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1. Title of the thesis and abstract 

Title:  

Vulnerability modeling based on effects of climate change and mitigation through urban land-

use planning: A novel case study of SUDA 

Abstract: 

By this day, a more significant part of the worldwide populace 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 populace. 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 detailed that the nation's 31% populace is 

living in urban communities.  

Development 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 motors of a country. Metropolitan settlements reflect typical character with 

somewhat extraordinary dependent on the chronicled association of the spot, its landscape and 

geological arrangement. Arrangement of the Constitution of India orders the urbanization as a 

State topic where general rules are made accessible. 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 several weather parameters was 

established in the form of empirical-quantitative regression models. The validated model 

depicted for records accurately. The evolution of Surat urban region is dependent on land 

management tool of Development Plan and Town Planning Schemes. The tool does not 

consider the spatial impact and vulnerability through natural hazard risks. A structural risk 

extent was identified and quantified for the study region. Mitigative development plan 

modifications along with regulations are proposed in the light of existing legislation as an 

outcome of the research attempt. The work claims to mitigate flooding risk to more than 11 

Lac citizens and properties thereof. Also, the process-based research attempts to modify land 

management practices for urbanizing regions towards extending the benefit to the community. 
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2. Brief description on the state of the art of the research topic 

Urbanization is not limited to a city centre or in the surrounding area. However, 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. Such areas can 

be traced for 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 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. 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. 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. 

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. Relationship between 

unnatural deaths due to such calamities is studied for rising of the urbanization. Besides, the 

encroachment over the natural drainage network traversing 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 calamities in the form of river floods as well as sea surge 

submergence of land parcels. 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 

for improvements. Imposing certain restrictions over vulnerable and hazard-prone areas and 

changing the permissible land usage in future identifies scope for better future opportunities. 
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Henceforth, the research traverses from climatic intervention to its local effects 

concerning increasing urbanization and addresses 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. 

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

international report document for a similar intervention that may show evidential past research 

efforts by researchers globally, however, so far, no such an intervention was identified that 

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

innovative attempt with only efforts of the researcher.  

3. Definition of the problem 

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 were:  

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

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

 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.” 

A most important concern was 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 shaped as process-based research. 
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4. Objective and scope of work 

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

novel approach of sustainable development of urban areas, below objectives, are identified as 

befitting.  

Objectives: 

1. To study and explore the extent of correlation among urban land use of the study 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 the remarkable effect; as a result, the scope of work to carry 

out the exploration was narrowed down. 

Scope of work: 

1. To study and analyze 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. 

5. 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 
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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. 

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.  

6. Methodology of research, results/comparisons 

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 and derivation to set the aim and objectives of the study. 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.  

Understanding of the study area for its existing condition was performed with the focus 

on aspects as demographics, land use, development in the area 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 was performed (through several trials, iterations) to identify the 

satellite image processing-based indices like NDVI, NDBI and the same were quantified. 

Similarly, the satellite images were used for extracting the information about land use land 

cover within the study area and for quantification of the same over the study duration. IPCC 

models for climatic changes in global regions were studied 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 

were checked for its correlation. Parametric modelling was the next stage using statistical 
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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 was carried out over the future horizon in-line with the existing development 

plan visualization. 

 

Figure 1 Research process algorithm  

Considering the results obtained from the statistical model, NDVI and NDBI indices, 

built-up growth extent, development plan proposals, projections of flooded areas, 

quantification of risk associated to vulnerable areas, the interpretations were made. Using the 

insightful understanding of the interrelationship among the parameters, a suggestive spatial 

development plan alternative is proposed to mitigate the effects of vulnerability due to flooding 

over the human settlements.  
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The built-up area, in terms of development trend in the study duration, in the absence 

of proper records, relied highly upon obtainment through satellite images. A LULC analysis 

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

cover and open lands) along with NDVI and available government records was 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 trends over 20-years duration 

along with rainfall, windspeeds and dynamics of atmospheric pressure were studied to derive 

an empirical understanding of the interrelationship among these parameters. 

 

Figure 2 Research methodology 

Data collection included the study of all Development Plan reports and maps of SUDA. 

