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ABSTRACT 

By this day, a more significant part of the worldwide population is living in metropolitan territories. 

Additionally, the residents are mostly obliging themselves in profoundly thick and populated spaces. 

By the coming year of 2050, the United Nations predicts for the degree of metropolitan citizenship 

to reach to the two-third of the worldwide population. In our nation, a decadal record of Census of 

India shows a remarkable rising trend in line with the worldwide pattern. Last such Census study of 

the year 2011 in India detailed that 31 per cent national population is living in urban communities. 

Evolution of spaces is through a village, to town, to a city, metro, and megalopolis. The expanding 

number of more significant measured human settlements is the outcome one can see. Urbanization 

appears to be inescapable and unavoidable. Urban communities work as development engines of a 

country. Larger settlements reflect typical character with somewhat extraordinary dependence on the 

chronicled association of the spot, its landscape and geological arrangement. Arrangement of the 

Constitution of India orders the urbanization to be a state subject matter. Aside from overseeing 

urbanization, the current instruments of lawful arrangements appear to have missing hints for 

metropolitan advancement puzzle. The work could identify the directions and quantify the extent of 

surface built-up in the study region of Surat. Remote sensing and GIS are used along with statistical 

modelling tools extensively for the research. The urbanization correlation with local weather 

parameters (temperature and rainfall) is established in the form of empirical-quantitative models. 

Projected values through the validated model are appropriate. The evolution of Surat urban region is 

dependent on land management tool of Development Plan and Town Planning Schemes. The tool 

procedurally does not consider the spatial impact and vulnerability due to natural hazard risks. The 

research identifies and quantifies the structural risk extent for the study region. Mitigative 

Development Plan modifications are proposed in light of existing legislation as an outcome of the 

research. The work claims to avail measures for mitigating sea-surge flooding risk to more than 26.9 

Lac citizens and properties developed in an area of 314.75 sq. km. The exploratory research work is 

attempted by obtaining open-source remote-sensing, GIS data and open-source tools as QGIS, JASP 

availing an opportunity of wider process replication. 

This PhD thesis will help in implement a process-based research addressing modifications in land 

management planning practices for urbanizing regions. Amendment in the Gujarat Town Planning 

and Urban Development Act, 1976 is proposed as an outcome of the work. The findings of process 

shall extend the benefit to the community through reduction in vulnerability due to natural hazards. 

Keywords: GIS, Local climate change, RS, Surat, Urbanization.  
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CHAPTER 1. Introduction 

1.1 Background 

Climate has a direct effect on the way we live, work, and recreate now and in the future. The 

climate modifies at a very personal level of comfort to a broad level of establishments of 

working systems. It is inextricably linked to industrialization and urbanization, and its 

impacts can be seen everywhere, with significant and visible impact in low-lying and delta 

areas [1]. Existing shreds of evidence predict that climate change is to increase the 

prevalence of specific natural hazards, including extreme weather events. Climate change 

impacts affect all countries, with developing countries making the poor as most vulnerable 

[2]. However, instead of viewing vulnerability to climate change as an additional concern, 

cities can mainstream resilience into existing efforts [3]. Increasing urban resilience and 

viewing climate change as an opportunity rather than as a threat requires innovative ideas 

and immediate action in changing the land-use planning practices. The changes in the global 

climate are to have a direct and visible effect in terms of sea level rising [4]. 

India is among the topmost populated countries in the world, and it is among the fastest 

developing nation adopting technological advancements [5]. As an effect of efforts of the 

National Government in India, the cities are becoming more and more technology-friendly 

[6]. Also, with the development of smart cities [7], the consumption of electricity is to 

increase as theses both have a direct relationship. 

 

FIGURE 1-1 Scope of urban greenhouse gas emissions 

Source: (World bank institute, 2015) 
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It is to induce more and more GHGs resulting in climate change [8]. FIGURE 1-1 shows a 

relationship that the development of urban areas will not only lead to increased consumption 

of electricity and generation of waste. However, the GHG is also contributed by increased 

ground transport, fuel consumption, building material production and consumption as well 

(refer to FIGURE 1-2). An estimate of UN World Urbanization Prospects states that by the 

year 2030 in India, urban population to reach 609 million leading to per capita GDP of USD 

4,205 and subsequent electricity demand to increase to 2,499 TWh [9]. 

 

FIGURE 1-2  Projected 2030 baseline GHG emissions by sector and country 

Source: (World bank institute, 2015) 

With increasing population and densification of urban areas with expanding spatial horizons, 

the urbanization is posing a threat to the climate [10]. Current research work includes a study 

of urban spatial expansion with changes in land-use cover, population densities, 

transportation, building activities, electricity consumption, and alike in the past and existing 

situation [11]. The motive of the attempt is to address the identification and to model the 

level of vulnerability incorporating parameters leading to climate change in the urbanized 

area. 

1.2 Need for research 

Urbanization is not limited to a city centre or in the surrounding areas [12]. The urbanization 

needs to be studied in a broader spatial context to understand the interdependencies and 

relation with the pace of development of the settlement [13]. Such areas can be traced for 

past development towards revealing its recent extent of urban growth over the surface using 

remote sensing operations at an annual frequency over twenty years. The GIS tool can help 
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to identify the directions and quantify the spatial growth to relate it with the development 

plan proposals of past and present. Trends of population growth through census records may 

aid for projecting population in a study region.  

Surat has been ranked globally among fastest-growing cities in terms of population and 

spatial spread [15]. The city has created its benchmarked position by making several 

initiatives that include for keeping cleanliness, managing transportation networks, urban 

planning implementation through Town Planning Scheme mechanism and so on [16], [17]. 

Informal observations of citizens in the region noted that there had been an experience in the 

increase of extreme heat event along with hot days and less cold nights. Rainfall patterns are 

inconsistent. 

 

FIGURE 1-3  Study area of Surat metropolitan region 

Source: (Author) 

The Surat urban region is selected as the study area in the current research attempt. 

Exploration of the relationship between urbanization and local weather has endeavoured. 

Being settled on the banks of River Tapi, the region is observing frequent floods [18]. 

Relationship between unnatural deaths due to such calamities is reviewed for rising of the 

urbanization. Besides, the encroachment over the natural drainage network traversing 
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through the region also causes flooding. The global temperature rises as a resultant effect of 

climate change are modelled for flood-prone areas due to natural ill-events in the form of 

river floods as well as sea surge submergence of land parcels [18] [19]. Here, the 

identification of growth of population and its directions are used to overlay with flood-prone 

areas to identify the extent of vulnerability (physical and demographic) having a spatial 

intervention. The findings from the study are used to suggest methodological changes in the 

preparation of development plan through the legislative amendments. The approach as 

process-based research is aiming to safeguard the interests of the citizens who aspiringly 

settles in different areas of the city region. These households are seldom informed or aware 

of the catastrophic risks involved. Not only the currently settled citizens and their properties 

can be safeguarded but, results from the current research can avail opportunities to safeguard 

future developments. Imposing certain restrictions over vulnerable and hazard-prone areas 

and changing the appropriate land usage in future identifies scope for better future 

opportunities. 

Henceforth, the research traverses from climatic intervention to its local effects concerning 

increasing urbanization and anticipates mitigation of risks and vulnerability through an 

improved land management tool. 

The idea of research is preliminarily found to be a missing link with no past efforts studied 

in such a manner. The research attempts to develop an approach and derives a procedure for 

cities to become sustainable systematically and, improving a degree of resilience against 

natural hazardous events. 

The researcher has explored in the quality research article databases and national-

international report documents for a similar intervention that may show evidential past 

research efforts globally, however, so far, no such intervention is identified. It makes an 

assurance for the present research intervention seeking to prove as a pioneering and 

innovative attempt with the only efforts of the researcher. 

1.3 Problem definition 

Cities are growing in India at a faster rate compared to its own past. Not only the natural 

population is rising, but, the cities are facing population expansion due to migration as well. 

The increased population not only generate pressure on natural resources available for the 
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citizens but also it makes cities grow and expand, physically. In India, the situation is slowly 

resulting in a spread of surface cover as built-up spaces in emerging and expanded cities. 

The larger a city needs more of transportation, housing, and other land-use functionalities. 

Such an expansion in general, it generates enormous demand for the supply of electricity for 

the functioning of several installed systems. In addition to this demand, the smarter ways of 

operating services and facilities in a city make an addition to the total electricity demand. 

Non-Conventional Energy Sources (NCES) of power generation have not proved yet to be 

of intensive use for catering demands, however, to an extent, in pieces, the NCES can satisfy 

some partial demands [20]. With initiatives of the Government of India, since the year 2015, 

many households and individuals are installing solar panels to offset the conventional 

electricity for individual consumptions. The conventional sources of electricity generate a 

larger proportion of GHGs that make these cities more vulnerable to climate change [21]. 

The Government and service providers keep on satisfying with gaps generated for demands 

through making necessary supplies available. Bits and pieces of records are not allowing for 

making a summation so that to understand the fact related to the expansion of an urban centre 

in the context of electrical consumption. 

If technological advancement is referred to, the tools and techniques of Remote Sensing and 

GIS-based operations are undergoing evolution stage in India [22], [23]. The cities are still 

due for transforming over digital operations in terms of daily accounts of service provision 

and spatial operations thereof [23]. A study for an existing land-use shift, broadly from 

agrarian land converted to built-up spaces, in terms of volume and direction of the spread, 

on such a platform may assist in understanding an expanding city better [24]–[28]. The 

author perceives a motivation for research-based having consideration of several aspects 

illustrated in FIGURE 1-4. The diagram illustrates the derivation of identification of 

intervening parameters to justify the research motivation. 

The city has a municipal population of more than 6 million, and if included for urban area 

sprawl, the total population is about 8.5 million [29]. As reported by the Census of India 

2001, it became the fastest-growing city, in terms of population, across the country and after 

that, the city has maintained its ranking under the fastest growing cities globally [30], [31]. 
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FIGURE 1-4  Research motivation 

Source: (Author) 

The Surat Municipal Corporation, an urban local body is governing city-wide service 

provision and management[32]. It is also tracking a record of city population growth [33]. 

However, the city managers possess no specific status about the expansion and cumulative 

growth of surface built-up spaces in and around the city [34]. There arises a need to make a 

track over the expansion of the city, at least on an annual frequency. Once the fact is known, 

it can further be combined for making interventions about several aspects of development 

concern.  

Based on the discussions, a hypothesis is worked out for the currently proposed research 

exercise as: “The alteration in the land-use in the urban area has an effect on the local 

climate change resulting adversities affecting the vulnerability of citizens.” For the above, 

a null hypothesis shall be: “There is no effect on the local temperature change due to 

alterations in the land-use in the urban area related to any adversities and effect on 

citizens.” 

The very above thought establishes a base for the research done here and discussed in the 

chapters. The current work is further explored through establishing aim, objectives, working 
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out a methodology, collection of data in concern and analysis thereof to conclude about the 

hypothesis in the context of the selected study region. 

In search of identifying an adaptive paradigm to improve the process of developing urban 

centres, a doctoral study was employed seeking answers for curiosity concerning the larger 

good. These questions are:  

(1) In which directions the Surat urbanization is propagating?  

(2) How much is the growth of surface built-up in spatial extent of Surat?  

(3) Is there any relationship between local climatic conditions with increasing surface built-

up due to urbanization in Surat?  

(4) Is there any relationship with increasing urbanization and un-natural deaths of citizens in 

Surat?  

(5) How much habitable area is vulnerable to flooding along with population?  

(6) What may be a situation of habitation in future, in case of a significant flood event in 

Surat area?  

(7) Can any safeguarding measures be taken using the approach of Development Plan as a 

legislative tool of land management? 

1.4 Aim and objectives 

Aim of the work is defined as a statement - “To explore the interaction of climate and built-

up spaces resulting in vulnerability for Surat urban region and explore for sustainable 

planning opportunities.” 

A most important concern is to explore the use of Open-source (and reliable) information 

and processing through raster, vector, and statistical records. At the same time, developing 

aim-objectives, scope, and methodology to make meaningful research, current work is 

shaped as process-based research.  

To expedite the aim and concept of exploration to establish relationships and define a novel 

approach of sustainable development of urban areas, below objectives are identified. 
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1) To study and assess the extent of correlation among city land-use of the research 

region and various parameters of local climate variation in the study area. 

2) To evolve and formulate an empirical-quantitative model for vulnerability and 

suggest for mitigative strategy by land-use planning. 

As the climate change, urban development and vulnerability extents include for a vast 

number of parameters affecting remarkably; the scope of work to carry out the exploration 

is narrowed down. 

1.5 Scope of work 

Selectively a limited parameters and interrelationships are brought under focus of the study. 

As the attributes of climate change and urbanization are many and have a complex 

interrelationship and dependencies. The research work as proposed included for the 

following scope of work: 

1) To study and analyse the extent of spatial (satellite images) and demographic trends 

for SUDA area over 20 years (the year 1995 to 2015). 

2) To explore and understand the patterns for climatological parameters as surface 

temperature and rainfall within the study region. 

3) Identification and exploration of the relationship among urban land-use and 

atmospheric parameters resulting in vulnerable conditions having a focus on urban 

flooding. 

4) Developing a quantitative-empirical spatial model. 

5) Identify the mitigative approach for urban land-use planning in concern to reduce the 

effect of ground covered built-up environment responsible for climate change 

contribution. 

The above aspects were approved over a period by the doctoral progress committee post 

rounds of deliberations. However, these aspects are not exhaustive as the study might bring 

in more insightful understanding through the exploration. Keeping the aim, objectives and 

scope of work, a research design was carried out through a process algorithm that derived 

for a step-by-step methodology to perform the research. 
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1.6 Methodology 

Based on the literature reviewed, the novelty of the research proposal was identified. Further 

reading assisted in formulating the idea about the research proposal framing a process 

algorithm (FIGURE 1-5) and derivation to set the aim and goals of the research. The 

hypothesis of the work is identified to work further towards obtaining proof of the 

assumptions based on unquantified experiences. Exploration of secondary sources of 

information by several means ensured for the novelty of the idea in the context paradigms 

though for having an interrelationship.  

Further refinement in the aim and objectives, based on the hypothesis, led towards the 

identification of the limiting study region. Based on discussions among the research team, 

the study area was finalized. Understanding of the study area for its existing condition is 

performed with the focus on aspects as demographics, land-use, development in the part and 

alike.  Advancement in the literature review and exploration assisted for the identification of 

sources of data collection, analysis methods, results, and its interpretations. After collecting 

primary and secondary data, analysis using the same is performed (through several trials, 

iterations) to identify the image processing-based indices like NDVI, and the same was 

quantified in terms of statistical data. Similarly, the satellite images are used for extracting 

the information about land-use land cover within the research area and for quantification of 

the same over the study duration. IPCC models for climatic changes in global regions are 

studied and applied along with prediction over sea surge and flooding in the study region.  

Development plan proposal for land-use in the study region having compared with the 

flooded regions, identified for the flood vulnerable human settlements (existing and 

permissible in future). Atmospheric data for parameters of minimum daily temperature, 

maximum daily temperature, daily rainfall along with the extent of increase in the built-up 

area are checked for its correlation. Parametric modeling is the next stage using statistical 

methods to derive a quantitative-empirical model for the study area based on obtained 

weather data for the study duration. The validation of the model based on predicted and 

actual parametric values is carried out for the future years. 
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FIGURE 1-5  Research process algorithm 

Source: (Author) 

Considering the results obtained from the statistical model, NDVI indices, built-up growth 

extent on surface, development plan proposals, projections of flooded areas, interpretations 

were made. Using the insightful understanding of the interrelationship among the 

parameters, a suggestive spatial development plan alternative was proposed to mitigate the 

effects of vulnerability due to flooding over the human settlements. For the instant, the study 
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draws for conclusions and strategy for further course of action in terms of carrying over the 

research further considering limitations encountered during the research. 

The research process algorithm resulted in the formulation of the research framework in the 

form of methodology (FIGURE 1-6) identifying several tasks to be accomplished. In fact, 

the complexity of the involvement of several parameters was to an extent, resolved and 

simplified to attain the aim and objectives by following the methodology. Keeping the aim 

in the centre of thought process and tasks performed, major four dimensions were requiring 

an exploration. These included for carrying out a systematic inquiry for the study area in 

concern of parameters of built-up spaces, atmosphere, demographics, and vulnerability.  

 

FIGURE 1-6  Research methodology 

Source: (Author) 

The built-up area, in terms of development trend in the study duration, in the absence of 

proper records, relied highly on obtainment through satellite images. A Land-use land cover 

analyses (extraction of annual status in 20-years duration, for built-up areas, water bodies, 

vegetation cover and open lands) backed up with NDVI, and available government records 

are carried out to understand the expansion of the region due to construction activity and 

distortion of the natural surface of the earth. Minimum and maximum daily temperature 
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trends over 20-years duration along with rainfall patterns, windspeeds and dynamics of 

atmospheric pressure are studied to derive an empirical understanding of the 

interrelationship among these parameters.  

The increase or decrease in the population takes place due to several reasons. Irrespective of 

reasons, the demographic trend was examined with parameters of population, densities in 

different pockets, non-natural deaths, housing conditions and so on. Considering it all, the 

study region having experiences of natural hazards, especially floods, was checked for 

occurrences with its extent of spread over the surface. Vulnerability in terms of vegetation 

cover damage and structural damages to the built-up areas was identified spatially. Using 

the statistical analysis for the data obtained and the results of image processing, the 

quantitative-empirical model was formulated and validated as discussed earlier. Using the 

predictions resulting from the model, a robust land-use proposal, mitigating the vulnerability 

of flood hazards was made. With the dynamism and complexity of the research topic, the 

efforts so far led for identification of the future scope of work along with a listing of 

limitations encountered with its intervening effects on the findings were identified, along 

with conclusion from the current work. 

1.7 Original contribution by the thesis 

The research draws the attention of the local and state government at first, for the way 

developmental aspects are taken care of. The urban planning process in Gujarat state follows 

legislation; however, the study reveals about aspects that are left addressing. Given a sensible 

approach by these organizations, many adverse effects, generated because of the 

consequence of urban development, can be subsided. 

The proposed land-use model (alternative development plan) that suggests for a robust, 

mitigating vulnerability of citizens and properties thereof, can well be understood by the 

concept of taking steps for any urban centre going through the developmental cycle as the 

study area did in the past. A large quantum of citizens and built-up spaces (investments) can 

be safeguarded with strategic planning measures. 

The method evolved for tracing urbanization expansion (satellite image acquisition, LULC 

and NDVI-based generation of data) can be continued at the office of the urban local body. 

It can be included in the decisions related to urban development. 



Chapter 1: Introduction 

14 

 

The understanding of correlation among atmospheric parameters and built-up spaces 

enlighten towards creating development plans in a way that are sustainable, allowing 

upcoming human and natural generations to progress in harmony. Current land management 

provision is through a legislative tool of The Gujarat Town Planning and Urban 

Development Act, 1976. The research outcome is expecting to propose for procedural 

amendment in the Act. In a way, the current work is to serve as a beacon in the existing 

modes of managing the urban development process. 

1.8 Chapter outline 

Chapter 1 discusses the background of the research theme and identifies a need for the 

conduct of the study. Problem definition is described along with the formulation of the 

hypothesis for the current work. It also narrates the statements of aim and objectives along 

with the scope of the current work. It elaborates over research algorithm following by 

research framework resulting in work methodology. Importantly, the chapter ends by 

earmarking the significance of the research as a contribution towards the society, leaving a 

feed for further thoughts to ponder about. 

Chapter 2 describes the global to the local scenario of urbanization, climate, and changes 

thereof. It also discusses aspects of concern with concepts of remote sensing, its principles, 

reliability, mechanism of data fetching and processing. In addition, the chapter also 

highlights the concept of GIS and its application in urbanization applications. Primarily the 

chapter is a compilation of literature review blended with research outcomes published in 

books, reputed journal articles, conference papers, government reports and documents of 

international multilateral organizations.   

Chapter 3 details the character of the study region. Surat city with surrounding areas having 

a spread of 1,357 sq. km. is adopted as the study region. The chapter includes demographic 

dynamics, land-use, climate, terrain, and other features existing in the study region. 

Chapter 4 mentions about different data collected for performing research activity. It 

includes satellite images, demographic information, weather data for the study period, IPCC 

projection-based flooding and surging sea models; past flood spread and alike. 
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Chapter 5 discusses the analysis performed, results obtained and interpretation of the 

results. Several maps are created to represent different findings. These include demographic 

trends, population projection, an extension of built-up spaces over study duration, unnatural 

deaths and its correlation with population, weather trends and its dynamics, weather profiling 

for the study region, the evolution of the parametric model and its validation, application of 

the model in the identification of vulnerable parts, mapping of aim and objectives for work 

done, and lastly the evaluation of the hypothesis. 

Chapter 6 discusses for development plan appraisal and proposes a mitigative strategy for 

safeguarding citizens. Also, the chapter proposes amendments in the prevailing legislation. 

Chapter 7 draws the conclusion from the research effort. It also lists limitations of the study 

carried out. A major contribution from the research and scope for furthering the research. 

1.9 A significant contribution from the research 

The research draws the attention of the local and state government at first, for the way 

developmental aspects are taken care of. The urban planning process in Gujarat state follows 

legislation; however, the study reveals about aspects that are left addressing. Given a sensible 

approach by these organizations, many adverse effects, generated because of the 

consequence of urban expansion, can be subsided. 

The proposed land-use model (alternative development plan) that suggests for a robust, 

mitigating vulnerability of citizens and properties thereof, can well be understood by the 

concept of taking steps for any urban centre going through the developmental cycle as the 

study area did in the past. A large quantum of citizens and built-up spaces (investments) can 

be safeguarded with strategic planning measures. 

In case of flooding hazard, the extent of effort towards search & rescue, rehabilitation 

activities will be reduced and increase the efficiency of the government organizations. 

The method evolved for tracing urbanization expansion (satellite image acquisition, LULC 

and NDVI based generation of data) can be continued at the office of the urban local body 

and can be included in the decisions related urban development. 
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The understanding of correlation among atmospheric parameters and built-up spaces 

enlighten towards creating development plans in a way that are sustainable, allowing 

upcoming human and natural generations to progress in harmony. 
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CHAPTER 2. Literature Review 

2.1 Global climate scenario and concerns 

A dangerous atmospheric deviation includes a temperature alteration on our Earth [35]. The 

temperature is escalating steadily in a way that a normal individual does not realize it [36]. 

Nonetheless, there are circuitous lines of proof that the normal individual can see and feel. 

Expanding irregular climate designs detailed by the news media virtually consistently show 

environmental change [37]. More floods in regions of the world and more serious dry 

seasons in others show environmental change [38]. Flames seething in certain territories and 

surprising snowfalls in others show environmental change [39]. A period of serious cyclones 

and more exceptional typhoons shows more energy in the environment, and that is 

environmental change [40], [41]. As the World's global temperature builds, paces of 

vanishing additionally increment putting more water in the climate. More dissipation dries 

out the land, soils, timberlands, and takes more water from the sea [25], [40]. All are 

indications of an evolving atmosphere. A warming Earth is an environmental change, and it 

is influencing regular daily existence all through the globe. Subsequently, the term 'global 

warming' is utilized to allude to Earth's slowly expanding temperature [42].  

The greenhouse impact is because of a bunch of synthetics available in the Globe's 

environment identified as ozone harming substances that catches heat near the surface. As 

the Sun's beams pass across the atmosphere as bright (UV) beams and noticeable light that 

heats the surface [43]. The heated surface at the point discharges it back toward space as 

infrared (IR) waves and part of it advances back to outer space. The remainder is captured 

by ozone-depleting substances, for example, water fume, CO2, CH4, O3, 

chlorofluorocarbons, and a couple of different synthetics and is re-emanated by these 

synthetic compounds back to the lithosphere. It keeps the lithosphere climate heated enough 

for people to endure. On the off chance that the greenhouse gases increment in the air, a 

greater amount of the warmth is caught, and the Earth warms; if the ozone harming 

substances decrease in the air, less of this heat is caught, and the Earth abates heat. One of 

these ozone-depleting substances, CO2, is so significant for catching and re-transmitting the 

warmed-up energy that it is known as global indoor regulator. Geological scientists reveal 

that since Earth's origination (nearly 450 million years), there is an immediate relationship 
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between CO2 and Earth's temperature [44]. The present atmosphere researchers reveal to us 

that models show the temperature increment with the expansion of CO2, and the prototypes 

do not reveal for the heat increment without the increment in CO2 [45]. There are different 

lines of proof that highlight CO2 as a significant reason for the latest worldwide expansion 

in heat [46]. The Earth is spinning through space in circling the Sun while rotating similar 

to a spinner on its centre of revolution. It might be a solidified dead spot like the moon or 

other planets in the Solar System, notwithstanding the meagre cover of atmosphere which 

traps sun-oriented power and protects the lithosphere [47]. The manner of air trapping solar 

power is known as the ‘greenhouse effect’ since it resembles a glasshouse or an encased 

vehicle warming under exposure of the Sun. Because of the vehicle, daylight passes through 

a generally straightforward windshield or glass window and is absorbed by surfaces it hits, 

warming up parts in the interior. A portion of the heat is caught within, on the grounds that 

glass gives heat access however does not allow it to escape and inner temperature of the 

vehicle increments quickly in splendid daylight [48].  

In the climate, daylight is consumed by the surface or housetops or solid surfaces, and it is 

emanated as warmth or IR energy, back towards space. The climate assimilates 531 W/m2 

due to the Sun in addition to inactive warmth, at that point transmits 333 W/m2 to the surface 

while 199 W/m2 return to space. The greater part of the warmth that the air retains doesn't 

make it to space since it returns to the lithosphere surface due to presence of specific gases 

in the air. These gases contain primarily the water fume, CO2, chlorofluorocarbons, O3, CH4, 

and some more similar types of different gases. The ozone harming substances comprise of 

more of iota that is bonded together in a manner that allows it to vibrate in frequencies 

empowering it to catch the IR radiation returning from the globe to the Outer Space. 

Regularly it is something worth being thankful for, on the grounds that without the warmth 

caught in the air by these ozone-depleting substances, planet Earth would be solidified, and 

the level of heat would be an awkward to an extent of −15 °C. There might be lifeless 

conditions on the globe compared to today as what it is largely known for. The life on the 

planet has developed under CO2 quantities of around 280 ppm. On the off chance that 

additional CO2 that is not essential for the characteristic carbon cycle, is mixed up into the 

environment, at that point, additional warmth is caught that would some way, or another 

break to space and the climate gets hotter [42]. 

An unnatural weather change is an expansion in the global conventionally normal 

temperature since it has been begun to track a record of, brought about by adding additional 
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CO2 and other GHGs to the environment allowing for an ingest and capturing of heat [49]. 

A representation illustration (FIGURE 2-1) attempts to explain the consequence of the 

captured and retained heat for the duration of decades from 1880 to 2009 against the normal 

worldwide temperature in the duration from the year 1961 to the year 1990 (expressed as a 

change or an oddity against 0 lines, may it be considered for temperature in any unit of 

measurements). In the chart, the 0-line is the worldwide average temperature measured 

during the years of 1961 to 2009. The five-year average of annual records is shown by a 

bold, smooth curve. 

 

FIGURE 2-1  Worldwide average temperature trend 

(Source: NASA, GISS, Public domain) 

The Earth allows for sustaining life since it gives a climate that has permitted living life 

forms, including people, to advance and flourish with its surface, in its seas, and in its air 

[50]. The climate is the fundamental explanation that the living flourishes on the planet 

surface, for any number for people. It avails breathable air for inhaling allowing for bodily 

functions. It gives water to drink and perform other tasks  through the mechanism of 

precipitation. It gives warmth from solar power restrained by atoms keeping the globe 

surface sufficiently warm to develop the food through crops for a living being to live. It 

furnishes with a phenomenon refer to as the "greenhouse effect" permitting humans to 

sustain life without which it might be only the third large sized stone from the Sun [51][42].  
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How delicate is the global atmosphere towards alteration? Whether it is not extremely 

touchy, perhaps here is a little motivation to stress over environmental alternation and a 

worldwide temperature variation. On the off chance that it is delicate, perhaps there is each 

motivation to stress. Obviously, the affectability of the framework is likewise identified with 

inputs, for example, frigid frost and mists. An approach to gauge the affectability of anything 

is to quantify how it alters as it is exposed to a proven power or a recognized alteration in 

circumstances. Putting it to other way, if the atmosphere framework is compelled to alter, to 

what amount will it vary with? Henceforth, an approach to quantify affectability of Earth's 

atmosphere is to gauge it towards expected or is to believe for evolving it, at that point 

measure the amount that has varied [52]. With motivation, current research work is 

attempting and contributing to explore the extent of the relationship between the 

urbanization and its local climate. 

2.1.1 Past research outcomes 

(1) Rahate, P., Climate Change: Impacts and Adaptability. International Journal on 

Emerging Technologies, 2017, 8, 139–142. 

The paper discusses climate change and its impact with a focus to become adaptive. The 

certain and glorious perspectives in our close to environmental factors are a consequence of 

the huge human exercises which occurred after the modern unrest. The dynamic changes in 

the foundation, over abuse of assets, modification in characteristic territories and settlements 

and predominantly contamination have antagonistically influenced the climate, causing 

unfortunate climatic conduct comprising of climatic changes, for example, occasional 

irregular changes understood climate defaults; infirmity impacts, for example, a flare-up of 

specific sicknesses, aggravations of skin, increment in death rates because of extraordinary 

warmth waves. The effects do not quit saving the biodiversity in structures, for example, 

liquefying of ice sheets, ascend in water ocean levels, a transformation of horticultural land 

into developed, decline in the number of water bodies, jeopardizing and annihilation of 

vegetation fauna. Along these lines, a quick arrangement for variation for strength is needed 

for alleviation and over the long duration, evacuation of all ill-advised.  

The author devised major sectors that reflect the impact of global climate change. These 

included for Temperature extremes and changing rainfall trends, rising sea levels, events 

with hefty rainfall, melting of glaciers at higher altitudes and poles of the earth, agriculture 
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and food security, energy security with conventional resources, migration and conflicts due 

to imbalance of livelihood. 

Climate change is that meteorological marvel which brings about expanding the 

temperatures, vulnerabilities in rainfall and ocean level ascent. Industrialization and 

urbanization build up the nation emphatically yet in that cycle, hurt the climate by expanding 

the degrees of dangerous atmospheric changes, expanding the metropolitan warmth island 

development; and further enhancing the climate inconstancy impacts by focusing on the 

lacking infrastructural administrations, further debilitating the limit of the climate to hold 

and continue the general public and its requests.  

The author conclusively recommends that to maintain a strategic distance from all these, a 

careful examination of the impacts a lot ought to be done basically in all areas, and further, 

a proper ideal variation and relief plan shall be actualized to lessen the weighty impacts of 

climate change [53]. 

(2) Masson, V., Marchadier, C., Adolphe, L., et al., Adapting cities to climate change: 

A systemic modelling approach. Urban Climate, 2014, 10, 407–429. 

The team of researchers in the publication advocates for changing practices of ongoing living 

styles to reduce the discharge of greenhouse gases by undertaking adaption measures. The 

authors have proposed a four-step interdisciplinary modelling approach to restrict the ill-

influences of global temperature increase on the citizens and natural systems on the earth. 

Climate projections have anticipated both dangerous atmospheric changes, ocean level 

ascent and an expansion in the recurrence and power of outrageous occasions, for example, 

substantial downpour and tempest occasions (tropical storms, rainstorm, and floods), 

desertification, heat waves, and goliath woodland fires. The IPCC appraisal statements 

affirmatively mention that ozone-depleting substance discharges must be radically decreased 

to restrict on-going greenhouse gases and the movement of the subsequent climate change. 

These reports likewise recognize that transformation of social orders to another climate 

setting is of prime significance. These issues have specific importance to metropolitan zones 

where significant resources are concentrated and the greater part the total population dwells. 

Additionally, in certain examples, the extended worldwide-scale alternations can be 

exacerbated by city-scale variations. For example, the arrangement of UHI, that takes place 

during heatwave occasions, rise chances to bring about numerous fatalities. Every one of 

these task climate changes will affect urban communities that will likely require diverse 



2.1 Global climate scenario and concerns 

23 

 

variation methodologies, contingent upon their particular highlights (and the interaction 

among), the city qualities and area, the neighbourhood administration and the degree of 

social and monetary turn of events. At the worldwide scale, the evaluation of metropolitan 

weakness to a modified climate is an arising research subject as appeared by tasks, for 

example, Engineering Cities: by what means would cities be able to develop while 

decreasing weakness and discharges? Urban ways of life, manageability and coordinated 

natural appraisal and the NY Climate and Health Project. The task tackles for various parts 

of natural danger in urban areas: flood dangers and water framework the board; the 

epidemiological effect of ozone and fine molecule contamination; and warmth related 

mortality or inconvenience. Natural dangers and weakness are regularly measured, utilizing 

observational and factual methodologies rather than genuinely based models. The greater 

part of them, in any case, is not founded on an interdisciplinary (foundational) approach that 

represents the social, financial and actual cycles that interface largely at the city-scale; all 

things considered, these are frequently restricted to few of the firmly related logical topics.  

The fundamental demonstrating approach joins forthcoming situations and spatially-express 

models. To start with, interdisciplinary situations are characterized. Different specialists in 

the year 2012 considered situations dependent on the IPCC estimates, worldwide wealth 

advancements including power prices and per head wage, alterations to the nearby financial 

system (for instance, if the city is in an emergency or not contrasted with the remainder of 

the nation?), mechanical developments, way of life changes, and metropolitan arranging 

activities. These situations do not profess to think about what the city will resemble however 

they do permit us to investigate conceivable city advancements. Second, city styles are 

utilized to re-enact long haul metropolitan development. The wide state of the city 

development can be reproduced using a financial model (NEDUM), driven by broad and 

robust monetary principles. 

Some variation measures do affect the metropolitan scene. The enormous establishment of 

sunlight-based gatherers, the alteration of the radiative properties of dividers, the usage of 

wind turbines, road surfaces and rooftops, and the improvement of green zones alters 

individuals' impression of the urban area. The adequacy of these alterations by citizens and 

by vacationers must be tended to. It is largely one of the components to be considered by 

leaders, along the financial conditions, specialized and upkeep contemplations. A remedy 

that may be proficient from a specialized perspective yet that may diminish the allure of the 
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urbanized area could be reciprocatively in production for the neighbourhood wealth. A 

remedy with lesser adequacy yet it may improve the charm. 

Alterations in the human conduct appear as an intense switch for variation in urban 

communities. Notwithstanding the components introduced over, the manner in which 

individuals carry on regarding power consumption within residences or offices, may firmly 

adjust the power utilization in the urban region. Individuals may forward with setting of 

unique target temperatures for warming and cooling of the premise used. Citizens may even 

utilize highlights of home to keep away from the requirement for unnecessary heating or 

cooling. Notwithstanding, such sorts of conduct will likely vary as per age or financial 

position. Redesign of buildings is likewise a key trigger and frequently relies upon the desire 

of the inhabitants to do tasks satisfactorily with comfort in homes or condo [54]. 

2.1.2 Sustainability indicators and goals 

The United Nations is contributing to addressing the sustainable development practices since 

past many years. It has sought international cooperation on aggregating efforts to changing 

consumption patterns, reduce poverty, human health conditions, demographic dynamics, and 

so on [55]. The SDGs, called as the Global Targets, were received by all of Member States 

of the UN in the year 2015 as a widespread foundation of inspiration to secure the planet, 

end neediness, and guarantee that all individuals appreciate harmony and success by the year 

2030. The missions include targeting at a global level to ensure for all about seventeen goals. 

The 17 SDGs are incorporated—that is, it perceives that performance in a member state will 

influence activities among the others and that development must adjust for financial, 

ecological, and social, manageability. The countries have resolved to quick track progress 

for those furthest behind first through the promise to ‘Leave No One Behind’. It is why the 

SDGs are purposefully addressing to carry the world to a few groundbreaking 'zeros', 

including no-poverty, no-hunger, no-AIDS and no-victimization of females and children 

through undercover activities of trafficking. 

All member states are expected to surpass these ambitious goals. The inventiveness, 

innovation, expertise, and assets related to money from all of society are important to 

accomplish specific context in each of the SDGs. There is absence of any nation that is not 

against the exceptional impacts of atmospheric changes. Ozone harming substance 
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discharges are more than 50 per cent against what it was in the year 1990 [56]. An Earth-

wide temperature boost is making atmosphere framework changes dependably. It is 

compromising with irreversible effects in an event if all citizens do not act now. 

The average per annum of financial hardships based on the atmosphere related fiascos are in 

considerably large amounts. It is not to refer to the human effect of geophysical actions 

accounting to an extent of 91 per cent to be of atmosphere related, and which was in the 

duration of the year 1998 and 2017 resulted in fatality of 1.3 million human being leaving 

4.4 billion harmed. The mission intends to accumulate amounts of US$ 100 billion yearly 

by the year 2020 towards addressing the needs of agricultural nations to put resources into 

low-carbon development and adjust to atmospheric changes. 

Supporting regions having vulnerability will contribute not exclusively to Goal 13 (of 

Climate action), yet it will leave an additional impact over the effects of other SDGs. These 

performances should be forwarded with inseparably having sustainable management of the 

natural resource, actions to contain the  natural calamity remedies, and human security into 

country-wide development systems. It is yet conceivable, utilizing existing innovation 

expanded investments, and, with solid political will, to restrict the rise in worldwide 

average heat to two degrees Celsius above levels that exists in recent times focusing on 

1.5 °C, yet it seeks effort for dire and driven collective performances. 

The greater part of citizens lives in urban communities. By the year 2050, expectedly about 

66 per cent of all mankind - 6.5 billion citizens will be living in urban spaces. Sustainable 

development attainment is difficult without fundamentally shifting the way citizens deal with 

and assemble in metropolitan areas. A fast-paced urban area development because of 

expanding relocation and rising populations has triggered a blast in the urban communities, 

particularly in the developing nations, and slums are turning into a huge element of 

metropolitan life. 

