for all the sample regions has been derived from the 

respective regions pollution control board. The pollution control board emissions data is 

inclusive of for residential, commercial and transportation (road and non- road) sectors 

CO2 emissions. Hence the dataset contains basically the CO2 emissions related to 

urbanization.  

5.5.3.2 Primary Independent variables: Climate change mitigation policy Index and 

Climate change mitigation implementation index.  

As mentioned in the previous section, 64 metropolitan regions/urban 

agglomerations in India that adopted master plans in year (2004), started to implement 

(put into action) climate change mitigation projects from the year 2004 with an intention to 

complete them by the year 2007 were considered as those areas that promoted climate 

change polices in their master plans.  

The two climate change mitigation Indexes: policy index and implementation 

index that were calculated in this research (as mentioned in 5.2.2 of this dissertation) 
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were used as the primary independent variable. This enabled in analyzing the impact of 

climate change mitigation policies on local CO2 emissions. 

5.5.3.3 Other independent variables. 

In order to identify the relation between climate change mitigation index and CO2 

emissions, it was necessary to introduce covariates thereby, control for the effects of 

other influencing variables. These factors as mentioned earlier in the research framework 

mainly comprise of the human environment and the bio-physical environment. Data for 

the below mentioned data variables has been collected for the year 2004 (when the 

regions started to adopt their master plans). 

Human Environment: From the literature review in chapter 2, we have learnt that 

the human environment mainly comprises of socio-economic components. These 

components were characterized as per-capita income, population, nature of employment 

and travel mode characteristics of a community. Based on the literature review, it was 

identified that these characteristics tend to have an impact on CO2 emissions. Cities with 

high income levels tend to have a high energy consumption rates thereby have high CO2 

emissions.  Likewise, a region that has more of employment in the commercial sector 

tends to have high CO2 emissions when compared to a region that has less commercial 

services.  

 A region that was more dependent on public transport and promotes car polling 

will tend to have less transportation emissions thereby have less CO2 emissions when 

compared to communities that are mostly dependent on individual mode of 

transportation. In specific the following hypotheses were tested.  

Hypothesis 3: Regions that have high per-capita income will significantly have 

high increase in CO2 emissions. 
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Hypothesis 4: Regions with high percentage of population growth will significantly 

have high increase in CO2 emissions. 

Hypothesis 5: Regions with higher percentage usage of public transportation will 

significantly have lower increase in CO2 emissions. 

Hypothesis 6: Regions with higher percentage of workers employed in 

commercial sector will have high increase in CO2 emissions.  

Bio-physical environment: The bio-physical components of a region mainly 

comprise of the natural landscape and biodiversity characteristics. The characteristics 

were measured in terms of sprawl of the region and the area allocated for mixed land 

uses. The literature in chapter 2 identifies sprawl as the measure of land that is utilized in 

a city by its population (land area in square meters per person). Likewise, mixed land use 

was the area in a region allocated for mixed residential and commercial purposes. In 

specific the hypotheses that were developed by the biophysical component against the 

regions CO2 emissions were as follows: 

Hypothesis 7: Sprawling regions will have high increase in CO2 emissions. 

Hypothesis 8: Regions that have allocated large area for mixed land uses will 

have lower increase in CO2 emissions. 

The regression model that was developed to analyze the relation between CO2 

emissions and the climate change mitigation urban policies is as follows. 

DV � a ' b�X� '  b6X6 ' b=X= '  b>X> ' b?X? '  b@X@ ' bAXA ' bBXB ' ε 

Where, 

DV: Dependent variable - (Change in CO2 emissions) 

a: Constant 

b1, b2…b8: Regression Co-efficient.  
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These Regression Coefficients explain the effect of the independent variables on the 

dependent variables. 

X1, X2…X8: Independent variables 

X1: Climate change mitigation policy index 

X2: Climate change mitigation implementation index 

X3: Per-capita income  

X4: Percentage of population growth ((Pop2012 - Pop1999 ) / Pop1999) X 100) 

X5: % usage of public transportation  

X6: % of commercial employment  

X7: Sprawl- land area in square meters per person (Sqm/No.of persons) 

X8: Area allocated for mixed land uses 

Table 5.3 summarizes both the dependent and independent variables, data 

sources and the influence of the independent variables on the dependent variables. 
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Chapter 6  

Climate Change Mitigation Indexes 

In this chapter the results of climate change mitigation policy index and climate 

change mitigation implementation index are presented. Master plans of sixty-four 

metropolitan regions/urban agglomerations in India were selected for conducting an in-

depth qualitative content analysis of their policy framework. Apart from analyzing the 

overall climate change mitigation policy and implementation indexes, descriptive analysis 

of the standardized scores of all the ten plan components was also carried.  

The first subsection provides a general assessment of the layout of all the 64 

sampled master plans. The next subsection consists of an in-depth examination of 

policies within each plan component as outlined in (policy evaluation protocol). The third 

sub-section evaluates the ability of the plans to be implemented. This was carried by 

evaluating the policies as outlined in (implementation evaluation protocol). The fourth 

subsection presents, the textual analysis of case-study publications of those sampled 

regions that have been identified to have high climate change mitigation policy indexes 

and high climate change mitigation implementation indexes. Textual analysis helped in 

examining the processes involved in implementing CO2 emissions reduction strategies 

within the metropolitan regions. The final sub-section briefly summarizes the preceding 

results of climate change mitigation policy index and climate change mitigation 

implementation index, as such addresses the first research question. 

Research Question 1: Do master plans include and promote policies that target 

climate change mitigation?  

Hypothesis 1: High climate change mitigation policy index and high climate 

change mitigation implementation index for a sampled master plan indicates that, the city 

includes and promotes policies that target climate change mitigation. 
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6.1 Climate Change Mitigation Policies in Master Plans 

Generally, most of the master plans in India are organized in two sections. The 

first section provides the baseline data and an analysis of the population and employment 

growths in the city thereby provides the rationale of urban planning within the city and 

lays down the basis for future developments. The second section of the master plans 

describes the vision and planning goals of the city. The master plans comprised of ten 

components/sections (land use, urban design, physical planning, building specifications, 

transportation, environment, incentive tools, education tools, attainment tools and 

physical infrastructure) that guide the development of a city. The objectives and policies 

pertaining to each of the plan components/section are addressed individually under their 

respective sections.  

Evaluation of these master plans was carried out on a qualitative content 

analysis approach as explained in chapter 5.5.2 of this dissertation. As anticipated, none 

of the sampled master plans had considered climate change mitigation as a planning 

goal or had any planning section exclusively focusing on climate change mitigation. 

Therefore, the climate change mitigation evaluation protocol that was developed to 

analyze the presence of climate change mitigation policies in the master plans consists of 

a set of common indicators that tend to have a significant impact on CO2 emissions.  

Planning objectives and policies of all the 10 plan components/sections of all the 

64 master plans are analyzed. To facilitate analysis, climate change mitigation indicators 

were categorized into 10 sections of the master plans listed below: 

i. Land use,  

ii. Urban design,  

iii. Physical planning,  

iv. Building specifications,  
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v. Transportation,  

vi. Environment,  

vii. Incentive tools  

viii. Education tools 

ix. Attainment tools and 

x. Physical infrastructure  

6.2 Assessment of Climate Change Mitigation Policy Index 

Descriptive statistics of the overall climate change mitigation policy scores and 

the total policy index are presented in table 6.1. Each plan component of the climate 

change mitigation evaluation protocol consisted of indicators ranging from 2 to 7. The 

transportation and building specifications components have maximum of 7 indicators 

each, while the educational tools component, attainment tools component and the 

physical infrastructure component have a minimum of 2 indicators. The environment 

component has 6 indicators. Land use zoning component and urban design components 

have 4 indicators each. The physical planning component and incentive tools component 

includes 3 indicators each.  

The maximum possible score an indicator can receive is 2 and this is possible 

only if the indicator is addressed to be mandatory in the master plan. For instance, 

maximum possible score of the transportation component will be14 if all seven indicators 

are addressed as mandatory policies (7 indicators multiplied by 2).  Likewise a minimum 

possible score of 0 indicates that the plan did not address any of the indicators that have 

been included in the plan component within the evaluation protocol. 

The indicator score for each plan component is a measure of the extent to which 

that indicator is included in the planning component. The climate change mitigation policy 

index of a city’s master plan is the measure of the extent to which climate change 
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mitigation policies are promoted by that city. Assuming that all the 10 plan components of 

a city’s master plan achieved a standardized score of 10, then the mitigation index of 

such a city will be 100.  

Table 6-1 Climate Change Mitigation Policy Index Scores 

Plan Component Number 

of 

policies 

Maximum 

Possible 

score 

Mean 

Minimum 

Score  

Mean 

Maximum 

Score 

Mean 

Standardized 

Score 

Land use 4 8 2 7 6.26 

Urban design 4 8 4 6 6.12 

Physical planning 3 6 2 4 6.29 

Building 

specifications 
7 14 2 12 5.30 

Transportation 7 14 2 12 8.36 

Environment 6 12 2 10 6.10 

Incentive tools 3 6 1 5 5.39 

Education tools 2 4 1 3 5.68 

Attainment tools 2 4 1 2 5.24 

Physical 

infrastructure 
2 4 2 3 3.80 

Total Policy Index 40 80 15 64 58.54 

 

Results show that each of the 64 master plans had at least one planning policy 

related to climate change mitigation (had a significant impact on CO2 emissions) within 

their planning components.  
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As mentioned earlier, the climate change mitigation policy index for a city’s 

master plan ranges from 0-100 points. The mean climate change mitigation index for all 

the sampled plans (64 master plans) is 58.54 points, as such representing 60% of the 

maximum climate change mitigation policy index. The mean maximum and minimum 

index ranges from 64 to 15 thereby suggesting that the climate change mitigation policies 

and its associated details vary within the sampled communities. 

Among the various components, transportation planning component has the 

highest mean climate change mitigation standardized score 8.36 (83.6%) of the possible 

maximum component score 10 (100). This means that the sampled plans have made 

efforts to reduce their regions CO2 emissions by addressing transportation related issues, 

thereby emphasizing more on transportation planning policies in their master plans. 

Comparatively, the mean mitigation standardized score for physical infrastructure 

component is only 3.80 (38%) of the possible maximum component score, indicating a 

lack of attention to these policies in the sampled master plans.  

On the whole, the mean standardized scores for most of the plan components 

ranges from 4.0 to 6.0 (40 - 60%) of their respective possible maximum component 

scores (10; 100%). This suggests that a moderately fair amount of climate change 

mitigation related urban planning policies are present in their master plans. Thereby, 

indicating that the sampled master plans include policies that target climate change 

mitigation (CO2 reduction) as such tends to addresses our first research question: Do 

regional master plans include and promote policies that target climate change mitigation 

(CO2 reduction)?  

6.2.1 Detailed Plan Component Analysis 

Each of the indicators within the ten plan components was analyzed using 

descriptive statistics. As mentioned earlier, each indicator mentioned in the evaluation 
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protocol was coded as 0,1,2, with ‘0’ signifying absence of the indicator in the policies, ‘1’ 

signifying the inclusion of the indicator within the policies but “not mentioning it in detail” 

and ‘2’ indicating that the policy was “mentioned in detail”.  

Detailed plan component analysis was carried out in four steps. First, the number 

of master plans that addressed the indicator (plans that were coded 0, 1, and 2) was 

identified. Next, the percentage extent to which the indicator was addressed (mentioned 

in detail or not mentioned in detail) across the sampled master plans was measured. This 

was derived by dividing the number of plans addressed in detail/ not-in detail by the total 

number of sampled master plans and multiplying it with 100. Third, the overall mean 

indicator score (0-2) was measured as the mean of all the indicator scores for all the 

master plans that are included in the sample (64). Finally, the overall mean standardized 

score (0-10) of the plan component was measured as the mean of all the plan component 

scores of all the master plans that are included in the sample (64). Accordingly, the 

indicator’s mean score provided a measure of the extent to which the indicator was 

addressed by the sampled master plans. Likewise, plan component’s mean standardized 

score provided a measure of the extent to which the plan component addressed climate 

change mitigation policies in all the sampled master plans.  

6.2.1.1 Land use component 

A detailed statistical summary of the four indicators that were included in the land 

use component was provided in table 6.2. It was observed that 60% of the sampled plans 

were addressing this indicator in detail. The overall mean standardized score of the land 

use component was 6.26 points; as such this indicator was addressed in detail among all 

the 64 sampled master plans. It was observed that most of the sampled plans addressed 

the mixed use development indicator in detail. Besides, the limiting use of marginal 
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zones/ hazardous areas indictor, though it was mentioned through reduced densities or 

overlay zones, it was not addressed in detail.  

Table 6-2 Land Use Component 

 

Indicators 

 

Coded 

0 

 

Coded 

1 

 

Coded 

2 

% of  

plans 

coded 

(1) 

% of 

plans 

coded 

(2) 

Mean 

Score 

(Max 

= 2) 

Mean 

Standardized 

score  

(SC) 

Mixed use 

developments 

0 9 55 14 86 1.86 6.26 

 

 Brownfield (or 
Greyfield) 
redevelopment 

15 

 

20 29 31.2 45.3 1.35 

Infill development 12 22 30 34.3 46.8 1.36 

Limiting use of 

marginal areas / 

9 44 11 86 17 0.44 

 

Among all the plans that were evaluated, it was identified that the mixed use 

development indicator is addressed in detail by 86% and the limiting use of marginal 

zones and hazardous areas indictor was addressed in detail by 17%. The brown field 

development indicator was absent in 15 plans (23.4%) and only 29 plans (45.3%) have 

addressed this indicator in detail.  

Infill development indicator was also not addressed by many metropolitan 

regions/urban agglomerations. Almost 12 plans did not have any planning policy that 

addressed this indicator. In general, this indicator is mostly considered to be an important 

tool for enhancing the sustainability of a city because it has an ability to effectively reduce 
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CO2 emissions by promoting development in the developed areas through increasing the 

density thereby, preventing horizontal growth of the city.  

Amongst all the sampled plans that addressed this indicator to some extent, 

(46.8%) nearly half of the plans addressed this indicator in detail. Thereby, highlighting 

that this policy is neutral, with almost (34.3%) of plans addressing this indicator without 

any detail. In regard to limiting use of marginal areas / hazardous areas with the 

exception for 9 of the 64 sampled plans that were analyzed, the remaining plans had 

planning policies that addressed limiting use of marginal areas / hazardous areas with 

overlay zones or reduced densities. However, among the plans that addressed this 

indicator to some extent (86%) of the plans did not address it in detail.  

Detailed analysis of each indicator further reveals that the mixed land use 

development received an indicator score of 1.86 points out of 2 points. This highlights 

that the mixed land use indicator was addressed in detail.  However, the other two 

indicators ( Brownfield indicator and the infill development indicator) within the land use 

component have their mean indicator scores below 1.5 and the limiting uses of marginal 

areas has the lowest mean indicator score of 0.44. Thereby, indicating that these 

indicators were not mentioned in detail.  

Hence, it was analyzed that there is a need for metropolitan regions/urban 

aggloemerations to develop policies related to limiting uses of marginal areas so as to 

reduce CO2 emissions effectively.   

6.2.1.2 Urban design component 

With regard to urban design component, there are four indicators that are 

included in the plan evaluation protocol. A detailed statistical summary of the four 

indicators is provided in table 6.3. The overall mean standardized score of the urban 
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design component was 6.12 points; as such highlights that this indicator was addressed 

in detail among all the 64 sampled master plans.  