For each Census ward, population since the year 1961 till 2011 extracted from the Census of 

India. The ‘Indian Meteorological Department’ availed records of daily temperature and 

rainfall for Surat station. These records included evidential information from the year 1995 till 

the mid of the year 2019. The ‘National Criminal Records Bureau’ assisted with records of 

unnatural deaths. From the repository of ‘USGS Earth Explorer’, the satellite images 

downloaded for the month of each year under study duration. For the years of 1995 till 1999, 

the images of ‘Landsat 4-5 Earth Observation mission’ in 7 electromagnetic (E.M.) wavebands 

was used. From the year 2000 till the year 2013, the images from ‘Landsat 7 mission Enhanced 
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Thematic Mapper’ had records in eight E.M. bands. From the year 2013 onwards till 2020 

images acquired through ‘Landsat 8 Mission’. It used ‘Thermal Infrared Sensor’ and 

‘Operational Land Imager’ availing information in eleven E.M. bands. 

An overlay of the decadal population using ‘QGIS’ depicted that it is showing a 

manifold increase in Census wards of the North to South over the Eastern parts. Other 

directions reported an increase at a lower rate. Processing of past images revealed it. The built-

up surface area had a total spread of over 271 Sq. Km. with an annual growth of 5.2 Sq. Km. 

The correlation coefficient of 0.97 depicted for a stringent positive relationship. The net 

increase observed to be 124 Sq. Km. over two decades. It means that the built-up surfaces are 

added at almost six per cent annually. 

With a recent implementation of CGDCR by the State Government of Gujarat, 

directives for customized mitigative approach against flood is missing. The urban local body 

and Authority are leveraged on wit towards strengthening of the city by adopting suitable 

alternatives. Surat city is fortunate to have established Surat Urban Development Authority 

(SUDA) under the provisions of the GTPUD Act, 1976 (Government of Gujarat). The 

Authority is operative since the year 1978. The principal function, under the aegis of the Act, 

for the Authority is to prepare, review and revise development plans every decade based on the 

existing situation at the then time. Till date, the Authority has proposed for development plans 

for Surat region in the year 1986, 1998, 2004 and lastly in the year 2018. The development 

plans earmark zones for permissible activities in different parts. These activities include 

residential, commercial, industrial, transportation, recreation and water bodies, agriculture, 

open spaces and reserved lands for public purposes. The plan also categorizes land area for no 

development as well as restricted development.  

In the past three decadal difference between these two development plans, changes in 

terms of newer roads, railway lines for industrial support and other embankments are proposed. 

These embankments are to the extent of 4.0 m from the natural ground levels that can change 

the course of flowing water, especially the floods. Recent research by Surging Seas Mapping 

Choices by Climate Central revealed that by about 1.5 °C and 2 °C rise in the global 

temperature, the sea level rise would affect significant land areas in the vicinity to seashores. 

Below is an image where it shows simulated results of the area under submergence by the time, 

the global temperature observes the rise.  

 Global research has predicted the submergence of the western part of the city due to a 

rise in the sea level corresponding to global temperature rise. The current development plan as 

proposed by the Local Authority and sanctioned by the state government has several proposals 
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in the western part of Surat that may become vulnerable to sea level surging as well as flooding 

in the Tapi river. The FM Global® has developed interactive maps showing a simulation of 

high-risk areas due to flooding based on predictions of IPCC. The organization believes that 

primary factors for the occurrence of frequent and severe flooding are climate change, 

globalization and urbanization. General maps are published at 90 m x 90 m resolution is based 

on not only historical flood data but considered for hydrology, hydraulic science, rainfall, 

evaporation, snowmelt and terrain as well. It may be considered among reliable predicted 

results towards the identification of areas prone to flooding. The high-risk areas are having at 

least a 1 per cent chance of expecting floods each year in 100 years. 

 

Figure 3 Flood vulnerable regions in development context 

Suppose a reference to a recent development plan as shown in Fig. 3 is generated to 

both above simulation cases. In that case, the residential and industrial development in the 

western part of the city seems to be highly vulnerable. The flood in Tapi river and natural 

drainage seems to be affecting the Northern part. The extent of area under submergence by 

river/drain flooding is approximating 650 Sq. Km. (47.89% of 1,357 Sq. Km. of SUDA). On 

the other hand, the sea level surge is showing a possibility to submerge about 120 Sq. Km. 