Making sustainable urban communities means making sheltered and reasonable lodging, 

vocations, and business openings, and building versatile towards social orders and 

economies at larger scales. It includes making green public spaces, interest out in public 

transport, and improving metropolitan management and planning in comprehensive and 

participatory manners. A detailed discussion about urbanization is to follow somewhere in 

other sections. 
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2.2 Climate in India 

Non-industrial nations like India would be most exceedingly terrible hit by climate-actuated 

unfavourable effects and catastrophes due to absence of limit, the weakness of individuals 

and frail strength instruments. Areas and population inside India would likewise impacts 

affect waterfront foundation, Himalayan environments, horticulture, transport frameworks, 

water assets, energy and industry, and different frameworks. India is extended to contribute 

nearly US$ 120 billion on framework resource creation during 2011–2012, which would 

increase in resulting years. Expanded recurrence and inconstancy of climate-actuated 

catastrophic events would represent a test to these ventures and would accordingly have a 

solid bearing on the development direction of an asset requirement nation [57]. The country 

has a vast geographic spread and has a large diversity in terms of climate at different 

locations. These variations not only include topographic diversity but also covers the land 

surface natural features with sub-surface strata [58]. 

India is home to an exceptional assortment of weather patterns, going from calm and high in 

the Himalayan north to tropical in the south. The north parts are supported with winter 

snowfall. Thar desert and Himalayas affect the country's climate is unequivocally. The 

Himalayas, alongside the Hindu Kush mountains are in the North-west. It protects for cold 

Central Asian katabatic breezes from blowing in. It keeps the main part of the Indian 

subcontinent hotter than other parts at comparable scopes. At the same time, the Thar Desert 

assumes a part in pulling in dampness loaded southwest summer storm twists that, among 

June and October, give most of India's rainfall. There are four significant climatic groupings 

prevailing in India as in FIGURE 2-2. Further bifurcation of country shows seven climatic 

zones that, are characterized based on such qualities as temperature and rainfall. The 

classification of regions in India based on Koeppen’s scheme divides the country into eight 

regions. These regions have diversity in terms of monsoon with dry summer, monsoon with 

a little dry season, semi-arid grassland, tropical savanna, monsoon with dry winter, hot 

desert, short summer with cold-humid winter [57]. 

The tropical wet climate is most humid, also known as tropical rainstorm climate. 

Essentially, it is applicable in the parts of southwestern marshes adjoining the Malabar Coast, 

southern Assam, and the Western Ghats. India territory contains two island regions. The 

Andaman and Nicobar Islands and the Lakshadweep are additionally dependent upon this 

climate. Described by high to moderate average annual temperatures, even in the lower 
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regions, its precipitation is occasional. However, these areas receive substantial average 

rainfall of over 2,000 mm (79 inches) every year. During May to November, the most of 

rainfall is received. The dampness allows for supporting the lavish woods and crop 

cultivation for the remainder of the essentially dry months of year. Months from December 

to March are the driest most when days reported for precipitation are uncommon. The 

weighty rainstorm downpours are answerable for the uncommon biodiversity of tropical wet 

timberlands in these parts the country.  

 

FIGURE 2-2  Koeppen's climatic divisions of India 

Source: [59] 

Preliminary, a tropical semi-bone-dry steppe climate, (Hot semi-dry climate) prevails over a 

significant length of land east of the Cardamom Hills and the Western Ghats to the south of 

Tropic of Cancer. The area, which incorporates inland Tamil Nadu, Karnataka, focal 

Maharashtra, and western Andhra Pradesh receives precipitation in a range of 400–750 mm 
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(15.7–29.5 in) every year [60]. It is dry season inclined, as it will, in general, have less 

dependable precipitation due to inconsistent delay or disappointment of storms from the 

southwest.  

Karnataka is separated into three zones – seaside, south inside and north inside. Of these, the 

beachfront zone gets severe rainfall averaging about 3,638.5 mm per year. The state in other 

parts in contrast receives an average rainfall of 1,139 mm (45 inches). As opposed to the 

standard, the Shivamogga’s Agumbe area gets the second-most noteworthy yearly rainfall 

in India. Northern parts of the Krishna River, the mid-year storm is liable for majority of 

precipitation; toward the southern parts, critical post-rainstorm rainfall likewise happens 

during months of October and November. The month of December is a coldest month. The 

temperatures average about 20–24 °C (68–75 °F) in the month. The duration of March to 

May is mostly remaining dry and hot; mean month to month heat records float around 32 

°C, reporting precipitation of about 320 millimeters (13 inches). Thus, in absence of 

dependable and counterfeit water system, the region is not appropriate for perpetual 

horticulture [61].  

A large portion of western Rajasthan encounters a dry climatic system (Hot desert climate). 

Deluges are answerable for total intents and purposes the entirety of the locale's yearly 

precipitation, which adds up to under 300 mm (11.8 inches). Such blasts happen when storm 

twists clear into the locale in the duration of July to September. Such rainfall is exceptionally 

sporadic; districts encountering rainfall one year may miss the rain for the next couple of 

years or thereabouts. Barometric dampness is, to a great extent, kept from accelerating 

because of constant downdrafts and different elements [61], [62]. The late spring a long time 

of May and June are outstandingly heated; mean month to month district temperatures drift 

around 35 °C (95 °F), with everyday greatest being sporadically beating 50 °C (122 °F). 

While in the winters, surfaces cool down in certain territories and dip under freezing because 

of floods of chilling winds breezing from Central Asia. There is an enormous diurnal scope 

of around 14 °C (25.2 °F) in hotter months that  extends by a few degrees in winter.  

The Punjab-Haryana-Kathiawar in the east of the Thar Desert, locale encounters a sub-

tropical and tropical steppe climate. Climate of Haryana looks like different conditions of 

the northern fields: outrageous summer warmth reaches up to 50 °C reaching midwinter cold 

most day records as low as 1 °C. Days in May to June are most blazing, while days in 

December to January are coldest. Rainfall is differed, with the Shivalik Hills district as the 
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wettest and the Aravalli Hills area being the driest [62]. About 80 per cent of the rainfall 

happens in the stormy months of July to September, which results in flooding at times. The 

climate in parts of Punjab is additionally represented by limits of cold and heat. Zones close 

to lower regions of the Himalaya get hefty rainfall. Three-season climate in Punjab sees late 

spring months ranging from mid of April to almost till the end of June. Temperatures 

regularly varies between –2 °C and 40 °C however, spikes may reach high at 47 °C (117 °F) 

in the summertime and lowering to a dip of −4 °C in season of frosts. Most portion of the 

country does not encounter temperatures under 10 °C (50 °F) in any of the seasons.  

The IMD assigns four seasons based on climatological observations covering all 

geographical parts of India [58].  

(1) Winter, happening during December and February. December and January are the 

coldest months when temperatures observed at around 10–15 °C (50–59 °F) in the 

northwest parts. The temperatures ascend as one continues towards the equator, 

topping higher at about 20–25 °C (68–77 °F) in the territory southeast of India.  

(2) Summer or pre-rainstorm season, enduring from March to May. In western and 

southern locales, the most sweltering month is April; for northern areas of India, May 

is the most smoking month. Temperatures normal around 32–40 °C (90–104 °F) in 

most of the inland area.  

(3) Storm or stormy season, enduring from June to September. The season is 

overwhelmed by the damp southwest summer storm, which gradually clears the 

nation over start in late May or early June. Storm downpours start to retreat from 

North India toward the start of October. South India ordinarily gets more rainfall.  

(4) Post-storm or fall season, enduring from October to November. In the parts of 

northwest India, these months are normally cloudless. Tamil Nadu gets a large 

portion of its yearly precipitation in the upper east storm season. 

2.2.1 Climate change mitigation policy in India 

Right now, the highest need for India is the financial turn of events and neediness easing. 

Meeting these public objectives would surely encourage tension on energy interest, which 

would prompt expanded carbon emissions. Energy is required for monetary development for 

improving personal satisfaction and expanding open doors for improvement. Somewhere in 

the range of 600 million Indians do not approach power, and around 700 million use biomass 
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as an essential energy asset for cooking. Guaranteeing a normal flexibly of clean energy is 

basic for supporting comprehensive development, meeting the thousand years advancement 

objectives and raising India's human improvement file. The greatest test confronting our 

nation is that other than guaranteeing energy security of the country, India additionally needs 

to build up its framework and upgrade its modern creation and diminish the GHG emissions 

from these areas too.  

India's essential energy use is extended to grow enormously to convey a continued GDP 

development pace of nine per cent through 2031-32, even in the wake of considering a 

significant decrease in the energy power. To fuel this on a continuous premise, a 

development of around 5.8 per cent per annum in essential energy gracefully would be 

required. Business energy flexibly would need to develop at about 6.8 per cent per annum 

as it will supplant non-business energy. Be that as it may, this also includes a decrease of 

around 20 per cent in energy use per unit of GDP over a time of ten years. The development 

ought to in a perfect world be achieved in an economical way while tending to climate 

change concerns. It has been assessed that for India the CO2 emissions will keep on 

developing for quite a while, in light of the fact that there is a need to build the at present 

low per capita levels of energy use to help develop and arrive at the Sustainable Development 

Goals. The majority of the accessible projections show that India's CO2 force per unit of 

GDP is probably going to keep on declining through 2030-2050. India is a generally low 

carbon economy by worldwide examination regarding two measures - per capita CO2 

emissions and CO2 emissions per unit of GDP in PPP terms.  

India confirmed the Kyoto Protocol in August 2002, with the target of usage of Clean 

Development Mechanism (CDM) ventures in India as per feasible public needs. India is a 

key centre zone for the vast majority of the private financing gatherings and has an 

exceptionally steady approach climate. The financing bunches think about putting resources 

into India as an essential piece of their procedure for their present and future assets.  

NAPCC distinguishes various measures to advance India's improvement destinations, while 

likewise yielding co-benefits for tending to climate change successfully. NAPCC diagrams 

eight public missions dependent on the standards of assurance of poor and weak areas; 

upgrade of natural supportability; proficient and practical procedures for end-use request 

side administration; organization of fitting advancements for both variation and alleviation 

of ozone harming substance emissions; improvement of the market; administrative and 
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deliberate instruments to advance economic turn of events; investment of different partners 

and building worldwide collaboration, essentially for innovative work; and furthermore 

sharing and move of practical and inventive advances [46]. The eight missions include for 

(1) National Solar Mission, (2) National mission on sustainable habitat, (3) National mission 

for enhanced energy efficiency, (4) National water mission, (5) National mission for a green 

India, (6) National Mission for sustaining the Himalayan ecosystem, (7) National mission 

on strategic knowledge for climate change, and (8) National mission for sustainable 

agriculture.  

2.2.2 Past Research Outcomes 

(3) Kumar, K. R., Sahai, A. K., Kumar, K. K., et al., Climate Change scenarios for 21st 

Century India.pdf. Current Science, 2006, 90, 334–346. 

The analysts investigated a condition of-workmanship regional climate modelling 

framework, known as PRECIS created by the Hadley Center for Climate Prediction and 

Research, applied for India to grow high-goal climate change situations. The current day 

reproduction (1961-1990) with PRECIS is assessed, including an assessment of the effect of 

upgraded goal and ID of predispositions. The RCM can resolve highlights on better scales 

than those settled by the GCM, especially those identified with the improved goal of the 

topography. The most eminent bit of leeway of utilizing the RM is a more practical portrayal 

of the spatial examples of summer, storm rainfall, for example, the greatest along the 

windward side of the Western Ghats. There are outstanding quantitative inclinations in the 

precipitation over certain locales, chiefly because of comparative predispositions in the 

driving GCM. The PRECIS reproduction under situations of expanding greenhouse gas 

fixations and sulfate vaporizers shows a checked expansion in both rainfall and temperature 

towards the finish of the 21st century. Surface air temperature and rainfall show comparative 

examples of extended changes under A2 and B2 situations; however, the B2 situation shows 

marginally smaller sizes of the extended change. The warming is repetitively inescapable 

over the nation; however, there are significant spatial contrasts in the extended rainfall 

changes. West-focal India shows the greatest anticipated expansion in the rainfall. 

Boundaries in greatest and least temperatures are likewise expected to increment into the 

future; however, the night temperatures are expanding quicker than the day temperatures. 
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Outrageous precipitation shows considerable increments over an enormous territory, and 

especially over the west bank of India and West-focal India.  

 

FIGURE 2-3  Projected changes in precipitation and surface air temperature 

Source: [46] 

The situations introduced in the paper incorporate more itemized territorial data (50 km x 50 

km), and are helpful for sway evaluations in different areas. The paper incorporates just the 

essential parts of the reenactment results; the provincial model yield contains an enormous 

number of extra boundaries that can be gotten from the scientists for use in sway appraisal 

models. While the situations introduced in the investigation are demonstrative of the normal 

scope of rainfall and temperature changes, it must be noticed that the quantitative gauges 

actually have enormous vulnerabilities related to them. A portion of the significant 

discoveries from the examination are referenced herewith [63]. 

(4) Parasuram, P., Narayanan, P., Pelling, M., Solecki, W. D., Ramachandran, P., and 

Ramachandran, R., Climate Change Adaptation Pathways in Kolkata. Journal of 

Extreme Events, 2016, 03, 1650021. 

Disaster risk management and more extensive cycles of transformation are comprehended 

in segregation from the development. Kolkata faces expanding heatwaves, flood peril and 

ordinary waterlogging because of climate change; however, the social and spatial 

conveyance of effects will probably be interceded by historical and contemporary 
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improvement choices made by the government. The paper writes about an examination that 

has consolidated a situation workshop technique and expert interviews to surface the 

perspectives on risk and resilience planners, academicians, and metropolitan experts on the 

transformation advancement nexus. Kolkata is encountering a quick and fundamental change 

in its administration systems and financial structures as state-drove advancement offer 

approach to more grounded market influences. Organizers invite an opening of metropolitan 

administration yet are stressed by the speed of change. Change in risk administration is seen 

in an anticipated move from a contemporary direction where the limit is restricted; however, 

centred around securing improvement gains, to one which likewise grasps the adaptability 

of flexibility.  

The current regulatory and political-social settings of Kolkata have hampered coordinated 

planning and would, in general, sustain the impact of the clientelistic and political group put 

together coalitions with respect to strategy development. The profound rootedness of these 

structures makes any future change troublesome while they continue. Simultaneously, 

Kolkata is going through fast opening of its economy to private sector stimulated 

improvement. This creates a temporary element driven by the private sector that 

acknowledges the requirement for versatility; however, no basic change.  

Over the span of researchers’ interactions with specialists, it was noted that climate 

adaptation is a thrust area for the city and state-level planning. In the current system, flood 

risk is overseen in a responsive mode through the arrangement of siphons to deplete water 

following substantial downpours. Endeavours to attempt proactive risk decrease and risk 

management efforts focusing on main drivers in land-use, building plan and foundation 

arrangement have not been fruitful. The change towards this more transformative method of 

risk management was likewise troublesome, and respondents felt far-fetched in the coming 

many years, regardless of its unmistakable material need [60]. 

(5) Mani, M., Bandyopadhyay, S., Chonabayashi, S., Markandya, A., and Mosier, T., 

South Asia’s Hotspots-The Impact of Temperature and Precipitation Changes on 

Living Standards South Asia, 2018. 

The book discusses the interaction of increasing temperatures and changing precipitation 

patterns with social and economic structures at a minute level across the South Asia region 

on the globe. Authors have elaborated the potential effects of specific actions for several 

locations by creating models. It indeed is a remarkable contribution by the authors for 
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deriving development policy decisions pivoting the climate change impacts in the entire of 

the region.  

 

FIGURE 2-4  Annual Avg. Temperatures Increase by 2050 Relative to 1981–2010 

Source: [60] 

The most important aspects in concern to the current research are extracted. The normal 

expectation by these climate models is that normal yearly temperatures in South Asia will 

observe an increment of 1.6 °C (2.9 °F) by the year 2050 under the climate-sensitive 

situation, and 2.2 °C (3.9 °F) under the carbon-intensive situation as shown in FIGURE 2-4. 

These increments are compared with 1981–2010 conditions. Extended changes in 

precipitation are exceptionally unsure, partially on the grounds that these are vigorously 

subject to cloud microphysics, which is hard to analyze in current worldwide climate models. 

The normal climate model expectation is that normal rainstorm precipitation will show an 

increment by 3.9 per cent under the climate-sensitive situation and 6.4 per cent under the 

carbon-intensive situation by the year 2050.  

In the event that normal precipitation expands, a few territories that have generally 

experienced low rainfall could profit. All things considered, extraordinary precipitation 

occasions will turn out to be more normal, particularly due to the huge concurrent 

temperature increments. Outrageous precipitation occasions would cause an expansion in 

harm and monetary disruption, though diminishing precipitation would bring about less by 

and large water accessibility in South Asia, which would lessen Agri social yields and water 

security in certain territories.  
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For nations with extreme hotspots—Bangladesh, India, and Sri Lanka—the negative effects 

are anticipated to be much more prominent. South Asian megacities, for example, Chennai, 

Dhaka, Karachi, Kolkata, and Mumbai—are regularly supposed to be climate hotspots since 

they are defenceless against outrageous occasions and ocean level ascent, including 

waterfront flooding and tempest floods. Hotspots are the consequence of two interrelated 

variables: (a) the size of anticipated changes in normal climate at the neighbourhood level; 

and (b) the connection among climate and expectations for everyday comforts in that area. 

The magnitude of anticipated changes in normal climate is assessed utilizing worldwide 

climate models. The connection among climate and expectations for everyday comforts is 

assessed utilizing nation explicit household surveys and is along these lines distinctive across 

nations.  

This variety in the manner that living standards respond to changing climate conditions can 

be deciphered as certainly catching the impacts of contrasts in institutional settings, 

monetary structures, and strategy systems across nations. The variety may likewise reflect 

contrasting levels of versatile capacity by family units and networks to climate conditions. 

Hotspots are named mellow when extended utilization spending decreases by under 4 per 

cent, moderate for decays of 4 per cent to 8 per cent, and extreme for decays surpassing 8 

per cent. Hotspots are fundamentally anticipated to happen in Bangladesh, India, Pakistan, 

and Sri Lanka. In these nations, extended changes in normal climate are required to bring 

about a general lessening in per capita utilization uses. Recognizing hotspots is not as 

straightforward as finding the locales where changes in normal climate are extended to be 

the biggest. Regardless of whether the climate was to change by comparable magnitudes in 

two areas, the reaction would rely upon the notable connection among climate and 

expectations for everyday comforts at the areas.  

By and large, the greater part the region will be a hotspot by 2050 under the carbon-intensive 

situation, with 45 per cent of the present population of South Asia—800 million 

individuals—living in zones extended to become moderate or serious hotspots. Under the 

climate-sensitive situation, the number of individuals influenced would be 375 million, or 

21 per cent of the total population. The finding exhibits that relief moderation endeavours to 

limit the impacts of climate change, for example, decreasing GHG outflows, can decidedly 

influence expectations for everyday comforts all through the region.  
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In India, inland states in the central, northern, and northwestern regions arise as the most 

defenceless against changes in the average local climate. Chhattisgarh and Madhya 

Pradesh—which are anticipated to have an expectation for everyday comforts decrease of in 

excess of 9 per cent—are the main two hotspot states, trailed by Rajasthan, Uttar Pradesh, 

and Maharashtra. Chhattisgarh and Madhya Pradesh are additionally low-pay states, home 

to a huge ancestral population. Changes in normal climate could accordingly have significant 

implicate particles for poverty decrease.  

In South Asia, temperatures are extended to expand the least along with the waterfront 

territories of India, Bangladesh, and Sri Lanka since the seas help to moderate the 

temperature. The temperature increase in these zones is as yet 1.0 °C to 1.5 °C under the 

climate-sensitive situation and 1.5 to 2.0 °C under the carbon-intensive situation by 2050, 

comparative with 1981 through 2010 [60]. 

(6) McDonald, R. I., Green, P., Balk, D., et al., Urban growth, climate change, and 

freshwater availability. Proceedings of the National Academy of Sciences of the 

United States of America, 2011, 108, 6312–6317. 

Almost 3 billion extra-urban inhabitants are determined by the year 2050, a phenomenal rush 

of urban development. While urban communities battle to give water to these new residents, 

they will likewise confront similarly phenomenal hydrologic changes because of worldwide 

environmental change. Here the researchers use a basic hydrologic model, segment 

projections, and environmental change situations to assess per-capita water accessibility for 

significant urban areas in the creating scene, where urban development is the quickest. 

Authors gauge the measure of water available to urban communities and do not represent 

issues with sufficient water conveyance or quality. Displayed results show that the then, 150 

million individuals live in urban areas with lasting water lack, characterized as having under 

100 L for everyone every day of surface and groundwater stream inside the urban extent. By 

the year 2050, segment development will build this figure to very nearly 1 billion 

individuals. Environmental change will cause a water lack for an extra 100 million urbanites. 

Freshwater biological systems in waterway bowls with enormous populations of urbanites 

with inadequate water will probably encounter streams lacking to keep up natural cycle. 

Freshwater fish populations will probably be affected, an issue of exceptional significance 

in districts, for example, the Western Ghats, where there is both quick urbanization and 

elevated levels of fish endemism. Urban areas in specific districts will battle to discover 
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enough water for the necessities of their residents and will require huge venture in the event 

that they are to make sure about satisfactory water supplies and defend working freshwater 

environments for people in the future [64]. 

2.3 Climate in Gujarat 

Gujarat is a state on the western bank of India with a coastline of 1,600 km. – the vast 

majority of which lies on the Kathiawar promontory – and has a population of 60.4 million 

[65]. It is the fifth-biggest Indian state by territory and the ninth-biggest state by population.  

Gujarat is flanked by Rajasthan toward the upper east, Dadra and Nagar Haveli and Daman 

and Diu toward the south, Maharashtra toward the southeast, Madhya Pradesh toward the 

east, and the Arabian Sea and the Pakistani territory of Sindh toward the west.  

Its capital city is Gandhinagar, while its biggest city is Ahmedabad. The Gujarati individuals 

of India are indigenous to the state, and their language 'Gujarati' is the state's legitimate 

language.  

The economy of Gujarat is the fifth biggest in India, having a gross state domestic product 

(GSDP) at ₹ 15.03 trillion (US$210 billion) and has the nation's eleventh most elevated 

GSDP per person of ₹ 196,000 (US$2,700) [66].  

Gujarat has borders at the Tharparkar, Badin and Thatta areas of Pakistan's Sindh region 

toward the northwest, is limited by the Arabian Sea toward the southwest, the province of 

Rajasthan toward the upper east, Madhya Pradesh toward the east, and by Maharashtra, the 

Union Territory of Dadra and Nagar Haveli and Daman and Diu toward the south.  

Verifiably, the north was known as Anarta, the Kathiawar landmass, "Saurashtra", and the 

south as "Lata". Gujarat was otherwise called Pratichya and Varuna. The Arabian Sea 

earmarks up the western coast.  

The capital, Gandhinagar, is a planned city. Gujarat has a territory of 196,030 sq. km. with 

the longest coastline (24 per cent of Indian ocean coast) 1,600 km., spotted with 41 ports: 

one large-sized, 11 medium-sized and 29 minor-sized. 

 The Rann of Kutch is an occasionally muddy, saline mud desert situated in the Thar Desert 

biogeographic district in the middle of the area of Sindh and the province of Gujarat. It is 
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located 8 km. from the town of Kharaghoda in the Surendranagar District and Pakistan's 

Sindh region [67].  

The Sabarmati is the biggest stream in Gujarat followed by the Tapi, in spite of the fact that 

the Narmada covers the longest separation in its entry through the state. The Sardar Sarovar 

Project is based on the Narmada River, one of the significant streams of peninsular India 

having a length of 1,312 km. It is one of just three waterways in peninsular India that flows 

through east to west. Other major watercourses include for the Tapi River and the Mahi 

River. A riverfront venture has been based on the Sabarmati River [68].  

Gujarat has a portion of the hilly terrain of India. It includes the ranges of Aravalli, Sahyadri 

(Western Ghats), Vindhya and Saputara. Aside from the Gir slopes, Barda, Jessore, Chotila, 

and so forth are in various portions of Gujarat. The Girnar is the tallest pinnacle, and Saputara 

is the only hill station in the state [69].  

The atmosphere of Gujarat includes assorted conditions. The fields of Gujarat are blistering 

and dry in summer and cold and dry in winter. Summer is milder in the bumpy locales and 

the coast. The normal daytime temperature during winter is around 29 °C (84 °F) and in 

nights is around 12 °C (54 °F) with 100 per cent bright days and starry evenings. During 

summer seasons, the daytime temperature is about 49 °C (120 °F) and at night no lower than 

30 °C (86 °F).  

The rainstorm season keeps going from June to September. The majority of Gujarat gets 

inadequate rainfall. Southern Gujarat and the hilly parts receive substantial rainfall during 

the rainstorm with high moistness which causes the air to feel hotter. There is a relief when 

the rainstorm season begins (around mid-June).  

Naturally, the day temperatures are brought down to around 35 °C (95 °F); however, 

humidity is high, and nights are around 27 °C (81 °F). Most of the rainfall happens in the 

season, and at times, the downpour can cause extreme floods in some parts of the state.  

The sun is frequently blocked by dense clouds during the rainstorm season. Despite the fact 

that generally dry, it is desertic in the north-west, and wet in the southern parts because of a 

hefty rainstorm season [9]. 
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2.4 Global urbanization scenario 

Internationally, a bigger number of individuals live in urban regions than in rural zones, with 

54 per cent of the total population living in urban zones in the year 2014. In the year 1950, 

almost 30 per cent of the total inhabitants were urban, and by the year 2050, about 66 per 

cent of the total population is extended to be urban.  

The cycle of urbanization generally has been related to other significant monetary and social 

changes, which have brought more prominent geographic mobility, reduced fertility, 

increased life expectancy and ageing.  

Urban areas are significant drivers of development and poverty decrease in both urban and 

rural regions, as it concentrates a large part of the public monetary actions, government, 

business and transportation, and furnish urgent connections with rural regions, among urban 

areas, and across global fringes.  

Urban living is frequently connected with more significant levels of literacy and education, 

enhanced health, improved access to social services, and improved participation of cultural 

and political practices [70].  

Though, quick and impromptu urban development undermines sustainable development at 

the point when the fundamental infrastructure is not created or when approaches are not 

actualized to guarantee that the advantages of city life are impartially shared.  

Today, notwithstanding the near favourable position of urban areas, urban territories are 

more inconsistent than rural zones, and a huge number of the world's urban poor live in 

unsatisfactory conditions.  

In certain urban areas, spontaneous or deficiently oversaw urban extension prompts quick 

sprawl, contamination, and ecological corruption, along with impractical creation and 

utilization designs.  

Today, the most urbanized regions include for the Northern America (82 per cent living in 

urban zones in the year 2014), Latin America and the Caribbean (80 per cent), and Europe 

(73 per cent). Interestingly, Africa and Asia remain generally rural, with 40 and 48 per cent 

of the individual citizens living in urban zones.  
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All cities are relied upon to urbanize further throughout the next few decades. Africa and 

Asia are urbanizing quicker than other nations and are extended to become 56 and 64 per 

cent urban, individually, by the year 2050.  

 

FIGURE 2-5  Urban population in selected countries in 2014 

Source: [70] 

The rural population of the world has developed gradually since the year 1950 and is relied 

upon to arrive at its top in a couple of years. The worldwide rural population is currently 

near 3.4 billion and is relied upon to decay to 3.2 billion by the year 2050. Africa and Asia 

are home to almost 90 per cent of the world's rural population. India has the largest rural 

population (857 million), trailed by China (635 million).  

The urban population of the world has developed quickly since the year 1950, from 746 

million to 3.9 billion in the year 2014 as illustrated in FIGURE 2-5. Asia, in spite of its lower 

level of urbanization, is home to 53 per cent of the world's urban population, trailed by 

Europe (14 per cent) and Latin America and the Caribbean (13 per cent).  

Proceeding with population development and urbanization are extended to add 2.5 billion 

individuals to the world's urban population by the year 2050, with almost 90 per cent of the 

expansion gathered in Asia and Africa. Only three nations - India, China and Nigeria - 

together are expected to represent 37 per cent of the extended development of the world's 

urban population somewhere in the range of the year 2014 and 2050. India is extended to 
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add 404 million urban inhabitants, China 292 million and Nigeria 212 million. Near portion 

of the world's urban occupants live in generally little settlements of under 500,000 occupants, 

while just around one of every eight live in the 28 mega-cities areas with an excess of 10 

million occupants.  

 

FIGURE 2-6  Urban and rural population of the world 

Source: [71] 

Tokyo is the world's biggest city with an agglomeration of 38 million occupants, trailed by 

Delhi with 25 million, Shanghai with 23 million, and Mexico City, Mumbai, and São Paulo, 

each with around 21 million occupants. By the year 2030, the world is extended to have 41 

mega-cities with an excess of 10 million occupants. Tokyo is expected to remain the world's 

biggest city in the year 2030 with 37 million occupants, followed intently by Delhi where 

the population is envisaged to rise quickly to 36 million. A very long ago, the greater part of 

the world's biggest urban agglomerations were found mostly in the developed nations; 

however, the present large cities are moved in the global South. The quickest developing 

urban agglomerations are medium-sized urban areas and urban areas under one million 

occupants situated in Asia and Africa.  

A few urban areas have encountered a population decrease recently. The greater part of these 

is situated in the low-fertile nations of Asia and Europe where the general population is 

dormant or decreasing. Monetary contractions and catastrophic events have added to the 

misfortunes of urban citizens. As the world keeps on urbanizing, reasonable development 

challenges will be progressively accumulated in urban areas, especially in the lower-middle-

income nations where the movement of urbanization is the quickest. Result-oriented 

strategies to improve the lives of both urban and rural inhabitants are required. 
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2.5 Urbanization review in India 

Urbanization in India started to quicken after freedom, because of the nation's reception of 

a blended economy, which offered ascend to the development of the private area. 

Urbanization is occurring at a quicker rate in India. Population living in urban territories in 

India, as indicated by the 1901 census, was 11.4 per cent. This tally expanded to 28.53 per 

cent as per 2001 enumeration, and intersection 30 per cent according to the 2011 Census, 

remaining at 31.16 per cent as shown in TABLE 2-1. As per a study by the UN State of the 

World Population report in the year 2007, by the year 2030, 40.76 per cent of the nation's 

population is relied upon to live in urban zones. According to the World Bank, India, 

alongside China, Indonesia, Nigeria, and the United States, will lead the world's urban 

population rise by the year 2050. The primary driver of urbanization in India incorporate for 

the extension in taxpayer-supported organizations, because of WW-II; a movement of 

individuals from Pakistan after the segment of India; the Industrial Revolution; an eleventh 

five-year plan which focused on urbanization for the financial development of India; work 

openings are significant purposes behind individuals moving towards urban communities; 

framework offices in the urban regions; development of the private area after 1990 [72]. 

TABLE 2-1  Urban population in India (in a million) 

Year 
Total 

Population 

Urban 

Population 

Change over 

a decade 

Urban 

population 

to total 

population 

Growth rate 

of urban 

population 

1961 439.2 78.9 - 18.0 - 

1971 548.2 109.1 30.2 19.9 38.3 

1981 683.3 159.5 50.4 23.3 46.2 

1991 846.3 217.6 58.1 25.7 36.4 

2001 1028.7 286.1 68.5 27.8 31.5 

2011 1210.2 377.1 91.0 31.2 31.8 

Source: [73], [5], 

In order to tackle with arising issues in urban centres, the government of India has initiated 

a number of steps. In the year 1992, the Government amended the Constitution of India and 

empowered the Urban Local Bodies by assigning performance of eighteen mandatory 

functions. Later, each five-year fiscal devolution plans included funding assistance for urban 

improvements. The JnNURM in the year 2005 allowed for central and state funding 

assistance for improving urban infrastructure services and housing conditions for the urban 

poor. At present, since the year 2015, the mission of SPMRM along with Smart Cities 
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Mission is in operation where GIS-based inventory and maps are under preparation to 

understand the urban centres. In addition, the then Planning Commission of India (now, Niti 

Aayog) published guidelines to prepare urban and regional plans for making provisions of 

urban infrastructure. Based on the current and projected population for an urban centre, the 

URDPFI Guidelines (Amended in the year 2014) becomes useful to identify a gap in 

different urban sectors and earmarks preparation of several types of plans. It is published in 

two volumes by the Ministry of Housing and Urban Affairs (earlier, Ministry of Urban 

Development) and discussed with more details in the subsequent sub-section.  

2.5.1 The URDPFI Guidelines, 2014 

The URDPFI Guidelines, 2014 comprise two Volumes. The Volume‐I contains planning 

process, contents of the plans suggested in the planning system, resource mobilization for 

plan implementation including land and finance as the primary resources for sustainable 

development, institutional reforms especially at  State level, and approaches and strategies 

for regional and urban planning. For addressing sustainability, various sections focus on land 

suitability and urban renewal norms and provide a framework for Crisis/Disaster 

Management Plans as part of the Development Plan. To speed up the process of plan 

formulation, simplified planning techniques, and norms and standards for social and physical 

infrastructure planning are detailed along with simplified development promotion 

regulations. Various cities of all classes across the country from different regions have been 

covered as best practices for review. The overall recommendations for future actions have 

also been included.  

The urban and regional planning system has been divided into two heads, a) Core Area 

Planning and, b) Specific and Investment Planning. The Core Area Planning comprises of a 

set of 4 interdependent plans: (i) a long term Perspective Plan with a vision and policy 

orientation, (ii) a sustainability-based long term Regional Plan (and District Plan) with 

optimization of regional resources for development, (iii) a comprehensive long term 

settlement plan or a development plan for urban and peri-urban areas, and (iv) A short term 

rolling Local Area Plan within the framework of the Development Plan. The Specific and 

Investment Planning comprises a set of three plans, (i) A rolling Special Purpose Plan for 

special areas within the framework of Development Plan, (ii) Annual Plans to translate the 
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physical and fiscal resource requirement of Development/ Local Area Plan, and (iii) 

Project/Research to focus on items of execution [74].  

A separate volume (Volume‐II A) on legal aspects cover the implications of the 74th CAA, 

1992; Land Acquisition, Resettlement & Rehabilitation  Act, 2013;  a review of the Model 

Town & Country Planning and Development Law, the Model Municipal Law, legal 

requirements for industrial development, State level planning framework and other National 

level requirements for heritage and environmental conservation with the relevant Acts/ Law/ 

Notifications/ Guidelines and so on. Volume II B consists of Appendices [75]. 

2.5.2 Past research outcomes 

(7) Sharma, P. and Sharma, S., Impact of Urbanisation: A Comparative Overview of 

Four Mega Cities in India. International Journal of Trend in Scientific Research and 

Development, 2017, Volume-1, 1052–1058. 

With the arising expansion in population and spreading urbanization portrayed by a 

developing number of vehicles in megacities has prompted an impeding effect on climate 

and atmosphere overall uber urban communities in India. This exorbitant urbanization has 

over-burden the restricted scant assets and disintegrated the ecological quality, influencing 

characteristic assets and the climate. This paper reviews the pattern of urbanization resulted 

by expanding population and varieties in temperature from period 1951 to 2001 for the four 

megacities in India. The paper likewise analyzes the patterns saw in different pointers of 

environmental change like temperature, precipitation in concern to megacities of Delhi, 

Kolkata, Chennai, and Mumbai for the period 2001 to 2009. The paper obviously displays 

the effect on environmental change by noticing the patterns in temperature and precipitation. 

This effect is emphasized by figuring the connections between the urbanization and 

environmental change factors estimated as temperature. It is deriving a meaning that the 

population holds an extremely solid critical relationship with temperature variety in all the 

three megacities precluding Delhi. Further, the relationship among the population, vehicles, 

temperature stickiness and precipitation is figured for Delhi, and it is presumed that the 

ascent in population and urbanization caught by various vehicles have a positive and high 

connection on the level of moistness as a marker of the atmosphere.  
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In the current time when Climate change has taken the most pivotal test over completely 

created and non-industrial nations over the world, it is huge to notice the effect of 

urbanization on the atmosphere in the vast majority of the megacities in India. This paper 

uncovers that there are a lot of hurtful outcomes that the four megacities have gone through 

regarding atmosphere and these impacts are because of expanding urbanization which 

squeezes restricted assets of a region. It is pictured that there exists an extremely high 

relationship between population development and normal yearly temperature. 

Notwithstanding, the outcome is not accurate on account of Delhi, where the relationship is 

very week among population and temperature having the correlation coefficient just as 0.28. 

At the same time, the remainder of the urban communities shows a high connection between 

the log of population and normal yearly temperature for the period between 1951 to 2001.  

It is presumed that the ascent in population and urbanization caught by various interventions 

have a positive and high relationship on the level of humidity as a marker of the atmosphere. 

At last, the need is identified to towards drafting policies and action plans that focus on a 

sustainable development keeping in account the cost of development as well as the 

population involvement on the environmental degradation [10]. 

(8) Säynäjoki, E.-S., Junnila, S., and Heinonen, J., Role of Urban Planning in 

Encouraging More Sustainable Lifestyles. Journal of Urban Planning and 

Development, 2015, 141, 04014011–1 to 04014011–8. 

Where urban planning is utilized to advance natural sustainability, it has generally centred 

around decreasing fume emissions from the houses and vehicles. Nonetheless, urban areas 

are progressively being perceived as the consumer markets for the worldwide economy, as 

the cause of interest, and for the purpose of the end for complex economic supply-chains. In 

view of results created by a crossover life-cycle appraisal model, which credited the start to 

finish outflows of flexibilities to end-clients, utilization that is not identified with lodging or 

ground transportation was found to represent 30 per cent of provincial ozone-depleting 

substance emanations all things considered. In profoundly urbanized territories, the figure 

was significantly higher, at 45 per cent. Moreover, a review of past research works showed 

that most ecological evaluation tools for nearby city-level and sub-city-level urban planning 

are neither ready to recognize the natural effects of individual resources consumptions nor 

the connections between urban structures and individual resources consumptions. 
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Consequently, the investigation inferred that there is a vast gap between the necessities and 

the methods for the regional environmental administration of urban zones.  

