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It is w
ith the great pleasure of reaching a m

ilestone in an im
portant program

 that I introduce to you the context 
and the process that has resulted in the “City Resilience Strategy’ docum

ent for Surat. 

As w
e know, cities have been the centres of m

ajor civilizations all through the history of m
ankind, w

hether in 
the M

ohenjo-daro tow
ns, in M

esopotam
ian citadels, in the Aztec city palaces or in Classical Rom

an and Greek 
republics. In the m

odern era too, cities have been the cradles of  econom
ic, political and  cultural evolution of 

hum
an society in m

any w
ays.  

As cities becom
e recognised as the engines of econom

ic grow
th, their significance for the peace and progress 

of every nation has becom
e m

ore and m
ore evident. W

hile in m
any w

estern nations, alm
ost 60 to 80%

 of the 
population lives in cities and tow

ns, India too, has seen a rapid grow
th in urbanization fuelled by grow

th in the 
industrial and service sectors along w

ith large scale m
igration across and w

ithin states. At the sam
e tim

e, Indian 
cities face urgent challenges to m

eet the grow
ing needs of infrastructure and services that w

ould ensure an 
acceptable (and in som

e cases desirable) standard of living and quality of life. The challenges are not only confined 
to providing quality and equitable accessibility of m

unicipal services, but also relate to the resources required 
for ensuring sustained availability of these services that are critical to ensure safe, healthy and viable urban life. 
Apart from

 finance, m
anpow

er, technology  and m
anagerial ability, cities w

ould be w
ell advised to appreciate the 

im
portance, nay, criticality of access to vital natural resources, nam

ely land, w
ater and energy sources for their 

continued w
ell-being. 

In Surat, the 9th largest city in India, and blessed w
ith an exceptionally high level of civic com

m
itm

ent,  Surat 
M

unicipal Corporation has been pursuing sustainable technology, practices and program
s for m

ore than a decade to 
m

aintain and enhance the quality and availability of the civic services that are dependent on access to these critical 
natural resources. Being located in a flood prone zone, over the past five years, the city has also m

ade considerable 
efforts to address flood risk m

anagem
ent issues through structural and non-structural interventions. O

ver the 
last decade, several initiatives for environm

ent protection and conservation have been taken to reduce energy 
consum

ption and m
anage natural resources effectively. The city of Surat is w

ell know
n today for im

plem
enting 

innovative ideas and for being in the forefront of leading initiatives aim
ed tow

ards enhancing the quality of life of 
its citizens.

Continued...
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It is in this context, that the Asian Cities Clim
ate Change Resilience N

etw
ork, an initiative of the Rockefeller 

Foundation, has provided a fram
ew

ork and a platform
 for the city of Surat to create a form

al and consultative 
approach to m

apping its ow
n resilience in the face of the grow

ing im
pacts of clim

ate change.

Recognizing the keen interest of the citizens of Surat to retain the pre-em
inent position of Surat as one of the 

m
ost dynam

ic and progressive cities in India, Surat M
unicipal Corporation has been prom

oting responsive and 
participatory city governance. It is thus that, under the ACCCRN

, the City Advisory Com
m

ittee (CAC) w
as established 

to study the im
pacts of clim

ate change  in the context of Surat, and to recom
m

end  strategies that w
ould create 

a higher level of resilience for its citizens. It is a m
atter of pride for the city that the CAC incorporates the view

s, 
w

isdom
 and com

m
itm

ent of m
em

bers of all sections of urban life, from
 academ

ia, industry, trade, local governm
ent 

and civil society.  

The CAC  initiated the process of (i) assessing the likely im
pacts of processes of clim

ate change on the socio-
econom

ic life of Surat ; (ii)identifying the probable challenges in future and (iii) initiating the form
ulation of viable 

and thoughtful  strategies to address the sam
e. This process included analysis of  som

e of the critical sectors of 
the socio-econom

ic life of Surat, such as w
ater, energy, environm

ent, transportation, flood risk m
anagem

ent and 
health. M

ore significantly, for perhaps the first tim
e, an assessm

ent w
as m

ade of the vulnerability of different 
sections of the population to the changing w

eather patterns that m
ay result in, increased precipitation, frequent 

flooding, changes in disease patterns, sea level rise, increasing energy dem
and etc. 

The w
ork under the Asian Cities Clim

ate Change Resilience N
etw

ork (ACCCRN
) initiative in Surat over the past three 

years establishes the nexus betw
een urban system

s, poverty related challenges, underlying city vulnerabilities and 
the overriding phenom

ena of clim
ate change and the risks posed thereby. Vulnerability of the city, if not recognized 

and addressed, w
ill only exacerbate w

ith accelerated incidence of extrem
e w

eather events and rising sea levels. 

Therefore, the process of form
ulation of a city resilience strategy w

as initiated in Surat during 2009-2010. Realizing 
the cross-sectoral nature of the im

pacts, the City Advisory Com
m

ittee adopted an interactive and holistic approach 
entailing engagem

ent w
ith a w

ide array of stakeholders. A num
ber of Risk to Resilience w

orkshops w
ere held.

The City Resilience Strategy (CRS) is an attem
pt to assess the key city vulnerabilities, the risks and challenges likely 

to be posed to the city of Surat by the processes associated w
ith clim

ate change, the likely im
pacts on crucial 

sectors of city’s socio-econom
ic life and the kind of adaptation interventions w

hich can be taken to address the 
sam

e. 
Continued...



CO
N

TEN
TS

3

The City Resilience Strategy (CRS) is the product of consistent and sincere efforts by a w
ide array of enlightened and 

com
m

itted citizenry and stakeholders of Surat. It is gratifying to note that all stakeholders actively and passionately 
contributed to the process to ensure that the docum

ent becom
es a live and vibrant strategy w

hich is ow
ned and 

acted upon by all through a convergence of approaches and action. The City Resilience Strategy (CRS) highlights 
innovative m

ethods such as GEO
PSY and Scenario Exercises w

hich can also serve as effective urban planning tools 
for cities on the m

ove. 

The w
ork under the ACCCRN

 has been a successful shared experience and has provided relevant learning on 
clim

ate change and adaptation issues to city stakeholders. It has prom
oted clim

ate literacy, learning and sharing of 
know

ledge on urban clim
ate change resilience. The tw

o years of efforts have indicated the grow
ing appetite and 

am
bition am

ong the Surat citizens and stakeholders to develop high level interventions to tackle clim
ate change 

and contribute to developm
ent of Surat m

etropolitan region. 

I w
elcom

e the tim
ely publication of Surat City Resilience Strategy, developed under Phase II of the Asian Cities 

Clim
ate Change Resilience N

etw
ork (ACCCRN

) initiative. I take this opportunity to acknow
ledge the support 

and guidance of the Governm
ent of Gujarat (w

ith its ow
n Clim

ate Change Departm
ent), the General Board and 

Standing Com
m

ittee of SM
C, Gujarat State Disaster M

anagem
ent Authority (GSDM

A), TARU
 and local organizations 

nam
ely the Southern Gujarat Cham

ber of Com
m

erce and Industry (SGCCI), Sardar Vallabhbhai N
ational Institute of 

Technology (SVN
IT), Centre for Social studies, various departm

ents of Surat M
unicipal Corporation and individual 

experts in contributing to the preparation of this  docum
ent. 

I com
m

end the CRS, Surat to all those interested in clim
ate change issues, prom

oting urban clim
ate change 

resilience and to cities across the w
orld as part of the learning process for building a culture of sustainable and 

resilient urban landscape. I w
ould also like to m

ention that the docum
ent w

ould serve as a living and dynam
ic 

guide to Surat,  being review
ed and revised periodically, as w

e learn m
ore from

 one another as global citizens, 
about this phenom

enon that w
e call clim

ate change.

(S. Aparna, IAS)
M

unicipal Com
m

issioner
Surat M

unicipal Corporation
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It is heartening to note that the city of Surat has em
barked on a m

ission to take pre-em
ptive adaptation m

easures 
to m

itigate the im
pacts of processes associated w

ith clim
ate change and variability at city level. The process of 

building resilience to the im
pacts of clim

ate change is being spearheaded by the Surat M
unicipal Corporation 

under the Asian Cities Clim
ate Change Resilience N

etw
ork (ACCCRN

) initiative of the Rockefeller Foundation w
ith 

technical support from
 TARU

 Leading Edge.

The fact that the city of Surat and its enlightened stakeholders have been focusing their attention on the key issues 
and challenges associated w

ith clim
ate change for the past three years indicates the pro-active approach and 

latent dynam
ism

 and entrepreneurial spirit of the people. 

I am
 glad to learn that adopting a m

ulti-stakeholder approach, the Surat M
unicipal Corporation (SM

C) has began 
the process of assessing the key city vulnerabilities, im

pacts on critical sectors of socio-econom
ic life and initiating 

concerted efforts through focused adaptation and m
itigation m

easures to address the sam
e.

The process has led to form
ulation of the City Resilience Strategy (CRS) outlining the m

ain challenges the city of 
Surat is likely to face and identifying relevant intervention m

easures to address the sam
e. 

I am
 sure the city of Surat, its enlightened citizenry and stakeholders w

ill be able to offset the adverse im
pacts of 

clim
ate change through convergence of approach and synergies of action. Surat has earlier on too displayed its 

inherent resilience by overcom
ing the scourge of plague to becom

e the cleanest city in India as also the w
orst flood 

in a century. I am
 confident that Surat and its citizens w

ill once again charter a new
 course and set an exam

ple by 
achieving the ability to rem

ain resilient in the face of processes of clim
ate change for other cities to em

ulate.

I hope the City Resilience Strategy w
ill guide all of us to take requisite m

easures in this direction.

(Rajendra A. Desai)
M

ayor
Surat M

unicipal Corporation
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Clim
ate change is one of the m

ost pressing challenges of the 21st century. Though it’s a global problem
, actions 

need to be taken locally to help com
m

unities prepare for and w
eather clim

ate-related im
pacts.  The stakes for 

cities such as Surat are particularly high given its strong econom
ic base and rapid grow

th. Cities now
 house m

ore 
than half of the global population, including hundreds of m

illions of poor and m
arginalized households, m

aking it 
essential that steps are taken to increase the resilience of cities and the com

m
unities w

ithin them
 to w

ithstand the 
shocks and stresses spurred by clim

ate change. The Rockefeller Foundation is delighted to see the launch of the 
Surat city clim

ate change resilience strategy. This strategy reflects a trem
endous am

ount of leadership, effort and 
dedication show

n on the part of the city and w
ide range of institutions and individuals w

ithin it, from
  governm

ent,  
business, academ

ia, technical centres and civil society. The Rockefeller Foundation is proud that Surat is one of 
ten cities in the Asian Cities Clim

ate Change Resilience N
etw

ork (ACCCRN
) and looks forw

ard to seeing the city 
continue to serve as a globally recognized leader in strengthening urban resilience to clim

ate change.

(Ashvin Dayal)
M

anaging Director, Asia O
ffi

ce
The Rockefeller Foundation
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W
e appreciate the im

portant contributions m
ade by Surat M

unicipal Corporation, Southern Gujarat Cham
ber of 

Com
m

erce and Industries, Gujarat State Disaster M
anagem

ent Authority, Institute for Social and Environm
ental 

Transition (ISET), U
rban and Social Health Advocacy &

 Alliance, Sardar Vallabhbhai N
ational Institute of Technology, 

Centre for Social Studies, M
icro Inform

ation Pvt. Ltd, Enviro Control Associates (I) Pvt. Ltd. and TIFAC-CO
RE in 

Environm
ental Engineering for their contribution tow

ards the sector studies and preparation of Clim
ate Resilience 

Strategy. 

W
e w

ould like to thank all the stakeholders and citizens of Surat w
ho have actively participated in the m

eetings, 
w

orkshops, discussions and surveys. 

This is a result of dedicated efforts by TARU
 and ACCCRN

 team
 over tw

o years w
hich includes inputs from

 w
ide 
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The 20th century has been a period of greatest w
arm

ing in at least a thousand years. Such clim
ate vari-

ability and change is likely to have an im
pact on the m

etabolism
 of the cities. The IPCC W

orking Group 
found evidence that recent regional clim

ate changes, particularly tem
perature increase, have already 

affected m
any physical and biological system

s and have found prelim
inary evidence of effects in hum

an 
system

s. The ability to m
anage hazard risk, especially clim

ate variability and change risks, depends on 
a num

ber of critical factors – this includes the city’s baseline infrastructure and quality of services, re-
source linkages especially w

ater and energy, econom
ic grow

th, poverty and em
ploym

ent opportunities, 
social safety nets, effective governance, investm

ent m
ade tow

ards hazard m
itigation and vulnerability 

reduction, access to risk inform
ation, collective responsibility of stakeholders in im

plem
entation of so-

cial w
elfare schem

es, and public aw
areness. Several attem

pts are underw
ay to m

inim
ize the effects of 

clim
ate change w

ithin priority sectors and vulnerable section of the society through building adaptation 
m

echanism
s.

The city resilience strategy (CRS) developm
ent has been spearheaded by Surat City Advisory Com

m
it-

tee (CAC) and key stake- holders including the Surat M
unicipal Corporation (SM

C) and Southern Gujarat 
Cham

ber of Com
m

erce and Industries (SGCCI), Industry groups, academ
ic institutions and individual ex-

perts. CRS developm
ent and action planning is an ongoing effort to be undertaken w

ith the active engage-
m

ent of the stakeholders and the com
m

unity. The strategy aim
s to reduce the im

pacts of clim
ate change 

by identifying sectors and com
m

unities m
ost vulnerable to the risks. The strategy provides an overarching 

fram
ew

ork w
ith a clear vision and direction for im

proved delivery of the services by the stakeholders and 
action to be undertaken by the com

m
unities, thereby prom

oting econom
ic developm

ent of the city and 
the Surat M

etropolitan Region.

Key initiatives are proposed to be undertaken through the support of the Rockefeller Foundation to in-
form

 this strategy and the CAC w
ill coordinate in its efforts tow

ard the im
plem

entation thereof w
ith all 

relevant stakeholders.

Purpose of this docum
ent: 

This docum
ent is prepared w

ith the aim
 of providing a fram

ew
ork for the developm

ent of a Clim
ate resil-

ience strategy for the city of Surat. It has been developed through continued interactions w
ith city stake-

holders, sector studies conducted to understand different dim
ensions of current situation and inform

a-
tion from

 secondary literature. M
oreover, to gain a m

ore analytical understanding, detailed Vulnerability 
Assessm

ent studies and a series of Risk to Resilience W
orkshops w

ere conducted.

This docum
ent is aim

ed at city m
anagers, w

hile also providing inform
ation that can be understood by 

people at large. Lastly, this docum
ent is based on the current situation. W

e w
ould like to highlight the 

need of the sam
e being updated at regular intervals to reflect em

erging trends over tim
e. The resilience 

strategies w
ith therefore evolve over tim

e w
ith better understanding of clim

ate change phenom
ena as 

w
ell as em

erging city level issues. Structure of the Docum
ent

Structure of the Docum
ent

The docum
ent has been divided into 4 parts

     1. 
Part 1- Variability and Change collates the predicted changes that w

ould affect the city.
     2. 

Part 2- Possible Im
pacts- analyzes the im

pacts of these changes on the city fabric.
     3. 

Part 3- In Evaluations &
 Assessm

ents, the cities vulnerabilities and capacities are assessed.
     4. 

Part 4- Strategies are discussed to counter or m
itigate the negative im

pacts of clim
ate change, 

 
poverty and urbanization

VARIABILITY
&

 CHAN
G

E
PO

SSIBLE
IM

PACTS
EVALUATIO

N
&

 
ASSESM

EN
T

PRIO
RITIZED

STRATEG
IES

U
rbanization

Poverty

Clim
ate 

Conditions

Physical

Social

Econom
ic

Vulnerability

Capacity

Constraints

Short term

M
id term

Long term

DO
CU

M
EN

T STRU
CTU

RE



CO
N

TEN
TS

      CHAN
G

E                  
 

            I   U
RBAN

IZATIO
N

     I     PO
VERTY     I     CLIM

ATE 
 IM

PACT
ASSESSM

EN
T

STRATEGY

Clim
ate Conditions

1. VARIABILITY &
 CHAN

G
E

U
rbanization

Poverty/Inform
al 

sett
lem

ents

Tem
perature

Precipitation

Sea level rise

Population

Industrial &
 Econom

ic 
Grow

th

Landuse-landchange
LU

LC/Environm
ental 

transition

Living (environm
ent)

Livelihood (earning)

Lifestyle (m
igration/

social status, access 
to resources)

12



CO
N

TEN
TS

 PO
PU

LATIO
N

  I  IN
DU

STRIAL&
 ECO

M
IN

C GRO
W

TH   I   LAN
DU

SE &
 LAN

DCHAN
GE  

      CHAN
G

E                  
 

         I    U
RBAN

IZATIO
N

     I     PO
VERTY     I     CLIM

ATE 
 IM

PACT
ASSESSM

EN
T

STRATEGY

13
   PO

PU
LATIO

N

1. GRO
W

TH &
 PRESEN

T PO
PU

LATIO
N

2. FU
TU

RE PRO
JECTIO

N
S

1. G
RO

W
TH &

 PRESEN
T PO

PU
LATIO

N

Surat is the 9th largest city in India. As per 2001 Census, the population of Surat w
as 2.89 m

illion. This 
includes a total of 1.09 m

illion w
orkers, driven by pull m

igration induced by the grow
th of textile and 

diam
ond industries especially since the 1970’s.

The city has seen an unprecedented grow
th in last four decades, recording one of the highest grow

th 
rates in the country and a 10-fold population rise over four decades. Coupled w

ith this, the spillover of 
population into the periphery has also been observed especially tow

ards the coast and Hazira in the w
est 

and the N
ational highw

ay tow
ards East.