(8.84% of SUDA). 

Interestingly, both submergences are taking place in different parts of Surat Urban area. 

It makes a total area to be at risk to the extent of about 57% of the area under SUDA 

administration. Besides, average annual rainfall during monsoon is averaging higher than 1,200 

mm. In such a case, existing roads may become useless, and places developed with high-level 

grounds through embankments would be inaccessible.  
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Extracted NDVI images for the study area are shown in Fig. 4. For the year 2001, the 

analysis revealed that the vegetation index ranges between values of -0.101606 to +0.14902 

that shows significant sparse vegetation in the study region. While for the year 2011, it was 

found that the value ranges between -0.0327257 to +0.2285. It shows that the negative values 

have gone more negative, showing the increase in the presence of vacant lands. Also, a previous 

study mentioned that the urban agglomeration of Surat lacks designated green spaces.  

 
Figure 4 Extracted NDVI for SUDA 

Findings include for the population growth as identified in the northern and southern 

directions from the walled city. However, the increasing population is not resulting in a dense 

development. It is an indirect indicator of planned development through implementation of 

town planning schemes which restricts for density employing built-up control and regulations.  

Coverage of vegetation is decreased in the decade, and yet the dense vegetation is an 

indicator of improved irrigated lands having dense crops. Values from unsupervised 

classification followed by the reclassification of the images for the years of 2001 and 2011 

suggests that there is an increase of 52.214 Sq. Km. of built-up area in the decade. It shows that 

every year, about 5.2 Sq. Km. of built-up is increasing in the study region of 1357 Sq. Km. It 

means that the built-up land parcels are increasing at a rate of 0.4 per cent per annum in the 

study region of Urban Surat.  

Development Plan can be a useful tool to safeguard against possible damage and losses 

from natural hazards like floods and sea level surge in case of Surat. The current development 
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plan is proposing logistic belt towards promoting industrial activities in the western part of the 

region where the risk of submergence is high. Besides, the residential zoning proposed in the 

Northern and Western parts would be at stake in future. It could be relocated in the Southern 

parts. The simulations discussed show that the walled city area remains unsubmerged in either 

of the cases and comparatively safe. High-density development in the area could be promoted 

utilizing a development plan. The Authority may take a scientific approach while preparing a 

draft of the development plan before put forward the same for public opinion as well as 

government sanction. Lacking functional efficacy in the planning of the urban area by the 

Authority (here, SUDA) towards a moral responsibility to the citizens (of Surat) can result in 

considerable losses to properties and lives in case of natural hazards which could be well 

prevented. If such an approach, integration of scientific understanding and land use planning 

using development plans, is adopted by authorities, not only the vulnerability is reduced for 

urban centre and citizens but also, economy through sustained investments can also be 

achieved. 

7. Achievements with respect to objectives 

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 = 0.0729 𝑥2 + 1.8512 𝑥 + 113.24 

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 0.9867, showing a high 

level of significance and a rising trend. 

 

In the context of the surface built-up, the frequency of days when the daily maximum 

temperature in a year exceeds the average value of 33° C is showing a significance of about 

60% with relation identified as: 

𝑦 = 0.0003𝑥6 − 0.0184𝑥5 + 0.4487𝑥4 − 5.1164𝑥3 + 27.205𝑥2 − 58.749𝑥 + 352.61 

Where, ‘y’ is the number of days in a year having a maximum temperature higher than 33° C 

for ‘x’ as annual intervals. Value of correlation coefficient observed is 0.6086. 

 

 A rise in the rainy days was identified about increasing built-up surface spaces. The 

relationship was showing strength to the extent of about 34% and explained by: 

𝑦 = 0.0002𝑥5 − 0.0101𝑥4 + 0.2282𝑥3 − 2.1523𝑥2 + 9.6628𝑥 + 45.779 
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Where, ‘y’ is the number of rainy days in a year for ‘x’ as the interval of years.  

Here, the value of the correlation coefficient obtained is 0.3494 

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 = 33.879 + 0.004𝑥 

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%). 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 identification of the extent of vulnerability based on spatial analysis and potential 

damage assessment, an empirical quantitative model, is achieved. It earmarks 123.25 Sq. Km. 

area with 11.47 Lac of the existing population at risk of flooding. The proposal to change 

zoning in the existing development plan proposal as mitigative strategy attains for the 

accomplishment of the other objective set for the study. The entire set of the scope of work as 

proposed for doctoral research is accomplished.  