Endeavours to cause enhancements to the climate through urban planning to have focused 

on lessening the environmental impact of settlements and traffic. In the examination, it has 

been indicated that "the forgotten share," individual consumption, may offer huge potential 

for natural improvement. It could be supported through urban planning, and more 

exploration is expected to characterize the real associations between urban structures, home 

choices, reasonable individual utilization, and lifestyle sustainability. Ideally, understanding 

elements, for example, the carbon-intensified consumption alternatives may assist urban 

organizers with planning zones that help more sustainable natural resources consumption. 

However, the function of sociodemographic boundaries, which is unquestionably a 

significant one, must not be excused. Besides, it is presumed that the tools presently available 

for regional ecological assessment, apparently do not adequately consider the potential of 

individual resource consumption.  

A few investigations have expressed that diminishing monetary development while keeping 

up or expanding personal satisfaction is conceivable. In any case, current urban planning, 

which centres solely around making ecological proficiency gains in the regions of housing 

and vehicle movements, only cannot address the natural difficulties that emerge from 

individual-level consumptions and the rebound impact. The research advocates that by 

receiving a more grounded centre around the administration of individual utilization and 

through embracing more assorted strategies to empower reasonable ways of life, the natural 

administration of urban regions could be essentially more successful [48]. 

(9) Giri, S. and Ranjan, A., Impact of urbanization on Environment with reference to 

climate change. International Journal on Emerging Technologies, 2017, 8, 371–374. 

Quick urbanization since the previous few decades has brought about numerous ecological 

issues in enormous urban communities. It has caused a number of negative results in various 

pieces of the world; one of these outcomes is a marvel known as environmental change. In 

the paper, Climate change is perceived as a prompt danger. Environmental change, 

additionally called global warming, alludes to the ascent in normal surface temperatures on 

Earth, is one of these natural issues. On-going changes in the atmosphere across worldwide, 

local, neighbourhood and small sizes are principally brought about by human activities, and 

the impacts of the happening are amazingly destructive to humans and places. The paper 
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considers the circumstances and end results of environmental change from both human and 

human settlements point of view. The paper centres around the urban zones and its linkages 

with environmental change and furthermore the arrangements/relief quantifies that could 

lessen its effects. In such manner, variation is concentrated as a reaction to environmental 

change, and urban planning goes about as a specialist of transformation.  

Environmental change presents a critical test for urban frameworks around the world. Its 

belongings will probably strengthen throughout the next few decades. Effects, for example, 

expanded precipitation power, storm floods, flooding and UHI impacts are probably going 

to influence numerous urban frameworks.  

It is imperative to organize environmental change according to financial development, 

poverty decline, political strength, and other cultural issues. Urban communities are both the 

biggest wellspring of carbon emissions and simultaneously are especially helpless against 

the effects of environmental change.  

Accordingly, urban communities of future should be redesigned first to lessen carbon 

discharges, however, much as could reasonably be expected; and second to adjust to 

environmental change to shield city population from its most exceedingly awful impacts. 

The variation will be needed to adapt to these impacts, and urban planning can possibly turn 

into a vital factor in creating and executing versatile reactions in urban systems. 

The way that various planning purviews are now occupied with the process exhibits the 

significant and advancing job that urban planning has, in building atmosphere versatility 

through variation. It is significant that local and central governments, developers, citizens, 

and professionals perceive the requirement for urban adaption. 

Taking everything into account, getting ready for, and endeavouring to oversee 

environmental change impacts, is turning into a key urban planning challenge for the 21st 

century. As the total population is turning out to be more urbanized, the urban planning 

endeavours in regard to overseeing environmental change impacts will require a specific 

urban focus. In such a manner, the transformation is probably going to highlight obviously, 

and the development of versatile reactions will turn into a focal urban planning concern. This 

will profoundly affect the planning profession, along with an arrangement of infrastructure 

and development guidelines and technological innovations [76]. 
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2.6 Urbanization scenario in Gujarat state 

Gujarat is an established administrative state in the western part of the nation. It is an 

exceptionally urbanized state, and the historical backdrop of urbanization in Gujarat is very 

age-old. Regarding urbanization and industrialization, numerous urban areas of Gujarat are 

world celebrated. It has 5 per cent of the aggregate populations and 6 per cent topographical 

region with a general 43 per cent of the population living in the urban territory. With this 

change, the state is quickly changing. Recent Mckinsey Report on the Indian Urbanization 

makes a reference that Gujarat will be 66 per cent urban with 48 million urban occupants in 

the year 2030. Gujarat’s urban population has been rising consistently since the development 

of the state in 1960. The movement of urbanization as estimated by the decadal development 

of urban regions during the decade 1991-2001 and seems to be staying high in the upcoming 

multiple decades. 

The urbanization cycle of Gujarat state is good to go to offer significant amazements; it is 

continuously changing with more urbanites in the state. Toward the start of the century, 

Gujarat's population was 9.09 million, of which 22 per cent were living in urban regions. It 

has gotten more urban with the citizens living in urban areas increased from 27.33 per cent 

in the year 1951 to 42.6 per cent in the year 2011 [76].  

TABLE 2-2  Urban population in Gujarat 

Year Urban Population 

(in million) 

Per cent of urban 

to total population 

Growth rate to 

previous decade 

1951 4.43 27.33 % - 

1961 5.31 25.74 % 19.64 % 

1971 7.49 28.06 % 41.05 % 

1981 10.60 31.10 % 41.52 % 

1991 14.24 34.47 % 34.34 % 

2001 18.93 37.36 % 32.94 % 

2011 25.71 42.60 % 19.20 % 

Source: [77] 

The density of population in Gujarat was 83 people for each sq. km. in the year 1951 that 

has been expanded during the most recent couple of decades. In the year 2011, the density 

was reportedly mentioned as 308 people for each sq. km., showing expansion in the 

population density in Gujarat by multiple times [78]. 

The Gujarat state has 36 administrative divisions as Districts. In some of these districts, the 

district headquarter has emerged as a major urban centre of the State. These urban centres 
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are highly populated and have large population density compared to the State average. Surat 

in the southern parts of the State is among fastest-growing urban centres in the world and 

leading the chart in terms of highest population density accommodated and sustaining with 

Ahmedabad as having largest urban citizens [77]. 

TABLE 2-3  Demographic density in major cities of Gujarat 

Cities Population density (person per sq. km.) 

2001 2011 

Surat 968 1376 

Ahmedabad 727 890 

Anand 631 711 

Gandhinagar 589 660 

Vadodara 482 553 

Gujarat Average 258 308 

Source: [79] 

2.6.1 Statute for urban development in cities of Gujarat 

For the cycle of Town Planning in India, the Bombay Town Planning Act, 1915 was first 

presented in India. Concerning with the issues of urban development, the Act enabled local 

authorities for controlled land-use and development provisions through planning legislation. 

It reacted to redress the turbulent and unfortunate environment made by the industrialization 

around then and guaranteed and deliberate development for any urban zone at any place 

within the administration of the authority. In any case, there were numerous issues related 

to it. The Act relied upon the activity of the ULB. It could not take care of the issue of 

suburban development in the fringe of cities, and it required far-reaching and incorporated 

designs for the urban communities for handling with the complex physical, social and 

financial conditions. Thus, to defeat the impromptu and unattended development in the 

outskirts, the Act was supplanted by the Bombay Town Planning Act, 1954. The idea of 

Development Plans (DP) was presented unexpectedly through this Act. It prompted the 

creation of DP and Town Planning Schemes (TPS) at the same time in the urban areas and 

towns. The significant part of public cooperation in planning was additionally presented with 

this very Act [80].  

The Gujarat State being a piece of the then Bombay State had sanctioned the Bombay Town 

Planning Act, 1915, which engaged the local administration to prepare TPS for definite land-

use zones of the city or town. The TPS being miniature level planning was limited to only 
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some part of the city. Thus, overcoming to limitations of the Bombay Town Planning Act, 

1954 authorized the officers to prepare DP for urban areas and towns in the state. With the 

new enactment, there was an abrupt expansion around planning and development exercises. 

Many ULB embraced for the preparation of the DP.  

On first May 1960, the Bombay State was bifurcated to shape two States – Maharashtra and 

Gujarat. Both the States acquired the laws and Acts winning at the hour of Bombay State. It 

was critical to perceive an alternative set of enactment which could engage the authorities 

towards the development of both states.  

Consequently, in the activity of the forces presented by the Section-3 of the Gujarat State 

Legislature (Delegation of Powers) Act, 1976, the President authorized The Gujarat Town 

Planning and Urban Development Act, 1976 to merge and alter the law identifying with the 

creation and execution of DP and TPS within the administrative territory of Gujarat State. 

The Act came in to drive from first February 1978. The Act is a bunch of exceptionally 

exhaustive planning enactment. It envelops a wide scope of planning, beginning from 

regional planning at a large-scale level and addressing further to the micro-level. It likewise 

engages the State Government to perceive, recognize and outline the territories, having 

potential for the development. Along these lines, within the Act, the planning process 

became a state subject matter and not only the worry for the ULB. 

The Act enables the Area/Urban Development Authority to prepare DP and TPS for its 

region of administration and control the development of the city along with periphery 

territory. The Act was instituted by powers presented in Gujarat State Legislature Act,197. 

The Act has eight chapters including the initial part of the short title and the end section of 

various arrangements of RTI, public notification and FAQs and so on. 

Further, the Act is believed to be a reaction to an enormous number of issues inside urban 

regions like aimless and non-adjusting land-use planning, absence of sufficient and effective 

administrations/offices and generally disintegrating climate which request a deliberate 

methodology in the planning and development of urban zones.  

The provisions that assist with understanding the hidden premise of guided urban 

development through DP are: The Constitution of an Area Development Authority, planning 

and submission of the Draft DP, preparing the contents of the Draft DP, securing of land put 

under reservation, making changes and updating of DP, the constitution of the Urban 
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Development authorities, assigning powers and duties of the state government and the 

authority, undertaking the development process on behalf of the state government and the 

authority, fixation of development charges and fees by making assessment and recovery as 

applicable. 

The Act was established because of which the development in the peri-urban areas could be 

controlled. The short portrayal of the apparent multitude of arrangements and specifying out 

of arrangements for DP and TPS of the Act assists with approving the reasoning behind the 

readiness of the Act.  

Consequently, it has certain arrangements which limit the developers to stay away from 

forming a syndicate to exploit citizens. The offences by organizations are additionally 

managed as per the Act. Fundamentally, it guarantees that the ability to make rules and 

guidelines are not done at the expense of adjusted urban development.  

2.7 GIS and RS as a tool for analytical mapping 

An invention of the Geographical Information System (GIS) through a software named Arc-

GIS by the ESRI, USA has contributed globally to the mapping science. Since the year 1969, 

the ESRI is continuing to put efforts to improve the level of mapping. The GIS is a computer-

based framework that is used for gathering, organizing, analyzing, managing, and 

communicating different forms of information in the form of data to understand the sciences 

of the nature that exists on the globe [81]. The GIS assists in analyzing spatial location-based 

information in terms of organized layers through visualization as maps having a global 

reference. It has a unique capability to reveal deeper insights of data by means of exploration 

through patterns, interrelationships on a temporal scale. It is the most useful decision-making 

tool for urban planners and policymakers of the current times. The components of the GIS 

include for computer hardware and software, digitizers, set of information and a user with a 

purpose of the inquiry. In real-time and web-based mode, it can also assist in managing and 

responding to events. Also, using it in combination with mathematical models, it can be used 

for performing forecasts. The tool works using Raster data and Vector data as models with 

embedded information of a kind [82].  

GIS operations in carrying out the current research are performed by using Quantum GIS 

(QGIS) that is an open-source software system [83]. Under the creative commons licensing, 
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the QGIS allows for extensive use of the tool. The basic workspace includes several 

commands to be performed in a unique manner. The QGIS allows for the creation and usage 

of Vector data models by means of geometry of points, lines, and polygons. All these 

geometrical elements act with a reference of a global coordinate system to represent a feature 

of interest. The QGIS is an open-source tool; there are several Plugins developed for specific 

applications by the programmers and made available to perform systematic and scientific 

inquiry. However, specific customized mathematical operations and applications can be 

developed using Python and R as programming languages supported by a platform of QGIS. 

The tool is extensively used in current research. Subsection part here onward is focusing 

more on research work using GIS for several applications instead of discussing theoretical 

aspects connected with the GIS as a tool. 

2.8 RS as a data acquisition tool 

Remote sensing (RS), additionally called observation of the earth, alludes to acquiring data 

about elements or regions at the Earth's surface by utilizing electromagnetic radiation (light) 

without being in direct contact with the item or zone. Along these lines, remote sensing is 

an everyday business for individuals.  

 

FIGURE 2-7  Remote sensing system 

Source: [83] 

The natural eyes register the solar light reflected by these elements, and the brain deciphers 

the colours, the tones and intensity variations. Next, this information is converted into 

valuable data. The natural eye, nonetheless, is restricted to a little piece of the complete 
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electromagnetic spectrum, for example roughly 400 to 700 nm. In remote sensing, different 

sorts of apparatuses and gadgets are utilized to make electromagnetic radiation outside this 

reach from 400 to 700 nm obvious to the natural eye, particularly the near-infrared, middle-

infrared, thermal-infrared and microwaves. Progressively, remote sensing is utilized to 

secure data about ecological cycles, for example, farming harvest development, land cover 

changes, deforestation, vegetation elements, water quality elements, metropolitan 

development, and so on.  

Remote sensing (RS) alludes from an overall perspective to the instrumentation, techniques 

and strategies used to notice (sense) the visible surface of the Earth, typically by the 

arrangement of a picture in a position − fixed or versatile – at a distance from that surface. 

In remote sensing electromagnetic (EM) radiation coming from an element (if there should 

arise an occurrence of earth perception: the Earth's surface) is being estimated and converted 

into data about the item or data on measures identified with the element.  

The accompanying components as shown in FIGURE 2-7 of RS are important: (A) the path 

of the EM radiation; (B) the travelling through the climate; (C) the association with the 

element; and, (D) the recording of the radiation by a sensor.  

In 1859 Gaspard Tournachon took an angled photograph of a little town close to Paris from 

a balloon. With this image, the era of earth perception and remote sensing had begun. His 

model was before long followed by others everywhere on the world. During the Civil War 

in the United States, aeronautical photography from inflatables assumed a significant part to 

uncover the protection positions in Virginia. Similarly, other logical and specialized 

advancements during the Civil Wartime in the United States speeded up the improvement of 

photography, focal points and applied airborne utilization of the technology.  

In spite of the fact that the space period of remote sensing was as yet distant after the Civil 

War, as of now in the year 1891 patents were allowed in Germany to successful designs of 

rockets with imaging frameworks under the title: 'new or improved device for acquiring 

bird’s eye photographic perspectives on the Earth'. The plan included a rocket-impelled 

camera framework that was recuperated by a parachute.  

TABLE 2-4 list out benchmarks achieved by the physicists, engineers and, scientists world 

over along with the achievements by India. These satellite missions are largely 

interdisciplinary requiring inputs with expertise of team members and the political will. 
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TABLE 2-4  Milestones in the history of remote sensing 

Year Milestone 

1800 Discovery of Infrared by Sir W. Herschel 

1839 Practice of photography begun 

1847 Spectrum of Infrared shown by J. B. L. Foucault 

1859 Balloons employed for aerial photography 

1873 J. C. Maxwell introduced with the theory of EM Spectrum 

1909 Aeroplanes used for photography 

1916 WW-I: Airborne Reconnaissance  

1934 Photogrammetry Society established 

1935 Radar developed in Germany 

1940 WW-II: Non-visible part of EM Spectrum applications 

1950 R & D for military 

1957 Russia launched Sputnik-I 

1959 First photograph of earth from Space (Explorer-6) 

1960 First satellite launched – TIROS Meteorological satellite 

1970 Skylab RS observation from the Space 

1972 Landsat-1/ERTS-1 (with MSS sensor) launched 

Advancements in digital imaging and processing 

1975 Launch of GOES, Landsat-2 by NASA 

1977 EOS launched Meteosat-1 

1978 NASA launched Landsat-3, Seasat (SAR) 

1982 Landsat-4 launched (with TM sensor) 

1986 Commercial EO satellite SPOT launched by France 

1986 Hyperspectral Sensors developed 

1988 ISRO launched IRS-1A 

1990 First-ever commercial development in RS 

Spaceborne systems with high-resolution developed 

1991 ERS-I (first radar satellite) launched by ESA  

ISRO launched IRS-1B 

1992 Japan launched JERS-I (radar satellite) 

1994 ISRO launched IRS-P2 

1995 Canada launched Radarsat 

ERS-II launched by ESA 

ISRO launched IRS-1C 

1996 ISRO launched IRS-P3 

1997 ISRO launched IRS-1D 

1999 NASA launched EOS Mission ‘TERRA’ with MODIS and ASTER sensors 

Extremely high spatial resolution system IKONOS launched 

ISRO launched IRS-P4 (Oceansat-1) 

2001 Extremely high spatial resolution system QuickBird launched 

ISRO launched ‘Technology Experiment Satellite’ (TES) 

2002 NASA launched ‘Aqua’ with MODIS 

ESA launched Envisat-I with radar and optical instruments 

2003 ISRO launched IRS-P6 (Resourcesat-1) 

2005 ISRO launched IRS-P5 (Cartosat-1) 

2007 ISRO launched IRS-P7 (Cartosat-2) 

2008 GeoEye was launched 

ISRO launched Cartosat-2A 

ISRO launched IMS-1 
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2009 World-View-II by DigitalGlobe was launched 

ISRO launched RISAT-2 

ISRO launched Oceansat-2 

2010 ISRO launched Cartosat-2B 

2011 ISRO launched Resourcesat-2 

ISRO launched Megha-Tropiques 

2012 ISRO launched RISAT-1 

2013 NASA/USGS launched Landsat-8 

ISRO launched SARAL 

2015 ESA launched Sentinel-I 

2016 ESA launched Sentinel-II 

ESA launched Sentinel-III 

ISRO launched Cartosat-2C 

ISRO launched Scatsat-1 

ISRO launched Resourcesat-2A 

2017 ISRO launched Cartosat-2D 

ISRO launched Cartosat-2E 

2018 ISRO launched Cartosat-2F 

2019 ISRO launched RISAT-2B, Cartosat-3, and RISAT-2BR1 

Source: [84] and [85] 

The following time of quick advancement occurred in Europe and not in the United States. 

It was during WW-I, those planes were utilized for a huge scope for photograph observation. 

Aeroplanes end up being more solid and more steady stages for Earth perception than the 

balloons. In the period between WW-I and WW-II, a beginning was made with the common 

utilization of elevated photographs. Application fields of airborne photographs included 

around then geography, ranger service, agribusiness and map-making. These advancements 

lead to much improved cameras, films, and interpretation equipment. The main 

improvements of aerial photography and photograph interpretations occurred during World 

War II. During this period, the improvement of other imaging systems, for example, near-

infrared photography, thermal sensing and radar occurred. Near-infrared photography and 

thermal-infrared demonstrated entirely important to isolate genuine vegetation from 

disguise. The first of successful airborne imaging radar was not utilized for non-military 

personnel purposes yet demonstrated important for the dark hour bombarding. As such, the 

framework was called by the military 'plan position indicator' and was created in Great 

Britain in the year 1941. 

After the WW-I and WW-II, during the 1950s, remote sensing frameworks kept on 

advancing from the technology evolved for the war exertion. Color Infrared photography 

(CIR) was discovered to be of extraordinary use for the plant sciences. In the year 1956, 

investigations were directed by Colwell on the utilization of CIR for the arrangement and 
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acknowledgement of vegetation types and the recognition of infected and harmed or stressed 

vegetation. It was also during the 1950s that huge advancement in Radar innovation was 

accomplished. Two sorts of radar were created around then: SLAR: Side-Looking Airborne 

Radar, and SAR: Synthetic Aperture Radar. Either improvement focused on the securing of 

pictures at the highest possible resolution [86]. 

In the mid-1970s the main satellite explicitly intended to gather information of the Earth's 

surface and its assets were created and dispatched: ERTS-1 Earth Resources Technology 

Satellite (later in the year 1975, this program was renamed into Landsat). The first earth 

resource satellite was indeed a refashioned Nimbus weather satellite conveying two kinds of 

sensors: a four waveband Multi-Spectral Scanner (MSS) and three Return Beam Vidicon TV 

cameras (RBV). The sensors on board of the satellite end up being ready to gather top-notch 

pictures with sensible detail. These pictures gave remote sensing an overall 

acknowledgement as a significant innovation. The fundamental points of interest perceived 

around then were: the ready availability large portion of the world picturized, lack of 

security, political, and copyright limitations, repetitive Multi-Spectral coverage, ease, and 

minimal picture distortion. 

Landsat 2 and 3 were dispatched to Space in the year 1975 and 1978, individually, and 

conveyed a similar payload as the main satellite of the Landsat series. The payload was 

changed in the year 1982 with Landsat 4. The RBV was swapped by the Thematic Mapper 

(TM) sensor. An improved version of the TM, the ETM+ (Enhanced Thematic Mapper) was 

mounted on board of Landsat 7 and launched in the year 1999. The Landsat series is an 

extremely effective program, different MSS and TM sensors surpassed by a long shot its 

plan lifetime and its symbolism is presumably the most broadly utilized information in the 

Earth sciences. One dark spot on its verifiable record is the failure upon launch' of the 

Landsat 6 in the year 1993. At last, on 11th February 2013, the Landsat program proceeded 

with the launching of Landsat 8. Initially, it was called the Landsat Data Continuity Mission; 

it has a two-sensor payload, the Operational Land Imager (OLI) and the Thermal InfraRed 

Sensor (TIRS). Individually, these two devices obtain information for two longwave thermal 

bands and nine shortwave bands [87]. 

India has a remarkable contribution in the satellite launch missions and in the advancements 

in the RS technology. The Indian Space Research Organization (ISRO) conducted several 

missions that are successful and in operation. The technological information is not, however, 
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made to the public for easy access, learning and experimentation of the data acquired. 

Although the ISRO web portals as Bhuvan, FASAl, CHAMAN and so on. 

 

FIGURE 2-8  Landsat mission band designations 

Source: [88] and [89] 

Application of the RS technology is multifold accommodating applications in several 

domains relating to earth-surface based knowledge systems. Based on reflectance value 

associated with each pixel in a specific band image and a result of band composition, 

different elements on the earth can be known for its presents. Normalized Differential 

Vegetation Index (NDVI) is among the most reliable and popular band composition.  

To decide the thickness of green on the part of the land, scientists must observe the tones 

(wavelengths) of observable and near-infrared sunlight reflected by the plants. As can be 

seen through a prism, various wavelengths make up the spectrum of sunlight. At the point 

when sunlight strikes objects, certain wavelengths of the spectrum are ingested, and different 

wavelengths are reflected. 

The shade in plant leaves, chlorophyll, firmly retains visible light (from 0.4 to 0.7 µm) for 

use in photosynthesis. The cell structure of the leaves then again reflects the near-infrared 

light (from 0.7 to 1.1 µm). The more leaves a plant has, the more these wavelengths of light 

are influenced, individually.  

Vegetation shows up totally different at visible and near-infrared wavelengths. Under the 

visible light, vegetated territories are exceptionally dull, practically dark, while deserted and 

regions without any plantation are light. At near-infrared wavelengths, the vegetation is 

brighter, and deserts are about the equivalent. By looking at visible and infrared light, 

researchers measure the overall measure of vegetation [89]–[91].  

The NDVI is determined from the Visible and Near-Infrared light reflected by the 

vegetation. Solid vegetation assimilates most of the visible light that hits it and mirrors an 

enormous segment of the near-infrared light. Sparse or inadequate vegetation mirrors more 
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visible light and less of the Near-Infrared light. Nearly all satellite Vegetation Indices utilize 

the specific method to measure the thickness of plant development on the Earth. The result 

of this is known as the Normalized Difference Vegetation Index (NDVI). Composed 

numerically, the equation is:  

NDVI = (NIR — VIS)/(NIR + VIS) 

Calculations of the NDVI for a given pixel consistently bring about a number that goes from 

minus one (-1) to in plus one (+1); notwithstanding, no green leaves give a worth near zero. 

A zero explains no vegetation and pixel values nearing +1 (0.8 - 0.9) demonstrates the most 

elevated conceivable thickness of green leaves.  

There are several other Index developed on the similar lines of NDVI through an 

interpretation of wavelength encoded in pixels of different band images. Each of such index 

is essentially a specific mix (equation) of the sensor-estimated reflectance properties (water 

content, chlorophyll content, shade, and so forth) at least 2 wavelengths that uncovers 

specific attributes of vegetation. As sensors advance, Earth-noticing satellites give distant 

detecting specialists new information to fuel their examination and improve existing 

investigation.  

Several of Indices include for Soil Adjusted Vegetation Index (SAVI), Atmospherically 

Resistant Vegetation Index (ARVI), Enhanced Vegetation Index (EVI), Green Chlorophyll 

Index (GCI), Structure Intensive Pigment Index (SIPI), Normalized Burn Ratio (NBR), 

Normalized Differential Build-up Index (NDBI), Normalized Differential Water Index 

(NDWI) and so on [92]. 

Researchers across the globe have and are performing a large variety of research work 

combining the technology of Remote Sensing and GIS. The database of satellite images in 

along with geometrical elements created in GIS are used for studies related to urbanization, 

water resources, floods and mitigation, forestation, the study of ice, sea-level studies, 

desertification, land-use and land cover, hydro-meteorological studies, disaster risk 

reduction, sustainable and adaptive planning measures, UHI effects and so on.  Most relevant 

case studies pertaining to the current research (focused on urbanization and climate change) 

towards extraction of past efforts and findings thereof are discussed shortly in the sub-section 

below. 
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2.8.1 Past research outcomes 

(10) Geneletti, D. and Zardo, L., Ecosystem-based adaptation in cities: An analysis 

of European urban climate adaptation plans. Land-use Policy, 2016, 50, 38–47. 

Ecosystem-based adaption (EbA) measures have been progressively advanced in writing, 

just as in policies and practices, for their ecological and socio-economic co-benefits. The 

ongoing logical writing has indicated a developing interest to survey climate transformation 

plans at the urban level, in acknowledgement of the significant pretended by urban regions 

tending to climate change difficulties. Notwithstanding, little data is accessible on the mix 

of these two issues, i.e., the genuine incorporation of EbA measures in climate variation 

plans at the urban level. This paper tends to this hole by building up a system to examine the 

treatment of EbA in urban level climate arranging and apply it to an example of climate 

transformation plans in Europe. The structure comprises characterization of EbA measures, 

and a scoring system to assess how well they are reflected in various parts of the plans. The 

outcomes recommend that there is when all is said in done great mindfulness in plans of EbA 

measures, and of their possible part tending to climate change difficulties. Notwithstanding, 

their treatment in climate variation plans at the urban level frequently needs adequate 

benchmark data, just as persuading execution activities. The paper finishes up by offering 

recommendations to improve future practice, regarding upgrading the gauge data to improve 

the proposition and plan of EbA measures, improving the treatment of co-benefits related to 

EbA measures, and fortifying coordination with other arranging apparatuses. Conceivable 

future development of this works the joining of the proposed EbA order and the examination 

of a bigger example of regional plans.  

The benchmark data whereupon EbA measures are proposed and planned should be 

improved. Strategies to survey the current load of green/blue frameworks and their capability 

to give climate variation administrations must be mainstreamed in arranging practice. 

Especially, appraisals of the progression of ecosystem administrations at nearby scales are 

regularly missing, given that numerous climate change effect and weakness examines give 

results at bigger scopes, restricting their value for creating transformation techniques at the 

neighbourhood scale. A superior information base, remembering data for the spatial example 

of weakness, would permit to more likely objective the plan and usage of EbA measures.  
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Co-benefits related to EbA should be made more unequivocal. One of the most grounded 

inspiration for advancing EbA approaches is that they bring ecological and socio-economic 

advantages, past climate variation. A more proper investigation of the size of the co-benefits 

should be advanced in arranging, to give more grounded reasoning to choices including EbA. 

Ideally, examinations among EbA and elective transformation measures ought to be 

performed. These investigations can exploit the approaches and discoveries introduced in 

the developing writing on the appraisal and evaluation of ecosystem administrations, 

including its arising streams zeroed in on spatial arranging and effect evaluation.  

Association between climate transformation plans and other arranging instruments at the 

nearby level should be fortified. Numerous EbA measures require space, thus contend with 

other land-uses and needs in regions (urban settlements) where land assets are regularly 

scarce. Solid coordination with urban plans and different activities and policies is needed to 

guarantee that the proposed EbA measures are both possible and alluring. The issue of 

coordination between climate transformation activities and other arranging endeavours has 

been raised, however, has not gotten the necessary degree of consideration, even by the 

logical writing [93]. 

(11) Kotharkar, R. and Surawar, M., Land-use, Land Cover, and Population 

Density Impact on the Formation of Canopy Urban Heat Islands through Traverse 

Survey in the Nagpur Urban Area, India. Journal of Urban Planning and 

Development, 2016, 142, 04015003. 

This paper talks about an observational investigation that investigated the effect of land-

use/land cover, and population density on the arrangement of canopy Urban Heat Island 

(UHI) in Nagpur. The Nagpur as a study region is located at the geographical centre of India. 

The examination plans to think about the canopy UHI hotspots and heat sinks concerning 

urban land-use/land cover, and population density as the unmistakable determinants in urban 

areas. Cross overviews were conveyed throughout the late spring and winter seasons, 2012–

2014, to gauge nighttime mean canopy UHI intensity. It was recorded as 2.14 °C during 

summer and 2.36 °C during winter through traverse studies inside Nagpur. Canopy UHI 

impacts were discovered to be mainly in the areas having high building density and high 

population density. Thickly populated areas with less vegetation showed the most 

noteworthy canopy UHI hotspots and areas with the least canopy UHI are the heat sink spots. 

The effect of vegetation is negative because it debilitates the canopy UHI impact. Despite 
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what might be expected, population density could reinforce the canopy UHI impact for this 

situation study. The investigation presumes that adjustments in land-use/land cover of a 

particular land package and their separate vegetation cover and population density 

circulation lead to canopy UHI arrangement in Nagpur. There is a need to outline a vital 

relief plan concerning land-use/land cover classes and population density dispersion inside 

Nagpur urban areas to stay away from the further arrangement of canopy UHI and 

accomplish urban food. A map shows (FIGURE 2-9) the traverse routes and observation 

spots for the study conducted. 

 

FIGURE 2-9  Traverse survey routes and points of survey in Nagpur urban area 

Source: [94] 

The effect of land-use/land cover pattern and population density conveyance inside the 

Nagpur urban area was concentrated through 96 independently observed survey points 

throughout the summer and winter seasons. Studies show that the most elevated nighttime 

mean air temperature happens in areas with high building density and high population 

density having a less green cover. The minimum mean nighttime air temperature was seen 

in areas with lower building density and lower population density with more vegetation 

areas. The general nighttime canopy UHI intensity during the navigate review goes from 

1.47 to 3.62 °C in summer with mean UHI intensity 2.14 °C and changes from 2.71 to 3.09 

°C during winter with mean nighttime canopy UHI intensity 2.36 °C. Higher air temperature 
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areas are causing the development of canopy-layer UHI in Nagpur urban areas 

demonstrating comparable conduct during the two seasons. Business and private land-uses 

of Nagpur urban areas with less vegetation displayed the most elevated canopy-layer UHI 

hotspots, and the areas with the least canopy-layer UHI are the heat-sink spots. This is 

because of the high structure density, which traps the heat lost by building materials inside 

the structure canopy layer and decrease of convection measure in the urban climate.  

A specialist expresses that the land-use/land cover pattern influences the UHI impact by a 

thermal-biological variety of surface materials. Areas with more vegetation were cooler than 

their environmental factors and could go about as controllers to relieve a UHI. Vegetative 

areas are a fundamental segment of urban green infrastructure for their different environment 

administrations to the residents in the urban areas. 

The nighttime canopy UHI impact was seen to be unequivocally affected by the varieties in 

land-use/land cover pattern and the population density pattern during both the mid-year and 

winter inside the Nagpur urban areas around evening time. The canopy-layer UHI impact 

was found to increment with the expansion in population density and manufacture density. 

The UHI impact diminishes with an expansion in vegetative cover.  

The Nagpur mean canopy-layer UHI intensity saw in 2002 was 2.3 °C as observed by a 

researcher and in 2012 it was 2.9 °C (present investigation discoveries). In 2001, the Nagpur 

population was around 20.52 lakhs, and in 2011 it was 2.4 million. There has been an intense 

ascent in population during this progress period (from 2002 to 2012) inside the Nagpur urban 

area. It shows that because of ascending in population, there is an ascent in nighttime canopy 

UHI intensity in the Nagpur urban area.  

An expansion in canopy-layer UHI will legitimately affect energy utilization and medical 

problems and fatalities because of heating. The canopy-layer UHI impacts on an urban 

atmosphere show that air temperature shifts with the changing size of Nagpur urban areas. 

As of now, Nagpur being proclaimed as a metropolitan region goes about as a ground-

breaking centre point for the general urban turn of events and in all probability will have an 

expanding population size soon.  

The canopy-layer UHI impacts on expanded temperatures cause a negative impact on the 

network's current circumstance, which may prompt corrupting personal satisfaction. 

Subsequently, changes in land-use/land cover of a particular land bundle, its vegetative 
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cover, and their related population density assume the most imperative function in the 

development of a canopy-layer UHI. The investigation inferred that there is a need to outline 

a strategic mitigation plan as for land-use/land cover classes and population density 

conveyance inside Nagpur urban areas to dodge the further development of a canopy-layer 

UHI and accomplish urban food. 

(12) Andersson-Sköld, Y., Thorsson, S., Rayner, D., et al., An integrated method for 

assessing climate-related risks and adaptation alternatives in urban areas. Climate 

Risk Management, 2015, 7, 31–50. 

The urban climate is an intricate structure with interlinked social, biological, and specialized 

structures. An Earth-wide temperature boost is relied upon to have a wide assortment of 

effects, which will add to the multifaceted nature. Atmosphere changes will compel 

transformation, to lessen atmosphere related risks.  

Variation measures can address one angle at that point or focus on an all-encompassing way 

to deal with maintain a strategic distance from maladaptation. This paper presents an orderly, 

coordinated methodology for evaluating choices for decreasing the risks of heatwaves, 

flooding, and air contamination in urban settings, with the point of diminishing the risk of 

maladaptation.  

The investigation incorporates methodologies covering distinctive spatial scales, and both 

the current atmosphere circumstance and the atmosphere anticipated under environmental 

change situations. The transformation procedures explored included expanding vegetation; 

choosing density, height, and shade of buildings; and retreat or oppose (guard) against ocean 

level ascent. Their adequacy was surveyed concerning flooding, heat pressure and air quality 

yet additionally with respect to asset use, emanations to air (incl. GHG), soil and water, and 

individuals' discernments and weakness. The viability of the methodologies was positioned 

on a typical scale (from - 3 to 3) in an incorporated appraisal. 

Incorporated evaluations are suggested, as they help distinguish the most supportable 

arrangements, yet to diminish the risk of maladaptation, they require specialists from an 

assortment of orders. The most by and large relevant suggestion, gotten from the coordinated 

evaluation here, considering both aptitudes from various civil divisions, writing studies, life 

cycle appraisals and public discernments, is to build the urban greenery, as it adds to a few 

positive angles, for example, heat pressure mitigation, air quality improvement, compelling 
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tempest water and flood-risk the executives, and it has a few positive social effects. The most 

positive option was minimal, mid-ascent, light-hued assembling plan with enormous 

parks/green areas and trees close to buildings.  

 

 

FIGURE 2-10  Developed integrated approach framework 

Source: [94] 

The vegetation determination (a sort of animal varieties, area, and shape) is significant and 

must consider the likely tradeoffs identified with expanded urban greenery. Dense vegetation 

may add to apparent (or genuine) diminished security because of diminished visibility.  

Daylight might be impeded from entering buildings, which is negative in northern nations 

like Sweden. It likewise may decrease the ventilation and accordingly negatively affect air 

quality. Vegetation adds support both with respect to visibility yet additionally from different 

points of view, for example, falling mishaps (wet leaves), and harms to ground infrastructure 

(water, sewage pipes and so forth) gravely kept up vegetation additionally diminishes appeal 
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and lessens the feeling of prosperity, and may neutralize the ideal good effects (for example 

decreased heat pressure and improved air quality).  

In flood-safe areas, plan for conservative refers to, as minimized urban communities offer 

the capacity to utilize assets and decrease outflows because of less need of driving and 

(whenever planned in like manner) higher admittance to various administrations.  

It is significant as higher discharges will build requests for future transformation and 

mitigation measures and, hence, must be considered as maladaptation. Even though being 

extremely successful in diminishing daytime heat pressure by concealing, a minimized 

structure math expands evening heat pressure. In this manner, extra estimates must be taken 

to decrease heat pressure by, for instance, expanding the measure of urban greenery [95]. 

(13) Moser, S. C., Talk of the city: Engaging urbanites on climate change. 

Environmental Research Letters, 2006, 1, 1–10. 

Environmental change requires a cultural commitment to both mitigation and 

transformation. With a dominant developing part of individuals living in urban communities, 

urban inhabitants and civil chiefs should lessen their outflows and different effects on the 

provincial and worldwide atmosphere while managing the unavoidable close term and 

potential longer-term effects of environmental change.  

To encourage compelling cultural reaction to environmental change thus far just 

imperceptibly intrigued public should be staying in on the location. These postures critical 

difficulties in correspondence and continued effort endeavours. This letter draws on basic 

bits of knowledge from a three-year multi-disciplinary venture that elaborate scholastics and 

specialists from different controls and areas of (generally the USA) society and investigated 

how to impart environmental change in manners that encourage cultural reaction.  