The city area has expanded w
ith tim

e (m
ajor expansion being in 2006) and presently covers 326.515 

sq.km
. The estim

ated  population of the city in 2011 is about 4.5 m
illion.

Surat M
unicipal G

row
th Statistics (Area and Population)

Sr. 
N

o.
Description

1951
1961

1971
1981

1991
2001

1
Area (Sq. km

)
 8.2 

 8.2 
 33.9 

 55.6 
 111.2 

 112.3 

2
Population
(M

illion)
 0.2 

 0.3 
 0.5 

 0.8 
 1.5 

 2.4 

3
Grow

th Rate (%
)

 - 
 29.1 

 63.8 
 64.7 

 93.0 
 62.4 

4
Density 
(Person/Sq. km

)
 27,284 

 35,211 
 13,934 

 13,977 
 13,489 

 21,677 

Source: CDP, Surat

2. FU
TU

RE PRO
JECTIO

N
S

The population of Surat is expected to grow
 from

 2.89 m
illion (2001) to 4.5, 6.4 &

 8.5 m
illion by 2011, 

2021 &
 2031

Presently, the Surat M
unicipal Corporation (SM

C) provides the essential services such as safe drinking 
w

ater, sanitation, roads and bridges, streetlights and prim
ary health and education services to all 

residents. W
ith the increase in population, addressing these urban services and other societal needs w

ill 
becom

e a challenge

PO
PU

LATIO
N

 &
 DECADAL G

RO
W

TH

60 %
 grow

th rate

Source: Surat City Developm
ent Plan (2006-2012)
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T IN
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STRIAL BASE

The evolution of the pow
er loom

 and handloom
 sectors led to gradual grow

th of textile industries. Surat w
as 

historically a textile and trading city since the early M
ughal period. The near sim

ultaneous collapse of M
ughal, 

Persian and O
ttom

an em
pires as w

ell as the birth of the deep w
ater port in M

um
bai(Bom

bay then) w
ith the 

rise of British Em
pire resulted in Surat’s decline. (for m

ore see: htt
p://w

w
w

.thefreelibrary.com
/The+M

ughal+
port+cities+of+Surat+and+Hugli.a0192801347). Another im

portant addition since the 1950’s is the diam
ond 

cutti
ng and polishing industry. In the last three decades, especially during the eighties, large-scale industries 

have com
e up in Surat and its peripheries.

The econom
ic base of Surat, thus, consists of Textile m

anufacturing, trade, diam
ond cutti

ng and polishing 
industries, intricate Zari w

orks, chem
ical industries and the petrochem

ical and natural gas based industries 
at Hazira established by leading industry houses such as O

N
GC, Reliance, ESSAR, and Shell. The m

edium
 and 

large-scale industries are m
ostly located at the five industrial estates in and around the city, w

hile a significant 
proportion of the sm

all industries are located w
ithin the city lim

its.

2. TEXTILES, DIAM
O

N
DS, HEAVY EN

G
IN

EERIN
G

Textiles- N
early 30 m

illion m
eters of raw

 fabric and 25 m
illion m

eters of processed fabric are produced in Surat 
daily. It is estim

ated that about 10 percent of the synthetic Sarees m
anufactured in India are from

 Surat and 
around 90 percent of polyester used in India com

es from
 Surat.

There are 0.7 m
illion loom

s and 150 m
ulti-storied textile m

arkets and trade is routed through 50,000 m
erchant 

m
anufacturers (traders). About 1.2 m

illion textile w
orkers are reported from

 the city and neighborhood.  The 
m

ain m
arket for Surat’s textile products are India, M

iddle East and other Asian countries.

Diam
ond cutti

ng-Surat introduced diam
ond cutti

ng and polishing industry at the turn of 20th century. The 
diam

ond industry is one of the m
ost labor-intensive industries in India. There are about 6,500 diam

ond 
polishing units in Gujarat, em

ploying about 0.7 m
illion people. O

ut of these, 38%
 of the units and 57%

 of 
the w

orkforce are located in Surat (RBI, 2009: Report of the Taskforce for Diam
ond Sector, Reserve Bank of 

India, Ahm
edabad). O

ver 1.5 m
illion people are directly or indirectly dependent on the diam

ond cutti
ng and 

polishing industry of Surat.

Large Industries: The Hazira Industrial area and port is located in the northern banks of Tapi River and is 
adjacent to the  Surat urban area. It is hom

e to several m
ajor processing facilities/m

anufacturing centers for 
Reliance Petrochem

icals, Essar Steel, Larsen &
 Toubro, KRIBHCO

, O
N

GC, Shell, ABG Shipyard, Torrent Pow
er.

 In general, Surat’s industrial system
 is a com

plex blend of hom
e-based, sm

all scale and m
edium

 scale industries 
largely dependent on sem

i-skilled and unskilled labor.

PRESEN
T IN

DU
STRIAL BASE

DIAM
O

N
DS

TEXTILES
HEAVY IN

DU
STRY

2010

 Yarn production

W
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Em

broidery
process

EM
PLO

YIN
G: 1.2 M

ILLIO
N

 W
O

RKERS
AN

N
UAL TRAN

SACTIO
N

- Rs. 30-35  
BILLIO

N

EM
PLO

YIN
G: 0.7 M

ILLIO
N

 W
O

RKERS

Cutti
ng

Polishing

process

industries
Reliance petrochem

icals

Essar Steel
Larsen &

 Toubro
KRIBHCO

O
N

GC
Shell

ABG Shipyard
Torrent Pow

er
- 

2006: It is ranked as the 131
st richest cities of the w

orld w
ith a GDP of 22 billion 

U
SD

- 
2020: Expected to rise to 119

th rank w
ith a GDP of about 57 Billion U

SD and a 
grow

th rate of 6.5 percent annually.
- 

In India, Surat current holds the status of city w
ith one of the highest per capita 

incom
e. (Source: w

w
w

.citym
ayors.com

, 2010)

“diam
onds to jew

ellery”
“increasing investm

ents”

Source: SU
RAT CDP (2006-2012)

Im
age Source: Google Im

ages
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FACTS

• 42 %
 of the w

orld’s total rough diam
ond cutti

ng and polishing,
• 70 %

 of the nation’s total rough diam
ond cutti

ng and polishing,
• 80 %

 of the nation’s total diam
ond exports (` 70 Billion)

• 40 %
 of the nation’s total m

an-m
ade fabric production,

• 28 %
 of the nation’s total m

an-m
ade fiber production

• 18 %
 of the nation’s total m

an-m
ade fiber export, and

• 12 %
 of the nation’s total fabric production.

    (Source: Environm
ent Study of Surat City, Enviro Control Associates (I) Pvt Ltd, p.6)

According to CM
IE 2002, the Surat City region has a proposed investm

ent of about Rs. 11,817 Crores. In addition 
projects w

orth Rs. 2,022 Crores are under im
plem

entation. Hazira and SEZs (located on the side of Hazira )are m
ajor 

focal points for grow
th.

3. EXPECTED G
RO

W
TH

Given India’s grow
ing population and lifestyles, the Surat textile industry is poised to grow

 to m
eet the internal as w

ell 
as exports dem

ands. The technical advantages, vocational skill developm
ent and research facilities for textiles, w

ithin 
the city, provide a unique opportunity for the econom

ic grow
th of Surat. The diam

ond industry too, has sim
ilar advan 

tages and thus, is slow
ly shifting from

 diam
ond cutti

ng to the m
anufacturing of Jew

ellery. SGCCI has already started 
focusing on expansion of textiles from

 “Fiber to Fashion” and “Diam
ond to Jew

ellery” through exhibitions, research 
etc. It has also set up a convention and exhibition center and special econom

ic zones for diam
onds as w

ell as garm
ents 

are com
ing up.

O
n the w

estern front of Surat is Hazira. This industrial area has been able to att
ract several large petrochem

ical, 
steel and shipbuilding and related industries over the last three decades, since its establishm

ent. W
ith scope for new

 
investm

ents, this industrial area is expected to grow
 as one of the m

ajor petroleum
 and energy hub. Considering the 

unique m
ix of econom

y, considering the present conditions w
ith niche products i.e. synthetic textiles/diam

onds and 
due to the grow

ing role of Hazira Industrial area, the econom
ic grow

th of Surat is expected to sustain or increase over 
next tw

o decades

1. PRESEN
T IN

DU
STRIAL BASE

2. TEXTILES, DIAM
O

N
DS, HEAVY EN

GIN
EERIN

G- PRO
SPECTIVE CHAN

GE
3. EXPECTED GRO

W
TH

Existing industrial zones

Source: Environm
ent Sector Study of Surat City, Enviro Control Associates (I) Pvt Ltd

11%
4%

24%

7%

54% Sectoral Distrubution of Em
ploym

ent Surat 
(1999-2000)

Services

Transport

Trade &
 Com

m
erce

Construction

M
anufacturing
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X 10,000

=
 1 Sq. km

.

River

O
ld SM

C (112.27 sq km
)

N
ew

 SM
C (326 sq km

)

Suda (391 sq km
)

SM
C

16
  LAN

DU
SE &

 LAN
DCHAN

G
E

1. CITY G
RO

W
TH

Prior to 1961, Surat’s area w
as only 8.12 sq. km

., w
hile in 2009 it had expanded to 326.5 sq. km

.
The city w

as originally established on the southern bank of the River Tapi w
ith a castle on the eastern bank of 

the river.
The activities w

ere concentrated w
ithin the inner w

all, construction of w
hich w

as started in the year 1664 as 
a flood protection structure w

ith gates that w
ere closed in the event of a flood. The area of the city at this 

tim
e w

ithin the w
all w

as 178 hectares. The construction of the entire w
all w

as com
pleted in the year 1707 

enclosing an area of 736 hectares.
In subsequent years, the oldest part of the city developed in the area betw

een the train station and the area 
know

n as Athw
a lines. Since the 1990s, m

ost of the new
 developm

ent including the m
ost desirable locations 

for the city’s burgeoning m
iddle and upper class has been the land betw

een the Athw
a lines and Arabian Sea.

Since the establishm
ent of Surat U

rban Developm
ent Authority (SU

DA) in the late 70s, the city has been 
grow

ing at a rapid pace; though the developm
ent in the peripheral areas w

as not that rapid until 2001. Due 

2. LAN
DU

SE PATTERN
S &

 CHAN
G

ES

W
ith the establishm

ent of the Surat U
rban Developm

ent Authority 
(SU

DA), the developm
ent plan for its entire area (including SM

C’s area) 
w

as prepared under the Gujarat Tow
n Planning and U

rban Developm
ent 

Act, 1976. The planning area includes SM
C and 148 villages of Choryasi, 

Kam
rej, Palsana and O

lpad Talukas. The urban spraw
l had already started 

grow
ing outside of Surat city lim

its, along the radial roads and different 
corridors such as U

dhana corridor, Dindoli corridor, Rander – Adajan – 
O

lpad corridor, N
ana – Varachha –Kam

rej corridor etc (CDP 2006).

Area
1951

1961
1971

1981
1991

2001
Surat M

unicipal Area
Area (Sq.km

)
8.18

8.18
33.85

55.56
111.16

112.27
Population

223,182
288,026

471,656
776,583

Decadal Grow
th 

Rate (%
)

-
29.05

63.75
64.65

93
62.38

Prop. Density 
(per sq.km

)
27,284

35211
13,934

13,977
13,489

21,677

Sex ration
916

915
887

857
839

774
Surat U

rban  Agglom
eration

Population
Decadal Grow

th 
Rate (%

)
-

-
-

85.36
66.22

85.09

Source : Surat City Developm
ent Plan 2006-2012

1. CITY GRO
W

TH
2. LAN

DU
SE PATTERN

S &
 CHAN

GES
SU

RAT CITY GRO
W

TH

1951

1961

1971

1981

1991

2001

Population 
Density

Source: Surat, Trans -Vision 2030
Prim

ary source: Surat, Trans -Vision 2030

Road N
etw

ork: SU
RAT city

Source: Google m
aps
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The recent population grow
th (55%

 of total population are m
igrants) of the city is m

ainly due to the tw
o m

ain labor dem
anding industries 

i.e. textiles and diam
ond cutti

ng &
 polishing. The population grow

th is due to the com
bination of natural grow

th and in-m
igration. Surat 

claim
s to be a zero unem

ploym
ent city, this has att

racted rural m
igrants from

 w
ithin state (Saurashtra, arid northern parts) and other 

states (especially M
aharashtra, U

ttar Pradesh and O
rissa). About 80 percent of the slum

 households in Surat are m
igrants from

 rural 
areas of Gujarat as w

ell as from
 other states of the country. M

oreover, w
ith the large dependence on sem

i-skilled m
igrant w

orkers to 
support the industrial labor dem

and, this trend is likely to continue.

1. LIVIN
G

 (EN
VIRO

N
M

EN
T)

Sim
ilar to other cities in India, Surat has its ow

n share of slum
s. The slum

s have m
ostly a m

igrant population w
ho are unable to afford 

form
al housing. As per 2001 Census, about 20%

 of the Surat’s population (0.49 m
illion) lived in 307 slum

s. W
ith the recent expansion of 

the city in 2006, this num
ber has increased to 406 slum

s.

In ‘Slum
 Dw

ellers in Indian Cities: The case of Surat in W
estern India’ Bisw

aroop Das, w
rites (largely based on the data collected in 

a survey conducted in 1992), about the living challenges faced, w
hich provides a snapshot of the city’s slum

s during early 1990’s 
as against the current situation (described later).
- 

As high as 60 per cent of the slum
 localities is devoid of any kind of drainage or gutter arrangem

ents.
- 

A serious lack of rain w
ater drainage m

akes the conditions of m
any of these localities filthy, m

uddy and hazardous in term
s of health especially during 

heavy rains. Slum
s located on low

er slopes rem
ain w

ater-logged for long and this leads to high incidence of m
osquito breeding and tend to contam

inate 
drinking w

ater passing through pipes.
- 

Variously used spaces by the slum
 households for bathing include (i) spaces inside the dw

ellings, (ii) spaces outside the dw
ellings; (iii) spaces around the 

public w
ater posts and (iv) spaces like river and canal banks, w

ells etc.
- 

Available toilet facilities are enough only for about 22 per cent of the slum
 population in the city; conditions of a substantial proportion of public toilets 

are appalling and hence underutilized for the purpose m
eant for; spaces used m

ost frequently for defecation are nearby open plots or grounds, follow
ed 

by strips along the canals and river banks.
- 

In case of 28 per cent of slum
 localities in the city, services like dispensaries/health centres are located w

ithin a radius of 3 km
s. As high as 68 per cent 

of the households have not used institutional facilities like hospitals, dispensaries, health centres etc.*

Since the late nineties, Surat M
unicipal Corporation follow

ed the policy of providing free w
ater and sew

age connections to households 
living in the slum

s. Alm
ost all slum

s including m
ost on private lands have been provided safe drinking w

ater and access to drainage. In 
addition paving of internal streets, streetlights, public toilets, individual toilets have also been provided. Prim

ary health, child care and 
prim

ary school services are m
ade available to poor fam

ilies in the slum
s. 

M
oreover, m

any of these slum
s are located along the tidal creeks, along the river, betw

een the em
bankm

ents and other drainage lines. 
These slum

s face higher risk of flooding (pluvial, fluvial and tidal). Having recognized this, efforts to relocate the slum
s w

ere initiated by 
the governm

ent under various schem
es (m

ainly during the last decade under various national projects including JN
N

U
RM

) and m
ore 

than 22,000 perm
anent houses at safer location have already been provided to the slum

 dw
ellers and m

ore are under construction. (For 
m

ore data on slum
 rehabilitation &

 housing see: Surat Developm
ent Plan 2006- 2012, SM

C, SU
DA)

The U
rban com

m
unity developm

ent departm
ent (SM

C) is active and m
onitors delivery of essential service in slum

s. In com
parison to 

rest of India, slum
s in Surat have better access to w

ater supply, drainage and sew
erage facilities. But, very high in-m

igration of sem
i-

skilled w
orkers from

 across the country poses a continuous challenge  to the efforts of SM
C.

_____________________________________________________________________________________________________________
* Das, Bisw

aroop. Slum
 Dw

ellers in Indian Cities: The Case of Surat in W
estern India. W

orking Paper, Surat: Centre for Social Studies, p.11-13, for m
ore see: htt

p://
w

w
w

3.qeh.ox.ac.uk/pdf/qehw
p/qehw

ps07.pdf

Zone W
ise Slum

 Sett
lem

ent (2005)

Zone
N

o. of 
Slum

s
N

o. of 
slum

Households

Slum
 

Population
Percentage to 

zone
population (%

)

Percentage to 
total

population (%
)

Central
25

9,189
45,618

11.0
1.9

N
orth

40
9,603

45,596
13.6

1.9

South*
128

58,213
233,658

35.8
9.6

East
53

19,364
79,009

13.6
3.2

W
est

38
11,333

51,712
20.7

2.1

South W
est

23
8,961

34,712
17.2

1.4

SM
C

307
116,663

490,305
20.1

20.1

* south zone w
as bifurcated in the year 2004.

Source : Surat City Developm
ent Plan (2006-2012)
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P1: Variations in %
 of m

igrants w
ith purpose of 

m
igration

A
%

 M
igrants to Total

Population
55.85

B
Purpose of M

igration
%

 to Total M
igrants

1
W

ork/em
ploym

ent
29.19

2
Business

8.90
3

Education
0.46

4
M

arriage
12.84

5
M

ove after birth
8.03

6
M

oved w
ith h/h

29.96
7

O
thers

10.62
8

Total
100

Source: Census of India, 2001.