Table 6-3 Urban Design Component 

 

Indicators 

 

0 

 

1 

 

2 

 

% of 

(1) 

 

% of 

(2) 

Mean 

Score 

(Max = 

2) 

Mean 

Standardiz

ed score 

(SC) 

High density 

development 

2 17 45 26.5 70.3 1.70 6.12 

Urban landscape 

development 
9 15 40 23.4 62.5 1.52 

Urban heat island 

effect (urban 

forests, tree lined 

streets) 

13 21 30 32.8 46.8 

 

1.36 
 
 

Has regulations on 

building height/ 

orientation 

guidelines, street 

width to building 

height ratios 

14 18 32 28.1 50 1.40 

 

Among all the plans that were evaluated, it was observed that 45 of the sampled 

master plans had policies that addressed the high density development indicator, with 

only 2 plans that did not address the indicator. As such, it was identified that the high 



81 

density development indicator is addressed in detail by 70.3% and the urban landscape 

development indictor was addressed in detail by 62.5%. The urban heat island effect 

indicator was absent in 13 plans and 30 plans (46.8%) had addressed this indicator in 

detail.  The building height/orientation guidelines indicator was absent in 14 plans and 

was addressed in detail by 32 plans (50%).  

Detailed analysis of each indicator reveals that the high density development 

indicator also has a high mean indicator score of 1.70 points. This indicates that most of 

the sampled development addressed this indicator in detail by focusing on higher density 

development. This was in accordance to the increased consideration and focus on 

sustainability since 2005.  

On the other hand, the urban landscape development has a mean indicator score 

of 1.52 points. Besides, the building height/orientation guidelines indicator received a 

very low detailed indicator score of 1.40 points. The urban heat island effect indicator has 

a detailed indicator score of 1.36 points. This overall indicator scores indicate that most of 

the indicators are addressed in detail. 

On the whole, detailed indicator score of most of the indicators within this plan 

component indicate that this indicator was addressed in detail among all the 64 sampled 

master plans.  

6.2.1.3 Physical planning component 

With regard to the physical planning component, there were three indicators that 

were included in the plan evaluation protocol. Table 6.4 summarizes a detailed summary 

of the three indicators that are included in site planning component.  This plan component 

received a mean standardized score of 6.29 meaning that most of the policies within the 

master plans addressed the three indicators in detail. 
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Table 6-4 Physical Planning Component 

Indicators 0 1 2 % of 

(1) 

% of 

(2) 

Mean 

Score 

(Max = 

2) 

Mean 

Standardized 

score (SC) 

Site plan review for land 

suitability assessment 

8 12 44 18.75 68.75 1.58 6.29 

Setbacks/Buffers 9 19 36 29.6 56.25 1.46 

Subdivision regulations 12 21 31 32.8 48.4 1.38 

 

All the sampled master plans included provisions for site plan review for land 

suitability assessment for new projects within the city. Of all the 64 sampled plans, 44 

sampled master plans addressed this indicator in detail (68.75%). There were also 

policies that focused on setbacks/ buffer indicators. 55 plans among 64 sampled plans 

addressed this indicator to some extent and 9 plans did not address this indicator at all. 

However, only 36 (56.25%) of cities addressed this indicator in detail. The other indicator 

that was included in this component is the subdivision regulations. Among 64 sampled 

plans, 12 plans did not address this indicator at all.  21 plans (32.8%) did not address this 

plan in detail and 48.4% of the plans have addressed this indicator in detail.  

Detailed analysis of the indicators further reveals that among the three indicators, 

site plan review for land suitability assessment has high indicator scores of 1.58. The 

setbacks/ buffer indicator have a low detailed indicator score of 1.46 points. However, the 

subdivision regulations indicator has a score of 1.38. This highlights that regional master 

plans paid less attention to this indicator.  
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6.2.1.4 Building specifications component 

A detailed statistical summary of the seven indicators that are included in the 

building design component is provided in table 6.5.  

The overall mean standardized score of the building specification component 

was 5.30 points; as such it was regarded that this indicator was not addressed in detail 

among all the 64 sampled master plans. The solar PV panels and wind turbines on roofs 

indicator and building standards/code for enhanced protection indicator was almost 

addressed by all the 64 sampled master plans.  

Table 6-5 Building Specifications Component 

Indicators 0 1 2 % of 

(1) 

% of 

(2) 

Mean 

Score 

(Max = 

2) 

Mean 

Standardized 

score (SC) 

Solar PV panels and 

wind turbines on roofs 

0 12 52 18.75 81.25 1.81 5.30 

Storage, collection and 

waste recycling 

10 13 41 20.3 64.06 1.54 

Water-efficient 

construction 

5 49 10 76.5 15.6 0.54 

Recycling of grey-water 14 26 20 40.62 31.25 0.81 

Rainwater harvesting 14 32 18 50 28.1 0.72 

On-site water treatment 

 

10 32 22 50 34.6 1.24 
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Building standards/code 

for enhanced protection. 

0 28 36 43.75 56.25 1.46 

 

It was observed that the solar PV panels and wind turbines on roofs indicator and 

the building standards/code for enhanced protection indicator were almost addressed by 

all the 64 sampled master plans.  Almost 52 plans (81.25%) addressed this policy in 

detail. This indicator was the most commonly addressed indicator next to the storage, 

collection, and waste recycling indicator. 

Apart from the solar PV panels and wind turbines on roofs indicator, it was 

analyzed that the storage, collection, and waste recycling indicator was most commonly 

addressed in the master plans. Of all the 64 sampled plans, this indicator was addressed 

to some extent by 54 plans. 41plans addressed this indicator in detail (64.06%). Building 

standards/code for enhanced protection indicator was addressed to some extent by all 

the 64 sampled plans. However only 36 (56.25%) of these plans had mandated 

compliance to this indicator.  

The water-efficient construction indicator was addressed by only 49 plans. This 

means that half of the sampled plans addressed this indicator in their planning policies 

while the rest of the plans did not address this indicator in any of their planning policies.  

Accordingly, 15 plans did not address these plans at all in their master plans. Among the 

49 plans that addressed the water-efficient construction indicator to some extent, it was 

analyzed that only 9 (14.06%) considered this indicator to be mandatory. This indicator 

also received a very low mean indicator score of 0.54 points. 

Recycling grey-water indicator was not addressed by 14 plans. 26 master plans 

(40.62%) did not address this indicator in detail whereas 20 plans (31.25%) addressed 

this in detail. Very little consideration was given to the rainwater harvesting indicator by 

Table 6.5—Continued       
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the metropolitan regions/urban agglomerations. 50 plans addressed this indicator to 

some extent. However, only 18 plans (28.1%) addressed this indicator in detail.  This 

indicator also received low mean indicator score of 0.72 points meaning that the indicator 

was mostly regarded as a suggestive policy (59.37%).  

On the other hand, on-site water treatment indicator was addressed to some 

extent by 32 plans (50%) but only 22 plans (34.6%) addressed it in detail. Besides, this 

indicator also received a mean indicator score of 1.24 points. The only indicator that has 

a relatively high detailed indicator score within this component is the storage, collection 

and waste recycling indicator with 1.54. 

 On the whole most of the indicators in this component have low indicator scores 

of 0.54, 0.81 and 0.72, thereby, indicating that this indicator was mainly regarded as a 

suggestive indicator. 

6.2.1.5 Transportation component 

A detailed statistical summary of the seven indicators that are included in the 

transportation component is provided in table 6.6.  

Table 6-6 Transportation Component 

Indicators 0 1 2 % of 

(1) 

% of 

(2) 

Mean 

Score 

(Max = 

2) 

Mean 

Standardized 

score (SC) 

Creating /implementing 

/enhancing public 

transportation systems 

0 14 50 21.8 78.1 1.78 8.36 

Transit oriented 5 12 47 18.7 73.4 1.73 
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developments 

Car sharing and car 

pooling  

11 18 35 28.1 54.6 1.44 

Increased public 

transportation 

stops/nodes 

4 20 40 31.2 62.5 1.52 

Creation/ upgrading of 

bicycle paths 

8 16 40 25 62.5 1.52 

Creation/ upgrading of 

pedestrian facilities 

10 20 34 28.1 53.1 1.43 

Management of no 

traffic zones 

6 22 36 34.3 56.25 1.46 

 

This component received a high means standardized score of 8.36. This means 

that most of the sampled plans have addressed this component in their master plans. It 

was analyzed that almost all the sampled master plans included policies that were related 

to reducing CO2 emissions by improvising and enhancing public transportation systems 

within the metropolitan regions/urban agglomerations. It was observed that all the 

sampled master plans, addressed the creating /implementing /enhancing public 

transportation systems indicator to some extent. It has also been analyzed that amongst 

all the 64 sampled plans that addressed this indicator to some extent, (78.1%) plans have 

addressed this indicator in detail and the remaining 21.8% plans have considered this 

indicator as a suggestive. The increased public transportation stops/nodes indicator was 

Table 6.6—Continued       
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addressed to some extent by 60 master plans. However, only 40 plans (62.5%) have 

addressed this indicator in detail. 

The management of no traffic zones indicator was addressed to some extent by 

58 plans, however only 36 (56.25%) of the plans have addressed this indicator in detail. 

Likewise the creation/ upgrading of pedestrian facilities indicators were addressed by 54 

plans. Only (53.1%) 34 master plans have addressed the creation/ upgrading of 

pedestrian facilities indicator in detail and 20 (28.1%) master plans regarded this policy 

as a suggestive and did not address it in detail.  

It was analyzed that, the creating /implementing /enhancing public transportation 

indicator received the highest mean indicator score of 1.78 points. The creation/ 

upgrading of pedestrian facilities indicator received a low mean indicator score of 1.43 

points. This indicates that this policy was not addressed much in detail by the master 

plans and was considered as only a suggestive policy.  

On the whole, most of the indicators within this plan component received mean 

indicator scores between 1.4 and 1.8 points. This high indicator score of 1.78 for creating/ 

implementing public transportation systems and 1.73 for transit oriented developments 

suggests that most of the sampled plans have considered these indicators in detail. This 

also implies that most of the sampled plans have their policies being focused towards 

reducing CO2 emissions and also towards sustainable development. Thereby highlighting 

that public transportation system is an important constituent of climate change mitigation.  

6.2.1.6 Environment component 

A detailed statistical summary of the six indicators that are included in the 

environment component is provided in table 6.7.  
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Table 6-7 Environment Component 

Indicators 0 1 2 % of 

(1) 

% of 

(2) 

Mean 

Score 

(Max = 

2) 

Mean 

Standardized 

score (SC) 

Environmentally 

sensitive area protection 

(national/state parks) 

18 16 30 25 46.8 1.36 6.10 

Conservation of forests, 

vegetation, and riparian 

areas 

14 12 38 18.7 59.3 1.49 

Creating wildlife 

corridors 

20 16 28 25 43.7 1.33 

Wetlands restoration 

 

13 25 26 39 40.6 1.30 

Sediment and erosion 

control regulation 

14 32 18 50 28.1 0.72 

Preventing habitat 

fragmentation 

5 49 10 76.5 15.6 0.54 

 

The mean standardized score of this component is 7.10.  Analysis of the 

environment component of all the plans that were included in the sample reveals that the 

environmentally sensitive area protection indicator was addressed mostly in all the 

sampled master plans. The conservation of forests, vegetation, and riparian areas 

indicator was included in detail by 38 (59.3%) plans. 
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It was analyzed that, among all the 64 sampled master plans, the wetlands 

restoration indicator was addressed by 51 plans. However, only 26 (40.6%) of the plans 

have addressed this indicator in detail. The sediment and erosion control regulation 

indicator was addressed by 50 of all the sampled master plans. However, only 18 

(28.1%) of plans among all the plans addressed this indicator in detail.  

Moreover it was analyzed that four of the six indicators received mean indicator 

score above 1.0 and less than 1.5 points. The preventing habitat fragmentation indicator 

received the lowest mean indicator score of 0.54 points and the sediment and erosion 

control regulation indicator received a relatively low mean indicator score of 0.72 points.  

These low mean indicator scores of indicate lack of attention to environmental 

activities within the metropolitan regions/urban agglomerations. However, it was analyzed 

that regions were more focused in promoting and addressing environmentally sensitive 

area protection indicators and promoting forest conservation indicators within their 

environment component.  

6.2.1.7 Incentive tools component 

A detailed statistical summary of the six indicators that are included in the 

Incentive/disincentive tools component is provided in table 6.8.  

The overall mean standardized score of the incentive tools component was 5.39 

points; as such it was regarded that this indicator was not addressed much in detail 

among all the 64 sampled master plans. 

Table 6-8 Incentive Tools Component 

Indicators 0 1 2 % of 

(1) 

% of 

(2) 

Mean 

Score 

(Max = 

Mean 

Standardized 

score (SC) 
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2) 

Subsidized mass transit 

/ incentives for car 

pooling 

8 24 32 37.5 50 1.40 5.39 

Impact fees for 

development in 

ecologically sensitive 

areas 

21 20 23 31.23 

 

35.9 1.25 

Density bonuses 18 22 24 34.3 37.5 1.27 

 

It was analyzed that the subsidized mass transit and the use of density bonuses 

indicator were most commonly addressed in the incentive tools component of most of the 

sampled master plans. These two indicators were addressed by providing tax incentives 

for the companies that provided their employees with discounted passes for using mass 

transit. Besides, incentives were also provided to developers for developing real estate 

near transit points and also subsidized mass transit costs with an intention to increase 

ridership. On the other hand it was observed that among the 64 sampled master plans 

only 23 plans as such 35.9% of the plans addressed the impact fees for development in 

ecologically sensitive areas indicator in detail by including provisions for imposing impact 

fees for new development. 

50% of the plans addressed the subsidized mass transit indicator and 37.5% 

addressed the density bonus indicator in detail. On the whole none of the indicators 

within this plan component received a mean indicator score above 1.5 points. Two 

indicators received high mean indicator score of only 1.4 and 1.27 meaning that most of 

Table 6.8—Continued       
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the plans addressed this indicator in detail. The impact fees for development in 

ecologically sensitive areas indicator received a comparatively low mean indicator score 

of 1.25 points.  

6.2.1.8 Educational tools component 

A detailed statistical summary of the two indicators that are included in the 

education component is provided in table 6.9.  

Table 6-9 Education Tools Component 

Indicators 0 1 2 % of 

(1) 

% of 

(2) 

Mean 

Score 

(Max = 

2) 

Mean 

Standardized 

score (SC) 

Education and outreach 

program during plan 

implementation 

0 24 40 37.5 62.5 1.52 5.68 

Training/Technical 

assistance to developers 

or property owners 

0 28 36 43.75 56.25 1.46 

 

Among all the sampled master plans, it was analyzed that both the education and 

outreach programs during plan implementation indicator and the training/technical 

assistance to developers or property owner’s indicator were addressed to some extent by 

all the sampled master plans.  

It was also observed that the education and outreach program also has a high 

mean indicator score of 1.52 points meaning that the plans addressed this indicator in 

detail. However, on the other hand the training/technical assistance to developers or 
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property owner’s indicator was addressed in detail by only 36 plans (56.25%). Relatively 

it has a mean indicator score of 1.46 points meaning that the plans that addressed this 

indicator also addressed the indicator in detail Thereby suggesting that the sampled 

master plans considered providing training/technical assistance to developers and 

property owners.  

6.2.1.9 Attainment tools component 

A detailed statistical summary of the two indicators that are included in the 

Acquisition component is provided in table 6.10.  