Author of the paper applied the aggregate experiences from a multi-disciplinary, multi-

teammate venture on environmental change correspondence and social change explicitly to 

urban crowds. Its key decision is that environmental change correspondence can be made 

more viable in encouraging cultural reaction by utilizing best practices and the bits of 

knowledge from an assortment of sociologies to help raise the inspiration to change and at 

the same time add to bringing the boundaries and protections down to change. The 

undertaking did not create one or a few explicit correspondence missions to test in a genuine 

urban setting yet intended to create essential standards for improved practice. Given the basic 
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significance of an inexorably urbanized world, urban areas can and should assume a 

significant function in lessening nearby and worldwide GHG emanations.  

The standards offered in the work now expect fitting to and testing in explicit urban settings. 

Affirmation and refinement from such exact testing in explicit settings will propel our 

comprehension of how to adequately connect with urban residents in city discharge decrease 

and variation endeavours [96]. 

(14) Stone, B., Hess, J. J., and Frumkin, H., Urban form and extreme heat events: 

Are sprawling cities more vulnerable to climate change than compact cities? 

Environmental Health Perspectives, 2010, 118, 1425–1428. 

Extreme Heat Events (EHEs) are expanding in recurrence in huge-sized USA cities and very 

much seems to be responsible for annual fatalities due to climate change than any other type 

of extreme condition of weather. Additionally, low-density, sprawling patterns of urban 

advancement have been related to increased surface temperatures in urbanized areas.  

In this investigation, the researchers inspected the relationship between urban form at the 

level of metropolitan city and the recurrence of EHEs over a five-decade time span. Analysts 

utilized a broadly distributed sprawl index to quantify the relationship between the urban 

structure in the year 2000 and the mean yearly rate of change in EHEs for the duration of the 

year 1956 to 2005. The authors found that the pace of expansion in the yearly number of 

EHEs in sprawled metropolitan was more than twofold the pace of increment saw in the 

compact metropolitan locales.  

This investigation yields two head discoveries. The yearly event of EHEs keeps on 

increasing in large-sized metropolitan regions of the United States. The finding, recently 

showed by Gaffen and Ross (1998) for the period 1949–1995, is stretched out here to 2005 

for 53 metropolitan areas for which both temperature and sprawl index values are available. 

Second, the pace of expansion in EHEs is higher in sprawling than in compact metropolitan 

locales, an affiliation that not dependent zone of climate, metropolitan population size, or 

the pace of metropolitan population growth.  

The components of EHEs in urban areas are complex. Urban communities are normally 

portrayed by lower paces of evapotranspiration and lower albedo than are rustic areas, 

because of the decreased vegetative cover and the expanded presence of obscurely tinted 

bituminous material and clearing materials. Urban areas are additionally described by higher 
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thermal loads than the country areas, because of the concentrated presence of generators, 

cooling units, engine vehicles, and other heat sources.  

Despite the fact that the available information does not allow for an evaluation of the overall 

contribution of individuals to these components, the loss of vegetative cover is entrenched 

as a vital driver of the urban heat island impact. The plan and the management of land-use 

in metropolitan areas may offer a significant tool for adjusting to the heat-related health 

effects related to ongoing environmental change [6]. 

(15) Aylett, A., Institutionalizing the urban governance of climate change 

adaptation: Results of an international survey. Urban Climate, 2015, 14, 4–16. 

Three hundred and fifty districts across five continents take part in the Urban Climate 

Change Governance Survey (UCGS). Directed at MIT in association with ICLEI – Local 

Governments for Sustainability, the UCGS gives a first of its sort take a gander at the 

administration networks that districts are establishing to address environmental change.  

Drawing from the outcomes, this paper investigations the institutional administration 

structures that encompass neighbourhood government take a shot at environmental change 

transformation. 

Results show an integration of variation and mitigation planning, and a mainstreaming of 

transformation planning into other long-range and sectoral plans. About 73 per cent of 

respondents expressed that the local governments are drawing in with both variation and 

mitigation, and 75 per cent are coordinating transformation into long-range or sectoral plans. 

Be that as it may, numerous basic city organizations – including those answerable for water, 

wastewater, wellbeing, and construction bye-laws – stay on the marginal efforts of urban 

adaption. 

Inside institutional organizations of administration are inseparably connected to endeavours 

to address an issue like variation, which does not fit perfectly into individual, institutional 

storehouses. The aftereffects of the UCGS show where these organizations have so far been 

made, how they have been made, and which nearby government officials still do seem to be 

viably engaged [97]. 
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(16) Fu, P. and Weng, Q., A time series analysis of urbanization induced land-use 

and land cover change and its impact on land surface temperature with Landsat 

imagery. Remote Sensing of Environment, 2016, 175, 205–214. 

The connection between land-use and land cover (LULC) examples and thermal 

characteristic has for quite some time been read for inspecting the effect of urbanization on 

the metropolitan thermal environment. Past investigations were slanted to the use of one or 

a couple of pictures without completely considering the transient space of the intelligent and 

thermal infra-red information onboard Landsat sensors.  

This paper accepting the Atlanta metropolitan territory as a contextual investigation to show 

LULC change and its effect on land surface temperature (LST) varieties. The Landsat L1T 

(Standard landscape remedy) pictures from TM/ETM+from1984 to 2011 (507 in total) were 

downloaded through the USGS online entry and reliably aligned to surface reflectance and 

brilliance temperature (BT).  

The cloud, cloud shadow, and snow-sullied pixels were avoided in the investigation as 

indicated by the metadata, and a further screening system dependent on the RIRLS (Robust 

Iteratively Reweighted Least Squares) procedure was executed.  

The Time Series LSTs (TSLSTs) was inferred utilizing the single-channel calculation 

because it required just the boundaries of water fume and land surface emissivity and had a 

detailed mistake near 1 K. The LULC grouping and change recognition was refined by 

utilizing the Continuous Change Detection and Classification (CCDC) calculation.  

The TSLSTs were additionally disintegrated into the occasional and trend segments by an 

added substance model. Results demonstrated that the general LULC arrangement and 

change location accuracies were 89 per cent and 92 per cent, respectively.  

Metropolitan development was for the most part seen in Fulton County and Gwinnett 

County. Extreme focus metropolitan land had the biggest mean LST value of 294.9 K and 

yearly sufficiency of 17.4 K.  
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FIGURE 2-11  LULC Map in 2011 of counties under study area 

Source: [97] 

An examination of the trend part among metropolitan and non-metropolitan land covers 

indicated a distinction of 1.8 K every decade. Next, temporal thermal signatures were made 

to describe and evaluate the effect of metropolitan LULC changes.  

Decomposition investigation indicated that the transformation of evergreen woods to 

medium-intensity metropolitan land produced the biggest distinction in yearly LST variety 

(5.7 K) and the biggest trend contrast (0.0004 K/day) [98]. 

(17) Moeckel, R., Schürmann, C., and Wegener, M., Microsimulation of Urban 

Land-use. In 42nd European Congress of the Regional Science Association, 

Dortmund Dortmund, 2002, pp. 1–18. 

The venture of ILUMASS (Integrated Land-Use Modeling and Transportation System 

Simulation) in Germany, targets installing a microscopic unique recreation model of 

metropolitan traffic streams into a thorough model framework fusing the two changes of 

land-use and the resulting changes in transport interest.  

The land-use segment of ILUMASS will be founded on the land-use portions of a current 

metropolitan reenactment model yet is to be minuscule like the vehicle parts of ILUMASS. 
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Microsimulation modules will incorporate models of segment improvement, household 

arrangement, firm lifecycles, private and non-private development, work portability on the 

territorial work market and household versatility on the local lodging market.  

These modules will be connected with the models of everyday action examples and travel 

and products developments displayed in the vehicle parts of ILUMASS created by different 

accomplices of the task group. 

 The plan of the land-use model considers that the assortment of individual microdata (for 

example information which because of their miniature area can be related with singular 

structures or little gatherings of structures) or the recovery of individual microdata from 

regulatory registers for arranging objects is neither conceivable nor, for protection reasons, 

attractive. The land-use model, subsequently, works with engineered microdata which can 

be recovered from commonly open public information.  

ILUMASS is a gathering undertaking of establishments of the colleges of Aachen, Bamberg, 

Dortmund, Cologne, and Wuppertal under the coordination of the Transport Research 

Institute of the German Aerospace Center (DLR). The study area for tests and the first uses 

of the model is the metropolitan locale of Dortmund.  

The basic information base is being aggregated in co-activity with the City of Dortmund. 

After its finish, the incorporated model is to be used for surveying the effects of likely vehicle 

and land-use approaches for the new land-use plan of the city [99]. 

(18) Moon, K., Downes, N., Rujner, H., and Storch, H., Adaptation of the Urban 

Structure Type Approach for Vulnerability Assessment of Climate Change Risks 

in Ho Chi Minh City. 45th ISOCARP Congress 2009 “Low Carbon Cities”, Porto, 

Portugal, 2009, 7pp. 

Distinctive order explicit methodological ways to deal with survey the weakness of the 

"metropolitan environment" to climate change chances require an ordinarily acknowledged 

spatial working premise, which can guarantee that the resulting heterogeneous examinations 

can be trans-disciplinarily incorporated by utilizing a sufficient spatially express grouping.  

Thusly, a 'metropolitan typology' idea was created and will be used as a practicable technique 

to structure the spatial request of the affectability of settlement regions in HCMC. The 

Housing-related 'metropolitan typology' gives a uniform methodological and spatial system 
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for the various assignments inside the interdisciplinary organization of the exploration 

venture to help the development of future climate change Resilience-Building and 

consequently Resilience-Urban Structure.  

The contextual analysis depends on starting examination encounters of the development of 

GIS-based weakness pointers in the application territory of variation of a high-hazard 

agglomeration zone to the future effects of Climate Change. In light of the all-inclusive 

Urban Structure Type (UST) Approach'.  

The proposed model speaks to an interpretative technique to react and adjust to the effects 

of climate change. It focuses on the best way to incorporate climate change dangers and risks 

with data and pointers that depict both the presentation and affectability of the exceptionally 

thick metropolitan zones of Asian megacities, for example, Ho Chi Minh City (HCMC), 

Vietnam [37]. 

(19) Govind, N. R. and Ramesh, H., The impact of spatiotemporal patterns of land-

use land cover and land surface temperature on an urban cool island: a case study 

of Bengaluru. Environmental Monitoring and Assessment, 2019, 191. 

In the greater part of the developing nations, man-made developments in the environment to 

have prompted the developing interest to contextualize the land-use land cover (LULC) 

changes and land surface temperature (LST) varieties. Because of the alteration in the 

surface properties of the urban areas, a distinction in energy balance between the urban 

communities and its non-metropolitan environmental factors is noticed.  

The point of the investigation is to examine the spatial and worldly examples of LULC and 

LST and its in-between a relationship in Bengaluru metropolitan region, India, during the 

period from the year 1989 to the year 2017 utilizing far off detecting information. Intensity 

examination was performed for the span to break down the LULC change and recognize the 

main thrusts. The effect of LULC change on LST was evaluated utilizing problem area 

investigation.  

The results of this examination show that, 

(a) predominant LULC change experienced is the increment in a metropolitan region (around 

40 per cent), and the pace of land-use change was quicker in the time span of the years 1989–

2001 than 2001-2017. 
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(b) the significant progress saw is from infertile and agrarian land to metropolitan. 

(c) over the time of 28 years, LST designs for various land-use classes display an expanding 

trend with a general increment of roughly 6 °C and the mean LST of the metropolitan region 

expanded by around 8 °C. 

(d) LST design change can be successfully dissected utilizing problem area investigation. 

(e) as the metropolitan extension happens, the virus spots have in-wrinkled, and it is basically 

grouped in the metropolitan territory.  

It affirms the presence of a metropolitan cool island impact in Bengaluru metropolitan 

region. The discoveries of this work can be used as a logical reason for the supportable 

development and land-use arranging of the locale later on [100]. 

(20) McCarthy, M. P., Best, M. J., and Betts, R. A., Climate change in cities due to 

global warming and urban effects. Geophysical Research Letters, 2010, 37, 1–5. 

Urbanization is assessed to result in 6 billion metropolitan tenants by 2050. Urban 

communities will be presented to climate change from greenhouse gas-instigated radiative 

compelling and confined impacts from urbanization, for example, the metropolitan warmth 

island. A metropolitan land‐surface model has been remembered for the HadAM3 Global 

Climate Model. It shows that areas of high population development concur with districts of 

high metropolitan warmth island potential, most prominently in the Middle East, the Indian 

sub‐continent, and East Africa.  

Climate change can adjust the climatic potential for metropolitan warmth islands, with 

increments of 30 per cent in certain areas, yet a normal worldwide decrease of 6 per cent. 

Warming and outrageous warmth occasions because of urbanization and expanded energy 

utilization are reenacted to be as extensive as the effect of multiplied CO2 in certain districts, 

and climate change builds the difference in extraordinary hot evenings among provincial and 

metropolitan zones [101]. 



2.8 RS as a data acquisition tool 

73 

 

 

FIGURE 2-12  Global population growth and UHI potential by the year 2050 

Source: [100] 

(21) Almazroui, M., Mashat, A., Assiri, M. E., and Butt, M. J., Application of 

Landsat Data for Urban Growth Monitoring in Jeddah. Earth Systems and 

Environment, 2017, 1, 1–11. 

Urbanization might be the most estimated type of perpetual land change. Jeddah, the second 

biggest city of Saudi Arabia, has seen an uncommon pace of development throughout the 

most recent 40 years. In urban communities like Jeddah, the fast expansion in population 

alongside the resulting metropolitan development may affect the environment.  

Information from different sensors on the Landsat satellite has been used to screen 

metropolitan development in Jeddah for a very long time. For this examination, eight 

pictures, three each from the Multispectral Sensor and Thematic Mapper just as two from 

the Enhanced Thematic Mapper Plus between the years 1973 and 2014, were procured and 

broke down to screen the spatial and transient changes in Jeddah.  

Data on land-use concerning vegetation uncovered soil, sand, metropolitan region, rocks, 

street/solid structures, and water bodies was separated. The results of our examination show 

that urbanization in the investigation zone expanded by 109.76 sq. km. for the period 1973–

2014, and in certain regions has adjusted the structure and spatial example of the city. 
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FIGURE 2-13  Jeddah city image in RGB for the years 1973, 1975, and 1979 

Source: [101] 

In any case, examinations of the effect of metropolitan development on temperature varieties 

show that never-ending suburbia minimally affects the land surface temperature in the city. 

The investigation demonstrates that the most effective approach to decide the environmental 

effects of endless suburbia is using satellite information [102]. 

(22) Zhou, G., Wang, H., Chen, W., Zhang, G., Luo, Q., and Jia, B., Impacts of 

Urban land surface temperature on tract landscape pattern, physical and social 

variables. International Journal of Remote Sensing, 2019, 41, 683–703. 

This paper initially focuses on the investigation of the connection between the metropolitan 

warmth island (UHI) and the chose actual factors (level of metropolitan surface covers, 

Normalized Difference Vegetation Index (NDVI)) and social factors (population density 

(PDEN)), and afterwards focuses on the investigation of the connection among UHI and the 

landscape spatial mathematical examples.  

The explored results discover that metropolitan Land Surface Temperature (LST) is not just 

affected via land cover arrangement. For example, land-use/cover, which is communicated 

in this paper as the PURB (trade/industry/transportation). Yet, additionally its spatial 

mathematical arrangement, for example, different landscape mathematical example 

measurements, which in this paper are communicated. 

The results include the compositional level of landscape zone (PLAND), configurational 

patch density (PD), edge density (ED), Clumpiness Index (CI), landscape Shape Index (LSI), 

and Shannon's Diversity Index (SHDI). The results show that the extent of vegetation 

coverage out of a plot impacts its commitment to a whole UHI in Washington District of 
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Columbia (DC); specifically, sprinkling vegetation inside a parcel is equipped for making a 

more grounded moderation impact to UHI than its concentrated structure. Subsequently, a 

scatter spatial arrangement and dispersed vegetation is proposed to have relieved from the 

UHI impact [103]. 

(23) Mahajan, D. M., Kadam, S. S., and Gunale, V. R., EFFECTS OF CHANGED 

URBAN LAND-USE PATTERN AND LOSS OF WETLANDS. In National 

Conference 2014 PGKM’s Haribhai V. Desai College, Pune, 2014, pp. 33–39. 

Urbanization in Pune is an inescapable and quickly developing type of land-use change. 

Particularly, the infringement around the water bodies has brought landscape change from 

wetland to upland. Exceptional changes in land-use design related to urbanization have 

resulted in a massive effect on wetland regions, where human settlements are found. The 

current paper talks about the unsettling influences and annihilating impacts of land-use 

change on Bhosari Lake wetland region arranged in Pune metropolitan.  

Anthropogenic exercises are mindful of changing the wetland, has resulted in territory 

modification of wetland plants. The lake has involved 95,419.40 sq. m. area; be that as it 

may, present examinations detailed 100 per cent loss in the wetland region. The 

developmental exercises (particularly constructional) and release of homegrown sewage, 

straightforwardly or in a roundabout way, in and around the lake has resulted in quickened 

eutrophication with ensuing changes in the piece of sea-going macrophytes [104]. 

(24) Carter, J. G., Cavan, G., Connelly, A., Guy, S., Handley, J., and Kazmierczak, 

A., Climate change and the city: Building capacity for urban adaptation. Progress 

in Planning, 2015, 95, 1–66. 

The huge movements in climate factors anticipated for the 21st century, combined with the 

noticed effects of continuous outrageous climate and climate occasions guarantees that 

transformation to climate change is set to stay a problem that is begging to be addressed for 

metropolitan zones throughout the next few decades. This volume of Progress in Planning 

looks to add to the extending banter about how the change of cities to react to the changing 

climate is being perceived, overseen, and accomplished.  

The study area having networks of natural drains and flood zones are prepared using GIS 

and illustrated in FIGURE 2-14. 
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FIGURE 2-14  Flood zones of Greater Manchester, UK 

Source: [104] 

The study centred especially around spatial arranging and building the limit of this vital 

system for reacting to the transformation basic in metropolitan zones. The centre is the 

results of a synergistic exploration venture, EcoCities, attempted at the University of 

Manchester's School of Environment and Development.  

EcoCities drew upon between disciplinary examination on climate science, environmental 

arranging and metropolitan plan working inside a socio-specialized system to research 

climate change dangers, weaknesses, and transformation reactions in the conurbation of 

Greater Manchester, UK.  

Arising adaptable learning with expected importance for variation arranging in different 

cities and metropolitan regions is attracted out to advise this quickly arising global plan. 

Ways to deal with building versatile limit challenge conventional ways to deal with 

environmental and spatial arranging, and the function of specialists in this cycle, bringing 

up issues about whether fitting administration structures are set up to create powerful 

reactions.  

The cross-cutting nature of the variation plan uncovered the storehouse-based methodologies 

that drive numerous associations. The development of a shared, sociotechnical plan is 

fundamental to meet the climate change variation challenge in cities [105]. 
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(25) Sahana, M., Dutta, S., and Sajjad, H., Assessing land transformation and its 

relation with land surface temperature in Mumbai city, India using geospatial 

techniques. International Journal of Urban Sciences, 2018, 23, 205–225. 

Land change as a result of uncommon urbanization has presented changes in neighbourhood 

climate and surface energy spending plan. Land surface temperature (LST) is a significant 

factor impacting neighbourhood climate and biology. Mumbai being the second-biggest 

populated city, is encountering critical changes in land-use/land cover (LULC) and surface 

energy transitions. Consequently, the fundamental goal of the examination is to evaluate the 

spatial variation in land surface temperature because of land-use/land cover change.  

 

FIGURE 2-15  LULC of Mumbai 

Source: [105] 

A few records like; Normalized Difference Vegetation Index (NDVI), Normalized 

Difference Moisture Index (NDMI), Modified Normalized Difference Water Index 

(MNDWI) and Normalized Difference Built-up Index (NDBI) were determined to approve 

the spatial fluctuation of LST in various land-use/land cover classes.  

The examination used Landsat5/TM and Landsat8/TIRS information for evaluating land 

change and its connection with LST in Mumbai city. January, June and October long periods 

of three-time arrangement for the years 1990, 2000 and 2015 were picked as illustrative of 

three seasons to dissect variety in LST. Pixel to pixel overlay investigation for various lists 

and LST was completed to analyze the connection of LST with various files.  
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The investigation uncovered the greatest change in LST was recorded during the long stretch 

of June over the examination time frame. The land change from vegetation and farming land 

to metropolitan developed has been discovered to be the primary driver of expanded LST in 

the examination territory. The finding of the examination may help in declaring economic 

metropolitan land-use arrangements and staying away from the impact of the metropolitan 

warmth island [105]. 

2.9 Research component extraction 

Several past efforts of research and reporting by Government and multilateral organizations 

were studied. The studies performed in the past depicts for the uniqueness and novelty of the 

current research work, its aim and objectives along with a scope. Furthermore, the legal 

application of tools as RS-GIS is at present not enacted in reference to the technology 

available and existing legislative provisions for land management in Gujarat state.  

The RS-based images are processed for analysis of extracting information about UHI effects 

in the urban areas. The GIS applications are used for understanding the spread of population 

and preparing base maps using boundaries. The simulations for temperature profile and 

rainfall patterns are performed, mostly without spatial mapping context. Also, the flood 

zones are identified separately using mathematical models. It may be anticipated that the 

current research work carried out keeping the study is of Surat metropolitan shall be useful 

for the citizens to a larger extent. Next of the chapter discusses the study area in detail.  

 

 



 

 

Chapter 3 
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CHAPTER 3. Study Area Profile 

3.1 History and evolution of the city of Surat 

Since the year 300 B. C., the settlement of Surat has its documented history. A conventional 

tale extending the beginning of the name of Suryapur alludes to the time during 1500 A.D. 

to 1520 A.D. In the duration, the city was known for its trading business [106].  

It is by all accounts conceivable that the modern Surat is based on the site of the old Hindu 

town of Suryapur. Throughout time, Muslim dominance changed its Hindu name "Suryapur" 

to "Suryt", and over a period, it was to a great extent rehearsed as "Surat" [107].  

Surat turned into the most important trade link connecting India and numerous different 

nations. It had the tallness of success till the ascent of Bombay port in the seventeenth and 

eighteenth centuries [108].  

 

FIGURE 3-1  Administrative expansions within the study region 

Source: (Author) 
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In the past, Surat was a thriving place for shipbuilding exercises. Post ascending of Bombay 

as a functioning port, the port of Surat confronted a serious blow. As a result, the 

shipbuilding exercises declined Surat saw extensive development in the mechanical 

activities (remarkably, textiles and allied production) post-independence of India. Today, the 

textile industries, diamond cutting-polishing, jewellery manufacturing and real estate sectors 

are predominating with ancillary service providers [109].  

The extension of city limits has one of an explanation as expanding mechanical foundations 

and rising need to oblige the labourers (ref. FIGURE 3-1).  

“It is the ninth-largest metropolitan area and eighth-largest city of India. Based on a study 

conducted by The City Mayors Foundation, Surat was globally ranked as the 34th largest city 

by area. An annualised GDP growth rate of 11.5 per cent was reported for Surat city over 

the seven fiscal years between the years 2001 and 2008. Also, the city was globally ranking 

4th fastest developing cities [17]”.  

The lands have emerged a unique identity by the typical and unique culture of ‘Suratis’ (the 

Citizens of Surat), well known for a variety of delicacies, their friendly and welcoming 

behaviour showing acceptance to all who wish to contribute in the wealth of all. Surat is 

ranked Fourth among the fastest growing global cities [32].  

The settlement has developed as the economic capital of the Gujarat State; however, by the 

geographical spread and population, it is holding the second-highest position in the Gujarat 

State following the region of Ahmedabad [110].  

As per the records of Census of India, 2011, the urban population of Surat city was 

earmarked as 4.4 million with an administrative area of the ULB (Surat Municipality, 

established in the year 1852 and working as a Corporation since 1966 AD [111] as 326.515 

sq. km. [112]. However, the urban region of Surat, the study area as a metropolitan region, 

has an extent of 1,357 sq. km. housing a population of about 5.5 million [113].  

It forms the study area for the discussion in the following sections and considered as a 

metropolitan region. The region is centrally located between Mumbai and Ahmedabad. The 

Arabian sea is at the West, the Bardoli Urban Development Authority (BUDA) limits to the 

East, and the Navsari Urban Development Authority (NUDA) limits to the South of the study 

region [114]. There is, so far, no development authority established to the North of the SUDA 

limits. 
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3.2 Surat urban region 

The human settlement grew on the southern bank of Tapi river. Over a period, citizens settled 

on either side of the River. However, the walled city evolved at the southern bank with 12 

gates permitting access to the inner-walled-city. The external wall-divider was developed in 

the year 1707, encasing a region of 7.35 sq. km [115].  

 

FIGURE 3-2  Spatial evolution of Surat urban centre 

Source: [106] 

The monetary and infrastructural development since the 1960s, found in the city and the 

district, has resulted in a spread of an urban population turning the settlement into a city. 

SMC is providing and managing for essential service infrastructure since the year 1963 [64]. 

The administrative limits of the SMC with the bifurcation of administrative decentralization 

in terms of zones are illustrated in FIGURE 3-3. 

 

FIGURE 3-3  SMC within the study region 

Source: (Author) 
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The study region has reported for a consistently increasing population across the region, 

except for a few villages where there is a decline reported [116]. The increase is showing 

almost an exponential growth of population since the year 1991 and continuing till the last 

of the Census survey conducted by the Government of India in the year 2011 [117]. The 

study region had administrative overlap through different Taluka levels. The bifurcation of 

Taluka administration is shown in FIGURE 3-4. 

 

FIGURE 3-4  Taluka split within the study region 

Source: (Author) 

An efficient cycle to up-grade infrastructure, both quantitatively and subjectively, has been 

made by the nearby government. Surat keeps on introducing a 6 per cent addition to yearly 

population development since the year 1960s, setting Surat eighth with respect to population 

size countrywide (in the year 2011) with a population of about 4.46 million within the 

administrative limits of 326.515 sq. km. of SMC [118].  

Also, an area population of around 6.08 million, a change of about 42.24 per cent over the 

region population recorded in the time of the year 2001 [117]. Prominent is additionally the 

way that out of this about 80 per cent population goes under the metropolitan territory, and 

just 20 per cent population lives in country regions, which is far higher than the public 
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normal of 32 per cent (metropolitan population) and 68 per cent (rural population). While 

the city has effectively filled the sizeable infrastructural gap aggregated throughout a long 

time inside a limited capacity to focus 10 years [116]. Moreover, a reliably high pace of 

development in population has postured for fresher requests. Occasionally, jurisdictional 

constraints of SMC the nearby administering body has likewise been reached out to manage 

the outgrowth [111].  

Under the provisions of the Gujarat Town Planning and Urban Development Act, 1976, the 

region around Surat city is administered by Surat Urban Development Authority (SUDA) 

[109]. The administrative control boundaries of SUDA has an extent of 1357 sq. km. that is 

considered as a study area in the current research [119]. 

3.3 Geographical setup in Surat region 

The landscape of the region has a gentle slope to the West from the East. The railway station 

of Surat city has the ground level recorded as 13 m higher than the MSL. The railway station 

is based at about 20 km from the seashore of the Arabian ocean on the West [120]. 

There are a little higher than 300 natural water tanks (ponds, lakes) in the study region. These 

waterbodies have different sizes and storage capacities, depending on the local topography 

[121]. The River Tapi is traversing from the central part of the study area along with River 

Mindhola in the Southern region [118], [122]. Both of these rivers are flowing from the East 

to the West.  

Apart from these major water streams, there exists a complex network of natural drains 

acting as a feeder to these water streams. These small-sized channels are originating from 

the ends of irrigation canals and also, presently serving to carry for sewage and effluent 

discharge [123].  

The SMC has recently endeavoured to protect the banks of these channels along with the 

creation of a buffer zone to avoid encroachments upon. Such works will ensure of non-

disposal of unauthorised and unwanted wastewater disposal in these streams [124].  

Having household encroachment resulted in the reduction of flow carrying capacity; 

flooding conditions have emerged during the monsoon. The flooding in the channels affects 
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specific inhabited areas in the surrounding of these streams [125]. Notably, the region has 

no hilly or rocky mounts, nor it has any area having depressions on the earth surface.  

There is a large extent of land available with the potential to develop in the Surat 

metropolitan region. Agricultural activities occupy the North, South and East side land 

pockets of the city. The seashore part has a belt of natural mangroves that extends in the Tapi 

river delta region due to salinity ingress. The salinity ingress has resulted from the excessive 

extraction of groundwater in the haste of development of built-up areas in the western parts 

of the city area.  

The Western of the region parts is earmarked as forest lands (mangroves) with the barren 

uncultivable land. Based on thought of ‘The parcels of barren land become ideal for active 

industrial occupation without harming the agriculture’ resulted in the evolution of an 

industrial belt in Hazira located in the Western part.  

The South-west of the region has more of the mangrove covers in the Mindhola River delta. 

The development of Sachin industrial estate (under the GIDC) in the South is due to available 

open barren land pockets analogous to the settings in Hazira. 

3.4 Climate in Surat 

The climate of Surat city can be broadly divided into four seasons viz. summer, rainy, 

autumn and winter. Summer in the region is for three months from March to May. The rainy 

season is observed from the month of June to September. The autumn is during the months 

of October and November. The winter is from the month of December to February. The 

climate of the city is hot and humid due to the location of the Arabian Sea nearby.  

The midsummers are fairly warm with temperatures extending from 37.78 °C to 44.44 °C. 

The weather is pleasing during the monsoon while autumn is moderate. The wintertime is 

not very cold but the temperatures in January array from 10 °C to 15.5 °C. The maximum 

humidity ranges around 80 per cent.  

The raining term is usually five months, with an average rainfall of 1140 mm [33]. Surat 

observes the winds from the South West from the Arabian Sea. The gust is mostly from the 

ocean towards the parts of the central city.  
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Having proximity to the Arabian Sea, the city enjoys a pleasant climate throughout the year. 

The weather records of the past 25 years (from the year 1995-2019) duration are examined 

to understand the climate of the region. A detailed discussion is described in the next chapter.  

3.5 Demographic trends and dynamics 

As a result of rapid industrialisation, having many largescale company establishments within 

the study region of Surat Urban Development Authority (SUDA), the populace has increased 

almost exponentially. These corporate giants include for KRIBHCO, Larson & Toubro, 

ESSAR Ltd., NTPC, Reliance industries limited and such [126]. Surat offers magnetic 

effects appealing for migration with huge service potentials in the synthetic textile, diamond, 

and construction of buildings [127].  

In addition, relatively nonviolent and amicable social culture in the region having moderate 

climate have converted the migrants into citizens. It resulted in an elevated decadal growth 

the state in the past two census years [128].  

The statistic of the population from the census year 1901 to 2001 is earmarking the 

centennial growth, as illustrated in FIGURE 3-5. It is about 20 times increase in the 

population in the duration. The numbers show the decadal population with an abrupt rise 

after the year 1981, depicting the effect of considerable in-migration. 

 

FIGURE 3-5  Population trend in Surat city 

Source: [29] 
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The original settlement part is observed to be spreading in all directions from the old walled 

city centre. Earlier, the CBD was considered to be the old-walled city area where 

administrative offices are established. Today, the city has multiple CBD areas with the 

spread of population and built-up in different parts of the region. TABLE 3-1  Population, 

density and growth rate in SMC and SUDA shows records of population growth for the past 

four decades.  

TABLE 3-1  Population, density and growth rate in SMC and SUDA 

Census 

Year 

SMC area SUDA area (without SMC) Total of SUDA area 

Population Density 

per sq. 

km. 

GR 

(%) 

Population Density 

per sq. 

km. 

GR 

(%) 

Population Density 

per sq. 

km. 

GR 

(%) 

1981 9,99,373 3,066 -- 1,20,993 306 -- 11,20,366 1,552 -- 

1991 16,24,135 4,982 62.52 1,55,501 393 28.52 17,79,636 2,465 58.84 

2001 28,68,603 8,799 76.62 2,36,521 597 52.10 31,05,124 4,301 74.48 

2011 44,73,143 13,721 55.93 3,31,739 838 40.26 48,08,882 6,655 54.74 

Source: [129] 

Surat got rating as a Mega City of India. Census year 2001 reported for Surat to have the 

highest growth rate among cities of Gujarat state and the second ‘Most growing City’ in 

India with a growth rate of 76.62 per cent [130].  

In the years after 1981, the population growth reported for a consistent rise in the populace. 

Since the independence of the country, an objective Census was first-ever conducted in the 

year 1961, post-adoption of the Constitution of India. At the same time, implementation 

through Five-year fiscal devolution plans floats by the then Central Government. And in the 

duration, the key focus of the funding was aiming for improving the agricultural sector.  

3.6 Industrial activities 

The study area is having a large number of establishments and also, upcoming variety of 

industries. Male workers are occupied in these economic activities. The spatial extent of 

these industries is spreading in all directions from the city centre. The study area has four 

operational Special Economic Zones (SEZ). In addition, many industrial estates under the 

GIDC and particular area earmarked for heavy industries are based in the Hazira. 

The establishments serve several sectors as diamond cutting-polishing and processing, 

textiles-yarn threading and processing, chemicals and petrochemical industries. It all has 

distinguishingly attributed to the evolution of Surat district as a major industrial hub. The 
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units in Surat processes about 10 out of 12 types of varieties of diamonds globally and 

contributes for about INR 45,000 Crore that is approximately 65 per cent of the total diamond 

oversea trades from India. It makes the city to earn a label of ‘Diamond Capital of India’ 

[131]. 

Surat is also recognized as ‘synthetic capital of India’ and by the year 2015, as it has more 

than 65,000 power looms and provides employment to over seven lac workers in the district 

[108]. Surat has effectively been attracting the Foreign Direct Investment (FDI) in sectors of 

oil, energy, and petroleum. Hazira Terminal Project having an investment of INR 3,000 

Crore is the largest Greenfield FDI in the country [132]. 

The development of a Petrochemical Complex, Gems and Jewellery Park and the well-

promoted Surat SEZ are expecting to contribute in the expansion for the industrial and 

economic growth in the region. The extension of Hajira port is envisioned in two phases. 

The first stage includes the development of port infrastructure to handle Liquefied Natural 

Gas (LNG) imports. The second stage would offer port services for handling dry-bulk and 

container cargo. The port capability would help in attracting yet more investments in the 

future [74]. 

3.7 Urban planning initiatives 

The Constitution of India empowers the state governments on the grounds of ‘The 

urbanization is a state subject matter’. It allows liberty to the state governments to deal 

urbanization as promotional or demotion of settlements within its jurisdiction [116].  

Since its inception in the year 1960, Gujarat state has acted upon proactively to deal with the 

urbanization and industrialization. The state has many major human settlements emerged in 

mega and metro cities over the years.  

The state government through its legislation, The  GTPUD Act, 1976 regulates the land-use 

zoning in the potential urbanized areas vis-à-vis balances for the sustenance of agricultural 

activities through various policy implementation [7], [133].  

The region has a well-connected canal network to supply sufficient water for agriculture 

purpose. Also, these canals feed some of the industries established in the region.  
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3.7.1 Development Plans 

As discussed earlier, the GTPUD Act, 1976 has provisions to establish an Urban 

Development Authority. Under the same, the Surat Urban Development Authority (SUDA) 

was established in the year 1978. The Authority has since then active in the preparation of 

DP and TPS to accommodate fringe area development as per the zoning provisions approved 

by the state government. The area allocated for authorized administration under SUDA was 

722 sq. km. including the city parts of Surat [134]. 

3.7.1.1 The development plan of 1986 

Upon establishment, as the first task on hand, the authority prepared First DP of Surat in the 

year 1986. Primarily the provisions in the DP had a focus to impose control and promote the 

development of industrial and residential zones.  

 

FIGURE 3-6  SUDA DP of 1986 

Source: (Author, based on SUDA, 2016) 

As illustrated in FIGURE 3-6, the DP was prepared on A1 size sheets and was made 

available in parts. All the parts were carefully scanned and stitched to construct an image 

showing the total area under SUDA administration.  

The land-use as per records is expressed in TABLE 3-2. The then about 90 per cent of SUDA 

land parcels were identified to be vacant as non-urbanized land. Agricultural usage was 
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permitted within the Urban Development Authority area. The focus of the DP was to earmark 

zones of residential usage and industrial usage along with prioritizing road network in the 

region.  

TABLE 3-2  SUDA land-use in 1986 

Land-use 

SUDA Area 

Surface 

cover (ha) 

Developed 

area (in %) 

Residential 2695.60 3.73 % 

Commercial 141.30 0.20 % 

Industrial 1006.40 1.39 % 

Educational and public purpose 540.00 0.75 % 

Open and recreation 22.21 0.03 % 

Roads 790.92 1.10 % 

Agriculture 1550.00 2.15 % 

Total urbanized 6746.43 9.34 % 

Non-urbanized area 65453.57 90.66 % 

Total area 72200.00 100.00 % 

Source: [116] 

3.7.1.2 The development plan of 1996 (1998) 

The first revision in the DP of SUDA happened in the year 1996. The DP was approved in 

the year 1998 with land-use shown in TABLE 3-3 by the State government. The DP records 

show that a substantial increase in residential zoning was proposed along with focusing on 

the industrial land-use promotion. 

TABLE 3-3  SUDA land-use in 1996 

Land-use 

SUDA Area 

Surface 

cover (ha) 

Developed 

area (in %) 

Residential 6189.00 8.57% 

Commercial 256.00 0.35% 

Industrial 2784.00 3.86% 

Educational and public purpose 735.00 1.02% 

Open and recreation 58.00 0.08% 

Roads 1661.00 2.30% 

Agriculture 1550.00 2.15% 

Total urbanized 13233.00 18.33% 

Non-urbanized area 58967.00 81.67% 

Total area 72200.00 100.00% 

Source: [132] 
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The map of DP was made available, as shown in FIGURE 3-7 that is showing proposed land-

use for the year 2011. In addition, the road network serving transportation needs of the 

citizens was increased for its provision as a land-use component. 

 

 

FIGURE 3-7  Proposed land-use in SUDA DP 1996 

Source: [132] 

3.7.1.3 The development plan of 2006 

The third revision of the DP of SUDA was taken up under the provisions of The GTPUD 

Act, 1976. In a similar duration, under the JnNURM of Government of India, the SMC 

exercised for preparation of City Development Plan. Earlier provisions for residential and 

industrial land-use zoning were identified to get materialized. The city and parts were 

reported for substantial growth.  