P3: Distribution of Slum
 Households by Incom

e

Incom
e Range 

(Rs.)
%

 Slum
 Households

1994
2001

<700
8

6
701-1000

27
12

1001-2000
42

36
2001-3000

12
31

>3000
11

15
Source: Surat City Developm

ent Plan (2006-2012)

P4: M
ale (%

) by State of O
rigin

State of origin
Persons

M
ale (%

)
M

aharashtra
2,65,593

 53 
U

ttar Pradesh
1,61,994

 73 
O

rissa
90,135

 84 
Rajasthan

84,757
 63 

Bihar
53,549

 79 
M

adhya Pradesh
25,963

 63 
O

ther States
69,978

 62 
O

utside India
5,062

 60 
Total

7,57,031
 65 

Source: Slum
 Dw

ellers in Indian Cities: The Case of Surat in 
W

estern India, Bisw
aroop Das (1992)
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As show
n in the Table P1, m

ost m
igrants are pulled to cities in search of em

ploym
ent opportunities. 

Alm
ost 30%

 of the m
igrants com

e in search of jobs. The city presents a w
ide range of activities in various 

industrial and com
m

ercial sectors. Grow
th in such activities, possibilities of absorptions in its industrial, 

allied as w
ell as service sectors, scope of em

ploym
ent in pett

y trade and business activities, haw
king, 

vending, carting etc. have att
racted rural poor people to the city. Accordingly, there has been a shift in the 

m
onthly incom

e range of slum
 households betw

een 1994 and 2001. The households in the incom
e range 

below
 Rs 1,000 per m

onth have im
proved their status m

arginally w
hile the new

 households that w
ere 

added after 1995 rem
ain in the low

er incom
e ranges (Surat CDP 2006).

The population residing in slum
s can be classified into tw

elve broad categories as show
n in Tables P2.

3. LIFESTYLE (SO
CIAL STATU

S, ASPIRATIO
N

)

There has been a considerable investm
ent by the SM

C in upgrading slum
 sett

lem
ents. The Sites &

 Services 
Program

m
es, the Built house program

m
e and provision of LIG and EW

S housing projects are all steps 
tow

ards providing better living environm
ents and a chance tow

ards social and econom
ic m

obility.

The problem
 lies in the rate of the ‘pull factor’ w

ith slum
s increasing at a rate that is beyond the SM

C 
capacity. M

oreover, the lack of inform
ation on services availability in slum

s and lim
ited availability of land 

w
ithin the Corporation area for slum

 relocation, all pose problem
s in dealing w

ith this com
plex urban 

phenom
enon. 

Also, the regional difference betw
een m

igrants poses social issues, creating a m
ore fragm

ented social 
landscape. Despite continued investm

ents by SM
C to provide infrastructure and services to the slum

s, the 
continued  pull m

igration is likely to challenge the efforts and resources of the Corporation.

Source: Google im
ages, htt

p://archithoughts.w
ordpress.

com
/2010/11/

The problem
 in the global dom

ain

P2: Type of O
ccupation and  Household

O
ccupation Type

Households (%
)

W
hite Collar

3.7
Blue Collar

13.7
Construction

4.2
Textiles

30.7
Agriculture and Allied (Higher Level)

1.7
Self-Em

ployed (LL) (Repairs)
1.6

Self-Em
ployed (LL) (Services)

13.4
Self-Em

ployed
0.2

Self-Em
ployed (LL) (Sales)

12.1
Self-Em

ployed (LL) (Production)
4.7

Self-Em
ployed (LL) (Processing)

6.9
O

ther O
ccupations

7.1
Total 

100
*N

ote: Excludes 6714 household heads or 7 per cent, for they 
belong to categories like unem

ployed, disabled, invalid, retired, 
`house w

ives' and those w
ho are living on land and house rent 

inherited w
ealth or property etc.

Source: Slum
 Dw

ellers in Indian Cities: The Case of Surat in 
W

estern India, Bisw
aroop Das
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O
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M
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ov
Dec

Temperature  (c)
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M
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Data Source: 

DO
W

N
SCALED CLIM

ATE VARIABILITY AN
D CHAN

GE AN
ALYSIS

The clim
ate data (past and future) from

 Clim
ate System

s Analysis Group (CSAG), Indian Institute of Tropical 
M

eteorology (IITM
), Indian M

eteorological Departm
ent (IM

D) and Global Historical Clim
ate N

etw
ork 

(GHCN
) w

ere analyzed and their results discussed w
ithin this report. The CSAG data w

as dow
nloaded from

 
U

niversity of Cape Tow
n  w

eb site accessed betw
een Decem

ber 2009 and M
arch 2010. CSAG has taken 

data from
 nine large-scale general circulation m

odels and dow
nscaled the scenario results to a scale m

ore 

N
am

e of Research Institute
Abbreviation

Canadian Centre for Clim
ate M

odelling Analysis (CCCM
a)

CGCM
3

Centre N
ational de Recherches M

eteorologiques, M
eteo France, France

CN
RM

-CM
3

Indian Institute of Tropical M
eteorology, Pune and Hadely Research Center U

K
PRECIS
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1. O
BSERVED CLIM

ATE

Located near the coast, Surat experiences m
oderate but hum

id clim
ate. The sum

m
ers are hot w

ith 
extrem

e day tem
peratures ranging from

 37.8
oC to 44.4

oC . The clim
ate is m

ostly pleasant during the 
m

onsoon. The w
inters are pleasant w

ith night tem
peratures in January dropping to around 15.5

oC. The 
average annual rainfall of the city is around 1,222 m

m
 (IM

D). M
ost of the rainfall occurs betw

een June 
and Septem

ber.

2. TEM
PERATU

RE CHAN
G

E PRO
G

N
O

SIS

The m
onthly average m

axim
um

 tem
peratures are likely to increase by about 0.5

oC per decade. According 
to the regional m

odels, by 2070-2100 the average m
axim

um
 tem

perature m
ay increase by around 4

oC. 
This inference is not expected to be different w

ith change in the selected m
odel or scenario and neither 

is it specific to a single season. The upw
ard changes in m

axim
um

 and m
inim

um
 tem

peratures com
bined 

w
ith high hum

idity and the urban heat island effect w
ill have m

ajor im
pacts on hum

an com
fort, especially 

during the sum
m

ers and the m
onsoon seasons.

O
BSERVED CLIM

ATE

Estim
ated M

onthly Average M
axim

um
 Tem

perature- 2021-2100

10.0
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D
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Temperature (c)

Surat H
istorical Tem

perature: 1960-2000

Tm
ax 1961-2000

Tm
in 1960 -2000

Tm
ax 1961-1990

Tm
in 1961 -1990
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1. PECIPITATIO
N

 CHAN
G

E PRO
G

N
O

SIS

Surat receives an annual rainfall ranging betw
een 950-1200 m

m
. About 90%

 of the rainfall occurs in 
period betw

een June to Septem
ber. The GCM

 and RCM
 results indicate a high probability of increased 

precipitation in the future. This predicted increase, from
 different m

odels and scenarios, ranges from
 200 

m
m

 to 450 m
m

 annually (by 2070). Sim
ilar changes are expected in the upper catchm

ent areas of Tapi 
basin also.
Analysis of the Indian m

onsoon over past century indicates decrease in num
ber of rainy days as w

ell as 
m

ore intense precipitation events across the country (Gosw
am

i &
 Ram

esh, 2007: Extrem
e Rainfall Events: 

Vulnerability Analysis for Disaster M
anagem

ent and O
bservation System

 Design, Centre for M
athem

atical 
m

odeling and Com
puter Sim

ulation, Bangalore).
The instances of extrem

e point rainfall events (EPRE) have m
ainly affected the regions on N

W
, N

E, 
central India, the coastal zones and the hill stations (Extrem

e Rainfall Events: Vulnerability Analysis for 
Disaster M

anagem
ent and O

bservation System
 Design, Centre for M

athem
atical m

odeling and Com
puter 

Sim
ulation, Bangalore).

Considering the physiographic setti
ng of Surat, the increase in rainfall w

ith increasing EPREs m
ay add on 

to the existing risks of pluvial fooding.

1. RIVER FLO
W

 &
 PEAK DISCHARG

ES
The analysis of the Tapi River basin based on the RCM

 future scenarios indicates an increase in w
ater yields. 

This predicted increase is 29%
 under A2 scenario and 22%

 under B2 Scenario for 2071-2100 periods (IN
RM

 
&

TARU
 2010: Clim

ate change and Clim
ate variability Scoping study for Gujarat-Final report, prepared for GSDM

A, 
Gandhinagar,unpublished). During this sam

e period, the 30 year peak discharges are also expected to increase by 
50%

 under B2 and 85%
 under A2 scenarios indication dom

inations of EPREs.

2. SEA LEVEL RISE
Surat is a coastal city and lies near the estuary of Tapi River. Several tidal creeks cut across the city. Tidal range 
of Surat is about 5.8 m

. During rainy m
onths, the high tides (the highest during the year) often cause the sea 

w
ater to inundate the slum

s located along the creeks. During last five years, the slum
s have been periodically 

evacuated during the m
id-July period due to the above tidal inundation, according to the recent study of the sea 

level changes in Arabian Sea by U
nnikrishnan*, during the last one century, there has been an increase in sea 

level along the Gulf of Cam
bay by around 0.67 m

. If such increase prolongs into the future, it could have a m
ajor 

im
pact on the city.

___________________________________________________________________________________________
* U

nnikrishnan 2007. O
bserved Sea level rise in the N

orth Indian O
cean coasts in the past Century, Physical 

Science 91-92

Precipitation Historical and Future Estim
ates:
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1. Present sources
2. Present need vs supply
3. Possible im

pacts due to urbanization, poverty (aspirational grow
th), clim

ate  
change
4. projected need vs projected suply

1. PRESEN
T SO

U
RCES

The w
ater needs of Surat are being m

anaged by The Surat M
unicipal Corporation. The m

ajor source of 
w

ater supply is the perennial river Tapi. The w
ater supply netw

ork w
as com

m
issioned in the year 1898 in 

Surat. O
ver the decades, the city has invested in the w

ater supply, and now
 has a w

ell-m
anaged system

.

The River Tapi originates from
 M

adhya Pradesh and passes through Surat City via the U
kai Dam

. This dam
 

w
as constructed in 1972 in the upstream

 of Surat City (at about 100 Km
 from

 Surat). The purpose of this 
dam

 includes irrigation, Hydro-pow
er and partial flood control.

The flow
 of the river, dow

n-stream
 of U

kai dam
 and Kakrapar w

eir, is now
 being controlled by Gujarat 

Electricity Board/W
ater Resources Developm

ent authorities. There has been a drastic reduction in the river 
flow

s. The river currently flow
s as a sm

all stream
 on the opposite side of the old w

ater w
orks of Surat 

City due to the reduction in flow
.  In addition, the silt deposition around the infiltration w

ells and radial 
collecting w

ells, w
hich has been increasing year after year, reduces the percolation of w

ater  and  w
ell 

yields. This phenom
ena is affecting the w

ater supply to the Surat City.

As stop gap arrangem
ent, tem

porary bund of sandbags w
ere being constructed every year after m

onsoon. 
How

ever, during m
onsoon, the bunds w

ould get w
ashed aw

ay creating w
ater crisis in Surat City.  To overcom

e 
these problem

s and to rejuvenate the existing sources at Head W
orks at Varachha and Sarthana (SM

C), in 
association w

ith the m
ajor industrial establishm

ents, constructed a W
eir cum

 Causew
ay across the Tapi 

River near Singanpore. This w
eir has im

proved the w
ater supply for Surat City by providing a standing pool 

of freshw
ater.  It has also prevented the ingress of tidal w

ater and drifting silt entering infiltration w
ell area 

during high tides. The Singanpore w
eir is ow

ned and operated by the SM
C. The m

inim
um

 flow
 of 2,446m

ld 
(1,000 cusecs) is being m

ade available by state w
ater resources departm

ent, except in the m
onths of M

ay 
&

 June. During these m
onths only about 1,712 m

ld (700 cusecs) is available (W
ater Security – A Sector 

Study Report, SM
C 2009). How

ever, this w
ater is being allocated to Industries of Hazira, in addition to of 

the allocation to  SM
C (725 m

ld).

2. PRESEN
T N

EED VS. SU
PPLY

Present population of Surat City is approxim
ately 4.5 m

illion (Year 2011). About 700 M
LD of treated 

drinking w
ater is being generated from

 four w
ater w

orks. W
ater dem

and includes dom
estic, industrial, 

com
m

ercial, institutional etc. O
ut of the total generation, an average of about 55 M

LD of w
ater is being 

supplied to industrial users (w
ho also use ground w

ater), 6-7 M
LD is being supplied to com

m
ercial and 

institutional users and rest is supplied to dom
estic consum

ers. Connections for industrial, large com
m

ercial 
and residential apartm

ents are m
etered. 

In absence of w
ater audit and scientific loss m

easurem
ent study, 20%

 loss has been assum
ed.

Surat City W
ater Supply trend (1961-2009)

Population projection in 2010-2026-2041 w
ith w

ater needed

Sources of W
ater
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3. PO
SSIBLE IM

PACTS

Im
pact of urbanization

Surat city depends on Tapi for m
eeting m

ost of its w
ater dem

and. At present, it is draw
ing about 700 M

LD w
hich is close to 

the available riparian rights. Droughts and late onset of m
onsoon are already creating stress on Surat’s w

ater supply system
 

during peak sum
m

ers. U
nder the high econom

ic grow
th scenarios, the population grow

th is expected to grow
 significantly. 

For m
eeting the dem

and of future population-8 m
illion plus in 2020, at least 1,200 to 1,500 M

LD w
ater is required to cater to 

the population. Apart from
 dom

estic use, additional w
ater w

ill be needed for industries in Hazira. This situation m
ay increase 

the com
petition over lim

ited resources currently allocated for irrigation and pow
er generation. The  w

ater scarcity is likely to 
becom

e an issue, unless m
ajor change in allocating U

kai dam
 w

ater takes place, or alternative sources are explored. 
The estim

ated w
ater dem

and for dom
estic and industrial purposes in the year 2011, 2026 and 2041 w

ithin SM
C, against 

availability of w
ater from

 Tapi River is presented in the follow
ing Table. (W

ater Security – A Sector Study Report, SM
C 2009)

Tapi River being the only reliable source of w
ater, it can be interpreted from

 graph, that the  available w
ater, although adequate 

for im
m

ediate future,  falls short of the requirem
ent from

 around year 2015 onw
ards, during the sum

m
ers. If one considers 

the storage capacity of 31 M
CM

 of Singanpore w
eir, availability of w

ater is suffi
cient to m

eet the w
ater shortfall up to the year 

2026 but not m
uch longer thereafter.

Im
pacts of Poverty, M

igration &
 Aspiration -

Surat has rem
ained a m

ajor focus of im
m

igrants from
 arid regions of the state and also far off states like O

rissa and Bihar due 
to the em

ploym
ent opportunities it offers, resulting in a 10-fold population rise in four decades, unm

atched by any other city 
in the country. W

ith increasing population, there is an increasing load on the w
ater supply. Also,  as incom

e levels increase so 
w

ill the pressure on resources (w
ith m

ore affordability per capita resource consum
ption goes up), creating an additional load 

on the w
ater supply.

Im
pacts of Clim

ate change:
- 

Increasing droughts and floods- Clim
ate change is expected to increase the frequency of extrem

e events, w
hich includes 

floods and droughts.. The advent of droughts w
ill cause problem

s in the supply of w
ater, w

hilst heavy precipitation 
could cause floods.

- 
High Tide effect in the Arabian Sea- w

hich could result in the tide entering the city via river Tapi upto the W
eir cum

 
Causew

ay. W
ith the sea level rise, high intensity tides from

 the Arabian sea m
ay result in the carryover of saline w

ater 
over the existing w

eir structure. As a result, the intake w
ell very near the w

eir cum
 causew

ay m
ay get contam

inated 
w

ith saline w
ater and can ham

per the w
ater supply system

 in the w
estern part of city.

- 
River Dynam

ics: W
ater Q

uality trend in River Tapi- There w
ill be deterioration in river w

ater quality due to less dilution 
effect im

posed by droughts. Algal bloom
s w

ill be trem
endous. Sequential years of drought w

ill render the river w
ater 

untreatable through conventional process.
- 

Changes in distribution and survival of aquatic species &
 Algal Bloom

s- Tem
peratures are expected to increase pathogens, 

nutrients and invasive species. Algal bloom
s can also be expected especially during sum

m
ers. There is also likelihood of  

loss of aquatic species w
hose survival and breeding are tem

perature dependent, as w
ell as change in the abundance 

and distribution of coastal and m
arine species. Increased rates of evapotranspiration can  result in shrinking of w

ater-
bodies. (W

ater Security – A Sector Study Report, SM
C 2009)

1. Present sources
2. Present need vs supply
3. Possible im

pacts due to urbanization, poverty (aspirational grow
th), clim

ate  change
4. projected need vs projected suply

Surat City W
ater dem

and: 1961-2041

Surat City W
ater Dem

and Projection 2011, 2026, 2041
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ater Dem

and: 180 LPCD at generation station (w
ater w

orks) w
ith loss 

of 15%
 in netw

ork. As per CPHEEO
 norm

s at U
LB level, drinking w

ater supply should be provided at the rate of 135 
LPCD at consum

er end. How
 ever, 100 LPCD at consum

er level is also perm
itted. But by no m

eans, consum
er should 

get drinking w
ater less than 70 LPCD. How

ever, As per W
HO

 Guideline (2005) for M
inim

um
 W

ater Q
uantity needed 

for dom
estic use in em

ergencies - Technical note no. 5, 20 LPCD can be considered as lifeline w
ater supply quantity / 

short term
 survival quantity.
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Estim
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W
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and
(in M

LD
)

W
ater A

vailability (in M
LD

)
N

orm
al M

onths
Peak Sum

m
er

2011
900

2445
1712

2026
1797

2445
1712

2041
2332

2445
1712
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1. Present Condition
2. Possible im

pacts due to urbanization, poverty (aspirational grow
th), clim

ate  change
3. Projected w

aste w
ater generated

4. W
aste w

ater= w
ater supply

1. PRESEN
T CO

N
DITIO

N

Surat lies in an alm
ost flat terrain w

hich poses a challenge to sew
arage and storm

 w
ater drainage. The SM

C 
over the years has laid m

ore than 1150 km
 of sew

erage netw
ork w

ith m
ore than 38,500 m

anholes and has a 
total of 8 sew

age treatm
ent plant (total capacity = 642.50 M

LD) and 32 sew
age pum

ping stations (total capacity 
= 1163 M

LD). Earlier, 97%
 of the city area w

as covered by piped netw
orks (108.91 sq.km

 area of old city) for 
w

ater supply and sew
erage. How

ever, w
ith the expansion (2006) the total area of the city increased to 326sq.

km
,  only about 86%

 of the present population is served w
ith sew

erage netw
ork. This has led to the rem

aining 
dom

estic grey w
ater and sew

age generated from
 peri-urban areas discharged into the Tapi River. This pollution 

has led to algae bloom
s, proliferation of underw

ater Hydrilla and surface variety of w
ater Hyacinth. SM

C is 
currently investing heavily in expanding the sew

age netw
ork in the new

ly urbanised areas and has already 
upgraded existing sew

age treatm
ent plants to provide for secondary treatm

ent process. 