Table 6-10 Attainment Tools Component 

Indicators 0 1 2 % of 

(1) 

% of 

(2) 

Mean 

Score 

(Max = 2) 

Mean 

Standardized 

score (SC) 

Land and property 

acquisition  

8 24 32 37.5 50 1.40 5.24 

Transfer/Purchase of 

development rights 

10 32 22 50 34.6 1.24 

 
Among all the sampled master plans, it was analyzed that the land and property 

acquisition indicator is addressed in detail by 32 sampled master plans (15.6%). The 

transfer/purchase of development rights indicator was also addressed by only 22 

sampled master plans (34.6%). It was analyzed that the transfer/purchase of 

development rights indicator has a low mean indicator score of 1.24 points meaning that 

most of the sampled plans did not address this indicator in detail. Similarly, the land and 

property acquisition indicator also has a mean indicator score of 1.40 points meaning that 
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this indicator was addressed in detail. This analysis suggests that the sampled plans 

addressed these indicators in detail.  

6.2.1.10 Physical infrastructure component 

A detailed summary of the two indicators that were included in the physical 

infrastructure and facilities component is provided in table 6.11.  

Table 6-11 Physical Infrastructure Component 

Indicators 0 1 2 % of 

(1) 

% of 

(2) 

Mean 

Score 

(Max = 2) 

Mean 

Standardized 

score (SC) 

Capital improvements 

for developments 

12 28 20 43.7 31.2 0.81 3.80 

Maintenance of public 

Infrastructure 

14 32 18 50 28.1 0.72 

 

Among all the 64 sampled master plans, it was analyzed that this component has 

a mean standardized score of 3.8. The capital improvements for developments indicator 

was addressed to some extent by 48 of the 64 sampled plans. 12 plans did not address 

this indicator at all in their master plans. Likewise, the maintenance of public 

infrastructure indicator was also addressed to some extent by 40 of the 64 sampled 

master plans. 14 metropolitan regions/urban agglomerations did not address this 

indicator in their master plans. 

 It was further analyzed that the capital improvements for developments indicator 

has a low mean indicator score of 0.81 points meaning that most of the sampled plans 

did not address this indicator in detail. Likewise, the maintenance of public infrastructure 

indicator also has a relatively low mean indicator score of 0.72 points meaning that this 
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indicator was also not addressed in detail. This analysis thereby suggests that the 

sampled master plans were not addressing these indicators in detail.  

6.3 Assessment of Climate Change Mitigation Implementation Index 

To achieve the impact of the planning policies, it was essential to evaluate the 

plans against an implementation protocol. All the sampled plans were evaluated against 

10 implementation indicators. 1) initiation of NGOs and research institution, 2) 

designation of responsibility for implementation, 3) identification of costs/ funding for 

implementation, 4) timetable for implementation, 5) sanctions for failure to implement, 6) 

provisions for technical assistance, 7) monitoring of environmental and human impacts,  

8) public participation process in monitoring and review, 9) provision of plan response to 

new information/data and 10) regular update procedures are the ten important indicators 

that ultimately impact the overall implementation of the plan.  

Most of the master plans have these above implementation guidelines/indicators 

as a separate sub-section and addressed all the plans components and not a particular 

component. For this reason, it was envisaged that evaluation of the plan implementation 

capacity of a plan mirrors the overall implementation potential of the master plan. Table 

6.12 displays the plan implementation evaluation results.  

Policies were evaluated in each plan with possible scores ranging from 0 to 2. 

Each city’s implementation capacity score was calculated by dividing the total 

implementation indicator capacity score by the maximum possible total score of 20. The 

sampled master plans received a mean implementation indicator capacity score of 13. 

This means that the mean implementation index is 65%. Accordingly, meaning that most 

of the plans have been implemented to some extent.  
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Table 6-12 Policy Implementation  

Indicators 0 1 2 % of 

(1) 

% of 

(2) 

Mean 

Implementation 

capacity score 

(Max = 20) 

Initiation of NGOs, research 

Institution 

3 0 61 0 95.3 13 

Designation of responsibility 

for implementation 

6 4 54 6.25 84.3 

Funding for implementation 5 22 37 34.3 57.8 

Timetable for implementation 2 32 30 50 46.8 

Sanctions for failure to 

implement 

58 2 4 3.1 6.25 

Regular update of the 

projects 

7 18 39 28.1 60.9 

Provisions for technical 

assistance 

0 20 41 31.2 64.1 

Monitoring of environmental 

and human impacts 

10 16 38 25 59.3 

Public participation process in 

monitoring and review 

2 18 44 28.1 68.7 

Provision of plan response to 

new information/ data 

22 32 10 50 15.6 
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Among all the policies that were evaluated with respect to plan implementation, it 

was analyzed that initiation of NGOs, research Institution and designating responsibility 

for implementation were mostly addressed in all the sampled master plans. With regards 

to initiation of NGOs, research institution most of the sampled plans (93.75%) referenced 

NGOs, research Institution and also provided assessments of various past planning 

projects/initiatives within their city. With regard to the designating responsibility for 

implementation, a majority of plans (84.3%) had designated specific agencies and 

departments for the implementation of specific schemes and programs.  

It was analyzed that all the sampled plans except for 2 master plans, have 

included a time table for implementation and had public participation in monitoring and 

review. Amongst those plans that addressed the time line for implementation 

guideline/indicator, 30 (46.8%) also provided in depth specific details for programs. 

Amongst those plans that addressed the public participation guideline/indicator, 44 

(68.7%) mentioned this guideline in detail. Most of the sampled plans (91.6%) addressed 

funding of various planning proposals for implementation. Among the plans that 

addressed this guideline/implementation, 37 (57.8%) identified funding for the proposed 

actions. Among all the 64 sampled master plans 61 (93.75%) also included provisions for 

technical assistance during the plan implementation process. Among these, 41 (64.1%) 

plans identified specific agencies that could be approached for technical assistance 

during the implementation process. It was also analyzed that (89.1%) of the sampled 

plans addressed policies related to regular updating of the projects. However, only 39 

(60.9%) of these plans, included had addressed this guideline in detail.  

Surprisingly, 42 (65.6%) plans have policies that addressed the provision of 

planning response to new information/data.  Provisions referred to the ability to adapt 
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new projects in response to any sort of funding changes from the state government. 

However, only 10 (15.16%) plans addressed this guideline in detail. Among all the 64 

sampled plans that were evaluated, 54 (84.3%) addressed policies that related to 

monitoring of environmental impacts. Among these only 38 (59.36%) master plans have 

mentioned this guideline in detail. Among all the implementation policies, it is analyzed 

that most of the sampled plans did not mention sanctions for failure to implement. As 

such, 58 of the 64 plans (90.6%) did not mention this guideline/indicator.  

6.4 Learning from Local Practice 

Textual analysis of case study publications of two metropolitan regions with high 

climate change mitigation policy and implementation indexes (Delhi and Mumbai) was 

undertaken to identify how these regions promoted climate change mitigation policies. 

Accordingly, the processes involved in implementing CO2 emissions reduction strategies 

were examined. 

It was analyzed that CO2 emission reduction planning depended on a number of 

socio-economic factors. As such it was identified that external to the planning agency, 

emission reduction the ability for strategies to be implemented depended on a) the scale 

of the projects as they can help or hinder public participation, interest and engagement, 

b) the characteristics of the community, such as the local community-wide political 

support for the plan and c) the degree of political leadership and attitudes of the political 

elite or the local pro-growth attitude. Thereby, highlights that plan implementation was 

mainly conceptualized as a consensus building process that involved contacting, 

communicating, negotiating, bargaining and fixing problems. 

Planning for CO2 emission reduction within these two cities generally undertook a 

bottom-up, action centered approach. Most of the CO2 emission reduction activities in 

these cities were mainly citizen led managed programs. These programs employed an 
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action-oriented, radical approach towards planning. Thereby, highlighting that the main 

determinants for implementing their climate change mitigation policies are appropriation 

of power by the people, political will, knowledge about the concern for the environment, 

educating residents about the climate change related programs and motivation among 

developers.  

It was analyzed that, each of these two cities had environmental related works on 

their planning agenda. The city planning officials assigned the responsibility of reducing 

CO2 emissions within the city to the local neighborhood NGOs. These NGOs, set 

priorities for solving the problems as such; implementation was considered to be certainly 

a response to both the environmental problems and city official’s pressure. The NGOs 

created implementation strategies for the climate change mitigation projects that were 

identified in the pre-planning phase with collaboration from the research institutes, 

deadlines were specified to get them implemented, targets and indicators were set to get 

measure the plans, deadlines to the pilot projects. Funding to carry out these projects 

usually was provided by the city government.  However, as each city was distinct from 

another city in terms of its socio-economic, biophysical and public policy contexts, it was 

identified that these two different cities had different climate change agenda’s and 

targets, as such responded differently in terms of reducing their CO2 emissions. 

Besides these NGOs reached out to the public create community and capacity 

building, collaborated with youth empowerment organizations. Accordingly, these NGOs 

created awareness-raising and mobilized the communities and citizens, encouraged 

them to get involved in development planning processes; and promoted capacity building 

among local-level stakeholders to participate in these processes. These NGOs worked 

with the residents of the neighborhoods and research institutes within the city to provide 

technical assistance and expanded the process by developing consciousness of the 
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environment among people and involving them in communicative, participatory action 

planning to find effective feasible solutions and implement them to effectively reduce CO2 

emissions within the city. 

6.4.1 Planning for CO2 Emission Reduction  

The process involved in implementing CO2 emission reduction related strategies 

was analyzed and is discussed below by unfolding the process of planning as such 

highlighting how, NGOs with their action-oriented skills facilitated in narrowing decisions 

during the meetings (focus groups) and later how participatory action led to an action 

perspective implementation of CO2 emission reduction policies within their master plans.  

The implementation of the CO2 emission reduction (climate change mitigation) 

activities was carried out in three phases which are explained in detail below. These 

phases comprised of several meetings and workshops that involved brainstorming, 

building relations between all the participants, discussing the main agenda and the 

various components involved in the agenda with the public citizens, stakeholders and city 

officials. Accordingly, the NGOs through these meetings and workshops reached across 

the city through its wide networks, engaged with influential partners in a variety of sectors 

and ensured participation and input from all stakeholders by thoroughly engaging 

communities, civil society, and citizens groups throughout the process of implementation 

of CO2 emission reduction activities.  

Phase I: 

The main agenda of the first phase was to determine the stakeholders and to 

identify problems and opportunities within the city by organizing workshops. The 

workshops were generally coordinated by the NGOs with assistance from the research 

institutes in the city. The meetings involved more casual discussions between the groups 

basically trying to get to know each other. As such the NGOs provided knowledge to the 
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participants and educated them about the importance of the environment and the need to 

react to climate change by reducing CO2 emissions as a result, intended to maximize 

their level of participation in the upcoming meetings and workshops.  

Phase II: 

The second phase resulted in appointing fulltime professional executive director 

and staff to manage programs and also take the responsibility of arranging meetings, 

consultations with city government, business and groups in the contingent neighborhood. 

The main criterion of this phase was to identify the main agenda, and brainstorm the 

problems. For instance such as: car sharing and car pooling, mixed use development, 

solar PV panels and wind turbines on roofs; conservation of forests, vegetation, and 

riparian areas, job training programs and employment. By the end of this workshop, the 

main activities that are feasible within the community were identified and the researchers 

volunteered to conduct research in regard to the existing assets and possible strategies 

to effectively reduce emissions. 

Phase III: 

The third phase, involved analyzing the researcher’s best emission reduction 

actions. The taskforce (NGOs), stakeholders reviewed all the findings on the developed 

strategies. The solutions that were identified by the researchers were generally presented 

to the participants. Each problem tended to have many solutions hence, through mutual 

understanding of interests, researchers expertise, avoiding positional bargaining and 

through consensus building and participation decision of the best feasible strategy was 

made.  

 Later, the NGOs discussed with the planning officials, stakeholders and public 

about planning strategies, financial strategies to finance the proposed pilot projects and 

finally the community building capacity which referred to public commitment to get 
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involved in these plans. As such participants also took up the responsibility to ensure the 

plans were implemented.  

The main idea of conducting workshops was to effectively identify actors, 

establish contact with those who were necessary to implement a plan and effectively 

negotiate with the stakeholders and developers who were more oriented towards profit. 

This was similar to the action-planning in which an effective implementer requires action-

oriented skills and act as a facilitator. As such, the NGOs, acted as facilitators, and 

developed the action –oriented skills to succeed in implementing the strategies.  

In the city of Delhi, it was identified that mitigation of CO2 emissions was carried 

out by the “informal recycling sector”. The informal recycling sector comprises of men and 

women who depend on picking wastes, recycling wastes and junk deals for their living. It 

was estimated that informal recycling sector picked 15-20 percent of total recyclable 

waste (glass, metal, plastics and paper) in city of Delhi. As such, the informal recycling 

sector recycled an estimated 962,133 tons of CO2 emissions each year. As such by 

picking up wastes and recycling the informal recycling sector effectively provided 

sanitation services to the city and as a result effectively reduced CO2 emissions (Chintan, 

2009). 

City of Mumbai, it was identified that, the commitment of land developers to plan 

objectives (e.g. walk-ability within the communities; promoting environmentally sensitive 

area protection), and their capacity to meet these objectives in practice, directly affected 

the implementation of CO2 emission reduction activities in these cities. Some developers 

were committed to the protection of natural resources or to neighborhood preservation 

and they had the expertise and means to achieve their protection goals, thereby 

implement the plan through their development projects.  
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Overall, based on the textual analysis it was identified that with the help of the 

NGOs, and with concern for the environment and also due to the city official pressures, 

the pilot projects for CO2 emission reduction were practiced. As such, regions that had 

policy index and implementation index had actually implemented their policies. 

6.5 Summary of Results 

Analysis of climate change mitigation policy and implementation indexes reveals 

that all most all the sampled master plans contained climate change mitigation policies 

within their plan components. Among the ten plan components that were evaluated for 

presence of climate change mitigation policies, nine components had indicators score 

above 50%. Thereby, indicating that most of the sampled master plans addressed 

policies that focused on reducing CO2 emissions as such mitigating climate change.  

The results of climate change mitigation index presented in table 6.1 indicate that 

the transportation component received a mean standardized score of 8.36. This was 

encouraging because vehicular emissions tend to be a major contributor to climate 

change by increasing CO2 emissions. It was analyzed that most of the transportation 

policies within the sampled master plans focused mainly on creating /implementing 

/enhancing public transportation systems indicator and also promoting transit oriented 

developments. Such policies mainly tend to focus on reducing the total number of vehicle 

miles travelled (VMT) within the city as such reduces CO2 emissions. Thereby, achieve 

the benefits of climate change mitigation. 

Except for the transportation component all the other plan components attained a 

mean standardized score below 7.0 (70%). It was analyzed that the physical planning 

component received a mean standardized score of 6.29. This was also potentially 

encouraging since setbacks, buffers and subdivision regulations have the ability to serve 

as feasible tools for promoting high density development and also restrict the growth of a 
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city towards the periphery in a way trying to curb sprawl. Hence, this component also 

tends to have an ability to reduce CO2 emissions considerably. 

Among the remaining eight components that were evaluated, the physical 

infrastructure plan component received the lowest mean standardized score of 3.80 

(38%). This low standardized score was discouraging since many urban planning and 

climate change researchers believe that emissions related to transportation and 

household can be considerably managed by intervening urban form and physical 

infrastructure together.   