The Surat city emerged as the fastest growing city in the year 2001 through Census 

conducted by the Government of India. By the year while the DP was under preparation, the 

developed land parcels already reportedly consumed almost 25 per cent of the area under the 
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administration of SUDA. However, by the year, the actual pace of land surface built up was 

not revealed. The SMC initiated several measures to tackle different aspect in concern to 

manage the increasing urbanization. The land management was taken care by means of TPS 

provisions. The existing situation was analyzed, and the then land-use was worked out for 

SUDA area, as shown in TABLE 3-4. 

TABLE 3-4  SUDA land-use in 2004 

Land-use 

SUDA Area 

Surface 

cover (ha) 

Developed 

area (in %) 

Residential 9806.18 13.58% 

Commercial 415.72 0.58% 

Industrial 3023.40 4.19% 

Educational and public purpose 579.82 0.80% 

Open and recreation 106.61 0.15% 

Roads 1561.41 2.16% 

Agriculture 1550.00 2.15% 

Total urbanized 17043.00 23.61% 

Non-urbanized area 55157.00 76.39% 

Total area 72200.00 100.00% 

Source: [115] 

The sanctioned Revised DP in the year 2006 (illustrated in FIGURE 3-8) was proposing 

many changes in the land-use zoning. The major aspect of concern to shift industrial 

establishments away from the city centre. Accordingly, SUDA provided developable 

industrial zoning in the South, East, North, and North East areas to sustain the residential 

life within the core city areas at the centre. 
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FIGURE 3-8  Sanctioned RDP of SUDA in year 2006 

Source: (SUDA, 2016) 

3.7.1.4 The development plan of 2016 (RDP 2035) 

In the year 2013, SUDA initiated the exercise of another decadal review of the existing 

situation to revise the DP. Population Census in the year 2011 revealed much about 

demographic trends and changes. The active Southern Gujarat Chamber of Commerce and 

Industries (SGCCI) along with Directorate of Industrial Commission (DIC) played a crucial 

role in the revealing of industrial establishment scenario in the exercise. The SUDA 

appointed eight committees assigning different tasks to investigate the current scenario and 

propose for amending the DP keeping the horizon year as 2035. One of the crucial findings 

of the committee appointed included a realization that the SUDA administrative area is not 

722 sq. km. but 715 sq. km. The reason being initial notification (of the year 1978) was 

updated for the exclusion of one village later which never accounted in the land-use 

structures in earlier DP. The area under the administration of SUDA was extended by the 

Government of Gujarat to the extent of 1,357 sq. km. as shown in FIGURE 3-9 while SUDA 

proposed for a revised DP in the year 2016. 
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FIGURE 3-9  SUDA RDP 2035 proposed in 2016 

Source: [109] 

With the advancement in the technology, there are several changes in the land-use proposals 

to accommodate requirements identified by appointed committees. BRTS on city roads, 

Metro rail corridor across the city, a Dedicated Freight Corridor (DFC) by the central 

government, the Vadodara-Mumbai Expressway, River Inter-linking canal, Coastal highway 

and alike proposal were considered and accommodated in the RDP-2035 [135].  

In addition, the land-use proposal indicated a special provision for sub-industrial land-use 

making provisions for the development of logistic parks in the north-west region along with 

an external ring-road encircling the city were major development proposals earmarked in the 

SUDA RDP-2035.  

TABLE 3-5  SUDA land-use in 2014 

Land-use 

SUDA Area 

Surface 

cover (ha) 

Developed 

area (in %) 

Residential 10249.00 14.33% 

Commercial 466.00 0.65% 

Industrial 3889.00 5.44% 
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Educational and public purpose 1360.00 1.90% 

Open and recreation 243.00 0.34% 

Roads 3531.00 4.94% 

Total urbanized 19729.00 27.59% 

Non-urbanized area 51771.00 72.41% 

Total area 71500.00 100.00% 

Source: [115], [116] 

Later in the year, against a petition filed by 22 villages for exclusion from SUDA 

administration, the limits of SUDA were revised and accordingly, the DP has proposed for 

a revision with new administrative limits as illustrated in FIGURE 3-10. 

Summing up the development aspects in the region, considering the SUDA administration 

area of 722 sq. km. (except for the year 2014 with the area as 715 sq. km.), a comparative 

chart is prepared. As illustrated in FIGURE 3-11, within SUDA, the residential and industrial 

land-use has consistently increased substantially [130], [136]. 

 

 

FIGURE 3-10  Revised DP of SUDA in 2018 

Source: [137] 

It depicts the growth of the region. Notably, the DP report submitted to the Government in 

the year 2014 has not taken the agricultural land identification in the account. Also, to 

facilitate residential and industrial activities, the road network and transportation land-use 

are promoted with an aim to almost double the earlier provisions. Vis-à-vis, it can be 

mentioned that the DP enables the growth in the city and the region and avails for an 

opportunity for the economic as well as connecting all other aspects.  
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FIGURE 3-11  Comparative land-use of SUDA through development plans 

Source: [137] 

3.7.2 Built-up spaces 

As the decadal census measures the population in each of the pockets, so as the decadal 

development proposals are prepared after a review in the form of a DP. Statistically, from 

the decade, annual population growth or decline can be obtained through the application of 

Annual Average Growth Rate (AAGR) and Cumulative Annual Growth Rate (CAGR). The 

challenge is to find the extent of increase in the built-up areas in an urban centre.  

The building plans are sanctioned by the UDA and ULB under the provisions of the GTPUD 

Act, 1976. The records are maintained in the form of tables having many parametric details. 

However, these details do not allow to trace the expansion of built-up spaces within the 

administrative limits of these organizations.  

In the current research, an attempt is made in two different manners. It was done to extract 

the extent of built-up using geospatial tools and techniques. Study duration was set as from 

the year 1995 to the year 2015 initially, and later it was extended till the year 2019. 

Firstly, satellite images are downloaded having specific bandwidth of EM radiation. 

Different bands were stitched to obtain real colour and false colour composite images. 

Boundary limits are applied to clip the image composite of different bands. Pixels were 
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extracted showing built-up using creation of classes. Also, the parcels were traced to an 

extent.  

Vector layers are created, and information about the area of the vector was extracted. The 

exercise is performed for each of the years, having the images of the month of January for 

each of the years. These images are acquired through missions of Landsat 4-5 TM, Landsat 

7 TM+ and Landsat 8 ETM OLI-TIRS of the NASA. The images are available as open-

source for downloading and appropriate usage by any individual using the website of USGS 

Earth Explorer.  

Secondly, a high-resolution image as acquired and publicly supplied by the Google Earth 

Pro. The built parcels were traced as the visible resolution of the images was allowing to see 

finer details on the surface. The tracing exercise was performed for the years of 1984-2017 

as the satellite imagery records were available for the duration.  

The vectorized layers were prepared using both methods, and a comparative area statement 

is prepared as an outcome of the exercise, showing the area of surface built-up. It allows us 

to understand the extent of growth of surface built-up spaces occupying different type of 

land-use. The procedure in detail is discussed in the next chapter, along with its results. 

3.7.3 Urban expansion factors for Surat 

Bhatta, B. (2010) defines the common factors of urbanization [138]. These factors, in solo 

or in combination, can affect the expansion of the urban centre. These factors, as identified, 

are shown in TABLE 3-6. The order of serial assigned is not important here. 

TABLE 3-6  Urban growth causing factors 

No. Cause of urban expansion No. Cause of urban expansion 

1 Population growth 14 Developmental policies of government 

2 Transportation 15 Legal disputes and resolution 

3 Independence of decision 16 Lack of planning policies 

4 Public regulation 17 Physical geography 

5 Economic growth 18 Failure in enforcing planning policies 

6 Road widths 19 Development and property tax 

7 Industrialization 20 Rural living desire 

8 Single-family home 21 Living and property cost 

9 Speculation 22 Lack of affordable housing 

10 Nucleus family 23 Demand for more living spaces 

11 Expectation for land appreciation 24 Housing investments 

12 Credit and capital market 25 Larger plot sizes 
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13 Land hunger attitude - - 

Source: [139], [18] 

Savani K. R. (2016) performed a study for the case of Surat and its expansion causing factors. 

The study included a questionnaire-based survey where the respondents were the experts 

engaged in urban planning and implementation in the region. The responses were received 

on a five-point Likert scale. To check the Reliability of responses, Cronbach Alpha test was 

performed where the result of it was observed as 0.788 making the responses reliable and 

considerable for further analysis.  

A statistical Weighted Analysis was performed on the responses that resulted in the 

identification of the following ten major factors responsible for the expansion of 

urbanization in Surat: Economic growth, growth of population, lack of appropriate planning 

policies, industrialization, development and property tax, failure to enforce planning 

policies, lack of affordable houses, road width, an expectation of land appreciation, and, 

demands for more living spaces [39]. 

3.8 Past floods in the city and region of Surat 

Surat has a unique history of frequent floods. The city observes water inundated landmass 

due to over-flowing of Tapi Riverbanks or the natural water streams traversing through the 

city region. As the region has a mild slope from the east to the west, however, the terrain has 

somewhat depressions in the landmass as a natural landscape variation. Till the 1970s, until 

the construction of a Multipurpose Reservoir Project at Ukai in the form of a Dam (length 

of 5 km. with 4 km. earthen embankment and 1 km. of concrete spillway section, with 22 

radial gates for water passage). In addition, in the same duration, a weir was also constructed 

just downstream of the Ukai Dam for the purpose of irrigation and supplying water to the 

Kakrapar Atomic Power Plant. The dam is in the upstream of Surat at about 110 km. and the 

Dam is managed to control floods during the monsoon by tackling enormous inflow of water 

resulting from the precipitation in the catchment area.  

FIGURE 3-12 represents the catchment area as the Basin of Tapi river having a spread of 

about 44,000 sq. km. with river alignment traversing through the states of Gujarat, Madhya 

Pradesh and Maharashtra.  
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FIGURE 3-12  Basin of Tapi River from Multai to Hazira 

Source: [140] 

In August 2006, flood discharge of about 9.1 Lac Cusecs was released from Ukai for a 

sustained period of about 22 hours, and the flood discharge remained between 7 to 9 Lac 

Cusecs over a period of 40 hours. During the flood, Surat city experienced severe inundation 

of urban area/properties during this period similar to that in the year 1968 and Flood level at 

12.5 m was recorded at Nehru Bridge located in the central part of the Surat city. Tapi Flood 

had caused large scale loss to the lives, properties, infrastructure, and industries in the area 

of Surat city and Hazira industrial area situated in the flood plains of river Tapi. Some 

sections of people and media blamed the authorities for mismanagement of Ukai Reservoir 

and its intention of conserving water without consideration of the ensuing heavy floods in 

the river [140]. 

There was a lot of hue & cry from various sections of public and press. In view of the large-

scale effect of the flood and damages, the Government of Gujarat built and opinion that an 

inquiry should be held in this matter of public interest. The Government appointed a 

Commission of Inquiry comprising of Justice Ms. Sugnyaben K. Bhatt, former Judge of the 

High Court of Gujarat, as its Chairperson and Mr. R. D. Soni, retired Secretary, Narmada 

Water Resources Water Supply and Kalpsar Department and Director (canal systems) 

SSNNL as the member of the Commission, under Legal Department Notification No. 

GK/33/2006/COI/102006/A, dated 17th August – 2006 [18]. 

Further, TABLE 3-7 shows yearly maximum flood discharges at Ukai from 1939 to 2006. 

The highest flood of 44,170 cum/s (15.6 Lac Cusecs) occurred during August 1968 when 
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the flood level of 12.08 m was reported at Nehru Bridge. Devastating major floods are 

marked as BOLD in the TABLE 3-7. 

TABLE 3-7  Yearly maximum floods in Tapi river from 1939 to 2006 

Sr. 

No. 
Year Date 

Peak Flood  
Sr. 

No. 
Year Date Peak Flood 

Lacs 

Cusecs 
Cumecs 

 

   
Lacs 

Cusecs 
Cumecs 

1 1939  5.15 14583.00 35 1973 28.08.1973 5.29 14979.43 

2 1940  2.43 6880.91 36 1974 04.08.1974 3.06 8664.85 

3 1941  4.81 13620.24 37 1975 07.09.1975 4.56 12912.33 

4 1942  7.58 21463.91 38 1976 06.09.1976 3.81 10788.59 

5 1943  1.79 5068.65 39 1977 04.09.1977 3.09 8749.80 

6 1944  9.00 25484.86 40 1978 31.08.1978 8.88 25145.06 

7 1945  7.22 20444.52 41 1979 12.08.1979 8.58 24295.56 

8 1946  3.00 8494.95 42 1980 08.08.1980 3.17 8976.33 

9 1947  2.91 8240.10 43 1981 12.08.1981 5.73 16225.36 

10 1948  2.55 7220.71 44 1982 28.07.1982 1.33 3766.10 

11 1949  6.62 18745.53 45 1983 14.08.1983 3.40 9627.61 

12 1950  3.98 11269.97 46 1984 07.08.1984 0.50 1415.83 

13 1951  1.62 4587.27 47 1985 06.08.1985 0.50 1415.83 

14 1952  1.12 3171.45 48 1986 09.08.1986 2.86 8098.52 

15 1953  3.00 8494.95 49 1987 08.07.1987 0.50 1415.83 

16 1954  6.89 19510.07 50 1988 05.10.1988 3.30 9344.45 

17 1955  2.36 6682.70 51 1989 21.08.1989 3.10 8778.12 

18 1956  3.06 8664.85 52 1990 18.08.1990 4.90 13875.09 

19 1957  1.58 4474.01 53 1991 02.08.1991 3.58 10137.31 

20 1958  6.20 17556.23 54 1992 05.09.1992 1.84 5210.24 

21 1959 17.09.1959 13.16 37264.52 55 1993 18.07.1993 3.35 9486.03 

22 1960  2.55 7220.71 56 1994 08.09.1994 8.87 25116.74 

23 1961  7.36 20840.95 57 1995 03.09.1995 4.01 11354.92 

24 1962  7.99 22624.89 58 1996 28.07.1996 2.12 6003.10 

25 1963  2.70 7645.46 59 1997 25.08.1997 4.94 13988.35 

26 1964  2.15 6088.05 60 1998 16.09.1998 10.53 29817.28 

27 1965  1.55 4389.06 61 1999 11.08.1999 2.62 7418.92 

28 1966  3.66 10363.84 62 2000 14.07.2000 1.52 4304.11 

29 1967  4.55 12884.01 63 2001 16.08.2001 1.76 4983.71 

30 1968 07.08.1968 15.00 42474.76 64 2002 26.08.2002 3.54 10024.04 

31 1969  8.56 24238.93 65 2003 25.08.2003 2.09 5918.15 

32 1970 07.09.1970 13.14 37207.89 66 2004 07.09.2004 1.49 4219.16 

33 1971  0.66 1868.89 67 2005 03.08.2005 1.94 5493.40 

34 1972 20.08.1972 2.47 6994.18 68 2006 07.08.2006 12.04 34093.07 

Source: [141] 

The table earmarks the major flood events for the years 1968 and 1970 (prior construction 

of Ukai Dam) and in recent of the years 1994, 1998 and 2006. Over the period, the water 

carrying capacity of the riverbed is also reduced (due to silting), and a little larger discharge 

in the Tapir river puts the entire Flood Management on alert. The Flood Management team 

begin issuing a warning as soon the discharge from the dam as soon is higher than 1.00 Lac 

Cusecs. 
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The CWPRS, Pune has performed mathematical modeling simulation exercise for prediction 

of floods in the Tapi river. The simulation used the records of the floods from the year 1939 

till the year 2006. Based on results from the simulation, TABLE 3-8 shows the return period 

of major floods considering all the effect of topographical changes, river barriers, bridges 

and so on. It indicates for a major flood at every ten-year frequency and more such floods 

with an increase in the duration from the base year in consideration.  

TABLE 3-8  Tapi river flood frequency analysis at UKAI 
Return Period (Years) Discharge (Cu m/s) 

2 11,048.57 

5 19,271.44 

10 24,715.69 

15 27,787.29 

20 29,937.95 

25 31,594.52 

30 32,942.18 

50 36,697.64 

100 41,763.06 

200 46,810.01 

300 49,757.68 

400 51,847.80 

500 53,468.59 

Source: [142] 

On the other hand, the service life of the Ukai dam is also on the verge of expiration. There 

has been reporting of severe silting in the upstream of the Dam axis resulting in reduced 

dead storage capacity of the reservoir [142].  

In the current research attempt, the flooding effects and inundated areas are accounted in the 

connection of development agenda as proposed in the DP of SUDA. More of the details are 

expediated in next of the chapter. 

3.9 Resilience of Surat 

The Rockefeller Foundation identified globally 100 Resilient Cities demonstrating the 

strengths and threats of the cities. Surat was identified among these cities withstanding and 

progressing severe blows due to frequent flood damages.  

Recognizing the distinct fascination of the residents of Surat to hold the pre-famous position 

of Surat as one of the most dynamic and progressive urban centres in India, the SMC has 

been advancing with responsive and participatory city governance. Accordingly, under the 
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ACCCRN, the City Advisory Committee (CAC) was set up to examine the impacts of 

climate change with regards to Surat and to recommend systems that would make a more 

significant level of resilience for its residents. It involves pride for the city that the CAC 

fuses the perspectives, shrewdness, and duty of individuals from all segments of urban life, 

from the scholarly world, industry, trade, local government, and common society. The 

exercise was collaboratively performed, and efforts were published as a report [143]. 

The CAC began a process of (I) evaluating the reasonable impacts of cycles of climate 

change on the socio-economic existence of Surat; (II) identifying the likely difficulties in 

future and, (III) starting the formulation of practical and smart systems to address it. The 

process included investigation of a portion of the basic areas of the socio-economic existence 

in Surat.  

For example, selective parameters are water, energy, environment, transportation, flood risk 

management, health and so on. All the more essentially, for maybe the first run-through, an 

evaluation was made of the vulnerability of various areas of the populace to the changing 

climate designs that may bring about, increased rainfall, recurrent flooding, changes in 

infection patterns, ocean level ascent, expanding energy demands, and so on.  

The cycle of formulation of a city resilience strategy was started in Surat during 2009-2010. 

Understanding the cross-sectoral nature of the impacts, the CAC embraced an intelligent and 

comprehensive methodology involving commitment with a wide range of partners. Various 

Risk to Resilience workshops was conducted.  

Discoveries contained the flood vulnerability index incorporating for the harm from floods, 

depths of surface inundation area and duration of immersion faced by the households. The 

slums, low-income settlements located near the River and, dwellings in the fringe are more 

helpless. The GIS-based investigation showed that around 71,000 households are inclined to 

Khadi flood risks, and around 4,50,000 families are at risk because of emergency discharge 

from Ukai dam.  

Methodologies to overcome, as proposed included for safeguarding water bodies, improve 

the overall environment and decency of the city. Additionally, authorities need to provide 

more of microclimatic conditions and make for magnificent public spaces. Existing water 

bodies can be saved and developed as retention ponds.  
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Moreover, SMC ought to attempt improvement programs like the recovery of Tapi bank and 

dredging of the riverbed. Water bodies need to be created as eco-zones for entertainment to 

develop a sense of belongingness among the citizens. Eco-education for youth can be 

included as a part of remedial measures. Since Surat is Malaria endemic zone, ecological 

vector control measures ought to be coordinated into the plan and the board of these 

structures [144]. 

3.10 The study region outline 

The region has a history associated dating back to 300 B.C. [122]. The study region of Surat 

Metropolitan has a spatial spread over 1,357 sq. km. area around the core city. The region 

has two rivers, seven natural drains and more than 300 natural water tanks of varied sizes. 

The study area has no high-hills or sudden and deep-cut valleys within [145].  

Forest areas include only on the seashore comprising of sparse mangroves. The terrain has a 

mild slope with mild partial depression. Surface transport connectivity is great in the region 

with a dense network of roads. The region has fertile land producing cash-crops of sugarcane 

and cotton. The agricultural and industrial activities have government support through ample 

water supply for production. The irrigation canal network has a feed of water through Ukai 

Dam and Kakrapar Weir [146]. In addition, Hazira based industries are supplied with water 

through retained water in the Singanpore weir located near Surat. The region is susceptible 

to frequent flooding in Tapi river and the network of natural drains [147]. 

The SMC manages for service and social infrastructure planning and provision through DP 

and TP reservations. One airport and two seaports are operational in the region. To cross 

over commute through Tapi river, the SMC has constructed seven bridges with more of such 

projects to be operational in the near future.  

Upcoming major transport corridors are aligned in the recent DP of SUDA. Mass 

transportation facility is availed by means of an operation of BRTS corridors managed by 

the SMC. Also, the MRTS corridor construction works are in progress [148]. 

Economic prosperity gained by citizens attracts people to put efforts from across the country. 

Population in the region is climbing high, as reported in decadal census reports [149]. 

Industries of different types are leading the economic growth of the citizens. On all directions 



CHAPTER 3: Study Area Profile 

104 

 

of the core city of Surat, the industrial estates and establishments are in existence, 

contributing a large share in the local and national GDP [150]. The immigrants are creating 

pressure through posing demand in the affordable housing sector [151], [152]. It is also 

contributing to the formation and shifts of slum pockets [152]. 

The SMC and SUDA have explored several alternatives to maintain the economic and 

ecological balance while preparing the development agenda with the support of other local 

organizations and academia. Collective information is put to a logical order to further the 

current research efforts aiming to improve the existing scenario considering threats posed 

due to ongoing practices in several relevant sectors.  
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CHAPTER 4. Data Collection 

4.1 Satellite images and cadastral maps 

The satellite images of Landsat mission of NASA were obtained. The image dataset for the 

years from 1995 till the year 2020 was acquired for the month of January of each year. The 

contents of the image dataset downloaded (as opensource) are available in separate EM Band 

as per the constituted policy of NASA. Each band image has a variety of EM reflection 

within a specified range as per the sensor definition, and these images are processed by 

NASA using algorithms. Each of the image under the dataset is georeferenced under the 

UTM1 coordinate system. The information about image bands and resolution is mentioned 

in FIGURE 2-8 of Chapter 2. The entire dataset has three generations of images. 

Each band of Landsat data in the GeoTIFF format is delivered as a grayscale, uncompressed, 

8-bit string of unsigned integers. Landsat products also include a quality band which is 16 

bits for ETM+ and TM and 8 bits for MSS.  A metadata (MTL) file is included with data 

processed through the Level-1 Product Generation System (LPGS). A file containing the 

ground control points (GCPs) used during image processing is also included. 

4.1.1 Landsat 5 TM dataset 

For the years of 1995 to 1999, i.e. five years, the images are obtained as acquired and 

processed for Landsat-5 mission. Properties of these images set in common are, as mentioned 

herewith. 

Spacecraft ID = "L5_TM" 

Worldwide Reference System (WRS) Path = 148 

Worldwide Reference System (WRS) Row = 45 

Mode = "SLC_ON" 

First Scan Direction = "R" 

Number of Bands = 7 

Band List = (1, 2, 3, 4, 5, 6, 7) 

Ephemeris Epoch Year = 1995 

Ephemeris Epoch Day = 018 

Projection parameters 

Ellipsoid Axes = (6378137.000000, 6356752.314200) 

 
1 Universal Transverse Mercator – a system adopted globally to assign coordinates to the surface of the earth 
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Map Projection = "UTM" 

Projection Units = "Metre" 

Datum = "WGS84" (World Geodesic System) 

Ellipsoid = "WGS84" 

UTM Zone = 43 

Upper Left Corner = (178200.000,  2504100.000) 

Upper Right Corner = (414000.000,  2504100.000) 

Lower Left Corner = (178200.000,  2291400.000) 

Lower Right Corner = (414000.000,  2291400.000) 

A dataset of images of LT-05 as separate Rational Polynomial Coefficient (RPC) bands are 

shown herewith for the year 1995. FIGURE 4-1 includes raw images in single band grey 

scale for illustration. Similar dataset captured by LT-05 is acquired till 1999. 

 
(4.1a) RPC Band 01 

 
(4.1b) RPC Band 02 

 
(4.1c) RPC Band 03 

 
(4.1d) RPC Band 04 
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(4.1e) RPC Band 05 

 
(4.1f) RPC Band 06 

 
(4.1g) RPC Band 07 

 
(4.1h) Ground Control Points (GCP) for 

Geometric verification 

FIGURE 4-1  RPC band images and GCP of LT-05 for the year 1995 

Source: [153]  

The above figures contain different band images showing different wavelengths reflected 

from the surface of the earth as captured by the Landsat TM2 sensors. RPC Band 01 captures 

wavelength of 0.45 to 0.52 micrometres, commonly known as Blue Band. The RPC Band 

02 traces the wavelength of 0.52 to 0.62 micrometres and known as Green Band. The 

wavelength of 0.63 to 0.69 micrometres are captured under RPC Band 03 having image 

called a Red band. RPC Band 04, Band 05 and Band 07 are infrared band images with 

wavelength captured as 0.76 to 0.90, 1.55 to 1.75 and 2.08 to 2.35 micrometres, respectively. 

RPC Band 06 is a Thermal band showing captures of wavelength 10.40 to 12.50 

micrometres. Except for Band 06 with metre pixel resolution resampled at 30 metres, all the 

 
2 TM – Thematic Mapper – A sensor type of Landsat mission 
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bands have a default pixel size of 30 x 30 m coverage of the earth surface. Different RPC 

Band images capture the reflection of defined wavelength range and depict for the presence 

of certain objects with certain signatures as derived based on interaction to the EM waves. 

The dataset scene contains a total of 1903 GCP that are correlated for geometric verification.  

4.1.2 Landsat 7 ETM+ dataset 

Landsat 7 mission begun to release processed image dataset of earth surface from the year 

2000 onward. It remained in active service till the year 2013. Even today, the image is 

captured by its extended life; however, due to mechanical inconsistency and repairs needed 

in the sensor, the images have errors in scanning. The images scanned post-year 2008 had 

blank spots and lines due to partial failure of the device mounted on the satellite. Yet, 

corrections for these errors are supplied by the NASA USGS data server additionally as a 

Gap Mask file. Below are the basic properties associated with Image dataset and a sample 

of each band image as made available. 

The Landsat Enhanced Thematic Mapper Plus (ETM+) sensor is mounted on Landsat 7, and 

result scenes include seven EM bands. It has a spatial resolution of 30 metres for Bands 1-

5, and 7. The image resolution in Band 8 (panchromatic) is 15 m. All bands can obtain one 

of two gain sets (low or high) for improved radiometric sensitivity and dynamic array, while 

Band 6 obtains both low and high gain (Bands 61 and 62, respectively) for all scenarios.  

Spacecraft ID = "L7 ETM+" 

WRS Path = 148 

WRS Row = 45 

Mode = "SLC ON" 

First scan direction = "F" 

Number of bands = 9 

Band List = (1, 2, 3, 4, 5, 61, 62, 7, 8) 

Ephemeris Epoch year = 2000 

Ephemeris Epoch day = 024 

Projection parameters 

Ellipsoid Axes = (6378137.000000, 6356752.314200) 

Map Projection = "UTM" 

Projection Units = "METRE" 

Datum = "WGS84" 

Ellipsoid = "WGS84" 

UTM Zone = 43 

Upper Left Corner = (178500.000,  2504400.000) 

Upper Right Corner = (414900.000,  2504400.000) 

Lower Left Corner = (178500.000,  2292000.000) 
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Lower Right Corner = (414900.000,  2292000.000) 

A dataset of images of LE-07 as separate Rational Polynomial Coefficient (RPC) bands are 

shown herewith in  for the year 2000. Similar dataset captured by LE-07 is acquired till the 

year 2013.  

 
(4.2a) RPC Band 01 

 
(4.2b) RPC Band 02 

 
(4.2c) RPC Band 03 

 
(4.2d) RPC Band 04 

 
(4.2e) RPC Band 05 

 
(4.2f) RPC Band 061 
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(g) RPC Band 062 

 
(h) RPC Band 07 

 
(i) RPC Band 08 

 

FIGURE 4-2  RPC band images of LE-07 for the year 2000 

Source: [154] 

The dataset scene files are made available via File Transfer Protocol (FTP). These data files 

are Tarred and gzip compacted, and it needs to be extracted by unzipping and untarring both, 

prior it can be used.  

4.1.3 Landsat 8 OLI-TIRS dataset 

The scenes acquired through Landsat 8 mission are obtained from the year 2014 till the year 

2020. Landsat 8 OLI-TIRS scenes include images of nine spectral bands with a spatial 

resolution of 30 m for Bands 1 to 7 and 9. An additional, Ultra-blue Band 1 is valuable for 

shoreline and aerosol research. Band 9 is helpful for cirrus cloud identification and studies. 

The spatial resolution for Band 8 (panchromatic) is 15 m. The Thermal bands 10 and 11 are 

much beneficial in identifying precise surface temperatures, and these scenes are collected 
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at 100 m. However, these thermal band images are resampled to 30 m and made available 

for ease of use of research. Below are common properties of the image dataset based on the 

year 2014 scene. 

Spacecraft ID = "LANDSAT 8" 

Number of bands = 11 

Band list = (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11) 

Ephemeris Epoch year = 2014 

Ephemeris Epoch day = 006 

Projection parameters 

Ellipsoid axes = (6378137.000000, 6356752.314200) 

Map projection = "UTM" 

Projection units = "METRE" 

Datum = "WGS84" 

Ellipsoid = "WGS84" 

UTM zone = 43 

Upper Left corner = (182100.000,  2514900.000) 

Upper Right corner = (412500.000,  2514900.000) 

Lower Left corner = (182100.000,  2280000.000) 

Lower Right corner = (412500.000,  2280000.000) 

 

Below are the set of sample images of RPC Bands acquired through Landsat 8 OLI-TIRS 

for the year 2014. Similar sets are obtained till the year 2020 having each set for the month 

of January as per available earliest dated record based on revolution path frequency of the 

satellite. 

 
(4.3a) RPC Band 01 

 
(4.3b) RPC Band 02 
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(4.3c) RPC Band 03 

 
(4.3d) RPC Band 04 

 
(4.3e) RPC Band 05 

 
(4.3f) RPC Band 06 

 
(4.3g) RPC Band 07 

 
(4.3h) RPC Band 08 
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(4.3i) RPC Band 09 

 
(4.3j) RPC Band 10 

 
(4.3k) RPC Band 11 

 

FIGURE 4-3  RPC band images of LC-08 for the year 2014 

Source: [155] 

4.1.4 Use of Landsat dataset in current research 

The Landsat dataset scene as available in single-band Gray colour is not used for current 

research as it contains a mixture of surface reflectance having the presence of endless 

elements on the earth surface. Using mathematical models of obtaining resulting scene by 

making a combination of bands are used in the current research work. The combination of 

bands InfraRed-Green-Blue (RGB) avails a True-color composite – the earth scene is visible 

as it is in its true colour. The same composition, when turned upside-down having band 

composite as Blue-Green-InfraRed (BGR), shows False-color composite scene (FCC). Here, 
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the vegetation is visible in shares of Red colour depending on the reflectance of the 

chlorophyll embedded in the plant leaves.  

Also, the FCC shows the surface built-up areas having shades of white. The FCC of six years 

is used for performing supervised classification to obtain LULC within the region. Similarly, 

a composite of Red band and Infrared Band provides the values of NDVI that helps in 

earmarking the extent of vegetation. For all the years of study duration, the True colour 

composite, False colour composite and NDVI are obtained and analyzed further to 

understand the extent of reduction in the vegetation cover and increase in the surface built-

up spaces.  

The composite bands are applied for an Area of Interest (AOI) using QGIS. The AOI in the 

case is the region around Surat city having an area of 1,357 sq. km. The administrative 

boundaries in the form of Cadastral Maps are obtained from the Government of Gujarat. The 

same is applied for clipping (cropping) of the Band scenes and composite images thereof to 

perform analysis and obtain findings as a part of current research. FIGURE 4-4 shows the 

Cadastral map of the region showing administrative boundaries used to perform research 

operations, as mentioned earlier. An enlarged version of the map is annexed to the report. 

 

FIGURE 4-4  Cadastral map of study region showing administrative boundaries 

Source: (Author) 
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4.2 Image dataset from Google Earth Pro 

The Landsat scene has a spatial resolution of 30 m. It poses for a limitation to identify objects 

having sizes less than 30 x 30 m. Henceforth, a high-resolution image database was obtained 

without any surface reflectance values associated with the scene in the form of .JPG format 

from the Google Earth Pro.  

The GE Pro avails a higher spatial resolution surface visibility scene that is used for 

obtaining traces of surface built-up. The range of these scenes is obtained from the year 1984 

till the year 2019. The GE Pro is an open-source tool where Google Inc. has availed the 

captured and processed data free-of-cost in public. The obtained dataset of a surface scene 

is illustrated below. 

 
(4.5-1) Scene of the December 1984 

 
(4.5-2) Scene of the December 1985 

 
(4.5-3) Scene of the December 1986 

 
(4.5-4) Scene of the December 1987 

 
(4.5-5) Scene of the December 1988 

 
(4.5-6) Scene of the December 1989 
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(4.5-7) Scene of the December 1990 

 
(4.5-8) Scene of the December 1991 

 
(4.5-9) Scene of the December 1992 

 
(4.5-10) Scene of the December 1993 

 
(4.5-11) Scene of the December 1994 

 
(4.5-12) Scene of the December 1995 

 
(4.5-13) Scene of the December 1996 

 
(4.5-14) Scene of the December 1997 

 
(4.5-15) Scene of the December 1998 

 
(4.5-16) Scene of the December 1999 
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(4.5-17) Scene of the December 2000 

 
(4.5-18) Scene of the December 2001 

 
(4.5-19) Scene of the December 2002 

 
(4.5-20) Scene of the December 2003 

 
(4.5-21) Scene of the December 2004 

 
(4.5-22) Scene of the December 2005 

 
(4.5-23) Scene of the December 2006 

 
(4.5-24) Scene of the December 2007 

 
(4.5-25) Scene of the December 2008 

 
(4.5-26) Scene of the December 2009 
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(4.5-27) Scene of the December 2010 

 
(4.5-28) Scene of the December 2011 

 
(4.5-29) Scene of the December 2012 

 
(4.5-30) Scene of the December 2013 

 
(4.5-31) Scene of the December 2014 

 
(4.5-32) Scene of the December 2015 

 
(4.5-33) Scene of the December 2016 

 
(4.5-34) Scene of the December 2018 

 
(4.5-35) Scene of the December 2019 

Scene courtesy:  

Google Earth Pro (Google Inc.) 

FIGURE 4-5  Google Earth Pro scenes from the year 1984 - 2019 
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All the scene acquired are provided with global coordinates of the UTM system to align with 

other datasets prior using it. Vectors of surface built-up area are traced using these scenes to 

match the same with the extracted areas based on operations over Landsat image scenes for 

each of the year. The analysis and findings are included in the next chapter of the report. 

4.3 Weather data and analysis 

The authentic records of daily weather are maintained as a repository of information at the 

Indian Meteorological Department (IMD) servers based at Pune, Maharashtra. The IMD, 

Pune acquires daily records from across weather stations established in the nation. IMD has 

established a weather station at Surat Station Index – 42480.  

The daily records of minimum and maximum temperature, average daily temperature, 

rainfall, wind velocities are acquired and processed further for the research work to 

understand the climatic conditions in the study region. To explore a climate change scenario, 

the surface temperature and rainfall changes over a duration are considered as Key 

Performance Indicators (KPI). Hence, current work is focusing on these parameters to 

conclude about changes in the patterns in connection with the development in the region. 

The daily records to the extent of 8,944 records in each parameter are obtained and used for 

analysis. The duration includes from 1st January 1995 till 30th June 2019. The record 

availability is mentioned in TABLE 4-1. 

The SMC also has initiated recording weather parameters on hourly interval at several 

locations within the city to understand a micro-climatic relationship with the activities in the 

catchment of the weather station. These records are available since the year 2014 and not 

used for current research work.  

In future, a spatial correlation of microclimatic variations and development can be explored 

using the data set prepared and published online by the SMC under the Open Data Policy of 

the Government of India. 

The available data on daily basis is the authentic source as the records are maintained under 

the Government of India record repository and available for research purpose. Tabulated 

information about records available for Surat Weather Station of IMD is mentioned in 

TABLE 4-1 
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TABLE 4-1  Daily records availability for Surat weather at IMD 

 

Source: (Data supply portal, Ministry of Earth Science, 2020) 

Each number of records as shown in the table above includes information about several 

parameters; hence the table shows the number of records and not the count of total type of 

records available. Every weather station established by the IMD measures several 

parameters for diverse utility purpose.  
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4.4 Development plan land-use change 

The section mentions about different versions of development plans. The DP maps are 

carefully scanned and provided with global coordinates to match it with other data. Referring 

to the line-types and colour codes, the zoning proposed in each of the DP version is 

vectorized, and areas are matched with that of the DP records.  

4.4.1 SUDA DP of 1986 

FIGURE 4-6 below shows the scanned, digitized, and georeferenced DP with the extraction 

of the proposed area for development.  

  

FIGURE 4-6  SUDA DP 1986 (Digitized and vectorized) 

Source: (Author) 

Within the total administration limits, the proposal included the development of residential 

areas for 26.09 sq. km. along with industries in an area of 26.84 sq. km. The plan suggested 

for no changes in the developed walled city, keeping it as evolved one.  

The DP-1986 proposed zoning area proposed for a total of 82.33 sq. km around the Surat 

city. The larger sized maps are appended at the end of the report.  

4.4.2 SUDA DP of 1996 

Under the provisions of making a review and revision of the development at every tenth 

year, SUDA area was approved with revised DP in the year 1996. By the time the population 

increase was observed along with growing outskirts with urban allied activities. As 
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illustrated in FIGURE 4-7, the existing and proposed development zone maps of DP are 

digitized, georeferenced and vectorized to ensure the area under proposed zoning.  