2. PO
SSIBLE IM

PACTS

Im
pacts of U

rbanization-
-  

Increasing urbanization w
ill m

ean m
ore discharge of sew

age, necessitating the need for additional 
sew

age infrastructure. M
oreover, if the present trend of discharging sew

age and dom
estic w

ater from
 

the peri-urban areas continues, there w
ill be additional pollution loads on  the Tapi River. This com

bined 
w

ith the pollution from
 the industries could lead to further loss of aquatic habitats and m

ore instances of 
disease and w

ater treatm
ent costs.

Im
pacts of Clim

ate change
-  

In the event of floods, the storm
 w

ater runoff m
ixes w

ith sew
age and is released into the river, leading to 

river pollution. M
oreover, stagnant w

ater could lead to potential vector borne and w
ater borne diseases  

like m
alaria, dengue and gastro-enteritis. An extensive and independent storm

 w
ater drainage system

 
could prevent this eventuality.

3. PRO
JECTED W

ASTE W
ATER G

EN
ERATED- PO

TEN
TIAL

The estim
ated w

ater dem
and for dom

estic and industrial purposes in the year 2011, 2026 and 2041 w
ithin 

SM
C, against availability (different from

 allocation) of w
ater from

 Tapi River is presented in the table alongside. 
Tapi River being the only reliable source of w

ater, the available w
ater, is likely to be inadequate for m

eeting the 
sum

m
er dem

ands from
 around year 2015 onw

ards.
Recycling of dom

estic w
astew

ater, along w
ith dem

and m
anagem

ent and w
ater conservation, is likely to be 

an im
portant strategy in w

ater m
anagem

ent. It is notew
orthy that estim

ates of clim
ate change im

pacts and 
population grow

th indicate that the rainfall in this region is likely to show
 higher variability; com

bined effects 
of clim

ate change and population grow
th, this is likely to reduce per capita w

ater availability.  Recycling of 
dom

estic w
astew

ater, especially for cities like Surat, w
ith lim

ited ground w
ater recharge potential (due to 

proxim
ity to sea and saline aquifers),can be an im

portant and desirable elem
ent of w

ater m
anagem

ent. (W
ater 

Security Plan , Surat M
unicipal Corporation). Essentially the exploration of w

ater supply hierarchies is required 
to create clear netw

orks of fresh and grey w
ater for dom

estic or industrial use.

SHO
RTAGE TO

 BE FU
LFILLED 

BY W
ASTE W

ATER RECYCLIN
G

ADDITIO
N

AL TREATM
EN

T

Area w
ith good sew

arage system

85%
 core

 74%
 periphery

Q
uick facts

- 59.7%
 of residential area &

85.6%
 of the population is 

covered.

- 1150 km
s of sew

age netw
ork 

laid by SM
C.

-38500 m
anholes

-8 sew
age plants w

ith capacity 
642.5 M

LD capacity

-32 sew
age pum

ping stations 
w

ith 1163 M
LD capacity .

!

1999- 
2000

2002-
2003

2005-
2006

2008-
2009

2026

1350
515

415
360

320
x ?

485
360

260
140

Year

Sew
age 

generated

Sew
age 

treated Source:W
ater Security Plan , SM

C

Source:Environm
ent Study of Surat City, Enviro Control Associates (I) Pvt Ltd.
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1. W

hen &
 W

hy? History of flooding in surat and the reasons
2. Types of floods- floods due to the U

kai dam
 &

 the Khadi Floods
3. Im

pact of U
rbanization, Poverty, Clim

ate change
4. Public perceptions 
5. Reported Losses

1. W
HEN

 &
 W

HY? - History of flooding in Surat and the reasons

Since 1869 up to 1884, on an average, the city w
as flooded every tw

o and half years follow
ed by a fall in its 

frequency by 1914. During 1949 to 1979, the average natural flood occurrence w
as once in every four years. 

The 1968 flood had been the biggest flood w
itnessed so far and had a highest flow

 of about 42,475 cum
ecs (1.5 

m
illion cusecs). W

ater level at Hope Bridge, Surat reached 12.01 m
.

W
ith this in m

ind, the U
kai dam

, located about 100 km
 upstream

 of Surat, w
as com

pleted in 1972. The m
ajor 

purposes of the dam
 being essentially irrigation, pow

er generation and partial flood control. How
ever, heavy 

Rainfall in the catchm
ent area of U

kai Dam
 in the upstream

 (m
ainly in M

aharashtra) w
hich leads to heavy inflow

 
in the U

kai Dam
 has often  resulted in heavy discharge of w

ater from
 the U

kai Dam
, responsible for flooding in 

Surat in the past 20 years. This is largely caused by the com
peting objectives of the U

kai dam
, w

hich designed 
m

ainly for irrigation and pow
er generation w

ith partial flood control.  To m
eet the first tw

o objectives, the dam
 

has to be able to hold as m
uch w

ater as possible leaving a lim
ited cushion for flood control, especially during 

the later parts of the m
onsoon.

The floods of 1998, 2004 and 2006 occurred follow
ing em

ergency discharges from
 U

kai dam
. O

ut of these 
years, floods of August 2006 rem

ained devastating for Surat in term
s of the extent of dam

age, during w
hich 

nearly 75%
 of the city w

as inundated. Anthropogenic changes including building of bridges, em
bankm

ents 
and the Singanpore w

eir have reportedly increased the siltation and reduced the carrying capacity of the river 
channel, as evident from

 the increasing flood levels for the sim
ilar  am

ount of the discharge over last few
 

decades (Flood Risk M
anagem

ent Study, Centre for Social Studies. 2009)

2. TYPES O
F FLO

O
DS IN

 SU
RAT- floods due to the U

kai dam
 &

 the Khadi
Flooding due to U

kai Dam
: The floods in August 2006 w

ere prim
arily due to the discharge of w

ater from
 the 

U
kai dam

 in a very short span. The Tapi River w
ithin em

bankm
ents can safely discharge about 8,495 cubic 

m
eter per sec (0.3 m

illion cusecs). Due to the uncertainty of the m
onsoon and com

peting and increasing w
ater 

dem
ands, the dam

 m
anagers try store as m

uch as they could in the reservoir for the forthcom
ing seasons 

(w
inter and sum

m
er). These conflicting objectives of the U

kai dam
 often proves to be disastrous to Surat. 

During the end of the m
onsoons, w

hen the dam
 is near to its capacity, depending on the level of the dam

, 
unexpected rains for 3 to 5 days in the catchm

ent can create situation in U
kai dam

 to force discharges of up 
to 36,811 cum

ecs (1.3 m
illion cusecs) leading to floods in Surat. Since the city is located near the m

outh of 
the river, w

ith the high tides reaching the w
estern part of the city, the tides prevents sm

ooth outflow
 of flood 

discharges resulting in higher flood levels and increase dam
ages.

Khadi Floods- The second type of flood is caused by the tw
o stream

s passing through the city. These floods are 
m

ore frequent but cause com
paratively less dam

age. W
hile not causing severe im

pacts now, the Khadi floods, 
can be expected to im

pact significant  sections of population living on the stream
 banks. W

ith the change in 
future tidal conditions and increased population grow

th along (especially poorer sections of the population) 
along the tidal creaks w

ill be at a high risk.

20 25 30 35

Sept,1882
Jul, 1883

Sept, 1884
Jul, 1894

Sept,1914 
Sept,1930
Sept,1933 
Sept, 1937 

Aug, 1942
Aug, 1944
Aug, 1945

Sept,1949 
1954

Sept,1958
Sept,1959 

Aug,1968
Sept,1969 
Sept, 1970 
Sept, 1990 
Sept, 1994 
Sept, 1998 
Sept, 2002 

Oct,2003 
Aug, 2006

Flood level (m) at Nehru bridge

R
iver flo

o
d

s in
 Su

rat 

Source:Google Im
ages

Source: Disaster m
anagem

ent plan, SM
C 2009
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3. O
BSERVED &

 PO
SSIBLE IM

PACTS

Im
pacts of U

rbanization-
- 

Hazira landfill- The land occupancy led to large scale filling floodplains to raise original ground at RL 
(+) 3.0 to (+) 6.0 m

 in Hazira and m
any places in city, resulting in the reduction of the floodplain area 

in the dow
nstream

 of Surat city. M
oreover, the Hazira com

plex has grow
n by reclaim

ing sections of 
the flood plain.

- 
Coastal erosion-According to the w

ork*, there are tw
o types of coasts – one w

here sand is depositing 
and the other w

here the sand gets eroded. South Gujarat coast falls in the latter type. According to 
him

, the coastal erosion rate has increased during the past decade. Though 10 m
 erosion is an average 

annual rate, the sea has encroached up to about 80 m
 at places in som

e parts of South Gujarat coast . 
The tidal levels are also likely to increase the City’s vulnerability to floods by raising the subm

ergence 
levels.

- 
Rail em

bankm
ents, roads , canals- cut off flow

 and restrict w
ater to enclosed areas and  induce 

flooding in areas that in the past did not have this problem
 or not to the sam

e intensity. (Flood Risk 
M

anagem
ent Study, Centre for Social Studies. 2009).

If unchecked, unregulated urbanization and hum
an induced topographic changes is expected to lead to 

larger losses due to flooding in the future. Topographic assessm
ent and m

odeling  of flood prone areas w
ill 

reveal the m
ost vulnerable zones and is  of utm

ost priority in the developm
ent agenda. It is im

perative to 
form

ulate an understanding of the terrain and hydrological context in order to develop the city. In order 
to m

itigate the im
pacts of floods, it is necessary that the urban planning and infrastructure developm

ent 
is inform

ed by know
ledge of the terrain, hydrology, as w

ell as clim
ate change im

pacts. M
oreover, future 

urbanization, especially industrialization in Hazira needs to be inform
ed by  the flood risk studies to allow

 
the natural drainage pattern to function.

Im
pacts of Poverty, inform

al sett
lem

ents-
The inform

al sett
lem

ents have m
ostly m

igrant population w
ho are unable to afford form

al housing. As per 
2001 Census, about 20%

 of the Surat’s population (0.49 m
illion) lived in  slum

s. M
any of these slum

s are 
located along the tidal creeks, along the river, betw

een the em
bankm

ents and other drainage channels. 
These slum

s face higher risk of flooding (pluvial, fluvial and tidal). Having recognized this, efforts to relocate 
the slum

s w
ere initiated by the governm

ent under various schem
es (m

ainly during the last decade under 
various national projects including JN

N
U

RM
) and m

ore than 22,000 perm
anent houses at safer location w

ere 
provided to the slum

 dw
ellers. How

ever, w
ith m

igrants com
ing to the city every day for w

ork opportunities, 
the regulatory fram

ew
ork needs to ensure that flood prone areas are not encroached.

_____________________________________________________________________________________
* Desai et al. (2008) of Departm

ent of Geography, M
.S. U

niversity, Baroda
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hen &

 W
hy? History of flooding in surat and the reasons

2. Types of floods- floods due to the U
kai dam

 &
 the Khadi Floods

3. Im
pact of U
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ate change- O

bserved &
 Projected

4. Public perceptions 
5. Reported Losses

3. O
BSERVED &

 PO
SSIBLE IM

PACTS 

Im
pact of Clim

ate Change
The natural causes of  floods:

- 
Heavy precipitation in the catchm

ent of the Tapi or even in the localized catchm
ents of one or m

ore of its tributaries.
- 

Cyclonic storm
s caused by depressions in the Bay of Bengal, m

oving north and north-w
est w

ards com
ing in contact 

w
ith the south w

est m
onsoon in the Tapi basin results in heavy dow

npours.
- 

Silting: Large quantities of silt brought by the Tapi leading to siltation at the m
outh of the Gulf of Cam

bay causes the 
flood w

ater to rise higher and extend inundation into higher reaches. M
oreover, hum

an induced changes in river 
hydrology have led to increased siltation.

- 
Effect of Tides: During tim

es of high tides the draining of Tapi w
aters into the sea is affected and leads to flooding in 

higher reaches and along the creeks.
- 

Low
 bank-ful capacity of the Tapi in som

e stretches m
eans that in tim

es of heavy w
ater flow, the river spills its banks 

and floods certain areas. 
The case of the 2006 floods indicate  the lack of coping strategies. (Even this height w

ill not suffi
ce: Coping M

echanism
s 

of Surat to its Recurrent Floods (Draft), Peeyush Sekhsaria for TARU
 Leading Edge).The future likelihood of extrem

e events 
due to clim

ate change is likely to exert additional stress on the city’s infrastructure, increasing the im
pact of floods.

Areas Prone 
due to Khadi floods

Areas Prone due to U
kai induced floods

due to 0.4m
illion cusecs discharge

due to 0.6m
illion cusecs discharge

due to 0.5m
illion cusecs discharge

due to 0.7m
illion cusecs discharge

Source: ACCCRN
 Sector Study: Flood Risk M

anagem
ent
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  LAN
D U

SE &
 PLAN

N
IN

G1. Increasing rate of U
rbanization

2. Density, Present Landuse &
 Green space

3. Im
pact of U

rbanization, poverty and Clim
ate change

1. IN
CREASIN

G
 RATE O

F U
RBAN

IZATIO
N

As show
n in the diagram

 alongside, the rate of urbanization from
 1978 to 2004 

has steadily increased. U
rbanization indicates the loss of open agricultural land 

to city infrastructure and activities associated w
ith industrialized, urbanized 

econom
ies.  This  trend is likely to continue given the att

ractiveness of Surat for 
pull m

igrants from
 across the country.

2. DEN
SITY, PRESEN

T LAN
DU

SE &
 G

REEN
 SPACE

As show
n in the density diagram

 alongside, the population density of the old 
city (old SM

C) is the highest follow
ed by the extended areas.  The caveat is 

that the old city also has old infrastructure but the highest density. O
ver the 

years, m
ulti-storeyed buildings w

ithin the core area have increased along w
ith 

the population density. This has resulted in increased traffi
c density and traffi

c 
jam

s, despite the additional flyovers constructed over the years.
The present land use indicates that m

ajority of the land is devoted to residential 
usage. How

ever, only 0.63%
 of the land is devoted to soft-scapes. The green 

netw
orks w

ithin the city m
itigate pollution, help in recharging w

ater and 
im

prove the overall health and livability of the city.

3. IN
TEG

RATIO
N

 O
F  U

RBAN
IZATIO

N
, PO

VERTY AN
D CLIM

ATE CHAN
G

E 
IN

 PLAN
N

IN
G

Increasing industrialization and m
igration w

ill increase the rate of population 
grow

th.  Dem
and for the urban infrastructure and services is also likely to grow

 
w

ith  im
proved lifestyles and expectations. There is a need to understand the 

interlinkage betw
een likely grow

th scenarios and dem
ands on resources that 

can influence the pace of urbanization during com
ing decades to develop plans 

to im
prove livability of the city over com

ing decades.  
The in-m

igrants include low
 skill labor to support the industrial base of the city. 

Due to shortage of land and housing, a poorer section of  m
igrants are forced 

to sett
le in the underutilized spaces (generally flood plains and low

-lying areas) 
of the city, in slum

s or inform
al sett

lem
ents and succum

b to exploitation by 
inform

al landlords. The city planners need to m
ake provisions for affordable 

housing for the poor to keep pace w
ith the industrialization, w

hich w
ill be a 

m
ajor challenge for the city adm

inistration. The present tow
n planning schem

es 
adopted by the Gujarat m

unicipalities does allocate land for housing the poor.
Clim

ate change is likely to increase the tem
perature and change the precipitation 

patterns in the city. Planners need to m
ake provisions for im

proving m
icro-

clim
atic conditions that increase therm

al com
fort and create therm

ally 
effi

cient buildings w
ith the provision of suffi

cient ventilation to w
ard off the 

com
bined effects of clim

ate change and urban heat island effects. M
oreover, 

w
ith increasing residential grow

th, planning needs to take into account issues 
of  equitable distribution of services and infrastructure. The 2006 floods have 
highlighted the vulnerability of the city to floods.  Detailed flood m

odeling needs 
to be done to identify flood-prone areas to develop better planning strategies.

Increased Rate of U
rbanization

O
LD SM

C
112 SQ

. KM

N
EW

 SM
C

214.2 SQ
 KM

SU
DA

388.1 SQ
 KM

+

SU
RAT

714.7 SQ
.KM

Increased Rate of U
rbanization

AREA DISTRIBU
TIO

N

O
.63 %

DEN
SITY FRO

M
 SM

C TO
 PERIPHERAL AREAS

AREA DISTRIBU
TIO

N

%
 O

F GREEN
 SPACE

=
X 10,000

=
 1 Sq. km

.