8. Conclusion 

Gauging of land development was ensured by ‘Normalized Difference Vegetation Index 

(NDVI)’. The analysis reported for the vanishing of 208 Sq. Km. of shrubbery. The extracted 

digital values (reflected light energy) of image pixels had a normal distribution. 

A trend examined for the local climate of Surat using 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 22° C, respectively, with a tolerance of ± 2°C and ± 4°C in order. 

It means 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 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. 



Synopsis for thesis titled “Vulnerability modeling based on effects of climate change and mitigation through 

urban land-use planning: A novel case study of SUDA” (September 2020) 

Submitted by: Bhasker Vijaykumar Bhatt (159997106004), Supervisor: Dr Neerajkumar D. Sharma  15 
 

The low-lying areas susceptible to flooding are identified based on previous 

experiences of floods. The results of submergence model developed by the ‘Intergovernmental 

Penal on Climate Change’ overlayed on Development Plans of Surat as well as other 

constructed layers. It revealed that 123 Sq. Km. of exiting built and developable region might 

undergo the possible flooding, impacting dwelled lives of about 11.5 Lac citizens. Adjustments 

in the proposed zones of the undeveloped area needed for implementation. The notion is to 

reduce the extent of vulnerability. 

Findings of Surat case concludes in the form of amendments in development control 

regulation and Development Plan. It suggests safeguarding citizens and existing properties to 

a large extent. Through the entire Spatio-temporal exploration, a novel and pro-active approach 

for land management are evolving. A safer means of developing cities through logical and legal 

provisions has a scope for many other cities to follow saving lives of millions of urban citizens. 

Urbanization is a dynamic process, so be the development administration. 

Limitations of the study 

Significant limitations of the study include: The pixel resolution of satellite images used for 

analysis was 30m x 30m, and spatial variations below a size of 30m are not accurately included. 

The daily weather data as daily records were obtained from the one-point weather station, and 

regional spread in the parametric behaviour is not included in the study in the absence of data. 

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. The flooding zone maps as prevailing records of the Irrigation Department was used; 

no ground verification of submergence areas could be performed. 

Future scope of 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 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.  



Synopsis for thesis titled “Vulnerability modeling based on effects of climate change and mitigation through 

urban land-use planning: A novel case study of SUDA” (September 2020) 

Submitted by: Bhasker Vijaykumar Bhatt (159997106004), Supervisor: Dr Neerajkumar D. Sharma  16 
 

9. Papers published and a list of all publications arising from the thesis 

SCOPUS Indexed Publications (Research articles as papers) 

(1) Bhatt, B. V., & Sharma, N. D. (2020). Spatio-temporal analysis of urbanization in Surat 

region. International Journal of Scientific and Technology Research, 9(2), 4939–4945. 

Retrieved from http://www.ijstr.org/final-print/feb2020/Spatio-temporal-Analysis-Of-

Urbanization-In-Surat-Region.pdf ISSN: 2229-5518 

(2) Bhatt, B. V., Kumar, S., & Sharma, N. D. (2020). Amidst the Governance Challenges 

in Environmental Management and Sustainable Urbanization in Surat. In T. M. Vinod 

Kumar (Ed.), Smart Environment for Smart Cities (pp. 349–384). Singapore: Springer 

Singapore. https://doi.org/10.1007/978-981-13-6822-6_9 eISBN: 978-981-13-6822-6, 

ISBN: 978-981-13-6821-9, Series ISSN: 2198-2546 

(3) Bhatt, B. V., Garg, L., & Chauhan, K. A. (2019). Smarter Economic Opportunities for 

Surat Metropolitan Region. In T. M. Vinod Kumar (Ed.), Smart Metropolitan Regional 

Development: Economic and Spatial Design Strategies (pp. 621–661). Singapore: 

Springer Singapore. https://doi.org/10.1007/978-981-10-8588-8_11 ISBN: 978-981-

10-8587-1, ISBN: 978-981-13-4192-2, e-ISBN: 978-981-10-8588-8, Series ISSN: 