  

FIGURE 4-7  SUDA DP 1996 (Digitized and vectorized) 

Source: (Author) 

The DP-1996 proposed for residential, industrial, commercial, and institutional zoning to the 

tune of 208.00 sq.km., 35.32 sq. km., 9.90 sq. km and, 3.10 sq. km respectively making a 

total proposed area as 256.32 sq. km. available for the development of land-use.  

In a duration of a decade, SUDA had to make provisions for additional 174 sq. km. with 

proposed land-use considering the population rise along with other activities boosting in the 

region. 

4.4.3 SUDA DP of 2006 (2008) 

A third of revision in the DP of SUDA was approved in the year 2006. By the time, the 

administrative limits of SMC had an expansion in the year. With certain modifications, the 

DP had minor revisions for republication in the year 2008.  

It is noteworthy to mention that in the year 2001, Surat city was declared already as a fastest 

growing city and several challenges were already posed for the administrators, managers and 

the authority with the fast-paced urbanization in Surat. Below FIGURE 4-8 depicts the DP 

maps in line with the earlier ones. The below maps with better readability are appended to 

the report at the end.  
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FIGURE 4-8  SUDA DP 2006 (Digitized and vectorized) 

Source: (Author) 

While reviewing the development for the revision in the DP, it was observed that though the 

population is increased and activities are fostered, yet, all the part as proposed zones in the 

previous DP is not developed completely. Henceforth, the new proposals in the DP were 

restricted in terms of the newly proposed area for development as well and incorporated 

somewhat changes in the proposed zones.  

The residential, industrial, commercial, and institutional zoning was proposed to the extent 

of 208.00 sq. km., 35.32 sq. km., 9.90 sq. km., and 3.10 sq. km. respectively. The total 

proposed area for development through land-use zoning was to the extent of 256.32 sq. km, 

around the city of Surat, including the core city area. 

4.4.4 SUDA DP of 2016 (2018) 

In the year 2016, the Revised Development Plan (RDP)-2035 was proposed and approved 

by the state government. However, with the expansion of SUDA administrative limits from 

722 sq. km. to 1,357 sq. km., it needed to incorporate a minor revision in the RDP. After 

some time, with agitation and representation by some villages against inclusion within 

SUDA, the government reduced the administrative limits of the SUDA that brought another 

revision in the proposals of RDP-2035.  

Below maps illustrate the proposals of RDP-2035 in line with the existing development as 

of previous maps. The maps in reference as in FIGURE 4-9 is enlarged in the annexure of 

the report.  
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FIGURE 4-9  SUDA DP 2018 (Digitized and vectorized) 

Source: (Author) 

By the time revision in the DP was in progress, the region was identified to have an existing 

built-up area on the land parcels of 271 sq. km. The proposed land-use provisions included 

for residential, industrial, commercial, institutional zoning for areas admeasuring 215.52 sq. 

km., 102.51 sq. km., 8.80 sq. km., and 5.50 sq. km. encompassing total developable area as 

332.33 sq. km. in the region.  

The zoning proposals added for 76 sq. km. is proposing land-use in the study region 

presuming to take care of rapidly extending the city of Surat and its activities. Unfortunately, 

the SUDA RDP-2035 missed on including reserves for any major urban forest lands, no-use 

zones, urban greens towards reflecting sustainable proposals for development. However, the 

SUDA RDP-2035 proposes for allowing agriculture to some extent with several road 

alignments ensuring better connectivity in the region. 

4.5 Un-natural deaths 

The National Criminal Records Bureau (NCRB), New Delhi fetches and maintains records 

of un-natural deaths observed at various instances and places across the nation. Every year, 

the NCRB publishes an annual report wherein the details about criminal incidences and 

fatality are reported. These reports are available since the year 1962 till 2016 on its website.  

Pertaining to current research exercise, records of un-natural death for a decade of 2001-

2010 were obtained, and an attempt was made to identify the correlation among different 

causes of un-natural deaths and population of each year. The annual population was arrived 

at using a statistical method of AAGR and CAGR. The causes of un-natural deaths included 

for fatality due to road crashes, falling from a height, fire hazards, drowning, and other 
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causes. Considering the major flood of the year 2006, the attempt to explore the existence of 

population increase and un-natural deaths, if any.  

4.6 Risk due to flooding 

As discussed earlier, the Surat region is observing frequent flood events in the Tapi River. 

Map in FIGURE 4-10 illustrates the land parcels immerse in floodwaters during major flood 

events observed in the years of 1964, 1994, 1998, and 2006. Most devastating events of flood 

occurred in the year 1968 and the year 2006 prior to the construction of the Ukai dam and 

then after, respectively. The figure below shows that almost the entire north region of Tapi 

River in the study area was submerged in past floods.  

The map as made available was assigned with global coordinates to interrelate with other 

data for performing vulnerability analysis and identification of flood risk zones. 

Vulnerability to floods is attempted to existing developed and proposed zones for 

development in the study region. 

 

FIGURE 4-10  Inundation due to floods in past 

Source: (Surat Irrigation Department, 2012) 
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The Intergovernmental Penal on Climate Change (IPCC) has simulated scenario in relation 

to global climate change.  

 

FIGURE 4-11  Simulated flooding risk zones 

Source: [156] 

An organization of FM Global has performed flood modeling and simulated the results in a 

graphical manner. The Global Flood Map simulates the results showing high (a century) and 

moderate (five centuries) natural hazard inundation zones through a 90 x 90 m resolution. 

The accuracy of results needs to be resampled if it is to be overlayed on Landsat based FCC 

image to have a uniform spatial resolution of 30 m. The raw data for the simulation model 

generated is not made available on the website. 

FIGURE 4-11 is showing high (Pink) and moderate (Yellow) flood inundation zones as 

simulated results. The image is available for downloading from its website in .JPG format 

that was obtained. The image was assigned global coordinates, and vector layers were 

created for both type of inundation zones. It is to be used for identification of areas under 

flood risk located within the study region. 
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4.7 Risk due to sea surge 

Rising global temperature is a natural phenomenon. It was identified that the global 

temperature is on a rising cycle which is escalated due to human activities in the past century. 

These activities majorly include industrialization and pollution emission, transportation, 

deforestation, changes in land-use and land cover on the surface of the earth. The way Urban 

centres are expanding spatially, it also, in general, are contributing to the escalation. The 

IPCC has developed models of sea surge with 1.5 °C and 2.0 °C rise in the global 

temperature. Also, the IPCC, along with several other international advocacy institutions, 

has suggested changing the patterns of living and human actions to reduce the pace of rising 

temperature. With ongoing situation, positive effects are seen to an extent, and it is envisaged 

that humans will be able to extend the duration for the rising temperature.  

 

FIGURE 4-12  Sea surge submergence with 1.5 °C warming 

Source: [122] 

Based on models of IPCC, the FM Global has developed models of land submergence due 

to sea surge in the cases of 1.5 °C and 2.0 °C rise in the global temperature. The submergence 

of land will take place due to melting of ice canopy at the north and south poles of the earth. 

With an increase in the sea level, several locations where human settlements and 
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development has taken place will be under a threat of sea surge flooding. The situation is 

imposing risk to the living being. 

In the case of Surat study region, the models as shown in FIGURE 4-12 and FIGURE 4-13 

are obtained in the form of spatial model images. These models are assigned with global 

coordinates to overlay using QGIS with other data of the study region. 

 

FIGURE 4-13  Sea surge submergence with 2.0 °C warming 

Source: [26] 

The images depict that the western part of the study region is primarily at threat due to sea 

surge. The established industries in the parts of Hazira, residential complexes in Dumas and 

surrounding area are predicated for submergence. If further development is permitted in this 

region without any precaution or alternative measure to counter the consequence, it will be 

creating an emergency in future, resulting in life and property losses. These submergence 

models required for integration with the ongoing developmental agenda in the study region. 
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CHAPTER 5. Result Analysis and Discussion 

The chapter includes the process carried out on collected data and information based on the 

literature studied. Addressing the aim and objectives, different methods of analysis are 

adopted. The analysis includes for cartographic processing, statistical and mathematical 

tasks in combinations to develop the understanding of the situation and future scenario. The 

evidential results are used for envisaging alternative proposal to sustain the urbanization with 

the mitigative approach towards potential risk due to calamity of flooding in the city.  

5.1 Population dynamics and Spatio-temporal spread 

To begin with, accounting the development, the Census of India records are explored. 

Exploration is performed to understand the changes in the populace and density thereof 

within different parts of the study region. Based on population and density records of four 

consecutive decadal census, spatial models are prepared.  

FIGURE 5-1 show spatial population models within the study area boundary with the 

incorporation of records of each. It is helpful in visualising any existence of interrelationship 

among various locations while making a comparison with the provisions of DP. However, 

there is always social and economic interdependencies among places in such a region. Below 

illustrative maps in the larger size are appended at the end of the report. 

Visualization in the spatial models above, it reflects an increase in population almost in each 

of the census constituency to some or larger extent. The more of population increase is 

reported in all the parts except the north-west and far east of the region. These regions do 

have Olpad where the change in the population is identified to be consistent and rising. The 

alignment of National Highway in the eastern part seems to be acting as a barrier for 

spreading of human settlements, although the change of rate is lower but positive, in part.  

The population recorded per sq. km. area is a representation of the built form accommodating 

a number of persons. In Surat, the term Floor Space Index (FSI) governs the building height 

in reference to the size of the plot. The FSI regulation is a provision of the General 

Development Control Regulation (GDCR) under the DP that is amended from time to time. 

The Government of Gujarat enacted Comprehensive GDCR covering all urban areas and 
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authorities in single legislation. The FSI available at plot level is further governed by the 

land-use zoning as the provisions of the DP prepared under the aegis of the GTPUD Act, 

1979.  

 
(5.1a) Population in 1981 

 
(5.1b) Population in 1991 

 
(5.1c) Population in 2001 

 
(5.1d) Population in 2011 

FIGURE 5-1  Decadal population in pockets within the study area 

Source: (Author) 

Population density is a representation of the concentration of people living in a particular 

area. The increase of population, as well as population density, is identified in the directions 

from the walled city to North-east and South, South-east. The western part is also showing 

an increase in uniformly.  

Areas in the north part are showing a comparatively stable state with a little increase. The 

accumulation of population. Since the year 1981, the spatial-population density models are 

prepared for every decade that is illustrated in FIGURE 5-2, and large size maps are annexed 

to the report. 
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(5.2a) Population density in 1981 

 
(5.2b) Population density in 1991 

 
(5.2c) Population density in 2001 

 
(5.2d) Population density in 2011 

FIGURE 5-2  Decadal population density in pockets within the study area 

Source: (Author) 

Next, after examination of the populace trends, is to look forward anticipating population 

for the future. The following sub-section discusses the population projection exercise 

performed for the study region. 

5.1.1 Population projection 

The SUDA has prepared, and the Government published a Revised Development Plan for 

the region in the year 2014. The projection of population increase is estimated by applying 

five different methods to each pocket individually. These methods included for Arithmetic 

Increase method (AIM), Incremental Increase Method (IIM), Geometric Incremental 

Increase Method (GIM) and Growth-ratio correlation method.  

The projection also was obtained using Geometric General Method (GGM) but due to the 

results seemed very unrealistic, the same was excluded. A graphical representation of results 

from each of these methods is shown in FIGURE 5-3 below. 
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(5.3a) Arithmetic Increase method 

 
(5.3b) Incremental Increase method 

 
(5.3c) Geometric Increase method 

 
(5.3d) Geometric General method 

 
(5.3e) Ratio and Correlation method 

FIGURE 5-3  Population projection using different methods 

Source: (Author) 

Direct application of any mathematical method on the entire study region shows abrupt 

results. It is the effect of GIM method that boosts the projection while obtaining the average 

of all methods. In a mathematical method, the concerns related to physical and other features 

are not visible except for some considerations in the Ratio and Correlation method. It is 

anticipated that by the year 2041, the area will have a population of 128.84 Lac. Following 

graph and table shows the output of population projection exercise performed for the study 

region. 
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FIGURE 5-4  Projected population for the study region 

Source: (Author) 

TABLE 5-1  Projected population for study region using various methods 

Projection 

methods 

Years (Population in Lac) 

1961 1971 1981 1991 2001 2011 2021 2031 2041 

Method - 1 (AIM)  3.55 5.58 11.20 17.80 31.05 48.05 56.95 65.85 74.75 

Method - 2 (IIM) 3.55 5.58 11.20 17.80 31.05 48.05 60.69 77.07 97.20 

Method - 3 (GIM) 3.55 5.58 11.20 17.80 31.05 48.05 82.31 144.86 261.43 

Method - 5 (GRM) 3.55 5.58 11.20 17.80 31.05 48.05 65.37 73.13 81.99 

Average 3.55 5.58 11.20 17.80 31.05 48.05 70.69 105.93 128.84 

Source: (Author) 

The population density in the region is reported as 35.40 ppha in the last of Census in the 

year 2011. Over the years of 2021, 2031 and 2041 the population density is expected to 

increase as 52.09, 78.06 and 94.94 ppha, respectively across the entire region.  

5.2 NDVI trends 

The NDVI is a composite image resulting from image overlay and mathematical operation 

on Red and Infrared Band scenes. For the study region, using the Landsat scene for the years 

of 1995 till the year 2018, the NDVI is extracted.  
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Each NDVI is verified for its uniform distribution of pixels reflecting vegetation and 

obtained as normal distribution showing homogeneity in the result generation. Histogram of 

an image can inform concerning the data distribution regarding image grey levels.  

The motivation behind a histogram-based operation is that when a grey level change is made, 

pixels in the image having a particular scope of grey levels can be improved or smothered. 

The histogram with each NDVI composite is shown in FIGURE 5-5. The larger size of each 

map is annexed at the end of the report for further reference. 

 
(5.5a) NDVI for January 1995 [153] 

 
(5.5b) NDVI for January 1996 [157] 

 
(5.5c) NDVI for January 1997 [158] 

 
(5.5d) NDVI for January 1998 [159] 

 
(5.5e) NDVI for January 1999 [160] 

 
(5.5f) NDVI for January 2000 [161] 
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(5.5g) NDVI for January 2001 [162] 

 
(5.5h) NDVI for January 2002 [163] 

 
(5.5i) NDVI for January 2003 [164] 

 
(5.5j) NDVI for January 2004 [165] 

 
(5.5k) NDVI for January 2005 [166] 

 
(5.5l) NDVI for January 2006 [167] 

 
(5.5m) NDVI for January 2007 [168] 

 
(5.5n) NDVI for January 2008 [169] 
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(5.5o) NDVI for January 2009 [170] 

 
(5.5p) NDVI for January 2010 [171] 

 
(5.5q) NDVI for January 2011 [172] 

 
(5.5r) NDVI for January 2012 [173], [174] 

 
(5.5s) NDVI for January 2013 [154] 

 
(5.5t) NDVI for January 2014 [175] 

 
(5.5u) NDVI for January 2015 [176] 

 
(5.5v) NDVI for January 2016 [177] 
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(5.5w) NDVI for January 2017 [155], [178] 

 
(5.5x) NDVI for January 2018 [179] 

 
(5.5y) Mean NDVI for the duration of 1995-2018 

FIGURE 5-5  NDVI composites for study region 

Source: (Author) 

For every NDVI composite, the histogram is acquired and noticed. A histogram of the 

resultant image is not regularly appropriated because of the idea of change in the 

investigation zone. Notwithstanding, the histogram of unchanged pixels in the study region 

is normally distributed. 

Additionally, it is to note that in some of the NDVI composites, vegetation cover is observed 

to be present within the Tapi Riverbed where the bed is exposed and covered with plants. 

There is no agricultural farming is carried out in this part of the region, and hence, the 

vegetation is sheer naturally grown plants. 

It was observed through studying NDVI composites for the years of 1995-2018 that the 

average minimum value of reflectance is -0.48 and the average maximum is 0.68. The value 
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of NDVI in the range of 0.00 to +1.00 shows the presence of vegetation in the study area. In 

the Surat study region, the mean of NDVI is obtained as 0.129 showing sparse and 

distributed vegetation cover in the region. It includes the reflection of tree canopy cover as 

well as an agricultural plantation. With variation in each year, the twenty-three-year average 

of an area having vegetation cover is observed to be 208.943 sq. km. As depicted in FIGURE 

5-6, the vegetation-covered area as land-use is showing a decreasing trend in the study 

duration. 

 

FIGURE 5-6  NDVI extracted vegetation cover in the study region 

Source: (Author) 

TABLE 5-2 shows the values extracted from the NDVI composites as statistics. 

TABLE 5-2  Data extraction from NDVI 
Year Valid 

Cells 

Min. 

value 

Max. 

value 

Veg. 

covered 

area 

(sq. 

km.) 

Year Valid 

Cells 

Min. 

value 

Max. 

value 

Veg. 

covered 

area 

(sq. 

km.) 

1995 1509236 -0.473 0.690 203.03 2007 1442798 -0.382 0.548 221.11 

1996 1509236 -0.439 0.680 192.36 2008 1509236 -0.333 0.630 185.05 

1997 1509236 -0.400 0.680 222.53 2009 1509236 -0.246 0.415 217.51 

1998 1509236 -0.422 0.650 190.74 2010 1509236 -0.357 0.570 157.43 
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1999 1509236 -0.444 0.691 201.92 2011 1509236 -0.432 0.616 186.92 

2000 1509236 -0.391 0.538 187.11 2012 1448494 -0.382 0.548 212.37 

2001 1509236 -0.382 0.548 200.38 2013 1451386 -0.178 0.654 330.38 

2002 1509236 -0.389 0.589 253.63 2014 1509236 -0.196 0.518 193.56 

2003 1509236 -0.178 0.654 309.21 2015 1509236 -0.168 0.513 202.27 

2004 1446197 -0.391 0.538 174.40 2016 1509236 -0.120 0.523 155.08 

2005 1446105 -0.439 0.680 182.29 2017 1509236 -0.084 0.394 151.42 

2006 1442711 -0.178 0.654 314.65 2018 1509236 -0.133 0.436 169.16 

Source: (Author) 

As revealed in the DP provisions, the study area has no designated forests or earmarked 

green zones under provisions. Agricultural use of land is permitted in the region. For all the 

years, the maximum value of NDVI is ranging around +0.500. The value suggests the 

presence of sparse vegetation cover (i.e. shrubs) and grasslands having moderate values 

across the region. The irrigation by means of the canal is available in the region fostering 

and sustaining crops sown in the farm fields.  

Values of NDVI less than 0.000 up to -1.000 represents the presence of water covered 

surface, manmade buildings, exposed rocks, barren lands, sands and so on. Here, notably the 

bare soil reflections in the NDVI composite has values in the range of 0.100 to 0.200. The 

image dataset is for the month of January for each study year. In the season of winter 

(January) for the region, the crops are sown in the monsoon season that is harvested in the 

month of February each year [132]. Hence, the month of January represents grown crops in 

the region. 

5.3 Built-up area extensions 

Using the FCC composite scenes through Landsat dataset and high-resolution Google Earth 

images, the surface built-up area in the study region is extracted. The built-up area extraction 

is based on a cluster of building impressions. The Landsat image dataset has a pixel 

resolution of 30 m whereas the images of Google Earth have it as 5 m. The Landsat database 

for each year is a record of the month of January. The image dataset obtained from Google 

Earth is of December of every year. 

FCC allows to visualize the wavelengths as the reflection from the object on earth; a human 

eye is not able to see. It allows the scene to see through the objects near the infrared range. 

Plantation reflects the best near the infrared range of wavelength; thus, NDVI employs the 
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wavelength. The use of image bands, such as NIR, increases spectral distinction and 

certainly improves the interpretability of the extracted information. Especially, the 

vegetation cover is separated in the shares of the red. Among the visible spectrum, the red 

has the highest value of associated wavelength [180]. 

FIGURE 5-7 illustrates the FCC for each year under study (the duration of 1995-2020) along 

with extracted traces of surface built-up for the respective year. The maps are showing FCC 

and corresponding extracted built-up area. Enlarged images are appended at the end of the 

report.  

 
(5.7-1) FCC of the January 1995 

 
(5.7-1a) Extracted surface built-up for 1995 

 
(5.7-2) FCC of January 1996 

 
(5.7-2a) Extracted surface built-up for 1996 

 
(5.7-3) FCC of January 1997 

 
(5.7-3a) Extracted surface built-up for 1997 
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(5.7-4) FCC of January 1998 

 
(5.7-4a) Extracted surface built-up for 1998 

 
(5.7-5) FCC of January 1999 

 
(5.7-5a) Extracted surface built-up for 1999 

 
(5.7-6) FCC of January 2000 

 
(5.7-6a) Extracted surface built-up for 2000 

 
(5.7-7) FCC of January 2001 

 
(5.7-7a) Extracted surface built-up for 2001 



CHAPTER 5 Result Analysis and Discussion 

144 

 

 
(5.7-8) FCC of January 2002 

 
(5.7-8a) Extracted surface built-up for 2002 

 
(5.7-9) FCC of January 2003 

 
(5.7-9a) Extracted surface built-up for 2003 

 
(5.7-10) FCC of January 2004 

 
(5.7-10a) Extracted surface built-up for 

2004 

 
(5.7-11) FCC of January 2005 

 
(5.7-11a) Extracted surface built-up for 

2005 
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(5.7-12) FCC of January 2006 

 
(5.7-12a) Extracted surface built-up for 

2006 

 
(5.7-13) FCC of January 2007 

 
(5.7-13a) Extracted surface built-up for 

2007 

 
(5.7-14) FCC of January 2008 

 
(5.7-14a) Extracted surface built-up for 

2008 

 
(5.7-15) FCC of January 2009 

 
(5.7-15a) Extracted surface built-up for 2009 
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(5.7-16) FCC of January 2010 

 
(5.7-16a) Extracted surface built-up for 

2010 

 
(5.7-17) FCC of January 2011 

 
(5.7-17a) Extracted surface built-up for 

2011 

 
(5.7-18) FCC of January 2012 

 
(5.7-18a) Extracted surface built-up for 

2012 

 
(5.7-19) FCC of January 2013 

 
(5.7-19a) Extracted surface built-up for 2013 
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(5.7-20) FCC of January 2014 

 
(5.7-20a) Extracted surface built-up for 

2014 

 
(5.7-21) FCC of January 2015 

 
(5.7-21a) Extracted surface built-up for 

2015 

 
(5.7-22) FCC of January 2016 

 
(5.7-22a) Extracted surface built-up for 

2016 

(5.7-23) FCC of January 2017 
 

(5.7-23a) Extracted surface built-up for 2017 
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(5.7-24) FCC of January 2018 

 
(5.7-24a) Extracted surface built-up for 

2018 

 
(5.7-25) FCC of January 2019 [181] 

 
(5.7-25a) Extracted surface built-up for 

2019 

 
(5.7-26) FCC of January 2020 [182] 

 
(5.7-26a) Extracted surface built-up for 2020 

FIGURE 5-7  FCC of the study area and extracted surface built-up 

Source: (Author) 

The extraction of the surface built-up area from the FCC was matched with that of obtained 

from the images of Google Earth Pro. In the cases, the surface built-up area was showing a 

similar trend and extracted area with somewhat deviation. A chart in FIGURE 5-8 depicts 

the increase in the surface built-up area in the study region of 1,357 sq. km.  

It is identified that in the year 2020, the surface built-up area in the region is of an extent 

283.85 sq. km. i.e. 21 per cent of the study region. The SUDA RDP-2035 has a mention of 



5.3 Built-up area extensions 

149 

 

the then existing land-use under urbanized area as 197.29 sq. km. for SUDA limits of 715 

sq. km. [183] wherein the study region, the developed built-up area on the surface was 

identified to be 240 sq. km. 

 

FIGURE 5-8  Surface built-up extraction for the study region 

Source: (Author) 

The study revealed that the annual average growth rate of surface built-up in the study region 

is 2.70 per cent for the duration of 1996-2020 through FCC extraction. The same is reported 

through Google Earth Pro as 2.41 per cent. Following table identifies the surface built-up 

area for the years when the DP of SUDA were released. TABLE 5-3 indicates the surface 

built-up area extracted through both methods. It also shows the result as an average surface 

built-up area in the particular year when the DP of SUDA was published.  

TABLE 5-3  Surface built-up area during DP years 
DP of 

SUDA in 

Extracted surface built-up area (sq. km) Avg. Surface 

built-up area 

(sq. km.) 
Based on GE Pro Based on FCC of Landsat 

Area (sq. km) Growth rate Area (sq. km) Growth rate 

1986 86.45 - - - 86.45 

1996 150.75 74.38% 155.83 - 153.29 

2004 182.28 20.92% 192.45 23.50% 187.37 

2014 236.72 29.87% 240.33 24.88% 238.53 

Source: (Author) 
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Construction of surface built-up not only contributes to carbon emission at several stages but 

also results in the UHI effect in the urbanized areas. The built-up surface increases surface 

runoff received through precipitation resulting in a reduction in groundwater recharge. Also, 

different roof covering, and ground paving materials react differently to nature. 

5.4 Un-natural deaths in Surat – an analysis 

The current work is aiming at the establishing relationship among the increase in the 

population in the study area of Surat city with the various major causes of un-natural deaths 

recorded. The study is examining the records of the past decade duration, i.e. the period 

during the year 2001 to 2010. The population of Surat city was recorded in the year 2001 by 

the Census of India. Based on the population of 2011, recorded subsequently by the 

organization, an AAGR was obtained and applied to have an annual population.  

TABLE 5-4  Un-natural deaths in Surat city 

Year 

Population 

in Surat 

  (persons) 

Un-natural deaths in Surat (persons) 

Fall 

from 

Height 

Fire-

Others 

Other Un-

natural 

causes 

Total Un-

natural 

causes 

Road 

Accidents 

Vehicles 

Total 

deaths 

2001 24,33,835 123 84 81 951 867 118 

2002 26,37,134 124 113 86 916 939 148 

2003 28,40,433 114 115 92 9,25 942 147 

2004 30,43,732 138 118 115 1,083 1,035 160 

2005 32,47,031 134 162 114 1,174 1,179 230 

2006 34,50,331 171 109 121 1,314 1,125 262 

2007 36,53,630 200 119 138 1,501 1,222 259 

2008 38,56,929 198 182 164 1,495 1,226 245 

2009 40,60,228 166 118 178 1,375 1,140 217 

2010 42,63,527 197 131 209 1,681 982 229 

Total 1,565 1,251 1,298 10,657 2,015 1,565 

Grand Total 12,415 

Average 156.5 125.1 129.8 1,065.7 201.5 156.5 

Source: [184] 

5.4.1 Deaths caused by fall from height 

FIGURE 5-9 explains the trend of deaths in Surat due to persons falling from a height. Most 

of the heightened places are accessed by people/citizen in large during the construction of 

the buildings/ during a festival of kite flying (January each year). 
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FIGURE 5-9  Deaths in Surat due to falling from height 

Source: (Author) 

Surat has a mean annual loss of 156 persons’ human lives under the deaths caused by fall 

from height. A total of 1,565 persons died with the reason during the study duration. The 

increase in the deaths has a third-order polynomial relationship. The value of R2 is reaching 

to a high of 83.82 per cent that shows strong inter-relationship among the data and its trend. 

 

FIGURE 5-10  Population and fall from height death relation 

Source: (Author) 

In the figure above, it clearly visible that the death of ‘fall from height’ show a rise with the 

increase in the population over the decade under the study. It depicts for further exploration 

of the existing relationship among both parameters. 
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5.4.2 Deaths caused by drowning 

The figure below explains the trend of deaths in Surat due to persons drowning in water. 

Surat has records of a mean annual loss of 136 persons lost lives caused by fall from height. 

A total of 1,366 persons died with the reason during the study duration.  

 

FIGURE 5-11  Deaths in Surat due to drowning 

Source: (Author) 

The increase in the deaths has a third-order polynomial relationship among itself. The value 

of R2 is reaching to a high of 74.75 per cent that shows strong inter-relationship among the 

data and its trend. 

 

FIGURE 5-12  Population and drowning death relation 

Source: (Author) 



5.4 Un-natural deaths in Surat – an analysis 

153 

 

Here, the rise in the population does not show much of significant dependencies among each 

other. The exceptional cases take place during the flooding in the monsoon season as well 

as a few from the swimming in the natural water bodies. 

5.4.3 Deaths caused by fire (other) 

The death due to fire may be caused by various reasons – gas leakage blast, chemical 

explosion, electricity exposure and so on. Here, the death caused by different means of fire 

is explained through a second-order polynomial relationship. The value of R2 is low to the 

extent of 36.57 per cent that suggests for a very weak interrelationship among the data to 

explain any trend.  

 

FIGURE 5-13  Deaths in Surat due to Fire (reason others) 

Source: (Author) 

 

FIGURE 5-14  Population and deaths caused by fire relationship 

Source: (Author) 
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With an average death of about 125 persons each year due to fire hazards (of other 

categories), the total death of 1,251 persons is recorded in the study duration. The cause of 

the fire has a contribution of 4.28 per cent in total un-natural deaths in the city for the 

duration of 2001-2010. Here, the rise in the population does not show much of significant 

dependencies with the deaths caused due to fire hazards in the city. The uneven trend 

observed for the deaths recorded with a reason for caused by fire, may not lead for further 

investigation in exploring correlation with the rise in the population. 

5.4.4  Deaths caused by road accidents 

The charts show the trend and relationship of road crash fatalities with the correspondent 

population. The roads are acting as a major cause of un-natural deaths in Surat. 

 

FIGURE 5-15  Deaths by road accidents 

Source: (Author) 

 

FIGURE 5-16  Population and accidental deaths on roads relationship 

Source: (Author) 
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5.4.5 Deaths due to un-natural causes 

It is identified that as the city population is growing, the fatality due to un-natural causes are 

also increasing. The trend is showing an exponential fit. 

 

FIGURE 5-17  Deaths in Surat due to un-natural causes 

Source: (Author) 

5.4.6 Correlation among selective parameters 

Analysis of the past 10 years (i.e. 2001-2010) suggests that the increase in the population 

per year has a positive relationship with total deaths in the city due to un-natural causes. The 

correlation between population and the total un-natural deaths is strong to the extent of 0.945 

(Pearson’s coefficient) with a value of p<0.05. 

TABLE 5-5  Correlation between population and total un-natural death cases 

Pearson Correlations 
   

   
Total Un-natural causes 

Population Pearson's r   0.945  
p-value 

 
< .001  

Upper 95% CI 
 

0.987  
Lower 95% CI 

 
0.778 

Source: (Author) 

Among the total un-natural deaths in the city, with the obtained correlation coefficient, it can 

be stated that there is a significant increase in death tolls due to (1) fall from heights 
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(C=0.962), (2) Deaths in vehicles (C=0.833), and (3) Other un-natural causes (C=0.918) with 

a value of p<0.05 in all the three cases. 

TABLE 5-6  Correlation between un-natural causes of death and fall from height 

Pearson Correlations 
   

   
Fall from height 

Total Un-natural causes Pearson's r   0.962  
p-value 

 
< .001  

Upper 95% CI 
 

0.991  
Lower 95% CI 

 
0.843 

Source: (Author) 

TABLE 5-7  Correlation between un-natural causes of death and deaths in vehicles 

Pearson Correlations 
   

   
Vehicle total deaths 

Total Un-natural causes Pearson's r   0.833  
p-value 

 
0.003  

Upper 95% CI 
 

0.959  
Lower 95% CI 

 
0.428 

Source: (Author) 

TABLE 5-8  Correlation between un-natural causes of death and other reasons 

Pearson Correlations 
   

   
Other Un-natural causes 

Total Un-natural causes Pearson's r   0.918  
p-value 

 
< .001  

Upper 95% CI 
 

0.981  
Lower 95% CI 

 
0.683 

Source: (Author) 

Road accidents have a correlation coefficient of 0.86, with deaths in vehicles with a value of 

p<0.05. It shows that not all the fatality caused by road crashes involved the citizens were 

driving/travelling the vehicle. It indicates the involvement of non-vehicle driving citizens 

among the fatal instances. 

TABLE 5-9  Correlation between road accidents and deaths in vehicles 

Pearson Correlations 
   

   
Vehicle total deaths 

Road accidents Pearson's r   0.860  
p-value 

 
0.001  

Upper 95% CI 
 

0.966  
Lower 95% CI 

 
0.503 

Source: (Author) 
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5.4.7 Regression among parameters 

The results mentioned below shows the dependency of deaths due to falling from a height 

among total un-natural deaths in the Surat city with a population as a covariate. The increased 

deaths due to falling from heights are to the extent of 86.60 per cent for the population 

increase. 

It can be stated that the average death of 156.5 persons in Surat, due to falling from height 

in the selected ten years’ duration is about 86 per cent dependent on the rise in the population. 

Indirectly, it suggests for safer practices during the construction of high-rise buildings. 

Summary of analysis – deaths due to vehicle accidents 

Model  R R² Adjusted R² RMSE 

1  0.866  0.750  0.718     18.034 

The table below shows the dependency of deaths due to vehicles among total un-natural 

deaths in the Surat city with a population as a covariate. The increased deaths due to vehicles 

are explained to the extent of 79.80 per cent for the population increase.  

It can be stated that the average death of 201.5 persons in Surat, due to vehicles in the 

selected ten years’ duration is about 80 per cent dependent on the rise in the population. 

Indirectly, it suggests for safer driving practices. 

Summary of analysis – deaths due to vehicle accidents 

Model  R R² Adjusted R² RMSE 

2  0.798 0.637 0.591 33.820 

5.5 Weather trends 

An analysis is performed to understand and recognize the pattern that exists in the 

temperature profiling. Following are the outputs observed based on grouping of a data set of 

daily temperature data as recorded by the Indian Meteorological Department, Government 

of India.  

The dataset was obtained for daily records for the duration of 1st January 1995 to 31st 

December 2018 (till 30th June 2019), in total daily records of 23 years for the Surat Station. 

 



CHAPTER 5 Result Analysis and Discussion 

158 

 

5.5.1 Higher daily temperature dynamics 

The maximum daily temperature recorded in a particular month is higher than the overall 

daily average of maximum temperature for the study duration. Such weather occurred in 250 

months among 276 months (90 per cent of months). The years of 1999 and 2009 (exactly 

after one decade) reported for hotter months round the year. The Gujarat state average above 

33 °C value is reported for 7 months. It means that for Gujarat State, the hotter months are 

7 in a year, but in the case of Surat, it is almost 11 months in the past 23 years. The study 

area of Surat region with 1,357 sq. km. area is constituting 0.69 per cent in Gujarat State 

having geographical spread over 1,96,024 sq. km. Hence, it can be intervened that the Surat 

region is having higher maximum temperatures than the Gujarat State and local conditions 

are different than that of the state average. 

Except for June 1998, the maximum temperature of the state average has never been 

observed in the Surat region. However, the months of March, April and May have recorded 

higher maximum temperatures for 31 times. In addition to the controversy in Surat, the 

months of June, July and August are observed to have less maximum temperature than the 

state average. Except for these three months, Surat has recorded higher maximum 

temperature for at least one day than the state average for the month. The whole year of 1998 

was consistently hotter than the state average records among the study duration, despite a 

natural event of a major flood in Tapi River in the region. 

 

FIGURE 5-18  State vs. Surat region max. temperature 

Source: (Author) 
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The monthly average for the maximum temperature recorded round the month; it is observed 

that except for the summer months, the Surat has recorded higher maximum temperature 

than that of the state. On average, it can be stated that the Surat region has a relieve of about 

4.6 °C in the summers compared to other parts in the state. On the other hand, for the rest of 

the months in the year, the average monthly maximum temperature is recorded to be higher 

than that of the state government average maximum temperature. 

The chart shows the differences observed in the monthly average records of maximum 

temperature in the state average to the Surat city. The trend (FIGURE 5-18) is based on 

records of 23 years and shows that the months in the middle of the year has higher monthly 

average values in the Gujarat State. Surat, however, is hotter in the rest of the months around 

the year where the average monthly maximum temperature in the state is lower. 

TABLE 5-10 below shows the findings as to the values of maximum and minimum of 

monthly average records for maximum temperature in Surat region.  

TABLE 5-10  Monthly Average Maximum Temperature for Surat (Years 1995-2018) 

Years 
Temperature 

Years 
Temperature 

Max. Min. Max. Min. 

1995 27.77 29.46 2007 30.53 29.46 

1996 29.46 28.86 2008 29.46 30.56 

1997 28.86 29.62 2009 30.56 29.23 

1998 29.62 31.00 2010 29.23 29.83 

1999 31.00 30.39 2011 29.83 28.25 

2000 30.39 30.19 2012 28.25 29.65 

2001 30.19 29.43 2013 29.65 28.86 

2002 29.43 30.43 2014 28.86 29.02 

2003 30.43 29.13 2015 29.02 19.20 

2004 29.13 28.60 2016 33.24 23.18 

2005 28.60 29.56 2017 33.48 23.32 

2006 29.56 30.53 2018 33.87 22.23 

Derived from data source: (IMD, 2020) 

For the study duration, the frequency analysis is performed for the entire set of records. The 

daily maximum temperature range is identified with its occurrence. As visible in FIGURE 

5-19, the range of daily maximum temperature remains in the range of 30.1 °C to 35 °C. The 

distribution of frequencies of occurrence is found to be normal with a mean value of 33.01 

°C having a standard deviation of ±3.83 °C. It is the tolerance value for daily maximum 

temperature in the study region having a mean of 33.01 °C. 
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(1) Frequency of occurrence 

 
(2) Distribution of occurrence 

FIGURE 5-19  Frequency distribution for daily maximum temperature 

Source: (Author) 

Tables included in the [0 Annexure: I – Calculated Temperature values in the study region] 

shows the cumulative monthly values of maximum temperature as derived from the records 

of IMD, Pune. TABLE 5-11 shows interpreted results of statistical operations performed 

using the daily temperature data. The table depicts the average values of observed 

temperature for daily maximum and a daily minimum of records. It also identifies the 

temperature of a single day in a year when it reached a maximum and minimum, at least for 

one day. 

TABLE 5-11  Annual trends of temperature 
Year Annual Monthly average 

temperature 

Temperature in a single day 

Daily Max. Daily Min.  Max. Min. 