Planning policies related to land use component received a mean standardized 

score of 6.26 points which is nearly 60% of the maximum possible standardized score. 

Within the land use component, the mixed use development indicator received the 

highest mean indicator score of 1.86 points. Thereby, highlighting that most of the 

sampled master plans has considered this indicator in detail. This is not surprising 

because mixed use development is being considered as a very common sustainable 

development approach/practice in urban planning. On the other hand, it was analyzed 

that the limiting use of marginal areas/hazardous areas indicator though it was addressed 

by 55 of the plans to some extent and only 17% of the plans have addressed this 

indicator in detail. It received a very low detailed indicator score of 0.44 points. This low 

indicator score may be due to the specific nature of this indicator. It might be that there is 

no need for all the sampled regions to address this indicator because the number of 

brown field areas may differ from one metropolitan region to another. 

Planning policies related to urban design component received a mean 

standardized score of 6.12 points which is nearly 60% of the maximum possible 

standardized score. Within the urban design policy component, high density development 

indicator received the high mean indicator score of 1.70 points. This highlights that most 
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of the sampled master plans has considered this indicator in detail. All the other 

indicators within this component namely urban landscape development indicator, building 

height/orientation guidelines indicator and the urban heat island effect indicator had their 

detailed indicator score between 1 and 1.5 points. It was analyzed that urban heat island 

effect indicator had the minimum detailed indicator score of 1.36. As such this indicator 

was not addressed in about 13 of the sampled plans and only 46% of the plans have 

addressed it in detail.  

Planning policies related to physical planning component received a mean 

standardized score of 6.29 points which is nearly 60% of the maximum possible 

standardized score. Within the component of physical planning, site plan review for land 

suitability assessment indicator was observed in almost all the sampled master plans. 

This indicator also has a high mean indicator score of 1.58 points indicating that most of 

the sampled master plans have considered this indicator in detail. The subdivision 

regulations indicator received a mean indicator score of 1.38 points. These scores 

indicate that this indicator was considered as a mandatory indicator by most of the 

sampled master plans.  

Planning policies related to building specifications component received a mean 

standardized score of 5.30 points which is nearly 50% of the maximum possible 

standardized score. Within the building specifications component, solar PV panels and 

the collection, storage and waste recycling indicator was observed in almost all the 

sampled master plans. These indicators had the highest mean indicator score of 1.81 

points and 1.54 points indicating that most of the sampled master plans have considered 

this indicator in detail. The building standards/code for enhanced protection and the on-

site water treatment indicator has their mean indicator score of 1.46 and 1.24 points. The 

recycling of grey-water and rainwater harvesting indicator also have low mean indicator 
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scores of 0.81 points and 0.72 points respectively. The water efficient indicator received 

the lowest mean indicator score of 0.54 points. This indicates that most of the indicators 

within this component are considered to be a suggestive indicator by most of the sampled 

master plans.  

With respect to the environment component, this component received a mean 

standardized score of 6.10 points which is nearly 60% of the maximum possible 

standardized score. Within the environment component, the preventing habitat 

fragmentation  indicator received the lowest mean indicator score of 0.54 points It was 

expected that this indicator will have a very low detailed score because habitat 

fragmentation was not given due consideration in most of the sampled master plans. This 

was because most of the sampled metropolitan regions/urban agglomerations are 

sprawling. As such, these regions have encroached most of the hinterland and converted 

hinterland into urban areas. Thereby, indicating that most of the sampled master plans 

did not consider this indicator in detail.  The sediment and erosion control regulation 

indicator also has a low mean indicator score of 0.72 points.  

In regard to incentive tools component, this component received a mean 

standardized score of 5.39 points which is nearly 50% of the maximum possible 

standardized score. Most of the indicators within this component received low mean 

indicator scores. Amongst the three indicators that were included in this component, 

subsidized mass transit / incentives for car pooling indicator received the highest mean 

indicator score of 1.40 points. This indicator was addressed by 56 of all the master plans 

included in the sample and 50% of the master plans addressed this indicator in detail. It 

is assumed that this indicator helps in facilitating customized practices of the city, as such 

regarded as a general planning indicator.  
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In sum, limited application of incentive/disincentive indicators within the sampled 

master plans indicate that most of the administrative units are reluctant to promote the 

usage of innovative tools to achieve their planning goals. This reluctance to incentive 

tools causes the reduction of CO2 emissions within a city and mitigation of climate 

change to be a serious challenge. Since, it is through incentive/disincentive practices a 

city can actually promote lifestyle changes for the benefits of reducing CO2 emissions. As 

such, lack of enthusiasm to adopt policies that promote subsidized mass transit / 

incentives for car pooling and Impact fees for development in ecologically sensitive areas 

within the master plans will hinder climate change mitigation initiatives in the city. 

With respect to, education tools, this component received a mean standardized 

score of 5.68 points which is nearly 50% of the maximum possible standardized score. 

Within this component it was analyzed that the educational outreach indicator has the 

highest mean indicator score of 1.52 points, followed by training/technical assistance to 

developers or property owner’s indicator received 1.46 points. These scores tend to be 

encouraging since it was essential for effective education outreach activities and training 

assistance to effectively mitigate climate change at the local city level. However, during 

the analysis it was analyzed that metropolitan regions/ urban agglomerations must 

promote technology tools such as GIS analysis and computer modeling of climate 

change data facilitates effectively planning for climate change mitigation. 

In regard to attainment tools component, this component received a mean 

standardized score of 5.24 points which is nearly 50% of the maximum possible 

standardized score. The land and property acquisition indicator was addressed in almost 

all the master plans that were included in the sample however 50% of the plans 

addressed the indicator in detail. The transfer/purchase of development rights indicator is 

addressed by 54 of the master plans.  It was observed that similar to the 
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incentive/disincentive tools component, this component (attainment tools component) 

also lacked in resource commitment.  It was analyzed that most sampled master plans do 

not prefer to have planning policies that tend to have an impact on an individual’s 

property rights due to the fear of litigations with property owners and its associated 

negative consequences.  

With regard to physical infrastructure component, this component received a 

mean standardized score of 3.80 points which is nearly 40% of the maximum possible 

standardized score. The maintenance of public infrastructures received very low mean 

indicator score of 0.72 points. Almost 50% of the master plans included in the sample did 

not address this indicator in detail and only 28.1% of the plans included this indicator in 

detail. Comparatively, the capital improvements for developments indicator received an 

indicator score of 0.81 was almost addressed in detail by 31.2% of the sampled plans. 

This may be probably because of the requirement by administrative units to incorporate 

capital improvement projects within their master plans so as to generate funds for the 

implementing the projects.  

However, among the various components, transportation planning component 

has the highest mean climate change mitigation standardized score 83.6% of the 

possible maximum component score (100). The planning component that has the lowest 

mean climate change mitigation standardized score is the physical infrastructure 

component. However, the variation in the standard scores may also depend on the 

number of indicators that are included in each component and its need within the city.  

In sum, the mean climate change mitigation index for all the sampled plans (64 

master plans) is 58.54 points, as such representing only 60% of the maximum mitigation 

index. The mean maximum and minimum index ranges from 27 to 85.  
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The overall plan implementation score of all the sampled plans was low. The 

mean plan implementation score of 13 points suggesting that 65% of the planning 

policies were implemented. Results of the implementation scores indicate that 

implementation aspects that were important for the planning polices to be implemented 

were addressed in detail in all most all the master plans.  

Thereby, indicating that most of the sampled plans addressed a range of desired 

climate change mitigation policies, and most of the addressed policies were 

implemented.  This analysis addresses our first research question which is do regional 

master plans include and promote policies that target climate change mitigation (CO2 

reduction), by highlighting that most of the master plans (60%) of metropolitan 

regions/urban agglomerations include and promote policies that target climate change 

mitigation (CO2   emission reduction).  
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Chapter 7  

Influence of Planning Policies on Climate Change Mitigation 

The influence of planning policies on climate change mitigation was recognized 

by the decrease/increase of CO2 emissions in the environment. In this research, 

emissions related to transportation (excluding air transportation) and residential uses, 

were considered as the dependent variable. It was measured as the per capita change of 

CO2 emissions (in metric tons) from 1999 to 2012. This research employed ordinary least 

squares (OLS) regression models and correlation analysis to test the research 

hypotheses that were outlined in chapter 5 of this dissertation.  

Using statistical analyses, the influence of climate change mitigation indexes 

(policy index and implementation index) on CO2 emissions were analyzed while 

controlling for various socio-economic and bio-physical characteristics.  A detailed 

analysis of the strength and direction of the influence of climate change mitigation index 

on the dependent variable provided valuable insights for developing local urban planning 

policies that promote climate change mitigation.  

The first sub-section provides a descriptive statistical analysis of all the variables 

that are included in the regression analysis. The second sub-section summarizes the 

results of the correlation analysis thereby identifies statistically significant relationships 

between the variables that are included in the regression analysis. The next sub-section 

provides a summary of the results of the regression model. The results of the preceding 

statistical analyses are summarized in the final subsection.  

7.1 Descriptive Statistics 

Descriptive statistics for both the independent and the dependent variables are 

presented in Table 7.1. The mean change in per-capita carbon dioxide for all the sampled 

metropolitan regions/urban agglomerations emissions from 1999 to 2012 was estimated 
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to be 0.64 metric tons. The mean policy index was 58.54 and the mean implementation 

index was 65. The average per-capita income was Rs.22, 000. The average percentage 

of population growth (1999-2012) was 9%. The average percentage usage of public 

transportation was 54%. The average percentage of workforce employed in commercial 

sector was 42%. The mean sprawl was 1281 sqm/person and average area allocated for 

mixed land use was 549 Ha. 

Table 7-1 Descriptive Statistics 

 

Variables 

Sample 

size 

(N) 

 

Mean 

 

Std. 

Deviation 

Change in CO2 emission 64 0.64 1.7 

Policy index 64 58.54 13.2 

Implementation index 64 56.29 12.9 

Per capita income  64 22,000 9 

% of population growth 64 9 8.1 

% use of public transit 64 54 50 

% of workforce employed in 

commercial Sector 

64 42 41 

Sprawl 64 1281 729 

Area allocated for mixed land use  64 549 499 
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7.2 Impact of Climate Change Mitigation Policies on CO2 Emissions 

An Ordinary Least Square (OLS) regression analysis was used in this research 

to analyze the relation between climate change mitigation indexes (policy index and 

implementation index) and the change in CO2 emissions while controlling for other socio-

economic and biophysical characteristics. Thereby, address the second research 

question: what is the impact of climate change mitigation policies on local CO2 

emissions? The main aim of any research was to reject the null hypothesis.  

The null hypothesis (H0 : β = 0) of this research is that climate change mitigation 

policies do not have any significant impact on local CO2 emissions.  

The alternate hypothesis (Ha: β ≠ 0) is that climate change mitigation policies 

have a statistically significant impact on local CO2 emissions. 

The change in per-capita CO2 emissions (dependent variable) was regressed 

against eights independent variables. The climate change mitigation policy index, climate 

change mitigation implementation index were the two primary dependent variables. The 

remaining six dependent variables account for various bio-physical characteristics and 

socioeconomic characteristics. The socioeconomic characteristics refer to per-capita 

income, percentage change in population growth, percentage of public transit usage in 

the city, percentage of people employed in the commercial sector.  The bio-physical 

characteristics refer to sprawl and area allocated for mixed land uses.  

Before undertaking OLS regression analysis, it was important to identify whether 

or not the assumptions of OLS regression were satisfied. Statistical test for 

multicollinearity was conducted. Test for normality, linearity, heteroskedasticity were also 

conducted to ensure that the assumptions for OLS regression were met.  
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7.2.1 Test of Normality 

To identify if the distribution was normal or not, the test of normality was carried 

out in SPSS and also the normal Q-Q plots are checked. Generally, for small sample 

sizes the Shapiro–Wilk test was carried. The null hypothesis for this test is that the data 

was normally distributed. The null hypothesis was accepted if the sig value (P value) was 

above 0.05. Accordingly, for this test all our variables must be above 0.05, to accept the 

null hypothesis. Table 7.2 describes the results of the test for normality. 

Table 7-2 Test for Normality. 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statist

ic 

df Sig. Statist

ic 

df Sig. 

Change in Emissions  .121 64 .021 .969 64 .102 

Policy Index .104 64 .083 .972 64 .155 

Implementation Index .104 64 .083 .969 64 .103 

Per capita income .072 64 .200* .974 64 .191 

% of Pop growth .102 64 .092 .964 64 .161 

% of Public Transit 

usage 

.072 64 .200* .977 64 .267 

Sprawl .065 64 .200* .976 64 .246 

% of commercial 

employment 

.083 64 .200* .972 64 .158 

Mixed land use area .080 64 .200* .962 64 .106 

 

From the results of the Shapiro-Wilk tests (P > 0.05) it was identified that all the 

variables were approximately normally distributed. 
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7.2.2 Test of Linearity 

 To identify if there was a linear relationship between the dependent variables and 

the independent variable, the test of linearity was carried out in SPSS and also the 

regression plots were checked. Table 7.3 describes the results of the test for linearity. 

Table 7-3 Test for Linearity. 

ANOVA TABLE Sig. 

Change in Emissions 

(1999-2012 ) * Policy 

Index 

Between Groups (Combined) .000 

Linearity .000 

Deviation from Linearity .004 

Change in Emissions 

(1999-2012 ) * 

Implementation Index 

Between Groups (Combined) .000 

Linearity .000 

Deviation from Linearity .005 

Change in Emissions 

(1999-2012 ) * Per 

capita Income 

Between Groups (Combined) .000 

Linearity .000 

Deviation from Linearity .001 

Change in Emissions 

(1999-2012 ) * Pop 

growth 

Between Groups (Combined) .000 

Linearity .000 

Deviation from Linearity .000 

Change in Emissions 

(1999-2012 ) * Public 

Transit 

Between Groups (Combined) .000 

Linearity .000 

Deviation from Linearity .009 

Change in Emissions 

(1999-2012 ) * Sprawl 

Between Groups (Combined) .000 

Linearity .000 

Deviation from Linearity .010 

Change in Emissions 

(1999-2012 ) * 

Commercial employment 

Between Groups (Combined) .000 

Linearity .000 

Deviation from Linearity .010 
Change in Emissions 
(1999-2012 ) * Mixed land 
use 

Between Groups 
(Combined) 0.000 

  
Linearity 0.000 

  
Deviation from Linearity 0.024 
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7.2.3 Test for Homoscedascity 

To identify whether or not there was a constant variance in the errors, residual 

plots were checked. Generally the residual plot should not have any pattern and should 

be equally distributed, meaning that there is a constant variance. If a pattern exists it 

means that the linear regression assumption is violated and a non-linear regression must 

be carried out.  

Figure 7.1 describes the residual plot. Apart from the residual plots, to identify 

whether homoscedacity is statistically significant or not Breusch-pagan test and Kenker 

test were also carried out in SPSS by running a macro in SPSS because SPSS cannot 

perform this test. 

 The Breusch-Pagan test and the Koenker test were the test for hetroscedascity 

and the null hypothesis for this test is that, there is homoscedascity.  The null hypothesis 

was accepted if the sig value (P value) is above 0.05. Accordingly, for this test, the sig 

value (P value) must be above 0.05, to accept the null hypothesis. Table 7.4 describes 

statistical test for homoscedascity. The significance level for both the Breush-Pagan test 

and the Koenker test was 0.2 (P>0.05). Hence the null hypothesis that there is 

homoscedascity was accepted.  