2198-2546 

Publication in journals (Research articles as papers) 

(4) Bhatt, B. V. (2019). Damages to infrastructure during extreme events. Research 

Journey, Special(177), 04–08. ISSN: 2348-7143, Retrieved from 

http://www.researchjourney.net/admin/uploads/special_issue/20190508063754.pdf  

(5) Bhatt, B. V., & Sharma, N. D. (2015). Scope of modeling for urban land-use leading to 

climate change. International Journal of Advance Research in Engineering, Science & 

Management, 1–7. ISSN: 2394-1766, Retrieved from 

http://ijaresm.net/Pepar/VOLUME_2/ISSUE_11/12.pdf  

Conference Presentations  

(6) Bhatt, B. V., & Sharma, N. D. (2019). Spatio-temporal analysis of urbanization in Surat 

Region. ICON-2019 Multidisciplinary International Conference; organized by Gujarat 

Technological University, Ahmedabad, Gujarat 

(7) Bhatt, B. V. (2019). Damages to infrastructure during extreme events. One day multi-

disciplinary conference on “Disaster Management – New Challenges and solutions”; 

organized  by Vidya Wardhini Sabha’s Arts, Commerce and Science College, Dhule, 

Maharashtra 

(8) Bhatt, B. V., & Sharma, N. D. (2015). Scope of modeling for urban land-use leading to 

climate change. EIOCD International Conference “Engineering: Issues, Opportunities 

and Challenges for Development”; organized by SNPIT&RC, Bardoli, Gujarat ISBN: 

978-81-929339-3-1 

 

 

  

http://www.ijstr.org/final-print/feb2020/Spatio-temporal-Analysis-Of-Urbanization-In-Surat-Region.pdf
http://www.ijstr.org/final-print/feb2020/Spatio-temporal-Analysis-Of-Urbanization-In-Surat-Region.pdf
https://doi.org/10.1007/978-981-13-6822-6_9
https://doi.org/10.1007/978-981-10-8588-8_11
http://www.researchjourney.net/admin/uploads/special_issue/20190508063754.pdf
http://ijaresm.net/Pepar/VOLUME_2/ISSUE_11/12.pdf


Synopsis for thesis titled “Vulnerability modeling based on effects of climate change and mitigation through 

urban land-use planning: A novel case study of SUDA” (September 2020) 

Submitted by: Bhasker Vijaykumar Bhatt (159997106004), Supervisor: Dr Neerajkumar D. Sharma  17 
 

10. References 

1. Aruna Jyothy, S., Murthy, S. D., and Mallikarjuna, P., Regional and Temporal 

Variations of Intensity--Duration--Frequency Relationships: A Case Study. Journal 

of The Institution of Engineers (India): Series A, 2019, 100, 157–165. 

2. AUDA DP, Revised Development Plan 2021 | AUDA. Online publication, 2013. 

3. Batica, J. and Gourbesville, P., Methodology for Flood Resilience Index 

Development. Proceedings of the 34th World Congress of the International 

Association for Hydro-Environment Research and Engineering: 33rd Hydrology 

and Water Resources Symposium and 10th Conference on Hydraulics in Water 

Engineering, 2011, 48. 

4. Batica, J. and Gourbesville, P., Methodology for Flood Resilience Index 

Development. Proceedings of the 34th World Congress of the International 

Association for Hydro-Environment Research and Engineering: 33rd Hydrology 

and Water Resources Symposium and 10th Conference on Hydraulics in Water 

Engineering, 2011, 48. 

5. Bayanwala, V. and Kulkarni, K. M., HUMAN-NATURE INTERACTION 

CHAPTER-10. In Urban infrastructural facilities of Ahmedabad a geographical 

analysis Gujarat University, Ahmedabad, 2000, pp. 183–200. 

6. Bhatt, B. V. and Sharma, N. D., Scope of modeling for urban land-use leading to 

climate change. International Journal of Advance Research in Engineering, Science 

& Management, 2015, 1–7. 

7. Cavan, G. and Kingston, R., Development of a climate change risk and vulnerability 

assessment tool for urban areas. International Journal of Disaster Resilience in the 

Built Environment, 2012, 3, 253–269. 