Source: Surat City Developm
ent Plan (2006-2012)

Source: Environm
ent Study of Surat City, Enviro Control Associates (I) Pvt Ltd.
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  W
ASTE

1. Present Status- W
aste generation

2. Transportation, processing &
 disposal of w

aste
3. Future Projections- Im

pact of U
rbanization, Poverty &

 Clim
ate Change

1. PRESEN
T STATU

S
According to the Surat City Developm

ent Plan, Surat generates 400gm
s /capita/ day of solid w

aste am
ount-

ing to roughly 1000 m
etric tons.

Since 2004, Surat privatized contracting and participation of solid w
aste m

anagem
ent. For effi

ciency, it is 
divided into 7 zones; the w

aste collected is then dum
ped at the Khajod disposal site (200ha).

Solid w
aste statistics:

• 
40%

 of the total solid w
aste quantity 

generated is from
 the Varachha and 

Katargam
 Zone.

• 
About 700 M

T/day. i.e. 60%
 of total 

w
aste produced is collected by a door-

to-door garbage collection system
. 

The 
rem

aining 
w

aste 
is 

collected 
during cleaning of roads and from

 
restaurants.

• 
W

ith increase in population, about 
7%

 increase in generation of solid 
w

aste is observed every year.
• 

98%
 of total solid w

aste generated is 
collected and disposed.

• 
O

f the 1000 M
T of w

aste generated, 
only 30%

 is recyclable
• 

70%
 of the total w

aste generated 
every 

day 
is 

contributed 
by 

households, 
shops 

and 
other 

com
m

ercial establishm
ents.

• 
At present there are 4,503 sw

eepers 
engaged in the collection of w

aste 
across the seven zones of the city. 

• 
Sanitary Land Filling practice is w

ell 
established

• 
Centralized 

Bio-m
edical 

w
aste 

collection , transportation, treatm
ent 

&
 final disposal facility is available.

• 
Present solid w

aste disposal system
 

has been strengthening in com
pliance 

w
ith M

SW
 Rules-2000.

• 
Hanjer Biotech Pvt. Ltd., processes 
about 400M

T of the w
aste per day 

to produce green fuel, w
hich is about 

40%
 of the load at disposal site. 

FU
TU

RE PRO
JECTIO

N
S:

Zone w
ise w

aste generation

(Environm
ent Study of Surat City, Enviro Control Associates (I) 

Pvt Ltd.)

Projected Solid W
aste generation - till 2041

Per capita w
aste generation in m

ajor Indian cities w
ill increase 

from
 0.2 Kg to 0.6 Kg 

Surat : Solid W
aste generation:  400 gm

 per capita per day. 
[Source: CDP, SM

C (2006-12)]
Current Total w

aste generation:  1100 M
 ton  per day  [Source: 

Solid W
aste Dept, SM

C , 2010]

Solid W
aste M

anagem
ent - Existing situation

Head
2005

Refuse garbage collected perday (M
T)

950

%
 Garbage handled by SM

C
40

%
 Garbage handled by contractor

60
Collection per person (urn/day)

390
Generation per person (gin/day)

390
%

 Effi
ciency (Collect/ Generate)

98.1
Density of w

aste (kg. cu.m
.)

533
%

 M
oisture content of w

aste
-42

N
o, of dustbins (2-3cu.m

 capacity)
263

N
o. of dustbins (4.5 cu.m

 capacity)
1440

Total capacity of dustbins (Cu. M
)

W
aste G

eneration &
 Collection

SI N
o.

 Head
Details

1
Generation

a
Tons Per Day

530 M
T

b
Gm

s/capita/day
403 gm

2
Collection

a
Corporation (TPD)

980 M
T

b
Rag picker (TPD)

25 M
T

Q
uantity of w

aste generated
Sources

Percentage
Households

53
Shops and Establishm

ents
16

Vegetable/ Fruit/ M
eat, Fish m

arket
14

Construction and dem
olition m

aterial
8

Biom
edical w

aste
1

Hotel/Restaurant w
aste

8

Com
position of w

aste
S. N

o.
Type of w

aste
Percentage

1
Com

bustible W
ood

22.45
2

Recycle able
30.28

A
Paper

12.75
B

Plastic
412

C
M

etal
2.75

D
Glass

2.05
E

Brick Stone
8.61

3
Earth - O

rganic
41.97

4
M

iscellaneous
5

Solid w
aste G

eneration (M
etricTons)

Zone
Area
(Sq. 
Km

)

Solid W
aste Generation (M

T/Day)

2001
2011

2021

Central
8.18

150.1
139.5

116.2

N
orth

20.54
121.7

179.1
220.6

East
13.86

210.7
295.9

337.7

W
est

19.63
90.9

166.3
224.5

South
26.01

177.6
291.45

383.1

South East
9.1

59.2
97.15

127.7

South w
est

14.96
73.2

108.7
139.9

Total
112.28

883.5
1278

1549.7

Source: Surat City Developm
ent Plan (2006-2012)

1907

2913
3494

4922
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Solid W
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Solid W
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Source: SM
C, 2010, TARU

 Analysis

Zone W
ise G

eneration details of w
aste

Zone
W

aste 
M

T/Day
%

Population (Approx.) 
(In Lacs)

Varachha
275

23.91
9.25

Katargam
225

19.56
5.50

Central Zone
175

15.21
5.25

Lim
bayat

125
10.86

5.25
U

dhna
125

10.86
6.00

Rander
125

10.86
4.75

Athw
a

100
11.50

3.75
Total

1150
37.75 Lacs PE
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aste (0.4 Kg/person)
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1. Present condition- travel m
odes, existing problem

s
2. Possible im

pacts due to urbanization, clim
ate  change

1. PRESEN
T CO

N
DITIO

N

Increasing use of private vehicles:
• 

The vehicles in the city are grow
ing at a fast pace w

ith the changing lifestyle of people. In term
s 

of com
position, there has been a shift from

 non-m
otorized form

 to tw
o and three w

heelers; and 
a m

igration from
 tw

o w
heelers to four w

heelers,2 w
heelers com

prising of nearly 80%
 of the total 

num
ber of vehicles w

hile cars constituting about 9.5%
.

• 
The num

ber of vehicles registered in Surat RTO
 area have increased from

 0.4 m
illion in 1994 to 1.3 

m
illion in 2007 accounting for a grow

th rate of 12%
. The percentage of personalized vehicles has 

increased from
 70%

 to 88%
 w

ithin a span of tw
enty five years.

• 
The annual rate of grow

th has rem
ained high at 10 to 11%

. In the absence of public transport 
system

 in the city, the rate of increase in Auto Rickshaw
s has been rapid and increm

ent to M
otor 

cars is at 12%
 per year.

Inadequate Road Infrastructure:
• 

As per approved developm
ent plan, the roadw

ay system
 of Surat is around 1,150 km

.
• 

M
ost of the parking is done on the streets reducing the effective w

idth of the roads.  At present there 
are three m

ulti storied parking facilities operating in the city and tw
o m

ore are under construction.
• 

The total volum
e of traffi

c across all the four river bridges has increased by 3.5 tim
es over a period 

of 15 years.   The peak factor vary betw
een 9%

 to 13%
. As expected, in central areas  peak traffi

c is 
low

er w
hile in industrial areas it is higher.

• 
 Recently, SM

C has initiated an integrated Road Developm
ent Program

 (IRDP), w
hich includes 

redesign of three of the m
ajor radial roads of the City. The road designs include a segregated 

carriagew
ay and provision of adequate infrastructure for N

on-m
otorized Vehicles and pedestrians.  

O
ther schem

es under consideration include Canal Road Redevelopm
ent as part of BRTS corridor 

and ‘Khadi’/Creek Redevelopm
ent w

ith provision of facilities for pedestrians and bicyclists (the 
redevelopm

ent of creek banks needs to be inform
ed by flooding scenarios).

Public Transport Infrastructure*:
• 

CRRI has carried out a detailed study of passenger flow
s. About 0.3 m

illion passengers use the 
rail and bus term

inals every day. N
um

ber of rail passengers increased from
 0.13 m

illion in 1988 
to 0.21 m

illion in 2004 (60%
 increase).

• 
N

um
ber of bus passengers increased from

 69,000 in 1988 to 96,000 in 2004 (40%
 increase)

• 
O

f the total travellers, 60%
 are residents of Surat. 47%

 of the trips are occasional trips and 10%
 

of the trips are m
onthly trips. M

oreover, there are only about 16%
 daily trips (daily com

m
uters)

• 
Autorikshaw

 is the m
ajor feeder m

ode to access ultim
ate destination/origin and the average 

length of connecting trips is 6.4 km
. 

_______________________________________________________________________________

* Environm
ent Study of Surat City, Enviro Control Associates (I) Pvt Ltd.

CO
N

GESTIO
N

 LEVELS

21%

10%

29%

36%

1% 1%
2%

Trips by m
ode

Autorickshaw

Bicycle

2-W
heeler

W
alk

Bus/Rail

Car

O
thers

52%
39%

7%

2% Trips by  purposeEducation

W
ork

Shopping

O
ther

30

Source: Surat, Trans -Vision 2030

Source: Surat, Trans -Vision 2030
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ate  change

2. IM
PACT O

F U
RBAN

IZATIO
N

 &
 CLIM

ATE 

W
ith increasing urbanization and incom

es and lack of alternatives, the num
ber of personalized vehicles is 

likely to increase leading to m
ore traffi

c on the streets as w
ell as increase in air pollution.

The graph alongside show
s the projected num

ber of vehicles using the average grow
th rate as 3.3%

 in per 
capita vehicle ow

nership (the Per capita vehicle ow
nership calculated from

 total no of vehicle (2009-2010)).

Year
Population

(M
illion)

Per capita 
ow

nership
Projected Vehicle 

population
2001

2.9
0.264

7,61,000
2010

4.8
0.352

16,85,386
2020

7.0
0.49

34,41,902
2030

9.6
0.682

65,26,575

Despite continued investm
ents, the present of roads and parking infrastructure, is not suffi

cient for the 
escalating num

ber of vehicles. The city planners need to take into explore the feasibility of  m
ore robust 

public transport system
 to m

eet the grow
ing challenges of traffi

c congestions. M
oreover, as a long term

 
strategy, scenarios that explore decentralized business districts also needs to be explored. In the event of 
clim

ate change scenarios such as tem
perature rise or flooding, there w

ill be an increased challenge  of 
road m

aintenance costs and reducing lifetim
es of infrastructure. The public transport system

 w
ill have to 

deal w
ith increase in energy dem

ands, as w
ell as the therm

al com
fort of passengers. The Surat M

unicipal 
Corporation has adopted a City M

obility Plan (CM
P) prepared by Centre for Planning and Technology 

(CEPT), Ahm
edabad in 2008. The CM

P, w
hich has a perspective for the year 2031,  envisages expansion of 

road netw
ork and com

pletion of the gaps in the ring and radial road connectivity, im
proved connectivity 

through construction of rail over-bridges, river bridges and flyovers, parking projects and a robust public 
transport system

 backed w
ith financial and institutional fram

ew
ork. Building trust on public transport 

system
 am

ong the com
m

uters w
ill be critical for ensuring success of this plan.

AIR Q
UALITY

Vehicular pollution accounts for 60-70%
 of total pollution loads of a city. The m

ain causes are the auto 
rickshaw

s and m
ulti axle vehicles. Based on air quality data, Central Pollution Control Board had identified 

Surat as one of cities w
hich did not satisfy the required standards i.e. m

ore than perm
issible am

ount of 
suspended particulate m

atter (SPM
) recorded w

ithin the city (2004-05). Efforts w
ere undertaken by the 

authorities to convert the auto rickshaw
s and state transport buses into com

pressed natural gas (CN
G) 

vehicles. From
 the recent report of Gujarat Pollution Control Board (GPCB), the m

ove tow
ards CN

G has 
decreased the pollution levels. A quantitative analysis of the sam

e is underw
ay. Even though, the m

ove 
tow

ards CN
G m

ay reduce the SPM
, it w

ill not reduce the greenhouse gas contribution.
W

ith increasing vehicles, the air quality is prone to further deterioration (as show
n in the Per capita 

em
issions projection for 2040). Com

bined w
ith increasing tem

peratures, poor air quality w
ill increase 

instances of respiratory diseases due to the presence of high suspended particulate m
atter.

Description
2016

2026

PCTR Excl. W
alk

1
1.2

Total Veh. Trips
54 lacs

102 lacs

Public Transport
25%

40%

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0

0.0

2.0

4.0

6.0

8.0

10.0

12.0

2001

2003

2005

2007

2009

2011

2013

2015

2017

2019

2021

2023

2025

2027

2029

Population

Surat: G
row

th of Vehicles & Population

P
opulation (m

illion)
N

o. of V
ehicle (m

illion)

Vehicle

Per Capita em
issions- for 2040

Present condition
Future Condition- existing infrastructure w

ith 
increased FSI and vehicles

Strategy- Public transportation, 
w

alking/biking city

Vehicle grow
th is projected considering the present  grow

th rate (3.3%
)

of vehicle w
rt to population  grow

th.
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1. PRESEN
T ISSU

ES
Location, clim

ate, socio dem
ographic structure and developm

ental activities of Surat city are highly conducive 
to vector breeding, survival and its effi

ciency to transm
it infections.

• 
LO

CATIO
N

 &
 VECTO

R BO
RN

E DISEASES- The position Surat on the river bank and the seashore provides a conducive 
environm

ent (in term
s of tem

perature and hum
idity) throughout the year. M

oreover, the rise in the num
ber of 

stagnant w
ater pools has increased the breeding sites available for m

osquitoes. Historically, high m
osquito infection 

rate w
as recorded in sixties. Introduction of underground sew

erage system
 and M

ulti Drug Therapy (M
DT) betw

een 
1958-60 brought dow

n the m
osquito density as w

ell as infection rate and subsequently city w
as no m

ore referred to 
as a Filariasis city. There w

as a considerable decline in Culex infection rate in 1956 to 1959 as w
ell (from

 23%
 to 5%

).
• 

IM
M

IGRAN
T IN

FECTIO
N

S- The m
alaria infection rate from

 2004-2007 declined from
 0.26 to 0.03. A detailed analysis 

of total infection cases betw
een 1999-2007 reveals that the contribution of cases from

 Surat city is 9%
; the m

ajority 
w

ho do get infected are m
igrant w

orkers, especially natives of O
rissa (54%

) and U
P (20%

). Thus the infection is 
im

ported to the city and m
osquitoes prevail w

ith the favorable clim
ate.

• 
W

ATER, FLO
O

DS &
 IN

FECTIO
N

S- Surat is probably the only city in Gujarat an approxim
ately 90 Km

 irrigation canal 
passing through the city, adding to the risk of m

osquito breeding. In the last tw
o decades, Anopheles m

osquito 
densities in Surat city have ranged from

 0.29 to1.55 per m
an hour(pm

h). The peak of density w
as observed in 1994 (a 

flood year). Increase in density w
as also observed in 1998, 2000, 2002, 2004 and 2006 (all flood years). Even though, 

Anopheles density in Surat city has rem
ained low

er than know
n critical density (5pm

h), the transm
ission of the 

disease continues in the city.
• 

TEM
PERATU

RE, HU
M

IDITY &
 IN

FECTIO
N

S- Since hum
idity, m

inim
um

 and m
axim

um
 tem

peratures show
 strong 

correlation w
ith the slide positivity rate (SPR), the reasons for disease transm

ission include conducive tem
perature 

and hum
idity, w

hich m
ay aid m

osquitoes to effi
ciently transm

it infection at low
er density. Further, Dengue cases w

ere 
identified throughout the years 2007 (a year after flood) and 2008.

2. PO
SSIBLE IM

PACTS
• 

Im
pact of U

rbanization &
 Poverty- W

ith increasing urbanization, changing land use, increasing population in 
com

bination w
ith inaccessible services such as clean w

ater supply, sew
erage and solid w

aste, there could be an 
increase in vector borne diseases. It is im

portant for the authorities to continue the w
ork tow

ards providing effective 
drainage and clean w

ater supply, especially during the m
onsoons.

• 
M

oreover, since it is the poor im
m

igrants w
ho are m

ost prone to disease, effective treatm
ent facilities as w

ell as 
infrastructure needs to be provided, to ensure the w

ellbeing of the residents.
• 

W
ith increasing urbanization- the trend of increasing instances of diabetes, hypertension, Asthm

a, could find im
petus.

• 
Im

pacts of Clim
ate Change-  Presently vector borne diseases show

 a seasonal trend, the understanding of w
hich 

provides an opportunity of resilient developm
ent and preparedness for high disease transm

ission season. W
ith a 

changing clim
atic situation there is a risk of loss of fixed tim

e bound seasonality in addition to im
pacts on precipitation, 

tem
perature and hum

idity. Such a situation shall lead to unpredictable trend of vector diseases.
• 

In the event of extrem
e events such as floods, there is an increasing risk of epidem

ic outbreaks of com
m

unicable 
disease (proportional to population, density, and degree of displacem

ent). The disruption of pre-existing sanitation 
services such as piped w

ater and sew
age, and the failure to m

aintain or restore norm
al public health program

s in 
the im

m
ediate post-disaster period further com

pound the situation. O
vercrow

ding and lack of the basic sanitation 
increase the threat of outbreaks of gastroenteritis including cholera. Change in clim

atic condition and overcrow
ding 

favor the transm
ission of Acute Respiratory Infections.