Table 7-4 Breush-Pagan and Koenker Test 

Sample 

size 

No. of 

Predictors 

Breusch- 

Pagan test 

Sig level Koenker-

Test 

Sig level 

 

64 

 

8 

 

10.86 

 

0.2096 

 

10.31 

 

0.2437 
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Figure 7.1 describes the residual with the predicted Z value on the X axis and the 

Predicted Residual on the Y axis. The residual plots describe that the variance of the 

errors were approximately constant. 

 

Figure 7-1 Residual Plot 

7.2.4 Correlation Analysis 

The first step before undertaking a statistical regression analysis is to ascertain 

the statistical relationship between the dependent and the independent variables. A 

correlation analysis was carried out to analyze the level of association (relation) between 

both the dependent variables and the independent variables. The correlation matrix (table 

7.5) helps in identifying the possible problems of multicollinearity.  

The Pearson correlation coefficient (r) is a measure of the strength of a linear 

association between two variables. The value of r ranges from +1 to -1 depending on 
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whether the relationship is positive or negative. The closer the association of the two 

variables is to +1 or -1; stronger is the pearson correlation coefficient. As such, 

correlation coefficient values above 0.7 or -0.7 indicate that there is a close relationship 

between the variables. It was analyzed that strong/close relationships do not exist 

between any two independent variables. The pearson correlation coefficients ranged 

between -0.497 to 0.427. Hence, the problem of multicollinearity does not exist.   

From the correlation matrix it was observed that correlation exists between 

change in CO2 emissions (dependent variable) and eight independent variables. It was 

analyzed that all the eight independent variables were correlated at a significance level of 

0.01. The two primary independent variables, climate change mitigation policy index and 

climate change implementation index were negatively correlated with dependent variable 

(r=-.-642; -.734 p<0.01). This negative correlation indicated that cities with higher climate 

change mitigation policy index and climate change mitigation implementation index were 

likely to have lower gain in per-capita CO2 emissions. Among the socio-economic 

variables, population growth, commercial employment are positively associated with the 

dependent variable (r=0.623, r= 0.644 respectively p<0.01). Thereby, highlighting that 

cities that have high percentage change in population growth and high percentage of 

people employed in the commercial sector will have a higher increase in CO2 emissions. 

On the other hand, per capita income and percentage of public transit usage have a 

negative relationship with the dependent variable (r= - 0.321 and r = - 0.567, p <0.01).  

Besides the significant correlations between change in CO2 emissions 

(dependent variable) and the independent variables, correlation matrix also highlights 

that no strong relationships between exist among different independent variables.  

It was analyzed that a statistically significant negative correlation exists between 

percentage change in population growth and climate change mitigation policy index (r=-
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0.381, p<0.05) and also climate change mitigation implementation index (r=-0.483, 

p<0.05). Thereby, indicating that cities with higher climate change mitigation policy index 

and implementation index were less likely to have population growth in their cities. 

Likewise it was analyzed that a statistically significant negative correlation exists 

between sprawl and climate change mitigation policy index (r=-0.291, p<0.05), and also 

between climate change mitigation implementation index (r=-.327, p<0.05). Thereby, 

indicating that sprawled (or) sprawling cities tends to have less climate change mitigation 

index and implementation index. This negative correlation was expected because most 

policies in local master plans that focus on sustainable development tend to control their 

cities urban footprint. Besides, statistically significant negative correlation exists between 

percentage of people employed in the commercial sector and climate change mitigation 

policy index (r=-0.347, p<0.01), and also between climate change mitigation 

implementation index (r=-.460, p<0.05).  

Other correlation among the independent variables were identified between 

percentage of population growth and per-capita income (r=-0.068, p<0.01), percentage of 

public transit usage and percentage change in population growth (r= - 0.229, p<0.1), 

sprawl and per capita income (r= -0.136), sprawl and percentage of public transit usage 

(r = -0.334), percentage of people employed in the commercial sector  and per-capita 

income (r= -0.498), percentage of people employed in the commercial sector  and public 

transit usage (r= - 0.403). It was also analyzed that negative correlation exists between 

area allocated for mixed land use and population growth (r= -0.394), sprawl (r = -0.355) 

and percentage of commercial employment (r = -0.497).  

Despite the presence of several statistically significant correlations among 

various independent variables, multicollinearity was not considered to be an important 



118 

issue in the following OLS regression modeling since the identified correlations ere 

statistically weak (ranging between -0.4 to 0.4; r<0.6). 
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Table 7-5 Correlation Matrix 

 CO2 

emissio
ns 

Policy 
index 

Impleme
ntation 
index 

Per 
capita 
Income 

% of 
Populati
on 
growth 

Public 
transit 
usage 

Sprawl Commer
cial 
employ
ment 

Mixed 
land use 

CO2 

Emission
s 

1         

Policy 
index 

-.642 1        

Impleme
ntation 
index 

-.734 .427 1       

Per 
capita 
Income 

-.321 .317 .274 1      

% of 
Populatio
n growth 
 

.623 -.381 -.483 -.068 1     

Public 
transit 
usage 

-.567 .306 .325 .345 -.229 1    

Sprawl .586 -.291 -.327 -.136 .245 -.334 1   

Commer
cial 
employm
ent 

.644 -.347 -.460 -.498 .191 -.403 .234 1  

Mixed 
land use 

-.827 .454 .421 .435 -.394 .227 -.355 -.497 1 
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7.3 Climate Change Mitigation Policy and CO2 Emissions Model 

The OLS regression model was conducted using SPSS to test the impact of 

climate change mitigation policy index and climate change mitigation implementation 

index on the change in CO2 emission (dependent variable) while controlling for all other 

factors.  As mentioned earlier: 

The null hypothesis (H0 : β = 0) of this research is that climate change mitigation 

policies do not have any significant impact on local CO2 emissions.  

The alternate hypothesis (Ha: β ≠ 0) is that climate change mitigation policies 

have a statistically significant impact on local CO2 emissions. 

To reject the null hypothesis, regression analysis generally performs statistical 

tests to compute probability referred as a P value. Hence, small P-values reflect small 

probability of error and importance of the coefficients thereby suggesting that the 

variable/coefficient that have small P values are important in the model (small p values 

reflect small probability). As such P values that range between 0.01 and 0.10 were 

considered to be significant; with p < 0.01 to be highly significant; p < 0.05 moderately 

significant and p < 0.10 to be marginally significant.  

The R square to some extent describes how much of the variance in the 

dependent variable is explained by the independent variables. Table 7.6 below describes 

the “Goodness of Fit” (model summary) which depicts that the R square was .919. This 

means that all the independent variables account for an estimated 92% of the variation in 

a city’s CO2 emissions (dependent variable) or about 92% of the variance in the outcome 

was being affected by the independent variables. Besides, the high F statistics (F = 1903) 

also show that the independent variables were jointly, significant to explain the 

dependent variable. 
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Table 7-6 Model Summary 

Model R R 

Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

1 .963a .919 .922 .0463 
 

Accordingly from Table 7.7 it was observed that all the independent variables 

that were included in the study were statistically significant. This means that all the 

independent variables have an impact on the dependent variable. Accordingly the null 

hypothesis can be rejected. The results of OLS regression analysis are presented in table 

7.7.   

Table 7-7 Climate Change Mitigation Policy – CO2 Emission Model 

 

 

 

 

Variables 

 

 

Un-standardized 

Coefficients 

 

 

Standardized 

Coefficients 

 

 

 

 

 

t 

 

 

 

 

 

Sig. 

B Std. 

Error 

Beta 

Constant 3.310 .094  35.053 .000 

Policy Index -.024 .001 -.179 -37.318 .000 

Implementation 

Index 

-.018 .001 -.179 -31.989 .000 

Per capita Income .000 .000 .176 34.431 .000 

% of population 

Growth 

.032 .001 .148 28.381 .000 

% use of public 

transit 

-.030 .001 -.277 -57.945 .000 
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Sprawl .000 .000 .178 39.424 .000 

% of commercial 

employment 

.010 .001 .085 12.726 .000 

Mixed land use -.001 .000 -.485 -75.042 .000 

 

All the eight independent variables namely: policy Index, implementation Index, 

per capita income, percentage of population growth, percentage use of public transit, 

sprawl, percentage of workforce employed in commercial sector and area allocated for 

mixed land use are considered to highly significant since their significance (p) value was 

< 0.01 (Sig = 0.000).  

The regression coefficients (B) help in identifying the nature of the relationship 

with the dependent variable and also its impact/strength on the dependent variable. It 

was observed that policy index, implementation index, percentage use of public transit 

and area allocated for mixed land use within the city have a negative relationship towards 

the dependent variable. Per capita income, percentage change in population growth, 

sprawl and percentage of workforce employed in commercial sector have a positive 

relationship towards the dependent variable. On the whole, the results show that there 

was a significant relationship between the dependent variable and independent variables.  

From Table 7.7  it was observed that, the two primary independent variables 

namely policy Index and implementation index a city’s master plan were significant and 

have a negative relationship with the change in city’s per capita CO2 emissions (B = -

.024; B = -0.018 respectively). This indicated that cities with higher policy and 

implementation index will experience a lower increase in CO2 emissions. This significant 

negative relationship was also consistent with the results of the correlation matrix 

Table 7.7—Continued       
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analysis (explained in section 7.2 of this chapter). Accordingly, a unit increase in climate 

change mitigation policy index decreased city’s per capita CO2 emissions by 0.024 tons, 

while controlling for all other variables. One unit increase in climate change mitigation 

implementation index decreased City’s per capita CO2 emissions by 0.018 tons, while 

controlling for all other variables. Results of the OLS support hypothesis 2 and hypothesis 

3 which states that: cities with higher climate change mitigation policy index and high 

climate change mitigation implementation index would have a significantly lower increase 

in their city’s CO2 emissions.  

Percentage of population growth during 1999 and 2012 showed statistically 

significant (sig=0.000) and positive relationship with the dependent variable. This 

indicated that cities with higher percentage of population growth (increase in population 

from 1999 to 2012) experienced a higher increase in the city per-capita CO2 emissions. 

Accordingly, one percentage increase in population growth within a city increased the 

city’s CO2 emissions by 0.032 tons, while controlling for all other variables. Results of the 

OLS support hypothesis 5 which states that: Cities with high percentage increase in 

population will significantly have high CO2 emissions. 

Public transit usage showed statistically significant and negative relationship with 

the change in CO2 emissions. This indicated that cities with higher percentage of public 

transit usage experience a lower increase in CO2 emissions. Accordingly, 1 percentage 

increase in public transit usage within a city decreased the City’s per capita CO2 

emissions by 0.030 tons, while controlling for all other variables. Results of the OLS 

support hypothesis 6 which states that: Cities with higher usage of public transportation 

will significantly have less CO2 emissions.   

Percentage of workforce employed in the commercial sector also showed 

statistically significant (sig=0.000) and a positive relationship with the dependent variable. 
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This indicated that cities with higher percentage of workforce employed in commercial 

sector experienced a higher increase in the city per-capita CO2 emissions. Accordingly, 

one percentage increase of workforce employed in commercial sector increased the 

City’s CO2 emissions by 0.010 tons, while controlling for all other variables. Results of the 

OLS support hypothesis 8 which states that: Cities with higher percentage of workforce 

employed in commercial sector will significantly have more CO2 emissions.   

Amount of area allocated for mixed land use within a city also showed statistically 

significant and negative relationship with the change in CO2 emissions. This indicated 

that cities with large amount of area allocated for mixed land use area had lower increase 

in their per capita CO2 emissions. Accordingly, 1 hectare increase in mixed land use area 

within a city will decreased the City’s CO2 emissions by 0.001 tons, while controlling for 

all other variables. Results of the OLS support hypothesis 9 which states that: Cities with 

large amount of area allocated for mixed land use area will significantly have less CO2 

emissions.   

Per-capita income was also statistically significant (Sig = 0.000, p<0.01) and had 

no relationship with the dependent variable. Results of the OLS do not support 

hypothesis 4 which states that: wealthier cities will significantly have more CO2 

emissions.  

Likewise sprawl was also statistically significant (Sig = 0.000, p<0.01) and had no 

relationship with the dependent variable. This means that increase or decrease in sprawl 

or per capita income will not increase or decrease the City’s CO2 emissions. Results of 

the OLS do not support hypothesis 7 which states that: sprawling cities will significantly 

have more CO2 emissions. 

On the whole, it was analyzed that planning policies have an impact on a city’s 

CO2 emissions. From this regression analysis it is observed that apart from urban 
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planning policies, percentage of public transit usage, amount of area allocated for mixed 

land use, percentage of employment in commercial sector and percentage of population 

growth have an impact on city’s CO2 emissions.  

The model for this analysis can be written as follows: 

City CO2 emissions = a 'D�(Policy Index) +  D6 (Implementation Index) + b= (Per 

capita Income) + b> (% of population growth) + b? (% of public transit usage) + 

 D@(Sprawl) +  DA (% of employment in commercial sector) + bB (Mixed land use area) +ε  

For a city with policy index of 60, implementation index of 60, income of Rs 

22,000, % of population growth of 9%, % of public transit usage of 66%, 68% of 

workforce employed in commercial sector, sprawl of 913 sqm/person and 544 Ha. of area 

allocated for mixed land use is: 

City CO2 emissions = 3.310 - 0.024 (60) G 0.018 �60) + 0 (22,000) - 0.032 (9) – 

0.030(60) + 0.010(68) + 0 (913) - 0.001 (544)  ' ε  
City Per capita CO2 emissions = G 1.161 tons 

Accordingly for such a city, the City’s per capita CO2 emissions will decrease by 

1.16 metric tons. Hence, urban planning policies have a statistically significant impact on 

city’s CO2 emissions. 

7.4 Impact of Gender on CO2 emissions. 

Different strands of feminist theory highlight that gender has an impact on CO2 

emissions. According to Dankelman (2010), a woman on average causes 32.3 kilograms 

of carbon dioxide (CO2) per day emissions, whereas a man causes 39.3 kg of CO2 

emissions. This difference in CO2 emissions between woman and man is due to women’s 

traditional roles as caregivers, water and fuel wood collectors (Ergas and York, 2012).  

Other theorists argue that women’s status and environmental protection are linked 
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because the exploitation of women and the exploitation of nature are interconnected 

processes (Wheeler and Hammer, 2010; Dankelman & Davidson, 1985; CSE, 1985). 

An Ordinary Least Square (OLS) regression analysis was used in this research 

to analyze the impact of gender on CO2 emissions. The main aim of any research was to 

reject the null hypothesis.  

The null hypothesis (H0 : β = 0) of this research is that gender does not have any 

significant impact on local CO2 emissions.  

The alternate hypothesis (Ha: β ≠ 0) is that gender has a statistically significant 

impact on local CO2 emissions. 

The change in per-capita CO2 emissions (dependent variable) was regressed 

against eights independent variables. The climate change mitigation policy index, climate 

change mitigation implementation index were the two primary dependent variables. The 

remaining six dependent variables account for various bio-physical characteristics and 

socioeconomic characteristics. The socioeconomic characteristics refer to per-capita 

income, percentage of public transit usage in the city, percentage of employment in 

NGOs, percentage of employment in carbon sector and percentage of female literacy. 

The bio-physical characteristics refer to sprawl. 

Before undertaking OLS regression analysis, it was important to identify whether 

or not the assumptions of OLS regression are satisfied. Normal distribution, Linear 

relationship, independent variables are not correlated and Equal variance of errors 

(Homoscedascity).  