8. Center for climate and energy solutions, India’s Climate and Energy Policy 

Arlington, 2015. 

9. Central Intelligence Agency, South Asia : India — The World Factbook - Central 

Intelligence Agency. 

10. Chandramauli, C., PCA Release 2011. Census of India, New Delhi, 2013, p. 88. 

11. Clavero, M., Villero, D., and Brotons, L., Climate change or land use dynamics: Do 

we know what climate change indicators indicate? PLoS ONE, 2011, 6. 

12. CLimateCentral, Surging Seas Mapping Choices. Interactive Website, 

13. Climate-data.org, Climate Surat: Temperature, Climate graph, Climate table for 

Surat - Climate-Data.org. Online Data-set, 

14. CWPRS, Technical Report No.4666: Mathematical model studies for prediction of 

flow in Tapi river reach from Ukai to Hazira for design of flood embankments Pune, 

2009. 

15. Dale, V. H., The relationship between land-use change and climate change. 

Ecological Applications, 1997, pp. 753–769. 

16. Darko, Š., Cetl, V., and Jukic, T., Development of Strategic Urban Land Use 

Analysis Model. In INSPIRE Conference 2016 INSPIRE Conference 2016, 

Barcelona, Spain, 2016. 

17. DeshGujarat, Gujarat gets fifth place in Ease of Doing Business ranking for States 

in India | DeshGujarat. Online publication, 2018. 

18. Dunn, M., Rounsevell, M. D., Carlsen, H., Dzebo, A., Lourenço, T. C., and Hagg, 

J., To what extent are land resource managers preparing for high-end climate change 

in Scotland? Climatic Change, 2017, 1–15. 

19. Earth Observing System, 6 Spectral indexes on top of NDVI to make your vegetation 

analysis complete. 2019. 



Synopsis for thesis titled “Vulnerability modeling based on effects of climate change and mitigation through 

urban land-use planning: A novel case study of SUDA” (September 2020) 

Submitted by: Bhasker Vijaykumar Bhatt (159997106004), Supervisor: Dr Neerajkumar D. Sharma  18 
 

20. Farmer, T. G. and Cook, J., Climate Change Science: A Modern Synthesis | 

SpringerLink Springer, Dordrecht, Dordrecht, 2013. 

21. Giacomoni, M. H., Kanta, L., and Zechman, E. M., Complex Adaptive Systems 

Apporach to Simulate the Sustainability of Water Resources and Urbanization. 

Journal of Water Resources Planning and Management, 2013, 139, 554–564. 

22. Government of India, Maximum Temperature of India from 1901 to 2014 | Open 

Government Data Platform India Blog. Online Data-set, 2015. 

23. Gujarat Ecology Commission, gec_annual_report_2015-16.pdf Gandhinagar, 2016. 

24. Guo, F., Lenoir, J., and Bonebrake, T. C., Land-use change interacts with climate to 

determine elevational species redistribution. Nature Communications, 2018, 9, 

1315. 

25. Gupta, N., Projected population characteristics as on 1st March 2013: 2001-2026- 

India | data.gov.in. National Data Sharing and Accessibility Policy (NDSAP), 2019, 

p. 1. 

26. Gurto, R., What’s the Difference Between Weather and Climate? Online 

publication, NASA, 2015. 

27. Jahangir Alam, M. and Akter Mullick, R., Climate change effects upon massive land 

and housing development: Case of Dhaka, Bangladesh. International Journal of 

Climate Change Strategies and Management, 2014, 6, 315–331. 

28. Janakarajan Professor, S., Urbanization and peri-urbanization: Aggressive 

competition and unresolved conflicts -The case of Chennai city in India. South Asian 

Water Studies, 2009, 1, 51–76. 

29. Jayaraman, V., Chandrashekhar, M. G., and Rao, U. R., Managing the natural 

disasters from Space Technology inputs. In 47th IAF Congress, Acra Astronautica 

International Astronautical Federation. Published by Elsevier Science Ltd, Great 

Britain, 1997, pp. 291–325. 

30. Kalnay, E. and Cai, M., Impact of urbanization and land-use change on climate. 

Nature, 2003, 423, 528–531. 