• 
The delayed threat could include increasing vector borne diseases. M

oreover, displacem
ent of Rodents or dom

esticated 
anim

als near hum
an sett

lem
ents can brings additional risk of zoonotic infections like plague, Leptospirosis. Increase 

in the possibility of hum
an contact w

ith contam
inated slush/m

ud, w
ater can also increase in the transm

ission of 
Leptospirosis. (Health Im

pact &
 Adaptation, U

rban and Social Health Advocacy and Alliance (U
SHAA))

Chronic W
ater Loged Area

Chronic M
alaria Sites

Chronic W
ater borne disease Sites

Flood Affected Areas

Zonew
ise distribution of hospitals

0 50

100

150

200

250

Number 

O
thers

52
4

2
0

9
2

0

Surgical
24

3
5

1
11

3
10

O
rthopedic

23
0

4
1

3
3

6

M
edical hospital

10
1

4
1

6
0

2

G
eneral Hospital

12
5

0
0

4
1

1

Nursing hom
es

28
9

6
0

25
4

8

C
hildren Hospitals

25
6

11
3

13
4

11

M
aternity hom

es
42

16
23

3
30

13
21

C
Z

SW
SZ

SEZ
EZ

NZ
W

Z

Zone

Zonew
ise Distribution of Hospitals (Public + Private)
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1. CITY G
O

VERN
M

EN
T SETU

P

In Surat, there are tw
o m

ain local Governing bodies nam
ely, Surat M

unicipal Corporation (SM
C), Surat U

rban Developm
ent Authority 

(SU
DA). The Hazira N

otified Area Authority, governs the adjoining industrial hub of Hazira. Approxim
ately 326 sq.km

 of the city com
es under 

the jurisdiction of SM
C w

ith an estim
ated population of 4.5 m

illion (2010). SU
DA covers the SM

C and an additional peripheral areas totaling 
722 sq.km

.
The governing structure of SM

C consists of both political and adm
inistrative w

ings. The political w
ing is an elected body of councilors 

headed by a M
ayor. The Com

m
issioner, from

 the Adm
inistrative Services cadre, heads the adm

inistrative w
ing and is responsible for the 

strategic and operational planning and m
anagem

ent of the Corporation. The Elected w
ing com

prises of a general body of elected councilors 
headed by a M

ayor, the Standing Com
m

ittees and other statutory com
m

ittees w
hich look after the specialized functions of the SM

C.
SU

DA is responsible for preparing the Area Developm
ent Plan, w

hich includes the area governed by the SM
C. U

nder the developm
ent 

plan, the SM
C is responsible for Tow

n Planning schem
es w

ithin the area under its jurisdiction. SU
DA also has the responsibility to control 

unauthorized developm
ents. O

ther institutions w
hich have an im

portant stake in the overall developm
ent of the city are Gujarat Pollution 

Control Board (GPCB), Surat Electricity Corporation, Public W
orks Departm

ent (PW
D), State Highw

ays Departm
ent and State Irrigation 

Departm
ent. 

O
ther City level stakeholders

The South Gujarat Cham
ber of Com

m
erce and Industry (SGCCI) is am

ong one of the im
portant organizations w

ith a history of alm
ost 67 

years. It plays an active role in providing feedback to the state and central governm
ents on policy issues related to trade and industry. It has 

also taken lead in several city developm
ent efforts and has show

n its capacity in flood relief and other environm
ental and social initiatives. 

Several industrial associations such as the Surat Diam
ond Association, Surat Textile Trades Association, Pandesra Industrial association 

are active in m
anagem

ent of specific industry related issues. O
rganizations such as the Surat Citizens Council contribute to building public 

opinion, w
hile the U

niversity, Sardar Vallabhbhai N
ational Institute of technology and Centre of Social studies have taken up valuable studies 

on different aspects of the city’s developm
ent.

2. PO
SSIBLE IM

PACTS

Increase in urbanization w
ill create additional dem

and on the services of the M
unicipal Corporation. Sectors that can be m

entioned are 
W

ater supply, Solid w
aste, Fire and em

ergency services, U
rban Com

m
unity developm

ent, Slum
 developm

ent etc. The m
anagem

ent capacity 
and the availability of resources  w

ill be the critical issue in urban governance. M
oreover, the pressure on services w

ill be m
agnified w

ith 
the im

pact of clim
ate change and poverty.  The current grow

th rate in Surat is contributed m
ajorly by the m

igrant population w
ho com

e in 
search of job opportunities, w

hich w
ill add further stress on the dem

and for housing and other basic services. W
ith the floods risk situation 

of Surat, the m
anagem

ent of flood risk m
easures w

ill be m
agnified. Lastly, the im

pact on the health sector, and the characteristics of vector 
Borne disease and seasonality w

ill be a critical area w
hich need attention

FU
TU

RE SCEN
ARIO

S
The current m

anpow
er capacity of SM

C is 16,126 staff.  W
ith the current population (city area of 326 sq.km

.), there are 3.4 SM
C staff 

m
em

bers per 1000 people.
Scenario 1- represents  the SM

C staff being constant and the grow
ing population, w

here the ratio of SM
C staff per 1000 population w

ill  
becom

e 1.8 and 1.3 in 2026 and 2041. In such cases, the developm
ent of SM

C staff capacity w
ith support of  new

 technology w
ill be of 

great  im
portance, necessitating a new

 innovative business m
odel for urban services.  The possibility of Public Private Partnerships and the 

com
m

unity support services should be explored.
Scenario 2- represents the increase in the SM

C strength as w
ell as capacity developm

ent.  Along w
ith the population grow

th, the expected 
grow

th of the SM
C staff from

 the current strength is of 83%
 and 158%

 for the year 2026 and 2041 respectively. How
ever the possibility of 

expanding the System
 at this rate and m

aking it sustainable in term
s of finance and resources is an area needs to be explored.

IM
PO

RTAN
T IN

STITU
TIO

N
S IN

 SU
RAT

-Surat M
unicipal Corporation  (SM

C)
-Surat U

rban Developm
ent Authority ( SU

DA)

-The Southern Gujarat Cham
ber  of Com

m
erce and  Industries  (SGCCI)

-Servajanik Education Society, (SES)
-Center of Social Studies,  (CSS)
-Sardar Vallabhbhai, N

ational Institute of Technology (SVN
IT)

-N
arm

ada W
ater Resources W

ater Supply &
 Kalpsar Departm

ent, (Irrigation  
Departm

ent)

-Torrent Pow
er and DGVCL 

FU
TU

RE SCEN
ARIO

S

Future Scenarios for SM
C strength and Population

Year
Population 

(M
illion)

Scenario 1
(N

o change)
Scenario 2

(Sam
e ratio as 2010)

SM
C 

current staff 
strength 

(N
os.)

SM
C Staff 

per 1,000 
population

Expected grow
th 

in SM
C Staff, w

ith 
currentratio 3.4 per 

1000 population

SM
C Staff 

per 1000 
population

Expected 
grow

th 
of staff in 

SM
C

2010
4.7

16,126
3.4

16,126
3.4

-
2026

8.7
16,126

1.8
29,540

3.4
0.83

2041
12.3

16,126
1.3

41,615
3.4

1.58 33
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1. CRITICAL U
N

CERTAIN
TIES

As of part of this project and w
ith support from

 TARU, a series of w
orkshops w

ere conducted to understand the critical 
uncertainties and possible future Scenarios for Surat. After several deliberations, the city stakeholders identified the econom

y 
and social cohesion as the tw

o critical uncertainties that are likely to shape the future of Surat.
Econom

y: Despite the current strength of Surat’s econom
y, the city stakeholders identified Econom

ic grow
th as a critical 

uncertainty. The investm
ents, infrastructure and hum

an capital that is available in Surat could pave w
ay for econom

ic grow
th 

in the next tw
o to three decades. But, the city stakeholders strongly felt that the global level processes, econom

ic changes  
and the rate of  inflow

 of m
igrant w

orkers required to support the labor intensive industries w
ill influence  the  city’s econom

ic 
grow

th trajectory significantly. The results of the discussion led to the conclusion that the globalization of trade including 
m

anufacturing, outsourcing of goods and services netw
ork has m

ade the econom
y highly dependent on global factors for 

grow
th and stability.  External shocks, for exam

ple the global dow
nturn like the one in 2008-2009, w

ill have an im
pact on 

Surat’s econom
y and grow

th. The frequency and m
agnitude of such external shocks is likely to grow

 w
ith integration of the 

w
orld. It has to be noted that Surat, over its 8-9 Centuries of history has felt several such shocks and som

e of them
 had taken 

several centuries to recover from
. The stakeholders felt that Surat currently has several advantages, w

hich can be eroded by 
shifting of production centers for textiles and diam

onds due to labor and technology changes in other parts of the country/
w

orld. Com
petition from

 China, though not strong now, is a m
atter of concern for som

e of these industries. (these issues have 
been brought up in the section on industry).
Social Cohesion: Surat is know

n for its com
m

unity spirit, despite a large m
igrant population. This has been tested tim

e and 
again, especially during the several disasters for instance during the plague (1996), floods (2002, 2006), bom

b attacks (2008) 
and other challenges faced by the city in last few

 decades. The SM
C, civil society and local industries have w

orked together to 
address these issues. The city after each challenge, diligently discusses the issues and explores options to reduce the risks and 
vulnerabilities. This includes cleaning and w

idening of roads post-plague situation of 1994, change in rule levels of U
kai dam

 
post- flood 2006, are som

e of the exam
ples. How

ever, the city stakeholders feel that very high grow
th of population and in-

m
igration of people w

ith different cultures from
 across the country is changing the social fabric. Further, the em

erging social 
and cultural differences w

ithin the city are reportedly leading to reduction in social cohesion. These are how
ever intangible 

predictions- further explored in the scenarios explained below
.

2. SCEN
ARIO

S

Based on tw
o critical uncertainties identified by the city stakeholders, four sets of  future socio-econom

ic scenarios w
ere 

developed. These provide a com
bination of im

provem
ent or decay of Social cohesion (X axis) and econom

y (Y axis). These 
scenarios reflect 2030-2040 period and are based on the set of certainties and uncertainties identified.

3.  IM
PACTS O

F U
RBAN

IZATIO
N

, PO
VERTY AN

D CLIM
ATE CHAN

G
E

Each scenario explores changes in the ability of society to deal w
ith the im

pacts of urbanization, poverty or the extrem
e 

events due to clim
ate change. Thus, although w

ith urbanization, m
igration, the influx of different com

m
unities and natural 

disasters can lead to tears w
ithin the social fabric, social cohesion can also be an effective tool, albeit an intangible one, to 

deal w
ith the m

ore tangible and physical im
pacts

To ensure that the social system
 of the city is an asset rather than a problem

 in extrem
e events, it is necessary to create a 

m
ore equitable and harm

onious social m
ilieu.

ECONOMICGROWTH

H IGH

ECO
N

O
M

IC G
RO

W
TH BU

T BESET 
BY CO

N
FLICTS

-  N
o longer a people friendly city

- 
Areas 

identified 
by 

places 
of 

origin 
of 

im
m

igrants, 
m

ultiple 
cultures existing but questioning 
each other

-  Self suffi
cient gated com

m
unities 

w
ith 

all 
internalized 

facilities 
and 

services 
w

ith 
hom

e 
care 

and security agency businesses 
thriving

- 
Poor 

com
m

unities 
fend 

for 
them

selves, 
suffering 

m
ajor 

conflicts, w
ith an underground 

system
 of governance (m

afia)
-  The 

core 
issues 

are 
conflicts, 

safety w
hilst incom

e takes a back 
seat

L O W

SU
RAT SETS THE PACE FO

R U
RBAN

  
G

RO
W

TH &
 G

O
VERN

AN
CE

- 
Surat 

continues 
to 

claim
 

zero 
unem

ploym
ent w

ith a population 
of 10 m

illion.
- 

The 
m

unicipality 
recognizes 

W
ard 

groups 
and 

decentralizes 
pow

ers like traffi
c and em

ergency 
operations

- 
Traffi

c accidents and street violence 
reduced.

- 
Econom

ic base expanded to m
ore 

custom
ized 

services 
(fabric 

to 
fashion, diam

onds to jew
elry)

- 
Inclusive, netw

orked, Ecologically 
conscious society

- 
Surat m

akes it to the list of the 
m

ost livable and liked city

W
HAT W

EN
T U

P, JU
ST CAM

E DO
W

N

- 
The publicized grow

th is no longer 
sustainable

- 
Industry and Investors m

ove out 
of Surat

- 
Hazira loses out as Petroleum

 
industry declines

- 
The City governm

ent is unable to 
m

anage resources, law
 and crim

e 
rates increase

- 
Surat 

is 
recognized 

as 
a 

high 
crim

e city. As a result security as 
a business thrives

- 
Gated 

colonies 
w

ith 
urban 

exodus.

SU
RAT- A CITY FO

R RETIRED PEO
PLE

- 
Econom

y shifted tow
ards health 

and elderly care
- 

The young leave the city, m
igration 

trickles.
- 

Local developm
ent plan focuses on 

‘city happiness index’
- 

Stagnant infrastructure instead of 
robust grow

th
- 

Parks, and open spaces in the area 
earlier occupied by industries

- 
Real 

estate 
developm

ent 
stops. 

Few
 em

ploym
ent opportunities for 

rem
aining population.
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SSIBLE FU
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EN
ERGY TYPE

ELECTRICITY
-Torrent pow

er Ltd
-Dakshin Gujrat Vij 
Com

pany Ltd.

N
ATU

RAL G
AS

- Gujarat gas 
Com

pany Ltd

LPG
- Indian O

il 
Corporation Ltd.

LIG
N

ITE
- Gujarat M

ineral 
developm

ent 
Corporation

PETRO
L

-O
il com

panies
DEISEL

- O
il com

panies

1. PRESEN
T ISSU

ES

The tw
o tables below

 show
 the annual 

electricity 
consum

ption 
in 

Surat. 
O

ver 
the years, w

ith the grow
ing population, 

changing lifestyles and industrialization, 
the electricity consum

ed has increased 
substantially. (by alm

ost 16%
 in three 

years). M
oreover, a sector study show

s 
the break up and increases of electricity 
consum

ption 
in 

different 
sectors. 

The 
figures reveal that the m

ajor consum
ers of 

electricity are the industries, follow
ed by 

residential.

2.  PO
SSIBLE FU

TU
RE SCEN

ARIO
S

W
ith grow

ing rates of urbanization, industrialization and standards of living, energy requirem
ents w

ill escalate in 
the years to com

e. Taking these into consideration- 2 scenarios w
ere created to project future consum

ption:
Scenario I: Assum

ing constant Gross per capita consum
ption (1,203.3 unit) of electricity w

ith projected population. 
Scenario II: Assum

ing grow
th in Gross per capita consum

ption (w
ith 1.76%

) of electricity w
ith projected population

Surat is the national hub of m
anufacturing synthetic fabric. It produces m

ore than 40%
 of the total m

anm
ade 

fabric m
anufactured in the country. There are around 0.7 m

illion pow
er-loom

s and 40,000 shops w
ithin the city, 

producing around 25 m
illion m

eters of processed fabric per day  100,000 m
 of fabric production requires around 

16,000 kw
h of electricity, 3500 cum

 of gas and 1000 KL of w
ater. W

ith the changing clim
ate scenarios, extensive 

use of resources, especially energy and w
ater, w

ill be a constant challenge. Changing average tem
perature, 

precipitation, dem
ographic pattern, lifestyle and role of industries w

ill have an effect not only on the energy 
dem

and of Surat but also affect reliability of energy resources i.e. Availability of the city’s electricity generation, 
transm

ission and distribution infrastructure.  Apart from
 the energy requirem

ent for space cooling, the energy 
dem

and w
ill be dom

inated by the transportation and sm
all scale industrial sector (textiles) and any intervention to 

increase industrial energy effi
ciency w

ill necessitate participation of  large num
ber of m

ultiple stakeholders.
In Surat, vehicular population has been rising consistently. Recent num

bers from
 Petrol Pum

p O
w

ners Association 
(PPO

A) suggest that Surat consum
es around 25.20 m

illion litres of petrol and 32.40 m
illion litres of diesel annually. 

As m
entioned earlier, w

ith the grow
th in the num

ber of vehicles at the rate of 10%
 annually, the dem

and for 
fossil fuels is bound to increase. Currently 7%

 of the vehicles are running in CN
G. W

ith the current initiatives and 
policies, the percentage of CN

G vehicles m
ay increase in the future, thereby reducing the Suspended Particulate 

M
atter(SPM

), but not the total consum
ption.
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Energy Consum
ption in Surat

Energy 
Source

Com
pany

Total
Consum

ption 
2007 - 08

Total
Consum

ption 
2008 - 09

Total
Consum

ption 
2009 -10

Electricity
DGVCL

1,942
2,198

2,387

Electricity
Torrent

3,025
3,157

3,372

Source: GERC, Tariff O
rder 2009

Sector w
ise energy consum

ption

Sector
Total Consum

ption 
2007-08

Total Consum
ption 

2008-09
Total Consum

ption 
2009-10

Residential
819

908
989

Public U
tilities

6
7

8

Com
m

ercial
523

566
611

Industrial
3,416

3,609
3,861

Railw
ays

55
67

70

Agriculture
127

175
194

O
ther

21
23

25

Grand Total
4,967

5,355
5,759

Source: Gujarat Electricity Regulatory Com
m

ission, GERC, Tariff O
rder 2009

Surat City: G
ross Electricity consum

ption

Year
Population

(M
illion)

Scenario I: 
G

ross Electricity 
Consum

ption [w
ith 

constant (1203.3 
KW

hr) per capita 
consum

ption of 
electricity ] M

U
 

(M
KW

hr)

G
ross per 
capita 

electricity 

Scenario II: 
G

ross Electricity 
Consum

ption (w
ith 

1.76%
 * annual 

grow
th at per capita 

consum
ption ) M

U
 

(M
KW

hr)

2010
4.8

5,759
1,203

5,759

2020
7.0

8,451
1,433

10,062

2030
9.6

11,515
1,706

16,324

* O
bserved grow

ht rate in per capita consum
ption

Railw
ays, 

1.22%

Agriculture, 
3.37%

Industrial, 
67.05%

Com
m

ercial
, 10.61%

Residential, 
17.18%

Public 
Utilities, 
0.14%

O
thers, 

0.43%

Sector w
ise Electricity Consum

ption
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LN

ERABILITY ASSESSM
EN

T
1.a. FLO

O
D VU

LN
ERABILITY IN

DEX (FVI)
1.b. LO

AN
 &

 IN
SU

RAN
CE VU

LN
ERABILITY IN

DEX (LVI)
1.c. DRAIN

AGE &
 SEW

ARAGE VU
LN

ERABILITY IN
DEX (DSVI)

1. VU
LN

ERABILITY ASSESSM
EN

T

City w
ide Vulnerability w

as assessed using a GIS assisted vulnerability assessm
ent technique 

to gain know
ledge about current vulnerability of different sections of population across space 

and socio econom
ic groups. The livelihood Fram

ew
ork developed by DFID w

as m
odified for 

urban context to analyze different aspects of vulnerability. A total of 929 households over 110 
sett

lem
ents across four SECs (this includes m

ixed sett
lem

ents w
ith com

m
ercial plus m

iddle class) 
w

ere sam
pled along w

ith 110 Geopsy sam
ples. The household estim

ates of GIS based analysis 
results of m

ain city and im
m

ediate neighborhood based on
2004 satellite im

agery is provided in the follow
ing

1. a. FLO
O

D VU
LN

ERABILITY IN
DEX (FVI)

The flood vulnerability index includes dam
age from

 floods, depth of inundation and duration 
of inundation faced by the households. The slum

s, low
 incom

e sett
lem

ents w
hich are located 

close to the river and m
iddle, upper SEC’s (especially ground floor and first floor) residing in the 

periphery are m
ore vulnerable. The GIS based analysis indicated that about 71,000 households 

are prone to Khadi flood risks and about 450,000 households are at risk due to em
ergency release 

from
 U

kai dam
.