7.4.1 Test of Normality 

To identify if the distribution was normal or not, the test of normality was carried 

out in SPSS and also the normal Q-Q plots were checked. Generally, for sample sizes 

the Shapiro–wilk test was carried. The Null Hypothesis for this test was that the data was 
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normally distributed. Accordingly, for this test all our variables must be above 0.05, to 

accept the null hypothesis. All the variables were normally distributed. Table 7.8 

describes the results. 

Table 7-8  Test of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 

Statist

ic 

df Sig. Statist

ic 

df Sig. 

Change in Emissions  .121 64 .021 .969 64 .102 

Policy Index .104 64 .083 .972 64 .155 

Implementation Index .104 64 .083 .969 64 .103 

Per capita income .072 64 .200* .974 64 .191 

Public Transit usage .072 64 .200* .977 64 .267 

% of employment in 

NGO 

.082 64 .200* .980 64 .382 

% of employment in 

carbon industries 

.066 64 .200* .969 64 .108 

Sprawl .065 64 .200* .976 64 .246 

% of female literacy .105 64 .078 .975 64 .232 

 

7.4.2 Homoscedascity 

To identify whether or not there was a constant variance in the errors, residual 

plots were checked. Generally the residual plot should not have any pattern and should 

be equally distributed, meaning that there was a constant variance. Figure 7.2 represents 

the residual plot. 
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Figure 7-2 Residual Plot 

7.4.3 Test for Linearity 

To identify if there was a linear relationship between the dependent variables and 

the independent variable, the test of linearity was carried out in SPSS and also the 

regression plots were checked. Table 7.9 describes the results. 

Table 7-9 Test for Linearity 

ANOVA TABLE Sig. 

Change in Emissions 

(1999-2012 ) * Policy 

Index 

Between Groups (Combined) .000 

Linearity .000 

Deviation from Linearity .004 

Change in Emissions 

(1999-2012 ) * 

Implementation Index 

Between Groups (Combined) .000 

Linearity .000 

Deviation from Linearity .005 
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Change in Emissions 

(1999-2012 ) * Per 

capita Income 

Between Groups (Combined) .000 

Linearity .000 

Deviation from Linearity .001 

Change in Emissions 

(1999-2012 ) * Public 

Transit 

Between Groups (Combined) .000 

Linearity .000 

Deviation from Linearity .000 

Change in Emissions 

(1999-2012 ) * NGO 

employment 

Between Groups (Combined) .000 

Linearity .000 

Deviation from Linearity .004 

Change in Emissions 

(1999-2012 ) * Carbon 

employment 

Between Groups (Combined) .000 

Linearity .000 

Deviation from Linearity .008 

Change in Emissions 

(1999-2012 ) * Sprawl 

Between Groups (Combined) .000 

Linearity .000 

Deviation from Linearity .010 
Change in Emissions 
(1999-2012 ) * Female 
Literacy 

Between Groups 
(Combined) .000 

Linearity .000 

Deviation from Linearity .004 
 

 
7.4.4 Test for Mulitcollinearity 

Bivariate Correlation was undertaken to identify if the independent variables were 

correlated or not. Independent Variables with a pearson correlation value of above 0.7 

were considered to be highly co-related. From the correlation matrix (table 7.10), it was 

identified that none of the independent variables have person co-relation value above 0.5 

with each other. Hence, there was no problem of correlation in the data.

Table 7.9—Continued       
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Table 7-10 Correlation Matrix 

 CO2 
Emissio
ns 

Policy 
Index 

Impleme
ntation 
Index 

Per 
capita 
Income 

Public 
transit 
usage 

% empl 
  NGO 

% empl 
Carbon 

Sprawl % 
female 
literacy 

CO2 

Emission
s 

1         

Policy 
Index 

-.622 1        

Impleme
ntation 
Index 

-.672 .442 1       

Per 
capita 
Income 

-.366 .291 .338 1      

Public 
transit 
usage 

-.567 .241 .283 .334 1     

% empl 
  NGO 

-.753 .491 .483 .296 .362 1    

% empl 
Carbon 

.655 -.366 -.443 -.584 -.386 -.517 1   

Sprawl .550 -.267 -.399 -.178 -.300 -.308 .258 1  

% female 
literacy 

-.717 .503 .510 .313 .375 .538 -.402 -.156 1 
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From the Correlation matrix (table7.10) it was observed that percentage of 

female literacy to some extent is highly related with climate change mitigation policy 

index (r= .503), climate change mitigation implementation index (r= .510) and percentage 

of employment in NGOs (r=.538).  As mentioned earlier in chapter 6 of this dissertation, 

NGOs were mostly responsible for implementing the master plans in India.  A detailed 

examination of the NGOs further highlight that most of the NGOs have a high female 

employment. This analysis highlights that the correlation holds true.  

7.5 Gender and CO2 Emissions Model 

The R square to some extent describes how much of the variance in the 

dependent variable is explained by the independent variables. Table 7.11 below 

describes the “Goodness of Fit” (model summary) which depicts that the R square was 

.899. This means that all the independent variables account for an estimated 90% of the 

variation in a city’s CO2 emissions (dependent variable) or about 90% of the variance in 

the outcome was being affected by the independent variables. Besides, the high F 

statistics (F = 160) also show that the independent variables were jointly significant to 

explain the dependent variable. 

Table 7-11 Model Summary 

Model R R 

Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

1 .948a .899 .884 .061 
 

Accordingly from Table 7.12 it was observed that all the independent variables 

that were included in the study are statistically significant. This means that all the 

independent variables have an impact on the dependent variable. Accordingly the null 

hypothesis was rejected. The results of OLS regression analysis are presented in table 

7.6.   
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Table 7-12 Gender – CO2 Emission Model 

 

 

 

 

Variables 

 

 

Un-standardized 

Coefficients 

 

 

Standardized 

Coefficients 

 

 

 

 

 

t 

 

 

 

 

 

Sig. 

B Std. 

Error 

Beta 

Constant 3.090 .077  5.053 .000 

Policy Index -.022 .007 -.162 -2.980 .004 

Implementation Index -.017 .006 -.170 -3.036 .004 

Per capita Income .000 .000 .103 1.886 .065 

% use of public transit -.015 .006 -.142 -2.744 .008 

Sprawl .000 .000 .215 4.341 .000 

% of employment in 

NGO  

-.116 .026 .255 -4.369 .000 

% of employment in  

carbon sector 

.001 .000 -.193 3.092 .003 

% of female literacy -.028 .007 -.257 -3.922 .000 

 

From Table 7.12 it was observed that, policy index and implementation index of a 

city’s master plan were significant and had a negative relationship with the change in 

City’s per capita CO2 emissions (B = -.022; B = -0.017 respectively). This indicated that 
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cities with higher policy and implementation index experienced a lower increase in CO2 

emissions. Accordingly, a unit increase in the policy index decreased city’s per capita 

CO2 emissions by 0.022 tons, while controlling for all other variables. A unit increase in 

the implementation index decreased City’s per capita CO2 emissions by 0.017 tons, while 

controlling for all other variables. 

Per-capita income was marginally significant (p < 0.10) and had no relationship 

with the dependent variable. Sprawl also did not have any relationship with the 

dependent variable. 

Public transit usage was statistically significant and had negative relationship 

with the change in CO2 emissions. This indicated that cities with higher percentage of 

public transit usage experienced a lower increase in CO2 emissions. Accordingly, 1 

percentage increase in public transit usage within a city decreased the City’s per capita 

CO2 emissions by 0.015 tons, while controlling for all other variables.  

The measure of sprawl also was marginally significant (p < 0.10) and had no 

relationship with the dependent variable. This indicated that sprawling cities neither 

increased nor decreased their cities per-capita CO2 emissions. Accordingly, 1sqm/person 

increase or decrease in sprawl index of a city neither increased or decreased the City’s 

CO2 emissions, while controlling for all other variables. 

% of employment in NGOs showed statistically significant and negative 

relationship with the change in CO2 emissions. This indicated that cities with higher 

percentage of workforce employed in NGOs had lower increase in their per capita CO2 

emissions. Accordingly, 1% increase in NGO employment within a city decreased the 

City’s CO2 emissions by 0.116 tons, while controlling for all other variables. 

% of carbon employment showed statistically significant and positive relationship 

with the dependent variable. This indicated that cities with higher percentage of workforce 
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engaged in carbon sectors experienced a higher increase in the city per-capita CO2 

emissions. Accordingly, 1% increase in carbon sectors within a city increased the City’s 

CO2 emissions by 0.001 tons, while controlling for all other variables. 

Female literacy showed statistically significant and negative relationship with the 

change in CO2 emissions. This indicated that cities with higher percentage of female 

literacy had lower increase in their per capita CO2 emissions. Accordingly, 1% increase in 

female literacy within a city decreased the City’s CO2 emissions by 0.028 tons, while 

controlling for all other variables. 

On the whole, it can be analyzed that planning policies have an impact on a city’s 

CO2 emissions. Apart from urban planning policies, percentage of public transit usage 

percentage of employment in NGOs and percentage of female literacy also had an 

impact on city’s CO2 emissions. Accordingly, NGOs were mostly carried out by the female 

and they helped in the implementation of the planning policies. Thereby, NGOs 

significantly reduced city’s per capita CO2 emissions. This mitigation and gender model 

highlights that gender has an impact on CO2 emissions.  

The model for this analysis can be written as follows: 

City CO2 emissions = a 'D�(Policy Index) +  'D6 (Implementation Index) + 

b= (Per capita Income) + b> (% of public transit usage) +  D? (Sprawl) + D@ (% of 

employment in NGOs) +  DA (% of employment in Carbon sector) ' bB (Female literacy) +ε  

For a city with policy index of 60, implementation index of 60, income of Rs 

22,000, % of public transit of 66, sprawl of 913 sqm/person, % of employment in NGO of 

13%, 38 % of carbon employment of 38, and 50% of female literacy is: 

City CO2 emissions = 3.090 - 0.022 (60) G 0.017 �60) + 0 (22000) - 0.015(66) + 0 

(913) - 0.116 (13) + 0.001 (38) -0.028 (50)  ' ε  

City Per capita CO2 emissions = G .841tons 
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Accordingly for such a city, the City’s per capita CO2 emissions decreased by .84 

metric tons. Hence, urban planning policies have a statistically significant impact on city’s 

CO2 emissions 

7.6 Summary of Results 

The main research objective of this research was to evaluate the influence of 

climate change mitigation index of the master plans’ urban planning policies on CO2 

emissions. Results of the OLS regression analysis support the assumption that urban 

planning policies have a significant effect on carbon dioxide emissions. Accordingly 

results of the OLS regression analysis highlighted that among the 64 sampled master 

plans, climate change mitigation policy index and climate change mitigation 

implementation index had a statistically significant negative impact/effect on the change 

in CO2 emissions from 1999 to 2012.  

Results of the statistical regression analyses supported most of the hypotheses 

that were made in this research. Six out of the eight mitigation hypotheses were 

supported by the OLS regression results. The hypothesized effects of mitigation indexes, 

percentage of population growth, and percentage use in public transit, percentage 

employment in commercial sector and amount of area allocated for mixed land use 

(independent variables), on the change in CO2 emissions (dependent variable) were 

supported by the regression analysis.  

Results support the hypotheses that higher climate change mitigation indexes, 

increased usage of public transit and large amount of area allocated for mixed land use 

result in lower increase in CO2 emissions, whereas higher commercial employment and 

increase in population result in an increased gain in CO2 emissions. Beside, results of the 

OLS regression analysis do not support the hypothesis for per capita income and sprawl 

(independent variables) on the change in CO2 emissions (dependent variable).  
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Apart from the above analysis, it was also analyzed that cities that have high 

employment in NGOs and have high female literacy rate tend to have low CO2 emissions.  

It was also observed that female literacy and climate change mitigation policy index, 

implementation index and percentage of employment in NGO are correlated. This 

correlation was because in India, NGOs are mostly responsible for implementing the 

master plans.  Besides, detailed examination of the NGOs further highlight that most of 

the NGOs have a high female employment. Hence, the correlation holds true.  

This analysis addresses the second research question, what is the impact of 

climate change mitigation policies, on CO2 emissions by highlighting that plans with high 

policy index and high implementation index have an ability to reduce CO2 emissions. As 

such, statistical significant relationships exist between urban planning policies and CO2 

emissions. 
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Chapter 8    

Discussions and Policy Recommendations 

In this chapter, results of phase – I analysis (Do master plans include policies 

that target climate change mitigation) and phase – II analysis (What is the impact of those 

climate change mitigation policies on local CO2 emissions) are summarized and 

discussed in detail, within the context of the general theme of this research. 

Subsequently, policy implications of the research findings are conversed in detail and 

synthesized into recommendations. 

8.1 Climate Change Mitigation Indexes 

In the phase – I of this research, an in-depth analysis of policy framework of 64 

master plans that were involved in the sample was conducted to evaluate the extent to 

which regional master plans included and promoted policies that target climate change 

mitigation/CO2 reduction.  Accordingly, the master plans within the sample were 

evaluated against a detailed, climate change mitigation policy evaluation protocol. The 

climate change mitigation policy evaluation protocol included 40 indicators (classified into 

10 planning components) that significantly influence climate change mitigation (have an 

ability to reduce CO2 emissions).  

Likewise the master plans within the sample were also evaluated against a 

detailed climate change mitigation implementation evaluation protocol that consisted of a 

set of 10 indicators that significantly influenced climate change mitigation implementation. 

The plans were evaluated to identify the extent to which the policies that target climate 

change mitigation/CO2 reduction were implemented.   

The climate change mitigation index was calculated by first assigning the scores 

for each policy on a scale of 0-1-2. Second, the indicator scores within each plan 

component were summed up and divided by the total maximum possible score of each 
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plan component and later the fractional score were standardized on a scale of 0-10 by 

multiplying the fractional score against 10.  Finally, the standardized scores of all the plan 

components were summed to achieve the climate change mitigation policy index as well 

as the climate change mitigation implementation indexes of all the sampled master plans. 

8.1.1 Climate Change Mitigation Policy Index 

 The mean climate change mitigation policy index for all the sampled master 

plans was 58.54 points, as such representing 60% of the maximum possible climate 

change mitigation policy index. Thereby, indicating that the master plans included a good 

number of climate change mitigation policies. The results also emphasized that climate 

change mitigation policy indexes varied greatly across the sampled plans. Some master 

plans had high mitigation index of 85 while other plans had a comparatively less 

mitigation index of 27.  

Detailed plan component analysis highlights that there were variations in the 

climate change mitigation standardized scores across the various plan components. 

These variations highlight that most of the sampled master plans mainly focused on 

developing policies related to certain aspects/ plan components for reducing CO2 

emissions.  

It was analyzed that planning policies related to development and urban design 

such as promote high density development, building height/ orientation guidelines, street 

width to building height ratios, inter connected street system, proposals/actions to 

decrease urban heat island effect (urban forests, tree lined streets), providing commercial 

services to reduce frequent travel and locating schools within a five minute walk and work 

places close to homes are important planning tools with potential for reducing CO2 

emissions and promoting the development of a low carbon footprint regions.  
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Moreover, mandating site suitability analysis studies helps in directing the growth 

and development away from vulnerable areas. In addition, setbacks and subdivision 

regulations can be used to increase density of development in safe locations which are 

away from vulnerable areas. In this context, an extensive coverage of the above 

mentioned planning polices in the master plans is encouraged because they tend to be 

effective in mitigating climate change at the urban level.  