31. King, D., Gurtner, Y., Firdaus, A., Harwood, S., and Cottrell, A., Land use planning 

for disaster risk reduction and climate change adaptation: Operationalizing policy 

and legislation at local levels. International Journal of Disaster Resilience in the 

Built Environment, 2016, 7, 158–172. 

32. Kozlowski, M. and Yusof, Y. M., The role of urban planning and design in 

responding to climate change: the Brisbane experience. International Journal of 

Climate Change Strategies and Management, 2016, 8, 80–95. 

33. 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. 

34. Kundu, S. N., GRACE, Climate Change and Future Needs: A Brief Review. Journal 

of Climatology & Weather Forecasting, 2016, 4, 5. 

35. Lal, R. and Augustin, B., Adapting Urban Land Use in a Time of Climate Change; 

Optimizing Future Land-Use Patterns to Decrease Flood Risks. In Carbon 

Sequestration in Urban Ecosystems (ed. R. Lal and B. Augustin), Springer 

Science+Business Media B.V., Netherlands, 2012, pp. 1–385. 

36. 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. 

37. Majmudar, M. R., The ancient history of Gujarat Popular Prakashan (Bombay), 

Bombay, 1960. 



Synopsis for thesis titled “Vulnerability modeling based on effects of climate change and mitigation through 

urban land-use planning: A novel case study of SUDA” (September 2020) 

Submitted by: Bhasker Vijaykumar Bhatt (159997106004), Supervisor: Dr Neerajkumar D. Sharma  19 
 

38. Malarvizhi, K., Vasantha Kumar, S., and Porchelvan, P., ScienceDirect Use of High 

Resolution Google Earth Satellite Imagery in Landuse Map Preparation for Urban 

Related Applications. Procedia Technology, 2016, 24, 1835–1842. 

39. 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 Aisa, 2018. 

40. Mann, M. L., Berck, P., Moritz, M. A., et al., Modeling residential development in 

California from 2000 to 2050: Integrating wildfire risk, wildland and agricultural 

encroachment. Land Use Policy, 2014, 41, 438–452. 

41. Moeckel, R., Schürmann, C., and Wegener, M., Microsimulation of Urban Land 

Use. 42nd European Congress of the Regional Science Association, Dortmund, 

2002, 27–31. 

42. Naswa, P. and Garg, A., CLIMATE CHANGE; PROJECTIONS AND IMPACT 

FOR INDIA Managing climate-induced risks on Indian infrastructure assets. 

CURRENT SCIENCE, 2011, 101. 

43. National Crime Records Bureau, NCRB - Empowering Indian Police with IT. ADSI, 

2015. 

44. Ordonez, A., Martinuzzi, S., Radeloff, V. C., and Williams, J. W., Combined speeds 

of climate and land-use change of the conterminous US until 2050. Nature Clim. 

Change, 2014, 4, 811–816. 

45. 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. 

46. Patekar, P., Patekar, P. R., and Patil, R. R., Land Use-Land Cover Change Detection 

Using Remote Sensing and GIS Techniques; Solapur District of Maharashtra, India. 

International Journal of Advanced Remote Sensing and GIS, 2014, 3, 499–505. 

47. Patel, A., Crooks, A., and Koizumi, N., Spatial Agent-based Modeling to Explore 

Slum Formation Dynamics in Ahmedabad, India. In GeoComputational Analysis 

and Modeling ofRegional Systems, Advances in Geographic Information Science 

(eds. Thill, J. C., and Dragicevic, S.), 1st ed. Springer International Publishing, 2018, 

pp. 121–141. 

48. Patel, D. and Dholakia, M., Identifying Probable Submergence Area of Surat City 

Using Digital Elevation Model and Geographical Information System. World 

Applied Sciences Journal, 2010, 9, 461–466. 

49. Rajashree, K. and Meenal, S., 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, 4015003. 

50. Rao, U. R., Space Technology for Sustainable Development Tata McGraw Hill, New 

Delhi, India, 1996. 

51. Salauddin and Ashikuzzaman, Nature and extent of population displacement due to 

climate change triggered disasters in south‐western coastal region of Bangladesh. 

International Journal of Climate Change Strategies and Management, 2012, 4, 54–

65. 

52. 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. 