1. b. LO
AN

 &
 IN

SU
RAN

CE VU
LN

ERABILITY IN
DEX (LVI)

Since Surat is an industrial city dom
inated by sm

all and m
edium

 industries, incidences of loans are 
expected to be high. The analysis indicates that 68%

 of the households have loan and insurance 
vulnerability of less than 5 and the rem

aining 32 percent lying betw
een 5 and 6. High per capita 

incom
e and good understanding of risks m

ay be the m
ain reasons for such low

 vulnerability. 
Am

ong the poorer SECs, incidence of loan is low
 but the insurance coverage is also low

. Therefore, 
they  still suffer the m

axim
um

 during disasters and also take longer tim
e to recover.

1.c. DRAIN
AG

E &
 SEW

ARAG
E VU

LN
ERABILITY IN

DEX DSVI)
Drainage and sew

erage netw
orks are extrem

ely im
portant for cities w

ith high population. Surat 
has nearly 100%

 coverage of drainage and sew
erage, w

hich  w
as, how

ever,  reduced due to the 
recent expansion of the city lim

its in 2006. The core city has excellent drainage and sew
erage 

system
 - despite being located in the flood plain in high rainfall environm

ent and the dense 
pockets of m

ulti-storeyed buildings. The analysis indicates that 85%
 of the core and 74%

 of the 
periphery has a vulnerability index less than 2 indicating very good quality of infrastructure and 
services.
An effi

cient solid w
aste collection w

as put in place after the plague of 1994, and im
proved 

considerably since then, w
hich reduces possibility of clogging of drainage and sew

erage netw
ork. 

M
onsoon preparations start every year in late April and all drains and sew

erage are cleaned to 
avoid w

ater logging. W
ith the JN

N
U

RM
 projects underw

ay, the sew
erage and drainage netw

ork 
are expected to im

prove further.
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CIAL CAPACITY IN
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1.c. IN

CO
M

E STABILITY IN
DEX (ISI)

1. CAPACITY ASSESSM
EN

T
Sim

ilar to the City w
ide Vulnerability assessm

ent, a capacity assessm
ent  w

as carried out using GIS. 
This aim

ed to show
case the inherent capacities, tangible and intangible that prove to be advantageous 

during the coping m
echanism

.

1. a. SO
CIAL CAPACITY IN

DEX (SCI)
The Surat city reflects the pace of M

um
bai. In spite of fast paced life, the social cohesion and m

utual 
support is quite high am

ong the Surtis (people of Surat). The social netw
orks are strong am

ong m
ost 

com
m

unities (especially com
m

unities from
 arid and sem

i-arid zones) from
 Gujarat. The higher social 

capacity indices are observed in M
iddle upper SECs com

pared to low
er and Slum

 dw
ellers, w

hich are 
dom

inated by diverse im
m

igrant population. The low
er SECs show

 a distinct bim
odal distribution 

(show
ing tw

o peaks and troughs). This m
ay be due to dom

inance of Gujarati com
m

unities (m
ainly 

from
 Saurashtra), in som

e of the trades like diam
ond industries accounting for higher SCI com

pared to 
textile w

orkers w
ho are m

ainly m
igrants from

 states as far as O
rissa and U

P.
U

nder the continued risks of floods and other hydro-m
eteorological events, strong social capital is an 

asset. Therefore strengthening the social capacities especially am
ong m

igrants w
ill be necessary so 

that people in low
er SECs are able to build resilience through better coordination and m

utual support. 
U

nfortunately, the N
GO

 and m
icrofinance coverage is lim

ited in Surat com
pared to m

any other cities. 
Therefore, other avenues to build social capital have to be explored.
1. b. EDU

CATIO
N

 STABILITY IN
DEX (ECI)

Low
 to m

edium
 education levels is found to be dom

inant across the poor and m
iddle class households. 

The low
er incom

e groups and slum
 dw

ellers (largely m
igrant population) show

 very low
 education 

index. The reason being, the types of industries (prim
arily diam

ond polishing and textile) in the city 
dem

anding m
edium

 to high skills, w
ithout need for higher education as a pre-requisite. Low

 education 
capacity index is one of the m

ajor constraints to create aw
areness and developing effective resilience 

strategies and their im
plem

entation.
1.c. IN

CO
M

E STABILITY IN
DEX (ISI)

Surat has one of the highest per capita incom
es, and claim

s to be zero- unem
ploym

ent city. But, at 
city level, about one third of the households have incom

e stability index less than 5 indicating need 
for expansion of skills (to im

prove the incom
e levels and sense of stability and security). M

ore than 
three fourths of the poor and slum

 dw
ellers are w

orking as sem
i skilled/ unskilled w

orkers or haw
kers/

vendors. The occupational shifts are also com
m

on w
ithin these people. Am

ong m
iddle class, nearly 

half are relying on unorganized trade. These people are highly vulnerable to changes in city’s econom
y, 

disasters or external shocks.
The poor m

igrants w
ith litt

le job security in organized, unorganized or sem
i-organized sectors often 

resort to m
igration back to their hom

e tow
ns or other cities. This factor can affect the industries. This 

w
as evident by the extent of outm

igration due the recessions w
ithin textile and diam

ond trade in 
the recent years. From

 tim
e to tim

e, the textile industry has been facing labor shortages. The labor 
availability patterns after the em

ploym
ent guarantee projects (N

REGS) in the rural areas across the 
country also need to be exam

ined. Due to this, in recent years, the industries in Surat w
ere forced 

to find alternatives for such problem
s including upgradation in technology and shift to less labor 

dem
anding processes. This m

ay lead to relatively jobless grow
th in the near future and catering to 

low
er incom

e stability index.
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a. REG
U

LATO
RY

The city adm
inistration is guided by state law

s and also the city depends on the state and governm
ent funds for m

ost of 
the infrastructure building. W

hile there is significant devolution of funds, functions and functionaries, the city adm
inistration 

has to depend on resources controlled by the state located beyond its jurisdiction. State governm
ent has significant role to 

play in form
ing urban developm

ent policies and regulations. Also, the city has virtually no control over the river flow, w
hich 

is m
anaged by State W

ater resources departm
ent (N

arm
ada and w

ater supply and w
ater Resources departm

ent).  The city 
also has  no control over the city  expansion as w

ell as tow
n planning activities beyond its jurisdiction. The urban spraw

ls 
along the peripheral areas exerts additional pressure on housing, w

ater supply (through upstream
 usage, pollution etc.) and 

transportation netw
orks, these influences are diffi

cult to be regulated by the city adm
inistration. 

Grow
th of industrial areas in the neighbourhood, especially Hazira notified area is another constraint. W

hile m
ost of the 

industries have their ow
n colonies, inform

al and sem
iform

al labourers depend on Surat City for housing, shopping, recreation 
and transportation, w

hile it does not contribute tow
ards the city developm

ent. Reportedly, the construction and land filling 
activities in flood plain of the Hazira notified area (HN

A) m
ay be the likely cause of increased flood levels due to choking of the 

Tapi River’s m
outh. O

n the other hand, the river w
ater is also allocated for industries in HN

A, w
hich constrains the available 

w
ater for the city residents. The w

ater footprint of the city and HN
A overlap and creates com

petition over lim
ited resources, 

especially during sum
m

ers. This is likely to w
orsen in future and cannot be handled over m

edium
 and long term

 interventions 
unless regional level planning of w

ater resources, flood control and other services are m
anaged effi

ciently. 

b. AW
AREN

ESS

The citizens of Surat are m
ix of natives called “Surti” w

ho have sett
led over decades as w

ell as m
igrants from

 across the country. 
M

ore than half the city’s population is com
prised of m

igrants w
ith less than 2 deacdes of residence. This m

ixed population creates 
a vibrant city w

ith w
ide range of cultures and habits. A significant section of the recent m

igrants are from
 rural background 

w
ith com

paratively less education and skill sets. These also have lim
ited stakes in the city developm

ent.  Therefore, building 
aw

areness about risks and clim
ate change issues is a m

ajor challenge.

Significant sections of older residents w
ho closely relate to the city are active in its developm

ent process. These residents have 
m

ajor stakes in im
proving the quality of life in the city w

hich are evident by the success of m
any city level interventions.  Surti 

pride and belongingness is evident from
 their interest in city’s developm

ent often accepting sacrifices for the sake of society. 
Exam

ples include the case of people losing land for road w
idening and decongestion of the city (post 1994 plague); support for 

the cleanliness of the city, solid w
aste m

anagem
ent and w

ater supply schem
es. O

n the other hand, traffi
c congestion across the 

city show
s highly individualistic behaviour driven by com

petition and pace of the city life.

The Surat’s residents are know
n for prioritising better services over the costs of these services. Changing behaviour patterns w

ill 
rem

ain a continued challenge w
ith the m

ix of diverse m
ind-sets and backgrounds. Concerted efforts are therefore necessary to 

develop a sense of inclusion and stakes am
ong the population. 
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1. A. W
ATER SU

PPLY

IM
PACTS

SHO
RT TERM

M
ID TERM

LO
N

G
 TERM

Exploring Alternative sources of W
ater

Tapi being the only reliable source of w
ater, the available w

ater, 
although adequate for the im

m
ediate future, falls short of the 

required am
ounts around the year 2015 and onw

ards, especially 
during the sum

m
er. Alternative sources need to be explored to m

eet 
the future needs especially to m

eet scarcity period dem
ands. Also, 

during the floods, ground w
ater use  is preferred since the sedim

ent 
load is m

inim
al. Thus, the SM

C is investing in the construction of 
French w

ells, rain w
ater harvesting to recharge ground w

ater aquifers, 
distillation, desalination and RO

 plants, as w
ell as the revival of unused 

w
ater sources. 

Execution of Balloon Barrage
A huge am

ount of w
ater that is released from

 the U
kai dam

 during the 
m

onsoon season flow
s dow

n the river into the Arabian Sea. How
ever, 

the Surat M
unicipal Corporation (SM

C) has zeroed in on the rubber 
dam

 betw
een Singanpore w

eir and the M
agdalla bridge to save this 

w
ater for generating hydroelectricity, satisfying the w

ater needs of the 
citizens and the irrigation needs of the farm

ers.
Rubber dam

 is a new
 type of hydraulic structure com

pared w
ith steel 

sluice gate, and m
ade of rubberized high strength fabric, w

hich form
s a 

rubber bag. The barrage w
ill be filled w

ith air, so that it can be inflated 
or deflated as per requirem

ent. (Read m
ore: Gujarat’s first rubber dam

 
to be built over Tapi – The Tim

es    of    India    htt
p://tim

esofindia.
indiatim

es.com
/city/surat/Gujarats-first-rubber-dam

-to-be-built-over-
Tapi/articleshow

/6025272. cm
s#ixzz1Bm

SO
hqm

f)

Hardening the W
ater Supply Infrastructure

In order to ensure continuity of w
ater supply in case of 

eventualities like floods, along w
ith the expansion of 

the w
ater supply netw

ork, the GRID netw
ork needs to 

be strengthened. W
hile dual supply has been provided 

at all w
ater treatm

ent plant,  pow
er supply needs to be 

enhanced and DG sets installed, to deal w
ith fluctuations 

or failures. This hardening of infrastructure w
ill be required 

w
ith clim

ate change and its effects becom
ing a reality.

W
aste W

ater Recycling 
In Surat, the recycling of tertiary treated dom

estic w
aste 

w
ater project is expected to be com

m
issioned by the Year 

2011-12. The project w
ill help in reducing the dem

and 
of sw

eet w
ater in Pandesara Industrial Area, w

hich w
ill 

be fulfilled through tertiary treated w
ater from

 Bam
roli 

STP. Likew
ise, having studied the feasibility of TT w

ater 
from

 other STPs, w
aste w

ater recycling projects shall be 
im

plem
ented. Industrial dem

and from
 the existing w

ater 
supply system

 w
ill be reduced initially by 40 to 45 M

illion 
Liters per Day. Sam

e shall be satisfied through supplying TT 
w

ater

Review
 of objective for U

KAI Dam
Presently, priority is given to irrigation and electricity 
generation to the U

KAI Dam
 w

ater discharge.  As per 
N

ational W
ater policy (M

oW
R, 2002) the drinking w

ater has 
highest priority in w

ater allocation follow
ed by irrigation, 

Hydro Pow
er, Ecology and other uses. This needs to be put 

into action in later years, if the Tapi continues to be the 
only source of w

ater.

Detailed projections:
Detailed m

odeling of future dem
ands under various grow

th scenarios and 
the assessm

ent of Clim
ate change on resources needs to be carried out 

W
ater Conservation Practices-

-W
ater Audit

Industrial consum
ers consum

ing 55 M
LD (average) of w

ater are 100%
 

m
etered. How

ever, dom
estic consum

ers are not m
etered. In the absence of 

m
etering, the account of w

ater produced vs. w
ater consum

ed is not assessed. 
At the sam

e tim
e, presently, each w

ater w
orks is 100%

 m
etered. Thus, w

ater 
being kept ready for distribution is  accounted for entirely. But the quantum

 
of w

ater that reaches the consum
er and is being consum

ed is not know
n. In 

order to establish total w
ater account for production and distribution, w

ater 
audit need to be conducted.
Follow

ing w
ould be the objectives of w

ater audit: to assess total w
ater 

produced, to assess w
ater used, losses both physical and non-physical, to 

identify and priority areas w
hich need im

m
ediate attention for control. This 

w
ater audit w

ill provide suffi
ciently, accurate area-w

ise losses to prioritize 
the area into 3 categories viz. areas that need im

m
ediate leak detection and 

repair, areas that need levels of losses (U
FW

) to be closely m
onitored, areas 

that appear to need no further w
ork now

. 
-100%

 m
etering in w

ater supply 
Various 

consum
ers 

like 
Industrial 

consum
ers, 

institutional, 
com

m
ercial 

connections are m
etered. How

ever, dom
estic consum

ers are not m
etered. 

in order to m
ake these consum

ers m
etered, m

etering policy have been 
introduced in Year 2008 and it is expected that by the year 2015-16, all 
consum

ers shall be m
etered.

- Save w
ater cam

paign
This cam

paign has been introduced in the year 2009 w
ith the intention of 

sensitizing the citizens of Surat and m
aking them

 aw
are of w

ater saving. 
This w

ill be turned into a continuous exercise. N
GO

s, Schools, Colleges, and 
Departm

ents of U
niversity shall be engaged / involved for creating aw

areness, 
changing atti

tudes, m
inim

izing w
astage at the consum

er level and conserving 
drinking w

ater.
M

onitoring W
ater quality

The health study has pointed out the need for im
proved linkages betw

een 
public health surveillance and w

ater quality m
onitoring. The Hydraulic 

departm
ent has a functioning w

ater quality m
onitoring system

 w
hich needs 

to be linked real-tim
e w

ith the Public health departm
ent and its activities. As 

the city grow
s, these linkages w

ill be critical.
M

onitoring of upstream
 w

ater quality and initiation of a system
 for real-

tim
e rem

edial actions on to control algal bloom
s, fish kills and other quality 

problem
s. This system

 w
ill require active participation of Pollution control 

Board, Irrigation departm
ent and SM

C.
M

oreover,   a com
puterized w

ater quality m
onitoring system

 covering source 
to taps including the w

ater utility, citizens and Health departm
ent and private 

m
edical practitioners is necessary. Different elem

ents of this system
 exist, 

but they needs to be integrated in to a single system
 to provide necessary 

inform
ation to different departm

ents on a near real-tim
e basis.