1995 33.15 22.73 41.20 12.60 

1996 33.25 23.40 41.00 12.00 

1997 32.84 22.90 40.80 12.80 

1998 33.94 23.29 43.20 11.00 

1999 34.14 22.92 42.90 11.40 

2000 33.00 22.19 42.60 10.00 

2001 33.05 21.03 42.10 7.60 

2002 33.15 21.21 44.00 8.00 

2003 33.06 21.32 43.10 9.00 

2004 33.18 21.73 44.20 9.60 

2005 32.69 21.41 42.80 9.00 

2006 33.04 22.23 40.40 11.50 

2007 33.03 22.24 42.60 12.20 

2008 32.45 21.73 41.00 8.20 

2009 33.47 22.71 42.80 12.10 

2010 33.15 23.15 42.90 10.50 

2011 33.06 22.47 40.30 10.50 
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2012 33.07 22.49 40.60 9.30 

2013 32.47 22.65 41.00 11.00 

2014 33.10 23.40 41.80 11.90 

2015 33.28 23.23 42.20 12.50 

2016 33.20 23.02 41.80 11.50 

2017 33.24 23.18 43.00 12.20 

2018 33.48 23.32 41.80 10.60 

2019* 33.87 22.23 41.20 11.50 

Source: (Author); Derived from data source: (IMD, 2020) 

*Note: Data for the year 2019 is available only till 30th June 2019. 

5.5.2 Lower daily temperature dynamics 

The average value of daily minimum temperature is 24.0000 °C as recorded for the duration 

of the year 1995 to 2018 on a daily basis. For 2.5 months in each year, a particular month in 

the year has crossed the average value of minimum temperature at least once. Such 

occurrences in about. In the year 2003, the minimum temperature in Surat did not cross the 

average minimum temperature for even once. Over two decades of study duration, the 

minimum temperature in Surat region has never exceeded the highest average minimum 

temperature recorded in the state as 26.90 °C which happens to be in the month of July in 

the Gujarat state. 

The average minimum temperature for each month (based on daily minimum temperature 

variation) in the study duration was extracted. The value of the average minimum is 

identified to be higher than that of the state average value of minimum temperature in most 

of the cases. 

Controversial to the higher temperature trends, the minimum temperature in a day is 

averaging higher than that of the Gujarat state average low temperatures. Except for the 

month of July, round the year, minimum temperatures in the Surat region is recorded higher 

than the state average. The behaviour is visualized in the diagram shown in FIGURE 5-20. 
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FIGURE 5-20  Trend of the daily minimum temperature of Surat 

Source: (Author) 

To regenerate and run the ecosystem, the environment of the earth receives heat in the day 

hours and cools down at the night hours. The range of the daily variation caries from places 

to places. In the case of Surat, frequency analysis on daily minimum temperature is 

performed.  

Frequency analysis is performed for daily minimum temperature in the study region. Charts 

in FIGURE 5-21 shows the results of the frequency distribution. The histogram shows a 

mean lower daily temperature value as 22.26 °C with a standard deviation of 5.14 °C. The 

value of daily tolerance in the daily lower temperature is large. It is also revealed that in the 

study region of Surat, the temperature has never been lesser than 5 °C even in night hours. 

More number of days with a lower temperature having value higher than the regional average 

of 24 °C is identified. The nights having a temperature above 24 °C is identified to be more 

than 43 per cent in the study duration. It means that the cooling temperature is not reaching 

the lower values more often. It may be due to local heat retention and release during the 

night hours maybe, because of urbanization. If so, it is an alarming situation as the 

temperature changes are irreversible.  
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(5.21-a) Frequency 

 
(5.21-b) Frequency distribution 

FIGURE 5-21  Frequency distribution of minimum daily temperature 

Source: (Author) 

5.6 Weather profiling in study region 

The chart shown in FIGURE 5-22 illustrates a trend of the number of hot days (above an 

average of 33 °C) in each year of the study region for the duration. The average of hot days 

having a temperature higher than 33 °C is 308 days per annum. The year 1999 recorded the 

maximum number of hot days, as high as 335 days in the year. The year 2005, on the other 

hand, recorded the lowest number of hot days, i.e. 281 days.  

The number of hot days is following the trend in the sixth order of polynomial fitting with a 

regression value to the extent of 41 per cent. The trend is expressed by the equation: 

y = 3E-05x6 – 9E-06x5 + 0.0012x4 – 0.0283x3 + 0.2186x2 – 0.2137x + 40.992 

having R² = 0.4142 

The relationship in the equation of experiencing daily maximum temperature higher than 33 

°C is showing a rising trend, and with the passage of time, 41 per cent of its relation is 

explained. 
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FIGURE 5-22  Maximum temperature profile in the study region 

Source: (Author) 

While extrapolation of the equation shows a falling trend which probably indicates the 

reduction in the number of hot days. In the same chart, a line shows with the highest recorded 

temperatures in a year. These highest recorded maximum temperatures have attained the 

value of 44.2 °C in the year 2004 and lower as 40.3 °C in the year 2011. The average 

maximum temperature is 42.07 °C for the study duration in Surat. A trend is examined with 

the best-fitting level attained at about 29 per cent of regression value and is expressed as an 

equation: 

y = -1E-05x6 + 0.0012x5 - 0.0363x4 + 0.5972x3 - 5.2949x2 + 20.864x + 239.49 

having R² = 0.2982 

The extrapolation of the equation shows a rising trend having the relationship explained. 

Considering both trends, it can be interpreted that the heat in Surat is becoming intense and 

rising with temperature and the duration of hot days are reducing. The climate is shifting to 

extreme heat for shorter durations. 

Further, an annual average of daily minimum and maximum temperature was extracted. The 

results are visible in FIGURE 5-23. Visibly it is evidential that the daily maximum 

temperature is consistent and expressed by the equation below having an explanation of 

temperature trend with the passage time to the extent of 28 per cent. 
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 y = – 7E-05x4 + 0.004x3 – 0.0696x2 + 0.4041x + 32.763 

having R2 = 0.2845 

However, the daily minimum temperature is showing an increasing trend with its 

relationship explain to about 81 per cent with the passage of time. In the last of the decade, 

there is a positive rise of about 1.56 °C. The average minimum temperature in the year 2008 

was reported to be 21.77 °C that has reached 23.33 °C in the year 2018. In the decade, the 

temperature never was below 21.77 °C that poses for doubt if the lower-level temperature is 

increased. The trend is explained 81 per cent by the equation below (refer to FIGURE 5-23). 

y = 3E-05x5 – 0.0019x4 + 0.0441x3 – 0.4219x2 + 1.3499x + 21.924 

having R2 = 0.8193 

 

FIGURE 5-23  Annual average temperatures in the study region 

Source: (Author) 

The graph below (FIGURE 5-24) shows the box plot of twenty-three years value of the daily 

minimum and maximum temperature records for Surat. The maximum temperature has an 

overall range from lower of 24.8 °C to a higher of 41.5 °C as recorded in the duration. Most 

of the maximum temperature has an average of daily records as 33.06 °C with tolerance from 

31.0 °C to 35.2 °C in the duration. For the minimum temperature in the study, region ranges 

from a higher of 30.3 °C to a lower of 7.6 °C. The average minimum temperature in a day is 

recorded as 22.37 °C with values accumulating around 26.4 °C to 18.4 °C. 
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FIGURE 5-24  Range of daily maximum and minimum temperature 

Source: (Author) 

Further, a decadal inquiry is performed to check the trend of weather through changes in the 

daily records. The comparative charts are illustrated in FIGURE 5-25 below. The results of 

the comparative analysis for the durations of 1995-2005 and 2005-2015, show that the 

maximum daily temperature is lowering down between the two of the time intervals where 

the minimum daily temperature is increasing.  

  

FIGURE 5-25  Decadal variations in daily max. and min. temperature 

Source: (Author) 

The nights are getting hotter. On an average for these durations, the maximum daily 

temperature is reduced by 0.32 °C whereas the nights became hotter by 0.52 °C. In addition, 

for the night duration, the lowest minimum temperature has a shift of +0.60 °C. The charts 
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show a comparative state for each of the indicative values. Natural earth surface cooling 

process is observing changes in the case of the study region. 

Envisaging the effect and impact on surface temperature by the prosperity promoting DP 

proposals, an analysis is performed. The duration taken under consideration is from 01-01-

1997 to 31-12-2006 and 01-01-2007 to 31-12-2016 assuming for the beginning of the 

implementation of the RDP of the years1994 (1996) and 2004 (2006).  

As illustrated in FIGURE 5-26, there is a minor rise in daily maximum temperature. The 

night duration has a shift of +1.25 °C in the daily minimum temperature. Also, the lowest 

minimum of daily temperature is increased by +1.70 °C. 

  

FIGURE 5-26  Variations in daily temperature for past two DP durations 

Source: (Author) 

While exploring the DP implementation duration, the minimum temperature is increasing 

and poses for a check required to correlate it with urbanization to ensure it to be an effect of 

urbanization. Further, an attempt to check for the projection of daily minimum and maximum 

temperature is made.  

The projection (FIGURE 5-27) is carried out for a decade after June 2019. It predicts that if 

the trends continue, the daily maximum temperature will be higher of 36 °C. The daily 

minimum temperature is expected to be higher of 28 °C during the night hours. The 

projection chart is an account of maximum and minimum daily temperature for the daily 

dataset from 1st January 1995 till 30th June 2019. 
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FIGURE 5-27  Projection for maximum and minimum daily temperature 

Source: (Author) 

The trendlines having sheer mathematical projection is not much explained by the regression 

model in the context of a passage of time. It depicts for more explanation through a model 

having a subset of more parameters. 

5.6.1 Precipitation dynamics 

The region around Surat is fortunate to have the gift of fertile land with annual precipitation 

sufficient to foster cultivation. The State Government has constructed several water 

reservoirs to match agricultural water demands in the drier months. The study region has 

pastures showing the presence of agricultural activities. As reported by SMC, the region has 

an annual rainfall of 1143 mm [2], [4].  

A chart in FIGURE 5-28 displays the total annual rainfall received in the region for the 

duration beginning from the year 1995 till the end of the year 2018. The average rainfall for 

these years is identified to be 1246.49 mm. The average over a record of SMC is showing 

an increase of almost 100 mm per year.  
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FIGURE 5-28  Yearly rainfall in the study region 

Source: (Author – based on IMD Data) 

Monsoon season in Surat region is considered from the beginning of the June till the end of 

September – four months per year. Accordingly, the May and October months are designated 

as pre-monsoon and post-monsoon months. Temperature and precipitation in this duration 

are analysed and discussed in the sub-sections herewith. 

5.6.1.1 Mean pre-monsoon, post-monsoon, monsoon temperature  

Monsoon season follows the hot and dry months of summer. The daily average temperature 

in the month of May is higher than that of the monsoon months. FIGURE 5-29 shows the 

trend of daily average temperature recorded during the months of May, June to September 

and, October for the study duration. There is an average decrease of about 2.5 °C in the 

months of monsoon compared to the month of May, each year.  

As soon the monsoon months are over, the surface temperature is increased, and for many 

years, the lowering of temperature is recovered by heat resulting in a rise of temperature. 

The average temperature in the months of monsoon averages around 28 °C however, in the 

projected duration, it seems that showing a rising trend, it will surpass above 30 °C resulting 

in quick evaporation of the precipitation due to heated surface of the region. 

Trends of these daily average temperature are extrapolated over a horizon of ten-years from 

the year of 2018. The daily average temperature of May and October are seemed to be 



CHAPTER 5 Result Analysis and Discussion 

170 

 

matching by the tenth year while there may be a rise in the average temperature in the months 

of monsoon. These trends are explained solely by temporal scale without any other 

parametric involvement for the months of May, Monsoon months and October to the extent 

of 25.56 per cent, 26.81 per cent and 40.42 per cent, respectively. It means the rising of these 

temperature values has become a character in the region. 

 

FIGURE 5-29  Temperature around monsoon months 

Source: (Author) 

5.6.1.2 The trend in monsoon precipitation 

The temperature in the atmosphere has somewhat interaction with the precipitation. Higher 

the temperature, rate of evaporation is more and if the precipitation quantum is less, then 

despite the rainfall, the quantity of precipitation is recorded lesser. An exploration of daily 

average precipitation in the pre-monsoon, monsoon and post-monsoon months is performed 

and discussed.  

As illustrated in FIGURE 5-30, the annual rainfall is shown in the form of daily average for 

specific months of monsoon in a year. Within the study period, there are three occasions 

when the monsoon arrived early in the month of May and sixteen occasions when there was 

prolonged monsoon season having precipitation continued in the month of October.  
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FIGURE 5-30  Daily precipitation around monsoon months 

Source: (Author) 

The average rainfall intensity in monsoon months is identified at an average 9.73 mm/day. 

The intensity of precipitation in the month of October is found to be 1.36 mm/day on an 

average, extending the monsoon season. Pre-monsoon rainfall intensity is near negligibility 

having its value averaging to 0.09 mm/day. 

Having the study region spreading across 1,357 sq. km., and records obtained only at a 

weather station. The coverage of the weather station needs to be distributed to explore 

location-specific effect and impacts of weather and development or vice versa. It seems to 

be a major limitation of the study for weather profiling with a restricted number of weather 

stations, distribution of temperature, precipitation is not measured spatially.  

It is observed that there are differences in terms of volume, duration, and intensity of rainfall 

in different parts of the city. As discussed earlier, the SMC has established several weather 

stations to overcome the limitation in future. These stations are monitoring and recording 

several weather parameters at hourly frequency. 
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5.7 Parametric model for temperature changes in the study region 

Based on the study findings from the year 1995 to the year 2019, the urbanization is 

increasing in the Surat region. The extensions in the surface built-up are increasing with the 

following relation: 

𝒚 = 𝟓. 𝟒𝟒𝟒𝟗 𝒙 + 𝟕𝟑. 𝟏𝟕𝟒 

Where ‘y’ is the area in sq. km. respect to ‘x’ as an annual interval. 

The value of Pearson's correlation coefficient is observed as 0.9799, showing a high level of 

significance and a rising trend. A prediction is worked out to check for the surface built-up 

area in the year 2050. It is identified that every year, the study region is expanding its built-

up surface at a rate of 5.449 sq. km. It is identified that in the year 2020, the surface built-up 

area in the study region is 260.34 sq. km. Keeping it the base year and base surface built-up 

area, the projection for each year is performed and shown in TABLE 5-12 predicting the 

increase for each year. 

TABLE 5-12  Predicted surface built-up area till 2050 
Base year 

2020 

predicted surface built-up addition (sq. 

km.) per annum to base year area 

predicted surface built-up 

area (sq. km) 

2021 78.623 338.963 

2022 84.072 344.412 

2023 89.521 349.861 

2024 94.970 355.310 

2025 100.419 360.759 

2026 105.868 366.208 

2027 111.317 371.657 

2028 116.766 377.106 

2029 122.215 382.555 

2030 127.664 388.004 

2031 133.113 393.453 

2032 138.562 398.902 

2033 144.011 404.351 

2034 149.460 409.800 

2035 154.909 415.249 

2036 160.358 420.698 

2037 165.807 426.147 

2038 171.256 431.596 

2039 176.705 437.045 

2040 182.154 442.494 

2041 187.603 447.943 

2042 193.052 453.392 

2043 198.501 458.841 

2044 203.950 464.290 
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2045 209.399 469.739 

2046 214.848 475.188 

2047 220.297 480.637 

2048 225.746 486.086 

2049 231.195 491.535 

2050 236.644 496.984 

Source: (Author) 

TABLE 5-12 shows the predicted values of increase in the surface built-up in the study 

region based on the past trend having grown through provisions of DP. 

The  relationship in the equation of experiencing daily maximum temperature higher than 

33 °C is showing a rising trend, and with the passage of time, 41 per cent of its relation is 

explained as: 

y = 3E-05x6 – 9E-06x5 + 0.0012x4 – 0.0283x3 + 0.2186x2 – 0.2137x + 40.992 

 

Where ‘y’ is the number of days in a year having a maximum temperature higher than 33 °C 

for ‘x’ as annual intervals, the value of correlation coefficient observed is 0.4142. 

An empirical model of attaining maximum average temperature with the built-up surface 

area, in the case of Surat is identified by linear regression with the relation as: 

𝒚 = 𝟎. 𝟎𝟎𝟒𝒙 + 𝟑𝟑. 𝟖𝟕𝟗 

Here, ‘y’ is the average maximum temperature in a year with ‘x’ as the independent variable 

of surface built-up. The expression has a correlation coefficient value with r=0.289 (model 

explains the dependency with 28.90~29 per cent). Using the expression, a prediction in the 

change of surface temperature is performed. Increase in a surface built-up area is showing a 

rise in annual average daily maximum temperature.  

The model suggests that increase of surface built-up for every sq. km. in the study region, 

the daily average maximum temperature will rise at 0.0040 °C. The predictions for change 

in the daily average maximum temperature with rising in the surface built-up area is shown 

in TABLE 5-13. It is the sole effect of surface built up, adding intervention from other 

parameters; the rise in temperature could be early. 
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TABLE 5-13  Temperature prediction dependent on surface built-up 
Surface 

area 

(sq. 

km.) 

Predicted 

maximum 

temperature 

(°C) 

Difference in 

surface built-

up area (sq. 

km) 

Temperature 

change in due 

to surface 

built-up (°C) 

Temperature 

with effect of 

remainder 

parameter (°C) 

Predicted 

effective 

temperature 

(°C) 

260 34.919 Base area Base 

temperature 

Base 

temperature 

Base 

temperature 

261 34.923 1 0.0040 0.0138 0.0178 

265 34.939 5 0.0200 0.0690 0.0890 

275 34.979 10 0.0400 0.1379 0.1779 

290 35.039 15 0.0600 0.2069 0.2669 

310 35.119 20 0.0800 0.2759 0.3559 

325 35.179 15 0.0600 0.2069 0.2669 

350 35.279 25 0.1000 0.3448 0.4448 

400 35.479 50 0.2000 0.6897 0.8897 

500 35.879 100 0.4000 1.3793 1.7793 

Source: (Author) 

The remainder of the model dependency may have a relationship with other factors of 

increasing surface temperature. These factors may include a different type of pollution loads 

and human activities. With the identification of above and several other such relationships, 

the first objective of exploring correlation is achieved. The last column in TABLE 5-13 

shows the total effect if the temperature change due to surface built-up is contributed at 29 

per cent as explained by the model.  

The predicted results from TABLE 5-12 and TABLE 5-13 shows that by the year 2050, Surat 

urban region may reach to a surface built-up of 500 sq. km. with an average daily temperature 

increased as 1.4 °C. The effective daily average of maximum temperature is expected to rise 

to the extent of 1.77 °C. 

The results are in line with the models of IPCC predicting a minimum of 1.5 °C rises in 

global temperature with existing practices continued. If it happens so, by the year 2050, the 

sea surge will consume the developed land in the study region of Surat metropolitan [2], [4]. 

5.8 The extent of vulnerability and risk in the study region 

It is evidential from FIGURE 5-27 that the daily maximum temperature in the study region 

is rising the global temperature is. Predicted values show a rise of about 1.7 °C by 2050. The 

global effect of such a rise is expected to take another 40 years. If it happens so, the RDP-

2035 of SUDA is posing for threats due to sea surge and river floods. As discussed earlier, 
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the study area is overlayed with sea surge and flood inundation layers in QGIS. The existing 

developed land parcel, as well as proposed zoning, is assumed under inundation. The risk of 

inundation is quantified in terms of area under submergence. Application of population 

density over the identified area evaluates the number of persons vulnerable to these floods 

and submergences. 

The sea surge maps simulated by FM Global are layered on the study region. Results of 

submergence due to sea surge is obtained as a spatial model for the study region. If there is 

a rise of 1.5 °C in global temperature, an area of 314.76 sq. km. of the study region is 

expected to get submerged. If there is 2.0 °C increase in the global temperature, an area of 

510.75 sq. km. is expecting permanent inundation resulting from the sea surge. The areas 

under submergence due to both simulated possibilities are illustrated in the spatial model 

shown in FIGURE 5-31.  

 
(5.31a) for rise of 1.5 °C in global temperature 

 
(5.31b) for rise of 2.0 °C in global temperature 

FIGURE 5-31  Study region areas under submergence due to sea surge 

Source: (Author) 

Further, the submerged area was applied to the existing situation and DP provisions of 

zoning to reveal the extent of vulnerability to the citizens. The spatial models for these 

submergence conditions are shown in FIGURE 5-32. The larger version of these maps is 

annexed at the end of the report. 
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(5.32-1) Sea surge inundation on DP (1.5 °C)  

 
(5.32-2) Sea surge inundation on DP (2.0 °C) 

 
(5.323) Sea surge inundation on FCC (1.5 °C) 

 
(5.324) Sea surge inundation on FCC (2.0 °C) 

 
(5.325) 2011 population with sea surge (1.5 °C) 

 
(5.326) 2011 population with sea surge (2.0 °C) 

FIGURE 5-32  Habitat under submergence due to sea surge 

Source: (Author) 

Furthering the evolution of spatial models, past flood inundation is examined. Also, the flood 

simulation models developed by FM Global were layered in the study region. It is found that 

the part of study region flood in Tapi River floods of the years 1968, 1994, 1996 and 2006 

were to the extent of 620.55 sq. km., 154.264 sq. km., 176.02 sq. km., and 525.57 sq. km. 

respectively. The floods of the year 1994 and 1998 had majorly and adversely impacted the 

parts of the core city areas in the study region, while the other two flooding events had a 

larger spread in the region. Spatial models are shown in FIGURE 5-33. 
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(5.33-a) Past flood inundation zones  

 
(5.33-b) Past flood inundation on DP zoning 

 
(5.33-c) 1968 flood inundation on DP zoning 

 
(5.33-d) 1994 flood inundation on DP zoning 

 
(5.33-e) 1998 flood inundation on DP zoning 

 
(5.33-f) 2006 flood inundation on DP zoning 

 
(5.33-g) Simulated flood inundation 

 
(5.33-h) Simulated inundation on DP zoning 
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(5.33-i) Simulated flood inundation over FCC 

 
(5.33-j) Simulated inundation over FCC 

 
(5.33-k) Simulated inundation over RDP-2035 

 
(5.33-l) Simulated inundation affected zones  

 
(5.33-m) Flood-Sea surge submergence 

 
(5.33-n) Submergence over RDP-2035 

FIGURE 5-33  Habitat under submergence due floods 

Source: (Author) 

With the effect of the flood of 1968 in combination with all other floods and simulated 

submergences, a major part of the study region, except for the south-east sub-region, is 

vulnerable to inundation. However, if the effects of submergence due to average global 

temperature rise and river floods are focused, TABLE 5-14 shows the areas and population 

vulnerable to inundation.  

The possible destructive effects need careful consideration and inclusion for provision 

through DP zoning proposal for future development in the study region. The report RDP-
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2035 of SUDA has a mention of natural hazards; however, unfortunately, the consideration 

and inclusion concept of vulnerability due to these hazards are completely excluded. The 

zoning proposal in the RDP-2035 of SUDA is becoming an extension of past zoning 

provisions along with a few other regions being earmarked for zoning regulation.  

TABLE 5-14  Land parcels and citizen vulnerable to inundation 
Vulnerable 

land-use 

Vulnerable area Population 

density 

(ppha)* 

No. of 

citizens at 

risk 
In sq. m. In sq. km.  In ha. 

Residential 14,69,69,097.46 146.9690975 14696.90 143 2101657 

Commercial 36,68,549.08 3.66854908 366.85 48 17609 

Educational 18,91,819.94 1.89181994 189.18 30 5675 

Industrial 16,17,23,719.24 161.7237192 16172.37 35 566033 

 

Total 31,42,53,185.72 314.2532 31425.32  26,90,974 

Source: (Author) 

* based on records of Census of India 2011 

Henceforth, based on the exercise of spatial modeling of the study region, vulnerable areas 

having a spread of 314.25 sq. km. with possible habitation of 26.90 Lac citizens are 

identified. Without any consideration of the flooding threat, these vulnerable areas are 

already developing with permissible zoning provisions of RDP-2035 of SUDA. 

Development of human settlement in the areas permitted for residential and commercial 

zoning is already investing their lives in these vulnerable areas, possibly risking their lives 

and livelihoods. 

5.9 Matching of results with aim and objectives 

Following is an attempt to map the research questions if justified through carried out research 

efforts as mentioned in earlier parts of the chapter. Also, the aim and objectives are exercised 

for mapping towards matching satisfactorily. 

TABLE 5-15  Research questions mapping to research satisfaction 

№ Research question Revealing from research 

1 In which directions the Surat 

urbanization is propagating? 

Examined.  

The spread of Surat in terms of its built-

up is identified in the directions of the 

North to the South through East. Also, 

the South-west and South-east parts are 

developing. The spread is observed in all 

directions. 
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2 How much is the growth of spatial 

surface built-up extent in Surat? 

Investigated.  

Surat has an annual spread of 5.444 sq. 

km. for its surface built-up. 

3 Is there any relationship between 

local climatic conditions with 

increasing surface built-up due to 

urbanization in Surat? 

Yes.  

There is an identified relationship that 

supports temperature changes due to 

surface built-up. The relationship is 

explained by up to 29 per cent. There 

may be many other parameters 

contributing to the extent of remainder 

71 per cent explaining local temperature 

changes. 

4 Is there any relationship with 

increasing urbanization and un-

natural deaths of citizens in Surat? 

Yes. 

With a rising population, the un-natural 

deaths are identified to be increasing.  

5 How much habitable area is 

vulnerable to flooding along with 

population? 

Explored.  

A total area of 314.75 sq. km. is 

identified to be vulnerable due to risk of 

sea surge flooding affecting 26.90 Lac 

citizens. 

6 What may be a situation of habitation 

in future, in case of a significant flood 

event in Surat area? 

Identified. 

If habitation is submerged, the 

vulnerable residential area is expected to 

the extent of about 147 sq. km. with an 

affected population of 21 Lac citizens. 

7 Can any safeguarding measures be 

taken using the approach of 

Development Plan as a legislative tool 

of land management? 

Yes. 

DP avails a provision for permissible use 

of land parcels through zoning. Zoning 

can be proactive against possible risks 

and vulnerabilities. It needs to be re-

exercised by adopting the current 

research process through an amendment 

in the GTPUD Act, 1976. 

Source: (Author) 

5.9.1 Mapping of aim 

Aim of the work defined as a statement - “To explore the interaction of climate and built-up 

spaces resulting in vulnerability for Surat urban region and explore for sustainable planning 

opportunities.” 

Justified through research attempt. 
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5.9.2 Mapping of the research objectives 

The research questions are identified to be satisfied through the research exercise. Many 

findings are obtained that were unknown by a method that is novel and unexplored ever yet. 

TABLE 5-16 shows the attainment of research objectives in support of the aim. 

TABLE 5-16  Mapping of objectives for the attainment 

№ Objectives Attainment from research 

1 To study and assess the extent of 

correlation among urban land-use of the 

study region and various parameters of 

local climate variation in the study area. 

Action performed.  

Explaining relationships 

extracted. 

2 To evolve and formulate an empirical-

quantitative model for vulnerability and 

suggest for mitigative strategy by land-

use planning. 

Model formulated. 

The mitigative strategy 

proposed. 

Source: (Author) 

5.10 Evaluation of hypothesis 

For conducting the research work, a research hypothesis was formed. The statements are as 

below: 

“The change in the land-use in the urban area has an effect on the local climate change 

resulting in adversities affecting the vulnerability of citizens.”  

For the above, a null hypothesis shall be: “There is no effect on the local climate change due 

to changes in the land-use in the urban area related to any adversities and effect on citizens.” 

At the end of the work, the hypothesis proves to be true as it is identified that the 

urbanization, specifically the surface built-up spaces, are contributing the rise in the local 

surface average daily temperature. The relationship is explained to the extent of 29 per cent. 

Increasing surface built-up spaces, in the case of the study region, is contributing positively 

to the increase of surface temperature. Also, the daily minimum temperature is elevating as 

an effect of the growing surface built-up in the study region. 
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CHAPTER 6. Proposal 

6.1 Development plan appraisal and mitigative proposal 

For the study region encompassing 1,357 sq. km. area, the authority has proposed RDP-2035 

of SUDA wherein land-use zoning is proposed for 336 sq. km. The RDP-2035 is seemingly 

growth-oriented and promoting development, fostering economic activities in the region. 

The RDP-2035 does not account for accommodating any pro-active planning measures to 

mitigate risk for the area having vulnerability. The current research identifies vulnerability 

due to sea surge for about 314.25 sq. km. area to get submerged with a rise in mean sea level 

due to global temperature rise. The local temperature in Surat region is also increasing, and 

by the year 2050, it is projected that the average daily maximum temperature is to elevate 

by 1.77 °C along with the increasing average minimum daily temperature. The daily heating-

cooling process as natural phenomena is changing due to constant growing urbanization, 

especially change in the land cover in terms of increasing surface built-up.  

 

FIGURE 6-1  RDP-2035 proposed zoning under sea surge flooding 

Source: (Author) 
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As illustrated in FIGURE 6-1, a shift of land-use zoning proposal of RDP-2035 for an area 

of 124.75 sq. km. is required. These areas are identified to sea surge flooding risk as an effect 

of global temperature changes. Under the provisions of RDP-2035 zoning, the TPS is 

approved for implementation. 

Referring to FIGURE 6-2, the south-west of the study region, village parts of Dumas, Gaviar, 

Bhimpore, Magdalla, Sultanabad, Khajod, Abhva, Gabheni, Budia, Jiyav, Umber, Pali, 

Kansad, Sarsana, and Vanta need to be withheld for further development as these areas are 

at risk of flooding. Sultanabad may become an island if the sea surge flooding settles 

permanently. Villages of Bhimpore, Abhva, Khajod, Budiya, Jiyav, Gabheni, Umber has a 

major part of villages earmarked for un-defined land-use in the RDP-2035. 

 

 
(1) Zoning proposed in RDP-2035 

 
(2) Existing development in January 2020 

FIGURE 6-2  RDP-2035 zoning under submergence  

Source: (Author) 

In the west of the region, village parts of Kawas, Limla, Mora, Hajira, Shivrampura, Suvali, 

Damka, Barbodhan, Ichchhapore, Asarma, Malgama, Tena, Bhandut, Selut, Pinjrat, and 

Vansva need to be restricted for further development unless mitigative action plans are 

prepared. Many parts in the Hazira and the surrounding area have a major industrial proposal. 

Towards a safeguarding measure, if the industrial establishments adopt for general 

embankment in the premises to raise the ground level, it will affect the natural course of Tapi 

river flood spread. At the time of flooding conditions in Tapi river, new areas under 

submergence will appear due to unavailability of natural flood plains existed in the Hazira 

belt.  

FIGURE 6-2 evidentially shows the status of development in the year 2020. Large parts are 

seeming to be undeveloped/under-development that have proposed zoning of residential and 
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industrial land-use. Further development should be restricted in the above-mentioned part of 

the region. These areas under risk are proposed for residential and industrial zoned land-use. 

By the year 2050, these parts will be fully developed occupied as habitat and performing 

economic activities. Certainly, such developed and working land parcels cannot be let down 

for submergence. The extent identified in the research risking lives and livelihoods of 26 

Lac citizens if this zoning is implemented. A proactive and legal approach is required to 

safeguard the interest of these citizens and the nation. 

Native residents in these areas shall be allowed to continue living on their willingness, along 

with permission for agricultural and fishing activities. However, these residents shall be 

notified with an advisory to vacate the place and relocate to other safer place in a duration 

of about ten years over the horizon. The relocation process shall be voluntarily carried out 

availing reporting by landowners to the authority. The authority may provisionally suggest 

of allocating (upon demand) commercially available dwelling units (categorized based on 

income groups) to these vulnerable citizens to promote the evacuation process. 

The vacated land parcels shall be cultivated for mangrove plants and other vegetation. It 

shall also reduce any possible soil erosion condition. 

The current research efforts include open-sourced data procurement and use of open-sourced 

software tools to perform operations, and the technology is mature enough to play a role in 

the mainstream development agenda. It is an appropriate time for amending the provisions 

in the legislation to benefit the society at a larger extent in the upcoming times. 

6.2 The proposed amendment in prevailing legislation 

The urban development in any part of Gujarat state is regulated under the provisions of the 

following legislation: 

[1] The Gujarat Town Planning and Urban Development Act, 1976 (The principal act) 

[2] The Gujarat Town Planning and Urban Development (Amendment) Act, 1986  

[3] The Gujarat Town Planning and Urban Development (Amendment and Validation) Act, 

1995 

[4] The Gujarat Town Planning and Urban Development (Amendment) Act, 1999 
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[5] The Gujarat Town Planning and Urban Development (Amendment) Act, 2001 

[6] The Gujarat Town Planning and Urban Development (Amendment) Act, 2002 

[7] The Gujarat Town Planning and Urban Development (Amendment) Act, 2004 

The principal act and subsequent amendments contain sections having many provisions 

pertaining to urban planning and development, as discussed in the earlier part of the report 

[185]. Current research and findings thereof suggest for certain amendments in the prevailing 

legislation. Below TABLE 6-1 mentions a proposed amendment in the said Act considering 

the findings from the current research effort. 

TABLE 6-1  Proposed amendments for addition in the GTPUD Act, 1976 

№ Section 

No. 

Existing provision Proposed addition for amendment 

1. Chapter I, 

Section 2 

Definitions of 

terms 

Include definitions of: 

i. Surface built-up as building and 

construction footprint top surface 

ii. Land-use land-cover (LULC) 

iii. False Color Composite 

iv. Geographical Information System 

(GIS) 

v. Remote sensing (RS) 

vi. Area under inundation 

vii. Climate change 

viii. Sea-surge 

ix. Normalized Differential Vegetation 

Index (NDVI) 

x. Risk against natural hazards 

xi. Vulnerability 

xii. Geoinformatics 

xiii. Spatial correlation 

xiv. Development plan review 

 

2. Chapter-II, 

Section 5 

(3) 

Members in the 

Area Development 

Authority 

i. Appointment and inclusion of a Town 

Planner with skills of geoinformatics 

as a member for level at par to Senior 

Town Planner as regular full-time 

appointment and not ex-officio be 

called as ‘STP (Geoinformatics)’ 

3. Chapter II, 

Section 6 

(2) 

Power to designate 

a local authority as 

area development 

authority 

i. STP (Geoinformatics) to be assigned 

powers to perform functions, to have 

access to information, guide the 

Planning Committee 

4. Chapter II, 

Section 8 

(1) 

Expenses of area 

development 

authority 

i. STP (Geoinformatics) to be assigned 

powers to make expenditure to 

perform operations by procurement of 
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№ Section 

No. 

Existing provision Proposed addition for amendment 

satellite data, GIS and RS enabling 

high-performance computer systems 

and plotter-printers. Such expenditure 

shall be forming a part of the 

expenses of the authority. 

5. Chapter II, 

Section 12 

(2) 

Contents of the 

draft development 

plan 

The draft development plan to be consisting 

of: 

i. FCC for the past 20 years 

ii. Overlay of FCC with past versions of 

development plans 

iii. LULC records evolved from the FCC 

iv. Identification of natural hazard-prone 

zones 

v. Identification of trends of past surface 

temperature variations for a duration 

not less than 20 years 

vi. Spatial correlation between surface 

built-up and surface temperature 

vii. Proposal to designate risk areas as 

‘no-development zone.’ 

viii. Zoning proposal as dovetailing from 

international and national 

recommendations for climate change 

mitigation 

ix. The CGDCR Act to have special 

provisions for the proposed 

development plan to safeguard 

citizens and properties against 

identified hazardous effects 

6 Chapter II, 

Section 21 

Revision of 

development plan 

i. After five years of draft development 

plan approval, at least once an interim 

exercise to be taken up of 

examination (called ‘Development 

plan review’)the surface built-up, 

surface temperature, measure the 

extent of spatial growth directions 

using FCC, check land utilization 

through NDVI and FCC, overlay with 

draft DP proposal for any 

irregularities unknown 

ii. No revision in a change of land-use to 

be proposed in the risk zones 

identified as ‘no-development zone’, 

such land parcels to act as permanent 

zone 

7. Chapter 

III, Section 

22 (4) 

Declaration of the 

urban development 

area and 

i. Appointment and inclusion of a town 

planner with skills of geoinformatics 

as a member for a level at par to 
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№ Section 

No. 

Existing provision Proposed addition for amendment 

constitution of the 

urban development 

authority 

senior town planner as a regular full-

time appointment and not ex-officio 

be called as ‘STP (Geoinformatics)’ 

8. Chapter 

III, Section 

23 (1) 

Powers and 

functions of the 

urban development 

authority 

Functions include for, 

i. Fetching of remote sensing records as 

data and process it for use 

ii. Preparation of overlay database using 

cadastral boundaries and remote 

sensing image data 

iii. To carry out vulnerability analysis to 

identify areas under risks 

9. Chapter II, 

Section 24 

Expenses of the 

urban development 

authority 

STP (Geoinformatics) to be assigned powers 

to make an expenditure to perform operations 

by procurement of satellite data, GIS and RS 

enabling high-performance computer systems 

and plotter-printers. Such expenditure shall 

be forming a part of the expenses of the 

authority. 

10. Chapter 

IV, 

Section 29 

Grant of refusal of 

permission 

No permissions shall be availed to any person 

or organization for any purpose to develop 

any kind of human activities in the areas 

identified as ‘no-development zone’ in the 

approved development plan. 

11. Chapter 

IV, 

Section 

35(1) 

Penalty for 

unauthorized 

development or use 

or continuation or 

retention of the use 

without permission 

Provision shall be added for any activity 

being carried out by any individual or 

organization in earmarked ‘no-development 

zone.’ 

12. Chapter 

IV, 

Section 36 

Power to require 

removal of 

unauthorized 

development or use 

Provision to demolish or remove any built-up 

(permanent in nature) shall be added for any 

activity being carried out by any individual or 

organization in earmarked ‘no-development 

zone.’ 

13. Chapter 

IV, 

Section 37 

Removal of 

unauthorized 

temporary 

development 

Provision to demolish or remove any built-up 

(temporary in nature) shall be added for any 

activity being carried out by any individual or 

organization in earmarked ‘no-development 

zone.’ 