Likewise, transportation planning policies were also capable of enhancing climate 

change mitigation at the urban level. Transportation sector was one of the most important 

target for reducing CO2 emissions since, use of fossil fuels by private vehicles emit huge 

amounts of CO2 into the atmosphere and these vehicular emissions continue to increase 

until unless the need for driving is reduced  (Potter, 2003). Vehicular emissions can be 

controlled by significantly promoting planning policies that tend to promote opportunities 

that focus on reducing vehicle miles travelled (VMT) and increasing the use of mass 

transit or other alternative forms of transportation. Primarily, local transportation planning 

policies that promote public transit, bicycle paths, walk ability and intelligent 

transportation systems can further enhance CO2 emission reduction at the urban level 

through master plans.  

Planning policies related to education tools component received a mean 

standardized score of 5.68 points which is nearly 60% of the maximum possible 

standardized score. This planning component was considered to be important within the 

framework of policy support and communication for mitigating climate change. 

Theoretical research conducted by earlier researches suggested that it is essential to 

enhance civic capacity within a community which is achievable through awareness of 

climate change and promotion of education activities. Hence, the policies related to 

educational and technology planning component prove to be effective in implementing 
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climate change mitigation policies at the urban level (Brody, Zahran, Grover, & Vedlitz, 

2008).  

As the relatively moderate standardized score against the education tools 

component indicate that most of the master plans within the sample have an adequate 

coverage of planning policies that focus on education and awareness but are not 

mentioned in detail. Hence, it is possible to promote climate change communication and 

knowledge within the community by addressing these policies in detail. Eventually, an 

increased community involvement and information on issues related to climate change 

mitigation will promote mainstreaming of climate change mitigation at the local level 

through an appropriate policy action.  

On the other hand, it was analyzed that, planning polices related to building 

specifications received a standardized score of 5.30. Till date, most of the research 

related to climate change suggests that design standards such as use of solar PV panels 

and wind turbines on roofs, recycling of grey-water, storage, collection and recycling of 

wastes,  on-site water treatment and building standards/code for enhanced protection are 

important tools for mitigating climate change (Steemers, 2003).  

In addition, a low mean standardized score for incentive tools (5.39) was also 

indicated. Lack of policies concerning these indicators within the master plans is 

alarming. Deficiency of planning policies addressing building specifications and incentive 

tools within the master plans is expected to impede climate change mitigation efforts. 

Since, these policies have an ability to motivate members of the community to support 

and adopt initiatives and programs that are inclined towards personal costs. There is a 

need for communities to address these policies much more in detail to effectively mitigate 

climate change.  
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8.1.2 Climate Change Mitigation Implementation Index 

With regard to climate change implementation indexes, the overall mean 

implementation index scores was 65 points. This implementation index score highlighted 

that most of regional master plans were implemented. Results of the implementation 

scores highlight that implementation aspects that were important for the planning polices 

to be implemented were addressed in detail in the master plans. Thereby, indicating that 

most of the sampled plans included a range of climate change mitigation policies and 

most of the addressed policies were promoted. On the other hand, it was also identified 

that even though some plans had potential policies written, there was a lack of adequate 

capacity for the plans to be implemented.  

8.1.3 Learning from Local Practice: Textual Analysis. 

Textual analysis of case study publications of two metropolitan regions with high 

climate change mitigation policy and implementation indexes (Ahmadabad and Mumbai) 

was undertaken to identify how these regions promoted climate change mitigation 

policies. Accordingly, the processes involved in implementing CO2 emissions reduction 

strategies were examined. 

It was identified that regions’ with high policy and high implementation index had 

implemented most of their policies in their master plans by undertaking an action-oriented 

bottom up approach towards planning. As such cities with low indexes clearly indicate 

that there is a lack of integration between the planning policies and implementation. 

Hence, there is a need to bridge the gap between policy and practice by undertaking 

participatory action research, identifying strategies that actually best suits the city and 

implementing them effectively. 

Overall, climate change mitigation index results were encouraging because they 

underlined the impending use of master plans as a practical tool for mitigating climate 
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change at the urban level. Textual analysis of case study publications highlights the use 

bottom-up action oriented planning approach to effectively address their implementation 

policies thereby achieve maximum climate change mitigation benefits. 

On the whole, results of phase – I analysis (Do regional master plans include and 

promote policies that target climate change mitigation/CO2 reduction) suggest that there 

exists a framework of policies in regional master plans that target climate change 

mitigation. Hence planning policies in India have an ability to mitigate climate change. 

However, to achieve the maximum benefits of climate change mitigation at the urban 

level and further reduce CO2 emissions, it is necessary to strengthen planning policies by 

mainstreaming climate change mitigation in urban planning.    

Besides Phase - I results of this dissertation support the theoretical research of 

other climate change researchers and their recommendation to involve local 

governments and cities in effectively reducing climate change gases (Betsill & Bulkeley, 

2007; Smit & Wandel, 2006; Kates, Wilbanks & Abler, 2003). 

8.2 Impact of Local Urban Planning Policies on Local CO2 Emissions 

Regression analysis was used to analyze the impact of climate change mitigation 

index on carbon dioxide emissions. Results of the ordinary least square (OLS) regression 

model were in line with the second and third hypothesis of this research which states that 

cities with higher climate change mitigation policy index and implementation index will 

significantly have lower CO2 emissions. Hence affirms that climate change mitigation 

indexes have a statistically significant correlation with variation of CO2 emissions. These 

results were considered to be significant since they tend to support earlier research on 

climate change, which claims that urban areas have a significant role in reducing 

greenhouse gas emissions (Condon 2010; Ewing et al., 2008; Tol 2001; Agyeman, et al., 

1998; Collier 1997).  
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It was identified that policies related to climate change mitigation such as 

reducing vehicle miles travelled (VMT) and reducing vehicular emissions require changes 

in activities at the urban level. Similarly lowering energy emissions require changes 

mainly in the lifestyle of the urban residents at the household level.  Many research 

studies on land use and urban from emphasize that the socio- economic characteristics 

within an urban area are mostly influenced by the development pattern of the area 

(Condon 2010; Ewing et al., 2008). 

Cities with high population growth have higher CO2 emissions. This is because 

urbanization leads to increased energy consumptions and thereby emits huge amounts of 

CO2 emissions. This result not only support our hypothesis but, are also in line with the 

many inter-governmental negotiations which advocate that cities emit huge amount of 

CO2 emissions, thereby significantly contribute to climate change (IPCC, 

2007,2009,2012).  

It was also hypothesized that cities with higher percentage of workers employed 

in commercial sectors will have high levels of CO2 emissions. The results of this research 

not only support our hypothesis but, are also in line with the results of earlier studies that 

analyzed the relation between CO2 emissions and economic activities (Glaeser & Kahn, 

2008; Chang & Lin, 1999). All these studies affirm that most cities rely on commercial 

services for their economic growth thereby, tend to pose serious challenge for mitigating 

climate change. Hence, it will be practically sensible for cities to disseminate their 

economic base across their adjacent cities thereby achieve an advantageous mix of 

commercial activities.   

In addition results of this research highlight that cities, that have more amount of 

land allocated for mixed land use have less CO2 emissions. These results to some extent 

suggest that most of the cities are capable of counteracting some of these CO2 emissions 
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by providing commercial services in residential areas, developing areas that have 

frequent travel and schools within a five minute walk and providing jobs close to homes, 

by promoting efficient building design (LEED certified building), improving land use and 

transportation planning, and other aspects of urban development. In sum, there is a need 

for cities to mainstream policies related to smart growth, sustainable development to 

effectively mitigate climate change.  

This research also highlights that the relationship between per-capita income and 

CO2 emissions and also between sprawl and CO2 emissions were neutral. As such, 

indicate that there was no relationship between per-capita and CO2 emissions as well as 

between sprawl and CO2 emissions. These results do not support our hypothesis, which 

were based on earlier researchers who analyzed the linkage between carbon emissions 

and income (Martinez-Zarzoso & Bengochea- Morancho, 2004; Holtz-Eakin & Selden, 

1995). These researchers identified that cities with higher per-capita income and sprawl 

tend to have high level of CO2 emissions.   

Accordingly, results of this research were also in contrary, with the Environmental 

Kuznets Curves (EKC) hypothesis (Torras & Boyce, 1998). The Environmental Kuznets 

Curve (EKC) researchers hypothesize that the relationship between income and 

emissions is an inverted U-shape. Thereby, suggesting that as the per capita income in a 

community increases, the environmental pollution levels also increases. However, after a 

particular increase in per capita income, with the increase in income, the environmental 

pollution levels decrease emphasizing a non-linear inverted U shape relationship. In 

simple words EKC researchers conclude that pollution levels are high in low income and 

middle income cities, and low in high income communities (Dasgupta, Laplante, Wang, & 

Wheeler, 2002). 
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However, results of this research were in line with Coondoo and Dinda (2002), 

Lin (2005) as well as with Wheeler and Hammer (2010). They highlight that the statistical 

analysis of the EKC are not very robust. According to them a statistically significant 

relationship does not exist between per-capita income and CO2 emissions especially in 

developing countries. Keeping in mind, that this research was undertaken from an Indian 

perspective and India being a developing country, results of this research was in 

accordance with the findings related to developing countries. 

Besides, Wheeler and Hammer (2010) argue that female literacy contributes 

towards climate change mitigation than technical means to reduce CO2 emissions. Their 

econometric approach highlights that female education is highly cost competitive with 

almost all of the existing options for carbon emissions abatement.  For 80 out of 88 

developing countries which they sampled, carbon emissions via female education are 

significantly low. In this research it was analyzed that metropolitan regions/urban 

agglomerations with high female literacy have reduced CO2 emissions. Accordingly, this 

research tends to support Wheeler and Hammer (2010) research findings and also in line 

with Dankelman (2010).  

Furthermore, this research analyzed that metropolitan regions/urban 

agglomerations with high percentage usage of public transit have significantly less CO2 

emissions. In an urban area, the primary sources for transportation related CO2 

emissions are the vehicular exhaust from private vehicles (Kahn, 1996). It was analyzed 

that urban areas that depend on public transportation for travelling have less emissions 

and thereby support the hypothesis of this research. It was also observed that most of the 

metropolitan regions/urban agglomerations that use public transits have policies that 

direct the growth of the urban areas near to transportation networks and promote smart 
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growth and sustainable developments as such regions tend to complement the social and 

economic activities of the residents. 

It was also analyzed that most of the metropolitan regions/urban agglomerations 

that use public transit have policies that promote use of incentives for improving the use 

of non-motorized travel (NMT) access to public transportation stations. It is 

recommended that urban areas incorporate different types of public transportation 

services for different segments of commuters and create safe bicycle parking spaces and 

shade giving landscape to promote usage of NMT and also promote the usage of cleaner 

technologies by providing incentives and benefits.  

Our phase – II results highlight that urban planning policies have an ability to 

mitigate climate change because regression models highlight that master plans with 

higher climate change mitigation policy indexes and high climate change mitigation 

implementation indexes significantly had lower CO2 emissions while controlling for other 

socio economic and biophysical characteristics.  Hence, in this context, adopting 

appropriate urban planning policies and an appropriate development strategy for 

targeting CO2 emission reduction master plans can have an impending result in reducing 

CO2 emissions at the urban level thereby, mitigating climate change.  

8.3 Policy Implications and Recommendations 

The Phase I of this research involved identifying whether or not master plans 

promote and include policies that target climate change mitigation. Likewise, the Phase II 

analysis involved identifying statistical analysis of the relationship between urban 

planning policies and CO2 emissions. Results of this research tend to have considerable 

policy implications and recommendations for urban planners.  
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8.3.1 Phase I – Climate Change Mitigation Indexes 

Phase I research findings of this dissertation highlight that, it is necessary to 

bridge the gap between research and policy-making or integrate research with policy-

making and plan implementation, which tend to happen more often in isolation. Detailed 

content analysis of the policy framework of all the sampled master plans and textual 

analysis of case studies/publications of metropolitan regions/urban agglomerations that 

attained high policy and high implementation indexes highlights that most of the climate 

change mitigation initiatives were carried out in a bottom-up, action oriented, 

communicative and mutual – learning approach.  

Successful implementation of climate change initiatives of high indexed 

metropolitan regions/urban agglomerations mainly emphasized three principles. They 

are: a) promoting interactions and discussions with researchers and policy makers as 

such emphasizing mutual learning, b) undertaking research and implementation 

simultaneously and c) documenting the initiatives with case studies.  

The city of Delhi emphasized on promoting interactions and discussions was 

carried out by conducting a series of events, workshops that aimed at linking both the 

researchers and the policy-makers. Accordingly, this helped researchers and policy-

makers to share views understand the barriers and discuss the challenges of CO2 

emission reduction within the city and develop strategies that were able to be practiced 

on ground. 

The city of Mumbai highlighted that it was essential to undertake research and 

implementation simultaneously to effectively implement the climate change mitigation 

initiatives. Most of the projects in this city were undertaken in collaboration with research 

organizations and universities in the city. Accordingly the partnership resulted in 

highlighting the benefit of using “Scheffler parabolic dishes for solar powered air 
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conditioning” in Thane. As such, by linking researchers with policy makers and integrating 

them with the act of plan-implementation is double- folded.  The government officials had 

the opportunity to gain knowledge about new cost effective technologies for air 

conditioning thereby reducing CO2 emissions. Likewise, this helps researchers gain 

insights of the on-ground challenges of implementation which included but not limited to 

financial and budget issues. As such the city was successful in implementing the pilot 

project. 

Besides, from the case study publications it can realized that it is essential to 

communicate and document the local pilot projects that promote sustainable 

development. Communicating the projects through web-knowledge platforms as well as 

documenting the projects and programs, in the form of case studies helps to learn 

lessons from experiences and also helps in identifying challenges and barriers. 

Publications of case studies have the ability to showcase the complex and technical 

innovations in a comprehensible manner. Thereby help in sharing and gaining knowledge 

as well as promote awareness of sustainable development. 

In sum, master plans have the ability to introduce institutional solutions across 

thematic areas, such as land use, transportation, urban design and zoning that target the 

respondent. In this context, master plans tend to be the ideal tool for climate change 

mitigation as they impact all aspects of community growth and implement national and 

regional level commitments that tend to be effective in reducing urban CO2 emissions. 

Master plans therefore should be the logical choice for local action.  

This research highlights that most master plans contain a number of planning 

policies that address climate change mitigation. However, to comprehend the potential of 

climate change mitigation policies in the master plans, it is essential to facilitate the 
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implementation of the urban planning policies that reduce CO2 emissions at the local 

level.  

Generally, lack of efficient policies and implementation procedures tend to limit 

the achievement of climate change mitigation benefits.  Hence, it is necessary for 

metropolitan regions/urban agglomerations to continue developing climate change 

mitigation policies and implement them. The planning policies that were identified by 

using the climate change mitigation protocols (table 5-1 and table 5-2) can be helpful in 

providing climate change mitigation benefits. Hence, it is necessary to effectively develop 

and implement policies based on those indicators that were listed in the evaluation 

protocol to continue mitigating climate change at the local level  

Besides, successful implementation of the developed policies can be achieved 

by working with NGOs, integrating research, policy making and plan implementation, 

strengthening and promoting public participation, clearly designating responsibilities to 

the responsible management, creating a timetable for monitoring and regularly updating 

the climate change mitigation policies in the master plans. These are some of the urban 

planning actions that tend to be helpful in effectively implementing the climate change 

mitigation policies in the master plans of Indian metropolitan regions/urban 

agglomerations. Moreover, developing an institutional framework to mitigate climate 

change at the local level and an appropriate allocation of the necessary funds might 

prove to be help in the successful implementation of planning policies in the master 

plans.  