53. Sharma, R., Ghosh, A., and Joshi, P. K., Spatio-temporal footprints of urbanization 

in Surat, the Diamond City of India (1990--2009). Environmental Monitoring and 

Assessment, 2013, 185, 3313–3325. 



Synopsis for thesis titled “Vulnerability modeling based on effects of climate change and mitigation through 

urban land-use planning: A novel case study of SUDA” (September 2020) 

Submitted by: Bhasker Vijaykumar Bhatt (159997106004), Supervisor: Dr Neerajkumar D. Sharma  20 
 

54. Singh, D. and Vyas, A., Planning Strategies for the Development of Peri-Urban Area 

The Case of Indore Peri urban Area. International Journal of Scientific & 

Engineering Research, 2014, 5, 27–32. 

55. Solecki, W. D. and Oliveri, C., Downscaling climate change scenarios in an urban 

land use change model. Journal of Environmental Management, 2004, 72, 105–115. 

56. SUDA, Surat (Revised) Development Plan 2035. SUDA, Gujarat, India, 2019. 

57. Surat Municipal Corporation, Awards to SMC. Online publication, 2019. 

58. U.S. Department of the Interior | U.S. Geological Survey, What are the band 

designations for the Landsat satellites? Usgs, 2014, 6–8. 

59. Ullah, S., Tahir, A. A., Akbar, T. A., et al., Remote Sensing-Based Quantification 

of the Relationships between Land Use Land Cover Changes and Surface 

Temperature over the Lower Himalayan Region. Sustainability, 2019, 11, 5492. 

60. UNDP, Sustainable Development Goals | UNDP. Online publication, 2015. 

61. UNDP, United Nations Millennium Development Goals. Online publication, United 

Nations, 2000. 

62. United Nations, United Nations Conference on Environment & Development Rio de 

Janeiro, Brazil, 1992. 

63. USGS-EROS, LANDSAT 8 OLI/TIRS Collection 1 - Path: 148 Row: 45 for Scene: 

LC08_L1TP_148045_20180117_20180205_01_T1. U.S. Geological Survey 

(USGS) Earth Resources Observation and Science (EROS) Center, 2018. 

64. USGS-EROS, LANDSAT ETM Collection 1 - Path: 148 Row: 45 for Scene: 

LE07_L1TP_148045_20110122_20161210_01_T1. U.S. Geological Survey 

(USGS) Earth Resources Observation and Science (EROS) Center, 2011. 

65. USGS-EROS, LANDSAT ETM Collection 1 - Path: 148 Row: 45 for Scene: 

LE07_L1TP_148045_20010110_20170208_01_T1. U.S. Geological Survey 

(USGS) Earth Resources Observation and Science (EROS) Center, 2001. 

66. USGS-EROS, LANDSAT TM Collection 1 - Path: 148 Row: 45 for Scene: 

LT05_L1TP_148045_20110130_20161010_01_T1. U.S. Geological Survey 

(USGS) Earth Resources Observation and Science (EROS) Center, 2005. 

67. Vu, M. T., Vo, N. D., Gourbesville, P., Raghavan, S. V., and Liong, S. Y., Hydro-

meteorological drought assessment under climate change impact over the Vu Gia–

Thu Bon river basin, Vietnam. Hydrological Sciences Journal, 2017, 62, 1654–

1668. 

68. Wang, D., Hejazi, M., Cai, X., and Valocchi, A. J., Climate change impact on 

meteorological, agricultural, and hydrological drought in central Illinois. Water 

Resources Research, 2011, 47. 

69. Wikipedia, Geography of India. 2007. 

70. Wikipedia, List of Indian state and union territory name etymologies - Wikipedia. 

2020. 

71. Wikipedia, the free encyclopedia, International rankings of India. Online 

publication, 2019. 

72. Wikipedia, the free encyclopedia, List of cleanest cities in India. Online Publication, 

2018. 

73. World Population Review, Total Population by Country 2019. Total Population by 

Country 2019, 2019. 

74. Wratten, E., Conceptualizing urban poverty. Environment & Urbanization, 1995. 

75. Zhu, T., Lund, J. R., Jenkins, M. W., Marques, G. F., and Ritzema, R. S., Climate 

change, urbanization, and optimal long-term floodplain protection. Water Resources 

Research, 2007, 43. 