14. Chapter 

IV, Section 

38 

Recovery of 

expenses incurred 

To recover expenses if incurred for 

implementation in revised section 36 and 37 

of Chapter IV. 

Source: (Author) 

Above suggestive legislation, the upgrade seems promising to change the current practices 

of envisaging development in future. Spaces shall be urbanized and developed, neither at the 

cost of nature nor citizens, their livelihood and socio-cultural setup. 



 

 

 

Chapter 7 

Conclusion  
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CHAPTER 7. Conclusion 

7.1 Conclusion from the research 

Understanding of the interaction of climatic parameters and urbanization globally and locally 

has enabled to expediate the situation in Surat. Surat has a rich history in terms of availing 

opportunity of economic growth. It is emerging as a major industrial settlement in the region 

of South Gujarat. It is identified that Surat urban region is extending its population in the 

North to South through the East. Also, the spread is increasing in the North-west direction 

from the walled city of Surat. The SMC is providing and managing the urban services and 

infrastructure. The SUDA is assigned a responsibility to facilitate the development through 

provisioning of land-use planning and implementation through legal procedures. The 

population in the region is expected to double by the year 2041 than that reported in the year 

2011 (48.05 Lac to 81.99 Lac) considering the development growth potential and past trends 

of natural increment. 

The region around Surat is examined for it land cover related to vegetation. Gauging of land 

development was ensured by ‘Normalized Difference Vegetation Index (NDVI)’. The 

analysis reported for the vanishing of 208.94 sq. km. of shrubbery from the region during 

the year 1995 to 2018. The extracted digital values (reflected light energy) of image pixels 

had a normal distribution on histograms. Minimum observed value of vegetation reflectance 

is -0.48 with a maximum reaching to 0.68. Reflectance values higher than 0.00 shows the 

presence of vegetation on the earth surface. The NDVI shows sparse and distributed 

vegetation cover as grasslands having more of bare soils in the region.  

The urbanization footprint as surface covering built-up areas is examined. The traces of 

developed land parcels having built-up spaces is examined for the duration of the years 1995-

2020 observing annual growth. The extraction of the surface built-up areas is carried out by 

using FCC images composed of raw satellite band images (obtained from NASA, USA 

missions) and high-resolution surface images acquired from Google Earth Engine. The built-

up surface is identified to be growing. In the year 1984 the surface in the region had only 

78.47 sq. km. while it increased to 283.85 sq. km. The built-up observed during the study is 

verified with the records available for a few years and it is found to be matching. The state 

government and records of ULB so far do not account to measure and report surface built-
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up spaces in a region. Current study reveals that the average growth rate of surface built-up 

spaces in Surat region is 2.70 per cent per annum.  

The relationship between an increase in population and un-natural death noticed to be high. 

The same also applied for deaths due to drowning in Surat. Records made available are only 

for a decade that was examined as a part of current research attempt. Correlation is identified 

to be very positive and equations showing relationship among un-natural death causes and 

population are established in the current work. Also, trends are observed for different causes 

of un-natural deaths. Every year, more than a thousand citizens loss lives due to several un-

natural reasons. 

To understand the climatic changes in the region of Surat, the local weather records are 

examined. A trend assessed for the local climate considering key indicators of the 

temperature and rainfall. The daily maximum temperature observed a range from 25 °C to 

41.2 °C whereas, the minimum temperature had it from 7.6 °C to 30.2 °C of range. The 20-

year median values for maximum and minimum were 33 °C and 24 °C, respectively, with a 

tolerance of ± 2 °C and ± 4 °C in order. The night duration has observed a shift of +1.25 °C 

in the daily minimum temperature. The temperature changes in the duration of past two DP 

were traced. It revealed for increasing temperature in day and night hours.  

In the Surat urban region, the daily maximum temperature is increasing so as the daily 

minimum temperature. It is resulting in lesser daily cooling of the surface: a weak, but the 

prevailing correlation established between daily minimum temperature and surface built-up. 

The information processing on daily precipitation revealed that the number of rainy days is 

increasing since the year 1995. The temperature trend over the study duration displayed a 

very weak relationship with the passage of time indicating for other parameters to be 

affecting the change.  

Rainfall against the annual average of 1143 mm reported by the SMC, is identified to be 

1246.49 mm considering precipitation received during the years 1995-2019. Although, the 

region has ample supply ensured by the State government irrigation department by means of 

a dense canal network constructed and operative for domestic and commercial utility. 

Weather profiling the Surat urban region is carried out in the current research. The results 

are showing an increasing trend of surface temperature during the monsoon months as well. 

Interpretation there is that the natural cooling of surface is reducing.  
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The relationship of surface built-up areas in the region and the temperature variations is 

established in the current work. Using the parametric model formulated, the projections for 

increase of surface built-up spaces as well as the surface temperature are projected. The 

projection indicates that by the year 2050, the surface built-up in the reaching will be 

approaching 500 sq. km. For the same year, the effective average daily temperature will be 

increased by +1.7 °C. Globally, the IPCC models are showing a rise in a range of +1.5 °C to 

2.0 °C at different places. The prediction based on the developed parametric model is 

aligning the global projection. The correlation of urban surface built-up in increase of the 

surface temperature is explained to an extent of 29 per cent. The growth in the surface built-

up areas are matched with the years when the DP were published for the region. 

Based on the predictions obtained, the global flooding and sea surging spatial models are 

obtained. These spatial models are overlayed with the spatial models developed for the Surat 

urban region (the study area). The DP proposals for developing land-use by means of zoning 

are examined. The low-lying areas susceptible to flooding are acting as vulnerable under the 

risk. Forming a spatial model, the predicted results are overlaid on DP of Surat as well as 

other constructed layers. It is revealing that 314.25 sq. km. of exiting built-up and 

developable region may be vulnerable due to flooding. These vulnerable lands are expected 

to have settlement of 26.90 Lac citizens if no preventive measures are undertaken. 

Adjustments in the proposed zones of the undeveloped area is very much needed prior to 

further implementation of zoning proposals. The notion is to reduce the extent of 

vulnerability. 

The findings are used to propose changes in the zoning of RDP-2035 of SUDA so that to 

safeguard the citizens and their livelihoods. Through the entire Spatio-temporal exploration, 

a novel and pro-active approach for land management are evolving. Also, as an outcome of 

the research, a proposal for modifications in the existing legislation of the GTPUD Act is 

worked out. The act needs to be amended in the light of incorporating spatial modeling while 

preparing DP for urban areas. Additions and modifications in the Sections of the Act are 

proposed as a part of result of current research work.  

The research work ideally is contributing towards evolving safer means of developing the 

urban centres through logical and legal provisions. The procedure after enacting will enable 

scope for many other cities to follow in preparing proactive DP proposals saving lives of 
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millions of urban citizens. Urbanization is a dynamic process, so be the development 

administration. 

7.1.1 Limitations of the study 

Significant limitations of the study include:  

• The research is carried out with explicit use of processed remote sensing images 

sourced at NASA, USA. None of the satellite image acquired through any of the 

Indian missions is utilized in the absence of available data on a regular annual 

interval. 

• The pixel resolution of satellite images used for analysis was 30 x 30 m, and spatial 

variations below a size of 30 m are not included. 

• The daily weather data as daily records were obtained from the single weather 

station, and regional spread in the parametric behaviour is not included in the study 

in the absence of data. 

• All DP were digitized and assigned for the global coordinate system. These maps 

with accurate cartographic information were not made available from any of the 

authorities. 

• The data records for unnatural death records were made available from 2001 to 2010 

only and include for only decadal assessment and relationship exploration. 

• The demographic details used was having a decadal value obtained as records from 

the Census of India. 

• Future projections are following the decadal interval, and annual variations are not 

included in the analysis. 

• Micro-climatic conditions and built-space use is not considered for their contribution 

to the local climate, nor its interaction with built-spaces are incorporated. 

• The flooding zone maps as prevailing records of the Irrigation Department of the 

State Government is was used; no ground verification of submerged areas in past 

floods could be performed. 

• Simulated sea surge and flood inundation models are adopted from FM Global where 

the surface grid of size 90 x 90 m for predicting and displaying the projected results. 

Accurate flood inundation records are not made available having spatial information 

for past events. 
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• No digital elevation model is created nor applied for the current research, which 

could be allowed to identify the vulnerability extents yet precisely. 

7.2 Major contributions from the research 

Major contributions from the research are identified as: 

• A novel approach is explored and developed for utilizing authentic and reliable open-

source data and tools to curtail the cost of research. Investments required for 

hardware with a licensed operating system, word processing software and internet 

connectivity. 

• Current research avails an opportunity to upgrade the prevailing legislation for 

dealing urbanization through advocating the inclusion of technological interventions 

and advancements for the common good. 

• Lives and livelihoods of about 26 Lac citizens in the study region may be safeguarded 

by adopting a suggestive proposal as an outcome of the current research. 

• The process-based research performed avails an opportunity to introspect the 

Development Plan proposed zoning for its appropriateness. 

• Exploration of surface temperature (daily minimum as well as maximum) data 

reveals the fact that developed surface built-up areas contribute to a rising trend of 

the surface temperature. The results advise for retaining more of natural landscape 

withing developed spaces at a micro-level. 

• Population growth and densification in a spatial dimension are identified for the 

study region. It avails a timely opportunity to adopt a pro-active approach to manage 

urbanized spaces of the future by means of planning provisions. 

7.3 Scope of further work 

A similar study may be taken up to yet generalize the process of preparing a development 

plan and amending building control regulations. It needs to have similar research be taken 

up for other developing urban regions having other types of risk from natural hazards. 

Building footprints based on the ground survey if obtained may avail for a more insightful 

understanding of the present research intervention and opportunities for micro-level 
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planning measures. Weather stations established at several locations within the study region 

can avail a scope to understand variation based on building use and local climate parametric 

deviations. 

7.3.1 Potential for researchers 

Current research work opens opportunities for researchers to perform a few investigations 

and explorations in future. These are: 

• Spatial distribution of micro-climatic conditions and its relationship with a specific 

type of building usage in the study region or part thereof. An exploration of areas 

around the green and open spaces may avail a scope to restructure the provisions of 

TPS planning for land-use distribution. 

• Exploration of the local climate for a larger duration availing opportunity for more 

sensible outcomes. 

• Local-level microclimatic conditions shall be explored by interpretation of GNSS 

signals by establishing a base station and network of rovers within a radius of 40 km. 

• Exploration of the extent of urbanization in the study region by creating Digital 

Elevation Modeling along building footprints.  

• The study region in the current research is located near seashore vulnerable to sea 

surge. Inland urban centre shall be taken up for similar exercise exploring level of 

risk and vulnerability of other types of natural hazards. 

7.3.2 Societal benefits and future actions based on the research 

The research efforts are completely society oriented. The development plans proposed for 

better management of urban areas that are self-evolving through efforts of the citizens. 

Identification of a future alarming situation in advance and availing appropriate mitigative 

measure shall retain the motive of citizens – to prosper economically and socially. 

Being process-based research, the current work avails a new direction to explore novel 

dimensions to upgrade the ongoing practice of envisaging Development Plan proposals for 

future implementation. Suggested amendment in the Gujarat State legislation through 

current research, opens prospects for all cities across the Gujarat State and the nation 
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wherever land-use planning, and management efforts are made by the Governments. Natural 

events being inevitable, humans must evolve adaptively adjusting with nature by allowing 

the nature to perform phenomenal actions in its own way. 
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Annexure: I – Calculated Temperature values in the study region 

 

TABLE 0-1  Daily maximum temperature higher than state average 

Maximum temperature higher than average (on single day in the month) Gujarat 

Average  1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

January 33.80 33.00 31.40 31.60 35.00 35.60 34.10 35.00 35.20 35.40 31.60 35.60 35.40 34.60 34.40 34.20 32.80 31.00 36.70 32.90 31.20 35.20 36.00 35.20 19.20 

February 35.60 36.00 37.00 34.00 38.60 37.40 35.80 36.90 35.50 36.60 39.00 38.80 37.00 36.80 37.80 37.00 35.80 36.80 38.50 34.50 38.70 38.00 39.20 38.40 22.20 

March 39.00 40.20 38.00 40.40 42.90 42.60 37.50 42.00 40.40 41.50 38.80 40.30 42.20 38.00 39.80 42.90 40.30 39.80 39.30 38.20 42.00 41.00 41.40 41.80 27.40 

April 41.20 40.00 40.80 41.60 42.80 41.60 42.10 44.00 40.60 40.20 42.80 39.00 42.60 41.00 42.80 41.20 39.00 40.60 41.00 41.80 42.20 40.20 43.00 41.40 33.70 

May 40.80 41.00 37.80 43.20 38.80 38.00 40.00 43.40 43.10 44.20 38.40 40.40 41.00 37.40 40.00 42.80 38.00 39.30 40.60 41.00 41.00 41.80 41.40 41.40 39.10 

June 39.90 39.20 37.40 41.40 36.80 36.30 35.20 37.00 37.00 38.60 40.60 36.40 41.00 35.50 35.30 38.20 38.60 36.50 35.30 37.40 37.50 36.50 36.40 37.80 41.10 

July 37.20 34.00 35.00 36.60 35.20 32.00 32.30 32.40 32.90 33.40 34.60 32.30 32.90 32.80 33.80 34.00 35.10 34.00 32.40 34.60 33.20 32.60 33.20 32.80 36.30 

August 34.00 33.60 32.60 36.40 33.30 35.40 32.40 32.50 34.00 31.40 32.70 30.20 32.70 31.80 34.40 32.80 32.20 32.80 31.40 34.20 34.00 31.80 33.50 31.60 34.60 

September 37.60 36.20 33.20 38.00 35.60 37.60 37.20 35.90 33.00 35.60 35.30 35.00 34.00 34.70 35.40 36.90 33.00 35.20 35.10 36.80 36.00 34.40 36.60 36.00 35.10 

October 39.80 36.80 36.40 39.20 37.00 38.40 37.30 39.80 36.40 36.50 36.80 37.20 36.80 37.00 37.90 37.00 37.50 38.00 36.40 38.40 39.00 36.20 38.40 39.00 33.10 

November 36.40 34.00 35.80 36.20 36.60 37.60 37.80 36.80 37.50 36.80 35.20 35.00 36.30 36.10 36.50 35.00 37.00 37.00 36.60 37.50 37.00 35.20 36.00 37.20 27.20 

December 32.60 32.80 31.80 36.00 34.60 35.20 33.80 36.20 34.80 35.00 33.50 34.00 35.20 36.30 33.50 33.00 35.90 35.80 34.50 34.00 37.60 34.20 33.10 33.40 21.20 

No. of 

months 
11 10 9 11 12 11 10 10 10 11 10 10 10 10 12 10 9 10 10 11 11 10 12 10  

The average of Daily Maximum Temperature is 33.0086 °C for the duration of 1995 to 2015. 

Note: Numbers in the table are °C 
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TABLE 0-2  Daily maximum temperature higher than 41.1 °C 

Occasions for Maximum temperature higher than 41.1 °C (on single day in the month) 
 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

January 33.80 33.00 31.40 31.60 35.00 35.60 34.10 35.00 35.20 35.40 31.60 35.60 35.40 34.60 34.40 34.20 32.80 31.00 36.70 32.90 31.20 35.20 36.00 35.20 

February 35.60 36.00 37.00 34.00 38.60 37.40 35.80 36.90 35.50 36.60 39.00 38.80 37.00 36.80 37.80 37.00 35.80 36.80 38.50 34.50 38.70 38.00 39.20 38.40 

March 39.00 40.20 38.00 40.40 42.90 42.60 37.50 42.00 40.40 41.50 38.80 40.30 42.20 38.00 39.80 42.90 40.30 39.80 39.30 38.20 42.00 41.00 41.40 41.80 

April 41.20 40.00 40.80 41.60 42.80 41.60 42.10 44.00 40.60 40.20 42.80 39.00 42.60 41.00 42.80 41.20 39.00 40.60 41.00 41.80 42.20 40.20 43.00 41.40 

May 40.80 41.00 37.80 43.20 38.80 38.00 40.00 43.40 43.10 44.20 38.40 40.40 41.00 37.40 40.00 42.80 38.00 39.30 40.60 41.00 41.00 41.80 41.40 41.40 

June 39.90 39.20 37.40 41.40 36.80 36.30 35.20 37.00 37.00 38.60 40.60 36.40 41.00 35.50 35.30 38.20 38.60 36.50 35.30 37.40 37.50 36.50 36.40 37.80 

July 37.20 34.00 35.00 36.60 35.20 32.00 32.30 32.40 32.90 33.40 34.60 32.30 32.90 32.80 33.80 34.00 35.10 34.00 32.40 34.60 33.20 32.60 33.20 32.80 

August 34.00 33.60 32.60 36.40 33.30 35.40 32.40 32.50 34.00 31.40 32.70 30.20 32.70 31.80 34.40 32.80 32.20 32.80 31.40 34.20 34.00 31.80 33.50 31.60 

September 37.60 36.20 33.20 38.00 35.60 37.60 37.20 35.90 33.00 35.60 35.30 35.00 34.00 34.70 35.40 36.90 33.00 35.20 35.10 36.80 36.00 34.40 36.60 36.00 

October 39.80 36.80 36.40 39.20 37.00 38.40 37.30 39.80 36.40 36.50 36.80 37.20 36.80 37.00 37.90 37.00 37.50 38.00 36.40 38.40 39.00 36.20 38.40 39.00 

November 36.40 34.00 35.80 36.20 36.60 37.60 37.80 36.80 37.50 36.80 35.20 35.00 36.30 36.10 36.50 35.00 37.00 37.00 36.60 37.50 37.00 35.20 36.00 37.20 

December 32.60 32.80 31.80 36.00 34.60 35.20 33.80 36.20 34.80 35.00 33.50 34.00 35.20 36.30 33.50 33.00 35.90 35.80 34.50 34.00 37.60 34.20 33.10 33.40 

No. of months 1 0 0 3 2 2 1 3 1 2 1 0 2 0 1 3 0 0 0 1 2 1 3 3 

Note: Numbers in the table are °C 
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TABLE 0-3  Maximum temperature higher than State average 

Maximum temperature higher than state monthly average (on single day in the month) Gujarat 

Average  1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

January 33.80 33.00 31.40 31.60 35.00 35.60 34.10 35.00 35.20 35.40 31.60 35.60 35.40 34.60 34.40 34.20 32.80 31.00 36.70 32.90 31.20 35.20 36.00 35.20 19.20 

February 35.60 36.00 37.00 34.00 38.60 37.40 35.80 36.90 35.50 36.60 39.00 38.80 37.00 36.80 37.80 37.00 35.80 36.80 38.50 34.50 38.70 38.00 39.20 38.40 22.20 

March 39.00 40.20 38.00 40.40 42.90 42.60 37.50 42.00 40.40 41.50 38.80 40.30 42.20 38.00 39.80 42.90 40.30 39.80 39.30 38.20 42.00 41.00 41.40 41.80 27.40 

April 41.20 40.00 40.80 41.60 42.80 41.60 42.10 44.00 40.60 40.20 42.80 39.00 42.60 41.00 42.80 41.20 39.00 40.60 41.00 41.80 42.20 40.20 43.00 41.40 33.70 

May 40.80 41.00 37.80 43.20 38.80 38.00 40.00 43.40 43.10 44.20 38.40 40.40 41.00 37.40 40.00 42.80 38.00 39.30 40.60 41.00 41.00 41.80 41.40 41.40 39.10 

June 39.90 39.20 37.40 41.40 36.80 36.30 35.20 37.00 37.00 38.60 40.60 36.40 41.00 35.50 35.30 38.20 38.60 36.50 35.30 37.40 37.50 36.50 36.40 37.80 41.10 

July 37.20 34.00 35.00 36.60 35.20 32.00 32.30 32.40 32.90 33.40 34.60 32.30 32.90 32.80 33.80 34.00 35.10 34.00 32.40 34.60 33.20 32.60 33.20 32.80 36.30 

August 34.00 33.60 32.60 36.40 33.30 35.40 32.40 32.50 34.00 31.40 32.70 30.20 32.70 31.80 34.40 32.80 32.20 32.80 31.40 34.20 34.00 31.80 33.50 31.60 34.60 

September 37.60 36.20 33.20 38.00 35.60 37.60 37.20 35.90 33.00 35.60 35.30 35.00 34.00 34.70 35.40 36.90 33.00 35.20 35.10 36.80 36.00 34.40 36.60 36.00 35.10 

October 39.80 36.80 36.40 39.20 37.00 38.40 37.30 39.80 36.40 36.50 36.80 37.20 36.80 37.00 37.90 37.00 37.50 38.00 36.40 38.40 39.00 36.20 38.40 39.00 33.10 

November 36.40 34.00 35.80 36.20 36.60 37.60 37.80 36.80 37.50 36.80 35.20 35.00 36.30 36.10 36.50 35.00 37.00 37.00 36.60 37.50 37.00 35.20 36.00 37.20 27.20 

December 32.60 32.80 31.80 36.00 34.60 35.20 33.80 36.20 34.80 35.00 33.50 34.00 35.20 36.30 33.50 33.00 35.90 35.80 34.50 34.00 37.60 34.20 33.10 33.40 21.20 

Note: Numbers in the table are °C 
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TABLE 0-4  MONTHLY AVERAGE OF DAILY MAXIMUM TEMPERATURE 

MAXIMUM TEMPERATURE (MONTHLY AVERAGE) HIGHER THAN STATE MONTHLY AVERAGE GUJARAT 

AVERAGE  1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

JANUARY 29.88 29.46 28.86 29.62 31.61 32.21 30.34 29.43 31.22 29.94 28.60 30.87 30.69 29.46 31.00 31.10 29.83 28.25 30.95 28.86 29.02 31.17 30.68 31.21 19.20 

FEBRUARY 32.60 33.04 31.63 30.60 34.79 31.42 32.29 32.76 32.19 32.49 30.89 35.37 31.14 29.80 32.99 32.11 32.09 31.46 32.75 30.67 32.78 32.13 33.56 33.36 22.20 

MARCH 27.77 36.92 36.05 34.52 37.33 35.45 33.88 35.01 35.62 37.75 34.34 34.47 35.80 34.75 36.45 36.23 36.16 35.42 34.79 34.33 34.63 36.46 35.63 36.38 27.40 

APRIL 37.51 36.87 35.11 37.39 38.69 30.61 37.72 37.05 36.43 34.81 37.44 35.39 36.71 35.98 38.67 37.14 36.04 36.30 35.77 36.47 34.60 37.08 36.34 36.67 33.70 

MAY 36.39 36.56 36.27 38.81 35.43 33.76 34.51 35.21 35.48 35.95 35.23 34.50 34.86 33.45 34.40 37.41 34.46 34.91 34.96 35.81 36.53 35.52 35.81 35.68 39.10 

JUNE 36.28 34.40 33.69 36.29 34.18 33.51 31.96 33.07 32.94 33.36 33.87 33.25 34.50 32.52 33.93 34.43 33.80 33.76 31.83 34.23 32.90 34.41 33.84 34.04 41.10 

JULY 32.28 31.24 32.23 32.92 31.84 30.39 30.19 31.18 30.43 31.16 31.33 30.36 31.22 30.77 30.56 31.49 31.16 31.62 29.73 31.87 31.65 30.85 30.78 29.32 36.30 

AUGUST 32.03 31.00 31.20 32.10 31.00 31.63 30.36 29.69 30.69 29.13 30.50 29.56 30.53 29.91 31.47 30.73 29.94 30.64 29.65 31.23 31.87 30.35 30.90 30.23 34.60 

SEPTEMBER 33.33 32.62 31.83 32.78 32.72 32.93 32.93 31.05 31.06 33.00 31.03 32.38 31.57 31.49 33.22 31.53 30.81 30.80 31.79 31.77 32.31 31.40 32.67 31.76 35.10 

OCTOBER 35.41 33.36 34.31 34.12 34.51 35.54 35.08 36.39 34.84 33.94 34.45 34.96 34.50 34.82 34.89 33.81 35.28 35.70 33.11 36.34 36.39 32.75 35.29 37.15 33.10 

NOVEMBER 33.07 32.49 33.42 34.71 34.96 35.52 34.82 34.64 34.46 34.71 34.10 33.37 33.94 34.10 32.69 32.57 35.16 34.88 33.41 34.82 34.97 33.88 33.70 35.46 27.20 

DECEMBER 31.19 31.01 29.43 33.38 32.63 32.98 32.54 32.31 31.42 31.93 30.45 31.96 30.93 32.28 31.32 29.23 32.03 33.09 30.86 30.84 31.72 32.40 29.65 30.52 21.20 

NOTE: NUMBERS IN THE TABLE ARE °C 
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TABLE 0-5  Daily minimum temperature higher than State average 

Minimum temperature higher than average (on single day in the month) Gujarat 

Average  1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

January 12.60 12.00 12.80 11.00 11.40 12.20 11.20 8.00 9.00 9.60 9.00 11.50 12.20 10.50 13.00 13.50 10.50 11.60 11.00 11.90 12.80 11.50 12.20 12.80 5.60 

February 14.40 14.60 14.60 13.80 13.20 14.00 7.60 8.80 12.80 10.50 10.50 14.20 13.00 8.20 12.10 15.50 14.70 9.30 13.50 15.00 15.50 15.00 13.80 16.60 8.10 

March 18.40 21.00 19.00 17.80 18.40 16.40 13.30 15.10 12.10 14.80 16.90 15.20 17.00 15.00 18.00 19.10 16.90 15.80 16.40 15.00 17.40 20.60 17.00 21.00 13.30 

April 21.80 23.00 21.40 23.40 22.80 24.20 18.00 17.70 18.40 20.60 19.00 20.40 21.60 21.20 22.00 21.60 18.50 22.80 21.20 21.40 21.60 23.40 21.80 23.40 18.40 

May 26.00 26.00 24.40 26.80 24.20 24.50 23.80 22.40 23.30 22.00 20.60 25.10 25.00 24.60 23.40 25.90 24.80 26.00 26.00 25.00 25.80 27.00 25.80 27.20 23.20 

June 25.20 24.20 22.00 25.60 24.80 22.20 23.70 24.40 23.30 24.20 24.50 24.00 25.00 23.80 25.40 22.50 24.50 22.60 23.80 25.60 23.80 25.20 24.00 22.40 26.90 

July 23.20 24.40 25.00 24.00 24.60 24.10 24.20 25.20 23.50 23.40 24.20 24.80 23.70 24.40 23.60 24.20 24.40 25.30 23.50 24.00 24.20 23.50 24.50 24.40 26.60 

August 24.40 24.40 23.80 25.00 24.50 24.50 24.40 23.30 23.70 23.50 23.60 24.50 24.20 24.20 22.40 23.50 23.60 23.90 23.80 24.60 24.40 24.00 23.60 22.40 25.80 

September 25.00 23.60 24.00 23.60 22.80 22.50 23.70 23.00 23.80 23.00 23.20 24.10 22.80 23.40 23.60 24.00 24.00 24.20 23.60 23.40 23.00 22.60 23.20 22.50 23.80 

October 20.80 20.40 21.20 20.60 21.60 16.50 17.60 15.50 15.90 17.20 16.50 18.70 16.60 18.10 15.70 21.20 20.00 20.10 20.50 22.60 20.20 19.50 18.40 20.00 17.60 

November 13.20 17.20 18.60 16.60 18.80 10.80 12.60 12.20 16.20 15.60 13.10 16.20 12.20 13.00 16.70 19.20 17.70 16.20 16.50 18.00 17.00 15.00 17.40 17.20 10.20 

December 15.20 13.80 14.60 14.00 14.00 10.00 11.20 10.20 11.20 12.20 10.80 12.90 12.70 11.20 12.60 10.50 11.40 14.40 12.80 12.40 12.50 14.00 14.80 10.60 5.80 

No. of 

months 
4 4 2 3 4 4 2 2 0 1 2 4 3 3 1 2 3 3 1 3 3 2 2 2  

The average of Daily Maximum Temperature is 24.00 °C for the duration of 1995 to 2018. 

Min. 12.60 12.00 12.80 11.00 11.40 10.00 7.60 8.00 9.00 9.60 9.00 11.50 12.20 8.20 12.10 10.50 10.50 9.30 11.00 11.90 12.50     

Note: Numbers in the table are °C 
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TABLE 0-6  Minimum temperature higher than State high 

Occasions for Minimum temperature higher than 26.9 °C (on single day in the month) Gujarat 

Average  1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

January 12.60 12.00 12.80 11.00 11.40 12.20 11.20 8.00 9.00 9.60 9.00 11.50 12.20 10.50 13.00 13.50 10.50 11.60 11.00 11.90 12.80 11.50 12.20 12.80 5.60 

February 14.40 14.60 14.60 13.80 13.20 14.00 7.60 8.80 12.80 10.50 10.50 14.20 13.00 8.20 12.10 15.50 14.70 9.30 13.50 15.00 15.50 15.00 13.80 16.60 8.10 

March 18.40 21.00 19.00 17.80 18.40 16.40 13.30 15.10 12.10 14.80 16.90 15.20 17.00 15.00 18.00 19.10 16.90 15.80 16.40 15.00 17.40 20.60 17.00 21.00 13.30 

April 21.80 23.00 21.40 23.40 22.80 24.20 18.00 17.70 18.40 20.60 19.00 20.40 21.60 21.20 22.00 21.60 18.50 22.80 21.20 21.40 21.60 23.40 21.80 23.40 18.40 

May 26.00 26.00 24.40 26.80 24.20 24.50 23.80 22.40 23.30 22.00 20.60 25.10 25.00 24.60 23.40 25.90 24.80 26.00 26.00 25.00 25.80 27.00 25.80 27.20 23.20 

June 25.20 24.20 22.00 25.60 24.80 22.20 23.70 24.40 23.30 24.20 24.50 24.00 25.00 23.80 25.40 22.50 24.50 22.60 23.80 25.60 23.80 25.20 24.00 22.40 26.90 

July 23.20 24.40 25.00 24.00 24.60 24.10 24.20 25.20 23.50 23.40 24.20 24.80 23.70 24.40 23.60 24.20 24.40 25.30 23.50 24.00 24.20 23.50 24.50 24.40 26.60 

August 24.40 24.40 23.80 25.00 24.50 24.50 24.40 23.30 23.70 23.50 23.60 24.50 24.20 24.20 22.40 23.50 23.60 23.90 23.80 24.60 24.40 24.00 23.60 22.40 25.80 

September 25.00 23.60 24.00 23.60 22.80 22.50 23.70 23.00 23.80 23.00 23.20 24.10 22.80 23.40 23.60 24.00 24.00 24.20 23.60 23.40 23.00 22.60 23.20 22.50 23.80 

October 20.80 20.40 21.20 20.60 21.60 16.50 17.60 15.50 15.90 17.20 16.50 18.70 16.60 18.10 15.70 21.20 20.00 20.10 20.50 22.60 20.20 19.50 18.40 20.00 17.60 

November 13.20 17.20 18.60 16.60 18.80 10.80 12.60 12.20 16.20 15.60 13.10 16.20 12.20 13.00 16.70 19.20 17.70 16.20 16.50 18.00 17.00 15.00 17.40 17.20 10.20 

December 15.20 13.80 14.60 14.00 14.00 10.00 11.20 10.20 11.20 12.20 10.80 12.90 12.70 11.20 12.60 10.50 11.40 14.40 12.80 12.40 12.50 14.00 14.80 10.60 5.80 

No. of 

months 
1 0 0 3 2 2 1 3 1 2 1 0 2 0 1 3 0 0 0 1 2 1 0 1  

Note: Numbers in the table are °C 
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TABLE 0-7  Minimum temperature lower than State average 

Minimum temperature lower than state monthly average (on single day in the month) Gujarat 

Average  1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

January 12.60 12.00 12.80 11.00 11.40 12.20 11.20 8.00 9.00 9.60 9.00 11.50 12.20 10.50 13.00 13.50 10.50 11.60 11.00 11.90 12.80 11.50 12.20 12.80 5.60 

February 14.40 14.60 14.60 13.80 13.20 14.00 7.60 8.80 12.80 10.50 10.50 14.20 13.00 8.20 12.10 15.50 14.70 9.30 13.50 15.00 15.50 15.00 13.80 16.60 8.10 

March 18.40 21.00 19.00 17.80 18.40 16.40 13.30 15.10 12.10 14.80 16.90 15.20 17.00 15.00 18.00 19.10 16.90 15.80 16.40 15.00 17.40 20.60 17.00 21.00 13.30 

April 21.80 23.00 21.40 23.40 22.80 24.20 18.00 17.70 18.40 20.60 19.00 20.40 21.60 21.20 22.00 21.60 18.50 22.80 21.20 21.40 21.60 23.40 21.80 23.40 18.40 

May 26.00 26.00 24.40 26.80 24.20 24.50 23.80 22.40 23.30 22.00 20.60 25.10 25.00 24.60 23.40 25.90 24.80 26.00 26.00 25.00 25.80 27.00 25.80 27.20 23.20 

June 25.20 24.20 22.00 25.60 24.80 22.20 23.70 24.40 23.30 24.20 24.50 24.00 25.00 23.80 25.40 22.50 24.50 22.60 23.80 25.60 23.80 25.20 24.00 22.40 26.90 

July 23.20 24.40 25.00 24.00 24.60 24.10 24.20 25.20 23.50 23.40 24.20 24.80 23.70 24.40 23.60 24.20 24.40 25.30 23.50 24.00 24.20 23.50 24.50 24.40 26.60 

August 24.40 24.40 23.80 25.00 24.50 24.50 24.40 23.30 23.70 23.50 23.60 24.50 24.20 24.20 22.40 23.50 23.60 23.90 23.80 24.60 24.40 24.00 23.60 22.40 25.80 

September 25.00 23.60 24.00 23.60 22.80 22.50 23.70 23.00 23.80 23.00 23.20 24.10 22.80 23.40 23.60 24.00 24.00 24.20 23.60 23.40 23.00 22.60 23.20 22.50 23.80 

October 20.80 20.40 21.20 20.60 21.60 16.50 17.60 15.50 15.90 17.20 16.50 18.70 16.60 18.10 15.70 21.20 20.00 20.10 20.50 22.60 20.20 19.50 18.40 20.00 17.60 

November 13.20 17.20 18.60 16.60 18.80 10.80 12.60 12.20 16.20 15.60 13.10 16.20 12.20 13.00 16.70 19.20 17.70 16.20 16.50 18.00 17.00 15.00 17.40 17.20 10.20 

December 15.20 13.80 14.60 14.00 14.00 10.00 11.20 10.20 11.20 12.20 10.80 12.90 12.70 11.20 12.60 10.50 11.40 14.40 12.80 12.40 12.50 14.00 14.80 10.60 5.80 

No. of 

months 
None 

 

Note: Numbers in the table are °C 
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TABLE 0-8  Highest daily minimum temperature higher than State average 

Higher minimum temperature (monthly average) higher than state monthly average Gujarat 

Average  1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

January 14.53 16.43 16.19 16.57 14.54 17.37 13.65 13.53 14.58 13.45 13.41 14.45 15.48 13.95 16.54 16.43 13.71 13.95 14.55 16.40 14.95 15.82 15.97 17.13 5.60 

February 17.77 18.82 17.51 18.44 19.24 17.63 13.60 15.27 16.59 15.06 15.69 17.59 17.99 13.41 16.95 17.93 16.81 15.62 18.33 18.43 18.14 18.19 18.65 19.46 8.10 

March 22.05 24.37 22.40 21.45 21.26 21.10 18.49 19.21 17.30 19.06 20.10 19.69 20.40 19.77 20.94 21.72 20.07 19.42 21.52 21.33 21.50 22.87 22.01 22.87 13.30 

April 24.14 25.56 24.10 25.75 24.91 25.49 22.14 22.85 22.82 24.54 22.95 23.48 24.23 23.78 24.70 25.45 23.54 25.17 24.31 24.99 25.49 25.50 25.09 25.79 18.40 

May 27.55 27.34 26.53 28.10 26.38 27.22 27.21 27.76 26.74 27.52 26.66 27.66 27.56 27.17 27.42 28.25 27.38 27.51 27.81 27.74 28.19 28.62 28.15 28.45 23.20 

June 28.04 27.74 25.92 28.12 26.75 27.38 26.98 27.17 26.67 27.23 27.63 27.45 27.50 27.01 27.82 27.94 27.98 27.98 26.44 28.85 26.94 28.57 27.55 28.15 26.90 

July 25.93 26.51 26.76 26.66 26.81 26.26 25.54 27.04 25.98 26.03 26.76 26.13 26.39 26.22 25.62 26.03 26.53 27.04 25.77 26.80 27.27 26.45 26.34 26.07 26.60 

August 25.82 26.14 25.90 26.23 26.15 26.29 25.88 25.27 25.59 25.29 25.62 25.44 25.64 25.44 26.65 26.19 25.79 26.51 25.37 26.29 26.74 26.29 26.20 25.83 25.80 

September 25.83 25.79 25.37 25.59 26.10 25.60 25.54 24.57 25.38 25.44 25.07 25.62 25.59 25.04 26.44 25.64 25.61 25.65 25.65 25.84 25.43 25.49 26.47 25.13 23.80 

October 25.19 24.08 24.15 25.01 24.06 22.73 22.48 21.26 20.28 21.66 22.13 23.05 20.71 22.04 21.89 24.23 24.17 23.97 24.37 25.05 25.61 23.29 24.22 24.49 17.60 

November 18.52 20.33 22.52 21.52 21.26 16.64 16.50 16.30 18.73 19.87 16.35 19.29 18.53 18.81 20.18 22.51 21.18 18.74 20.98 22.43 22.38 18.19 19.42 20.50 10.20 

December 17.39 17.70 17.49 16.02 17.55 12.56 14.35 14.25 15.23 15.65 14.51 16.89 16.83 18.09 17.43 15.45 16.82 18.34 16.68 16.67 16.12 16.93 18.06 15.93 5.80 

Note: Numbers in the table are °C 



 

 

 

Maps (1-177) 

Annexure: II - Maps resulting from the work (1-177) 
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