Overall, the most important policy implication of phase I of this dissertation is the 

need to instigate local level, action oriented strategies that mitigate climate change. Many 

international negotiations and researchers contend that climate change mitigation is a 

global, national and state level issue. They advocate that climate change mitigation 
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requires analysis at national (macro) levels and cannot be essentially achieved at the 

regional level. However, the results of this dissertation highlight that climate change 

mitigation can also be achieved at the regional level by analyzing the socio-economic 

characteristics of the community and also by influencing individual and organizational 

behavior to promote behavioral changes that lead to reduced emissions..  

Besides, detailed textual analysis of the policy framework and their 

implementation framework highlights that there is the need to work with NGOs and bridge 

the gap between research and policy making. This can be achieved by integrating 

research, policy making and implementation through mutual learning as such by 

selectively drawing the opportunities and skills of practitioners and researchers.    

8.3.2. Phase II – Impact of Urban Planning Policies in Mitigating Climate Change 

Phase II findings emphasize the ability of existing planning policy framework in 

reducing CO2 emissions by emphasizing that a statistically significant relationship exists 

between local urban planning policies and local CO2 emissions. Thereby, highlight that 

master plans have the ability to mitigate climate change at the urban level and can be 

used as a viable tool for mitigating climate change. As such the Phase II findings are in 

line with the earlier researchers who emphasize that urban planning can also be used as 

policy tool in mitigating climate change (Betsill & Bulkeley, 2007; Granberg & Elander, 

2007; Holgate 2007). Accordingly, these statistically significant empirical findings will help 

promote planners to develop low carbon footprint urban areas (Bulkeley, et al., 2005; 

Satterthwaite, 2006; Betsill & Bulkeley, 2007).   

Policy implications that will be discussed in this sub-section tend to primarily 

focus towards local climate change mitigation policy. To effectively mitigate climate 

change there is a need to plan and execute climate change mitigation actions across 

various levels of governance and scales. Consequently, these implications tend to be 
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valuable for both climate change researchers and policy makers. Thereby act as guiding 

principle for undertaking climate change mitigation measures. 

Currently, climate change mitigation is approached through national level. The 

national climate change action plan consist mainly of strategies and activities that are 

relatively consistent in reducing CO2 emissions but lack the regulatory framework and 

institutional capacity to achieve their goals and objectives. Research highlights that there 

is a need to mainstream CO2 reduction strategies into respective local land use, 

transportation, and environmental policies to effectively mitigate climate change.  

Results of this research that focus the relationship between income and CO2 

emissions do not support the hypothesis of Environmental Kuznets Curve (EKC).  

According to EKC, higher the income of a community lesser would be their CO2 

emissions, meaning that wealthier communities are more focused towards climate 

change mitigation. In contrary, results of this dissertation highlight that wealthier cities 

tend to neither increase nor decrease their local CO2 emissions thereby having climate 

change mitigation as a challenge in such cities.  

This analysis of no relationship between income and CO2 emissions replicate 

similar concerns of climate change researchers regarding the manifestation of EKC 

curves in the context of climate change mitigation (Coondoo and Dinda 2002; Lin 2005;  

Wheeler & Hammer 2010). According to these researchers, EKC curves can be 

interpreted that wealthier communities need not inevitably encourage efforts to reduce or 

control CO2 emissions. But may rather, forfeit their economic growth/commercial 

opportunities so as to limit their CO2 emissions and achieve the benefits climate change 

mitigation.  

Besides, this analysis also identifies that cities with higher percentage of 

commercial employment tend to have higher CO2 emissions. Hence, it is necessary for 
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decision makers as well as policy makers to be aware of their city’s per capita income 

and economic growth while formulating local climate change mitigation strategies. For 

instance, high income level cities may reduce commercial employment in their cities and 

help neighboring cities to improve their economic growth.   

Results of this research also emphasize the need to identify potential conflicts 

between local city priorities and climate change mitigation goals. Generally, cities tend to 

host a large pool of skilled manpower required for many commercial activities and they 

are mostly considered as a market place for most of their finished goods (Sassen, 1991). 

However, this study highlights that cities with intense commercial activities tend to have 

increased CO2 emissions. So, from climate change mitigation perspective, it is necessary 

to regulate the growth of commercial sector within a city. Even though new commercial 

services have a potential in improving the local economy, they are most likely to result in 

an increased CO2 emissions thereby reducing the ability of the city to mitigate climate 

change. As a result, climate change mitigation policies have a tendency to contend with 

the local socio-economic opportunities.  

For this reason, it is necessary to explore new innovative means and integrate 

research with policy making to limit local emissions. One possible way is to promote the 

development of regional emissions control partnerships, wherein a group of cities can 

share the economic benefits while keeping CO2 emissions under control. Another option 

can be that of promoting regional carbon credit exchange thereby allowing commercial 

industries to trade emissions. Cities that have higher carbon emissions can negotiate with 

cities that have lower carbon emissions (exchange of carbon credits) and as a result 

maintain an equal share of CO2 emissions. 

Results of this research also highlights that employment in NGOs has a negative 

relationship with CO2 emissions. Likewise, female literacy also has a negative 
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relationship with CO2 emissions. These results are in line with some of the findings from 

various NGOs located in India. Most of the NGOs in India are mostly carried/ 

administered out by women; as such have high female employment within the NGOs. 

Accordingly, cities that have high female literacy are employed in the NGOs and most of 

the climate change policies are usually implemented by the NGOs. This has been 

described briefly in chapter 3 of this dissertation. Hence, results regarding female literacy 

and percentage of employment in NGOs tend to support Wheeler and Hammer (2010) 

and also tend to be true in India.  

The major implication of the phase – II of this dissertation is the potential 

opportunity to develop and integrate climate change mitigation strategies in urban 

planning so as to attain climate change mitigation benefits at the urban level. Results of 

this research reveal that a significant relationship exists between climate change 

mitigation indexes and local CO2 emissions. The research highlights that climate change 

mitigation policy index and implementation has a significantly negative relationship with 

CO2 emissions. This result is in contrast to the most commonly accepted analysis by 

many policy makers and climate change researchers. According to them, climate change 

mitigation is generally considered as a regional or a national issue and is given less 

priority at the local level (Adger, 2001; Smit, et al., 2000). However, results of this 

research imply that urban planning policies have an ability to reduce CO2 emissions. 

Hence climate change mitigation can be regarded as a local issue too.  

Based on the overall results of this dissertation, the final recommendation are to 

a) mainstream climate change mitigation in urban planning and b) integrate NGOs, 

climate change research, policy making and plan implementation. This can be achieved 

by developing an integrated framework that bridges the gap between  researchers, policy 

makers’  and integrating climate change mitigation goals with the developmental 
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objectives. If development policies are effective and are sensitive towards climate change 

mitigation then, it can be anticipated that the ensuing development would be sustainable 

and can further enhance urban sustainability. 

 Currently, Indian metropolitan regions/urban agglomerations have very limited 

resources to achieve a sustainable development. However, there is an immense 

pressure from higher levels of governance to allocate resources towards climate change 

mitigation. Allocation of resources towards climate change mitigation is a unique 

opportunity to develop an integrated urban planning strategy at the regional level wherein 

master plans acts as a tool for implementing the climate change mitigation actions. For 

instance, an urban planning policy that focuses on increasing the accessibility and 

availability of public transportation is mostly regarded as an economic necessity. 

 However, this research highlights that the same urban planning policy also tends 

to have climate change mitigation benefits. Hence, use of such policies that have an 

ability to serve the dual purpose of climate change mitigation as well as local 

development are most likely able to facilitate cities in accessing climate change mitigation 

funds thereby add to the local resources that are available for mitigating climate change 

at the local level. Convergence of urban planning policies will not only help in achieving 

an efficient utilization of resources but also facilitates a sustainable development. 

Hence, this research highlights that there are benefits that arise from integrating 

research and policy making. From the research perspective integration emphasizes that 

incorporating the research results to frame policies. From the policy perspective, 

integration highlights framing the policies based on research insights. This may involve 

the identification of the needs of both researchers and policy makers, translating and 

communicating back and forth research findings from researchers to policy makers and 

research needs from policy makers to researchers, developing forums for sharing 
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information’s and mutual learning. As such, this type of integrating needs deep 

interactions and requires development of bottom-up governance structures that focus on 

collaboration and sharing power rather than structures that are built to enforce or control.  

Besides, academics may focus on encouraging more policy oriented research 

and mixed method research towards climate change and sustainable development, 

Thereby develop climate change research proposals that incorporate active involvement 

of the researcher in conducting research and exploring innovative social ideas that can 

effectively mitigate climate change. 
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Chapter 9  

Conclusions 

This dissertation tends to contribute to the field of urban planning and public 

policy by developing empirical evidence that analyzes the relationship between urban 

planning policies and CO2 emissions thereby emphasizes the role of urban planning in 

mitigating climate change. The analysis of this research tends to put forth an effort to 

support the theoretical analysis that recommends mainstreaming climate change in urban 

planning. 

Ability of master plans in sustainable development, ecological and environmental 

conservation has been widely analyzed. Research by Godschalk et al. (1998) supports 

the use of master plans as an effective tool in reducing disaster losses thereby promoting 

disaster resilient communities through urban planning. Other research studies emphasize 

the importance of master plans in managing and promoting sustainability, ecosystem 

management and natural hazards (Berke, 1995; Berke & Conroy, 2000 &  Laurian, et al., 

2004; Brody, 2003; Berke & Beatley, 1992). However, studies on urban planning policies 

and their ability in mitigating climate change are limited. Hence, outcomes of this 

research may tend to complement the earlier studies that depict the ability of urban plans. 

This dissertation builds on the literature of the diverse role of master plans in 

urban planning, and contributes to the existing literature by developing empirical 

evidence that supports the role of master plans in mitigating climate change. This 

dissertation finding emphasize the ability of master plans to mitigate climate change and 

supports the use of master plans as an effective tool in mitigating climate change thereby 

promoting low-carbon regions through urban planning.  
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9.1 Research Summary 

Overall, this research supports the use of master plans as a practical tool in 

mitigating climate change. Findings of this research emphasized the relation between 

CO2 emission and urban planning policies contained in the master plans. As a result, this 

research has an implication for mainstreaming climate change mitigation in urban 

planning. 

The phase 1 of this dissertation (Development of climate change policy and 

implementation indexes for the master plans in the sample) addressed the first research 

question which was to identify whether master plans promoted and included policies that 

target climate change mitigation. The research hypothesis was that higher climate 

change mitigation policy Index and higher climate change mitigation implementation 

index for a master plan indicated that, the master plan included and promoted planning 

policies that mitigate climate change. Thereby, they have an ability to support climate 

change mitigation. Content analysis of the policy framework identified that 60% of the 

sampled master plans had policies that addressed climate change mitigation and 58% of 

the sampled master plans had implemented their policies towards climate change 

mitigation. Besides, textual analyses of case study publications of those regions that had 

high indexes identified that progress was made by those regions towards climate change 

mitigation. Phase I results were in accordance with the research hypothesis that stated 

that higher climate change mitigation indexes will significantly have lower CO2 emissions 

thereby have an ability to mitigate climate change. 

Phase 2 of this dissertation (impact of planning policies in mitigating climate 

change) addressed the second research question which was to analyze the impact of 

local master plans on local CO2 emissions. A statistically significant OLS regression 
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model was developed that identified the relationship between urban planning policies and 

CO2 emissions as well as between gender and CO2 emissions. 

The change in per-capita CO2 emissions (dependent variable) was regressed 

against eight independent variables. The climate change mitigation policy index and the 

climate change mitigation implementation index were the two primary dependent 

variables. The remaining six dependent variables account for various bio-physical 

characteristics and socioeconomic characteristics. The socioeconomic characteristics 

refer to per-capita income, percentage of population growth, percentage of public transit 

usage in the city, percentage of people employed in the commercial sector. The bio-

physical characteristics refer to sprawl and area allocated for mixed land uses.   

Results of both the socio –economic and bio-physical characteristics were also in 

accordance with the hypothesis. Accordingly they had significant influence on local CO2 

emissions. Increased usage of public transit and large amount of area allocated for mixed 

land use resulted in lower CO2 emissions, whereas higher commercial employment and 

increase in population result in an increased gain in CO2 emissions. However, results of 

the OLS regression analysis did not support the hypothesis for per capita income and 

sprawl (independent variables) on the change in CO2 emissions (dependent variable).  

Further research was also carried out to identify if gender (female literacy) had 

an impact on CO2 emissions. It was hypothesized that cities with high female literacy 

tend to have less CO2 emissions. Apart from climate change mitigation policy indexes 

and implementation indexes, socio-economic characteristics and bio physical 

characteristics are also included in the analysis to develop the OLS regression model. 

Per-capita income, percentage use of public transit, percentage of workforce employed in 

NGOs, percentage of workforce employed in carbon industries and percentage of female 
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literacy were regarded as the socio economic characteristics and sprawl was considered 

as the bio-physical characteristics of the cities.  

In accordance with the hypothesis it was analyzed that cities that have high 

female literacy rate and have high employment in NGOs tend to have low CO2 emissions.  

This was mainly because in India NGOs are mostly responsible for implementing the 

master plans.  A detailed examination of the NGOs websites, their staff and 

organizational behavior further highlighted that most of the NGOs have high female 

employment. Hence, this dissertation analysis highlights that gender (female literacy) has 

a statistically significant impact on CO2 emissions. This analysis supports previous 

research that analyzed the relationship between carbon emissions and gender (Ergis and 

York, 2012; Wheeler and Hammer 2010).  

9.2 Implications 

This research has an implication for mainstreaming climate change mitigation in 

urban planning and for promoting low-carbon communities through urban planning. 

Thereby encourages planners to integrate climate change mitigation policies in local 

master plans. This dissertation significantly contributes to the field of urban planning and 

public policy by developing empirical evidence that analyzes the relationship between 

urban planning policies and CO2 emissions. Thereby emphasizes the application of urban 

planning as a policy tool for mitigating climate change. 

9.3 Future Research 

This dissertation makes a significant first step approach towards understanding 

and analyzing the ability of urban planning policies and other socio economic 

characteristics in mitigating climate change by reducing CO2 emissions. Future research 

is necessary to enable a more detailed understanding of the relationship between urban 

planning policies and climate change mitigation. 
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This research only focused on evaluating the impact of climate change mitigation 

policy indexes and implementation indexes on CO2 emissions. Future studies can be 

conducted by undertaking a disaggregated discriminant analysis of each planning 

component and identify which of the planning components within  master plans 

contributes more to climate change mitigation. Discriminant analysis research will 

generate a greater evaluation of the strength and weaknesses of each plan component 

and policies with respect to climate change mitigation.  

Undertaking detailed local level analysis by conducting, case studies and/or in-

depth content analysis of metropolitan regions master plans that had sections on details 

of their urban plans related to important city's /neighborhoods within the metropolitan 

regions/urban agglomeration will help in identifying the intricacies and best practices for 

effectively reducing CO2 emissions. 

Qualitative content analysis in this research also identified the need to develop 

alternative governance structures that focus on collaboration and sharing power with 

rather than structures that are built to enforce or control from a climate change mitigation 

perspective. Accordingly undertaking detailed case study analysis will help in identifying 

barriers and also opportunities that hinder mainstreaming of climate change mitigation in 

urban planning and in gaining valuable insights that can help in developing an integrated 

framework for climate change mitigation. 
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