Source: ACCCRN
 Sector Study: Flood Risk M

anagem
ent, 2010

STRATEG
IES
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1. B. W
ASTE W

ATER/                 
         SAN

ITATIO
N

1. C. FLO
O

D
         M

AN
AG

EM
EN

T

Sustaining green netw
orks &

 industrial use
Hierarchical usage
W

ith the expected grow
th of population and industries, the city 

is likely to face w
ater scarcity in the future. Currently the Surface 

w
ater is the m

ain source of w
ater and there is need for developing 

strategies for using alternate sources of w
ater including treated 

w
aste w

ater.  All existing Sew
age Treatm

ent Plants are designed 
and constructed to achieve BO

D and S.S of 20 m
g/l &

 30 m
g/l 

respectively as a final treated sew
age quality.  Surat city has 

developed about 101 gardens w
here the w

ater is required for 
daily basis.  The treated sew

age contains high am
ount of nutrients 

like N
itrogen &

 Phosphorus w
hich can be reused for gardening. 

There is a need for assessing future dem
and and supply  of various 

qualities of w
ater at city level for developing dem

and focused end 
use strategies to m

eet em
erging w

ater scarcity challenges.

Increasing treatm
ent  Capacity

At present, sew
age generated is about 545 M

LD and the total capacity of 
sew

age treatm
ent plants is 642.5 M

LD.  The expansions as w
ell as new

 
construction of treatm

ent plants are required to fulfill the treatm
ent 

capacity of projected value of about 1350 M
LD in year 2026.

Separating Com
bined flow

s
Storm

 W
ater and Sew

age should be treated separately w
hich otherw

ise 
leads to huge losses in good quality w

ater and an unnecessary load on 
the treatm

ent units. A program
 for diversion of sew

age from
 storm

 
drains has been initiated to ensure purity of the river w

ater. 
Energy Production
Energy costs of sew

age treatm
ent is a m

ajor issue in m
aintenance of 

STPs. Sew
age gas based pow

er production w
ith total capacity of 3.5 

M
W

e has already been com
m

issioned at 4 sew
age treatm

ent plants. 
Energy production by anaerobic degradation of sludge should be 

Increasing, U
pgrading &

 Hardening Infrastructure
W

hile the city has a fairly w
ell m

anaged sew
erage and solid 

w
aste m

anagem
ent system

, it needs to expand w
ith the grow

ing 
population. Also the netw

ork needs to be hardened to w
ithstand 

both slow
 and fast onset changes as w

ell as grow
ing dem

ands 
on these services. The expected changes in rainfall am

ount 
and intensity in Surat is likely to require m

odifications in design 
param

eters, especially peak flow
s of storm

 w
ater drainage. The 

sea level rise is likely to require changes in outlet levels w
hich 

are currently above m
axim

um
 tide levels. The changes in per 

capita w
ater use m

ay be m
ostly driven by lifestyle changes, w

ith 
tem

perature increase adding on to the increased dem
ands. The 

capacity of the sew
erage system

 of the inner city needs to be 

End- to- End Early W
arning System

Setti
ng up an advance w

arning system
 at U

kai dam
 is an urgent 

need to protect the people, reduce econom
ic losses and  ensure 

business continuity. This w
ill aid in decision m

aking at the dam
 

site to allow
 controlled low

 discharges based on dam
 capacity and 

three day forecast of rainfall events in Tapi basin. This w
ill ensure 

an increased respite tim
e, w

hen faced w
ith high influxes in U

kai 
dam

.
Inform

ation &
 Data m

anagem
ent

M
eteorological, reservoir m

anagem
ent and dow

nstream
 flood 

routing m
odels should be regularly updated w

ith the changing 
environm

ental param
eters including land use, urban developm

ent, 
reservoir conditions, channel profile and exposure.
Intensifying lines of Com

m
unication

Surat already has a W
ard level disaster m

anagem
ent plans in 

place (City Disaster M
anagem

ent Plan 2010). Efforts have been 
m

ade to translate this to the com
m

unity through education, drills 
and com

m
unity involvem

ent. How
ever, w

ith the im
plem

entation 
of an early w

arning system
, regular situation and forecast 

reports w
ill be m

ade available to all decision m
akers and a m

ulti 
stakeholder body w

ill take action based on the real-tim
e m

odel 
results M

arking of different levels of floods on service line poles, 
buildings etc. and linking all advance w

arning to these levels (E.g. 
Blue, Yellow, Red levels to indicate low

 m
edium

 and high flood 
zones  can also be explored.

M
apping of flood risk and regulation of construction in flood 

plains
Detailed flood m

odeling should aid  the identification of flood prone 
areas. The expansion of the city should be inform

ed by flood risks. 
Im

provem
ents in Land use Policy and building regulations  m

ay be 
necessary to m

itigate  flood risks.

Flood subm
ergence m

ap of Surat City for flood discharge of 0.4 m
c

Source: ACCCRN
 Sector Study: Flood Risk M

anagem
ent, 2010

Diversion of flood w
ater from

 River Tapi
Provide drains / culverts along the roads, railw

ays, canals so as 
to spread the depth of flood w

ater to less than 1 m
 or so in m

ost 
of the areas w

herever drainage is not feasible. The ground w
ater 

charging can be considered for local low
 lying areas. An attem

pt 
be m

ade to m
ark and display the predicted flood levels in term

s 
of M

SL as ‘w
arning system

’ and ‘no activity zone’ of flood plane 
in display guides for disaster m

anagem
ent operations. Planning 

w
ill include w

ater bodies in district planning and urban planning 
as w

ell. A M
ultipurpose detention reservoir be developed for 

com
m

unication, as a source of raw
 w

ater, as a controller of 
salinity ingress, as costal w

ave protection against rising tide, as 
entertaining centre w

ith w
ater sports etc. w

ith a cost benefit ratio 

Balloon Barrage
The proposed balloon barrage project can provide the 

follow
ing benefits:

- 
Coastal 

protection 
against 

high 
tide 

(w
ith 

Clim
ate 

Change im
pact).

- 
Recharge rainw

ater to saline GW
L of flood plain.

- 
Provide source of raw

 w
ater for no-source villages of 

Choryasi Taluka and Hazira industries
- 

Provide a w
ater body for recreation, garden along the 

sea, and to serve the purpose of clim
ate control etc. and

- 
Spill extra w

ater to sea by Balloon spill w
ay during low

 
tide (HTL 4.5 m

 low
 tide 00 at sea).

- 
The above concept w

as discussed by Desai and Tailor 
(2006) and form

s part of studies carried out by Agnihotri 
and Patel (2008a and 2008b).

0.0 m
t. –

1.5 m
t.

0.0 m
t. –

1.5 m
t.

0.0 m
t. –

1.5 m
t.

0.0 m
t. –

1.5 m
t.

D
epth of Flood W

ater
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2. LAN
DU

SE &
       

    PLAN
N

IN
G

3. SO
LID W

ASTE

Density &
 open space, green belts

The heart of the city is very congested and needs som
e am

ount 
of open area. Planners should incorporate green netw

orks 
w

ithin congested neighborhoods, extensive green lungs w
ithin 

interm
ediate areas and green belts in the peripheral areas of 

the city.
Residential density
Instead of horizontal spreading of the residential areas, vertical 
increase should be prom

oted w
hich can give m

ore m
ovem

ent 
and green area. How

ever, this w
ould necessitate  changes in land 

use policy and regulations. The planning of such areas should  
integrate infrastructure and services as w

ell as address concerns 
of   m

obility  and livability. Essentially, a healthy residential 
developm

ent should be encouraged, so as to avoid extrem
ely 

congested neighborhoods am
idst of gated suburban enclaves.

G
reen building &

  inducing sustainable therm
al com

fort
For the developm

ent of areas the bylaw
s to incorporate m

easure tow
ards 

‘green’ of ecologically effi
cient buildings. The drainage lines should have a dual 

pipe system
 so that soiled w

aste w
ater can be reused for flushing, gardening or 

other reuse purposes w
ith m

inor treatm
ents at site.

Rain W
ater Harvesting system

 in  all large new
 buildings are being im

plem
ented.  

An annual review
 system

 to m
aintain effectiveness of such RW

H structures 
needs to be put in place. Also, feasibility of using these storages as a standby 
before the w

ater crisis period also needs to be explored.
W

ater bodies and the urban environm
ent

W
ater bodies im

prove the general environm
ent and livability of the city. 

M
oreover, they create good m

icro clim
atic conditions and m

ake for excellent 
public spaces. Existing w

ater bodies can be conserved and developed. In 
addition, SM

C should undertake developm
ent program

s like reclam
ation of 

Tapi bank. W
ater bodies are being developed as eco-zones for entertainm

ent. 
Eco-education for youth can be m

ade a part of these projects. Since Surat is 
M

alaria endem
ic area, ecological vector control m

easures should be should be 
integrated in design and m

anagem
ent of these structures. 

Decentralization
N

ew
 or developing areas can have decentralized treatm

ent units 
and incentives can be allotted to such units that reduce the load 
to STP’s. M

oreover decentralized grow
th w

ould also allow
 for 

better allocation of infrastructures and resources and alleviate 
traffi

c conditions.
Slum

 free city
There are about 406 slum

s in the city accom
m

odating a population 
of about 0.6 m

illion for w
hom

 up gradation schem
es w

hich have 
been initiated by SM

C. These program
s can be strengthened &

 
prom

oted and an action plan activated be m
ade tow

ards slum
 

free city. 
Future Developm

ent
Appropriate m

odifications to DCR to encourage transit oriented 
developm

ent are necessary. They w
ould include higher FSI along 

transit corridors and developing nodes at appropriate locations.

Decentralized Solid W
aste

Decentralized Solid W
aste processing system

 can be adopted 
into the developing areas w

hich can lead to reduction into the 
m

unicipal solid w
aste m

anagem
ent system

.   For e.g. large hotels 
and Canteens can adopt either decentralized com

posting system
 

or anaerobic degradation and biogas generation system
.

W
aste Segregation

W
aste Segregation at source should be prom

oted w
hich can help 

in segregating m
uch of reusable and recyclable w

aste further 
reducing the load on disposal facilities w

ith increasing shortage 
in available land. Incentives should be given for those units 
follow

ing the norm
s and penalties for the ones disobeying them

. 
Aw

areness generation at household/com
m

unity level should be 
undertaken.

Continuous M
onitoring

The existing netw
ork of solid w

aste m
anagem

ent has proved to be extrem
ely 

effi
cient. How

ever, continuous m
onitoring of the facility needs to be continued 

for sustained success.
Aw

areness
The solid w

aste m
anagem

ent is currently w
orking satisfactorily, but hygiene 

practices in handling and disposal need further im
provem

ent. W
ith increasing 

tem
peratures under clim

ate change scenarios, the decom
position rate of 

degradable m
aterials is likely to increase and w

ould require tim
ely handling 

and disposal.

4. TRAN
SPO

RT
Controlling personal vehicles
The num

ber of cars on the roads can be controlled by introducing a 
taxation system

 or other alternatives - as used in cities like London 
and Singapore. This w

ould require building of trust on public transport 
system

, before introduction of these disincentives.
Investing in Public transport
Absence of public transport has m

eant the escalation in Autorikshaw
s 

and personal vehicles. These w
ill lead to over- loading of essential 

infrastructure, 
pollution 

and 
traffi

c. 
The 

Gujarat 
Infrastructure 

developm
ent board is investing in studies relating to public transport 

like the ‘Integrated Public Transport System
 (IPTS) Studies’. (for m

ore 
see: htt

p://w
w

w
.gidb.org/cm

s.aspx?content_id=271)
Preventing encroachm

ents
The m

argins of m
ajor roads and the footpaths are encroached 

upon in several sections for a variety of purposes including inform
al 

activities as w
ell as for day parking. Building regulations have to 

include provision of internal parking in all industrial and com
m

ercial 
buildings.  The new

 regulations  should integrate both flood m
itigation 

as w
ell as parking issues for  com

m
ercial and industrial properties.

Peak hour Traffi
c m

anagem
ent

Traffi
c m

anagem
ent should be m

ade m
ore effi

cient, especially during peak 
m

orning &
 evening rush hours. A good traffi

c inform
ation system

 along w
ith 

staggered tim
ings  across industries m

ay be tested and im
plem

ented.
Prom

oting car pools
Vehicle pooling should be prom

oted by giving som
e incentives at w

ork-places 
reducing fuel usage and air pollution.
Public Transport
Surat is im

plem
enting a Bus Rapid transport system

.  How
ever, parking is an 

issue along the route stops. The BRTS needs to be integrated w
ith  Para-transit 

system
 so that origin to destination solutions are available to com

m
uters 

w
ithout having to use private vehicles.   Issues like punctuality, com

fort and 
security should be addressed to build trust on public transport system

. The 
current para-transit system

 w
ill require m

ajor revam
ping and shifting from

 
solely autorikshaw

 based system
 to a m

ix of autorikshaw
 and sm

all four 
w

heelers running on shared taxi as w
ell as route based system

. It w
ill be a 

m
ajor challenge considering the taxi and autorikshaw

 unions.  Aw
areness 

generation as w
ell as piloting w

ill be required w
ith active involvem

ent of BRTS  
and other public transport system

s.



CO
N

TEN
TSCHAN

G
E

STRATEG
IES

   STRATEGY                                                 SHO
RT TERM

     I     M
ID TERM

     I     LO
N

G TERM
    IM

PACT
ASSESSM

EN
TS

45

IM
PACTS

SHO
RT TERM

M
ID TERM

LO
N

G
 TERM

5. PU
BLIC HEALTH

Im
proving Surveillance system

Im
proving the surveillance system

 and near-real tim
e M

anagem
ent 

inform
ation system

s and im
proving linkage w

ith Hydraulics and sanitation 
departm

ents needs urgent attention. M
oreover, vector borne diseases are 

com
plex issues that need to be understood better w

ith ongoing research 
and surveillance system

s. For instance: The U
rban Service M

onitoring 
System

 (U
rSM

S) project w
as developed for im

proving the m
onitoring and 

grievance redressal for health, w
ater supply, sew

erage and solid w
aste 

services. (for m
ore see: htt

p://surat.ursm
s.net/cm

s/hom
e.aspx). 

All w
ater bodies should integrate ecological/biological vector control 

system
s so that proliferation of m

osquitoes is m
inim

ized. Surat has one of 
the largest netw

ork of canals passing through the city. These also should 
be regularly m

onitored for m
osquito breeding in their neighborhoods.

Aw
areness

IEC activities to ensure citizens aw
areness and involvem

ent in disease 

Anticipate problem
s

Focused research to anticipate possible im
pacts due to clim

ate change and 
urban grow

th.
Also all w

ater storage structures(natural and m
anm

ade) should incorporate 
either biological control m

easures or screening system
  to prevent breeding 

of m
osquitoes. Increasing the distance betw

een anim
als and hum

an habitat 
as w

ell as im
plem

entation of city w
ide rodent control m

easures w
ill be 

necessary to reduce the risk of zoonotic infections like plague, Leptospirosis.  
Im

proving Sanitation at the w
et m

arkets and food stalls w
ill be another issue 

that needs sustained interventions 
Given a significant population of households depending on dairying w

ithin 
the city now, it w

ould be a challenge.  System
atic efforts tow

ards reduction 
of dom

estic anim
als w

ithin the city over m
edium

 term
 can reduce traffi

c, 
sew

erage and solid w
aste m

anagem
ent to som

e extent.  Education, skill 
building and alternative em

ploym
ent generation  program

m
es w

ill be 
necessary over m

edium
 term

 to address these issues.
Infrastructure for w

eaker sections
Incorporating the ventilation and other passive  cooling  system

s  in W
eaker 

section housing program
m

es.  Surat has an effi
cient Com

m
unity developm

ent 
departm

ent, w
hich can be used to generate aw

areness about sanitation and 
health linkages.  The current program

m
e of EW

S housing is also supported 
w

ith aw
areness generation of better sanitation to new

 residents,  w
hich can 

be further strengthened and extended until the new
 residents  are able to 

appreciate and m
aintain healthy surroundings.

 Indoor Therm
al com

fort
Increased tem

perature w
ill have an im

pact on hum
an health 

and effi
ciency. W

hile the heat stroke related m
orbidity and 

m
ortality is currently rare in Surat, it m

ay increase and 
im

pact vulnerable population including infants, old aged 
people and poor w

ho live in houses w
ith low

 ventilation 
and couldn’t afford space cooling costs. Developm

ent of 
options for m

ore affordable therm
ally com

fortable houses 
w

ith passive cooling and m
ainstream

ing them
 am

ong the 
builders, prospective buyers is necessary. The governm

ent 
buildings and schools m

ay be retrofitted w
ith som

e of 
the features and a dem

onstration/support center m
ay be 

created w
ithin Tow

n Planning departm
ent to prom

ote these. 

6. SO
CIAL CO

HESIO
N

/ 
EQ

U
ITY

Developing local level agencies
Build, strengthen and em

pow
er citizens local level groups in m

anaging 
their areas and services.
Aw

areness &
 com

m
unity dialogue

Aw
areness generation, form

ing issue based groups for com
m

unity action 
on m

anaging local assets and address issues.

Im
age and Conflict resolution

M
anaging the Surti social im

age through local groups and positive action . Preventive 
action on conflicts.

Educate
Given the geographic and social context of Surat(nearness to 
M

um
bai, M

um
bai- Delhi transport corridor, im

proving trade 
links w

ithin the country and overseas, increasing w
ages, 

com
petition from

 em
erging textile industrial clusters), it’s 

livelihood profile can potentially change through a shift 
over long term

 from
 industry dom

inant  econom
y to a 

service sector base econom
y. This transform

ation needs to 
be m

anaged effectively through im
provem

ent of education 
and m

aintaining  social harm
ony to face the change along 

w
ith city grow

th.  Education can create aw
areness on the 

advantages of a socially resilient society. Q
ualities such as 

equality and openness can be cultivated early on to ensure 
that the city rem

ains vibrant, in spite of continued pull 
m

igration 

7. IN
STITU

TIO
N

AL 
FRAM

EW
O

RK
Developing Staff skills
N

ew
 technology

N
ew

 Technologies that can m
ake system

s w
ork m

ore effi
ciently and in 

cost effective w
ays should be m

ade an integral part of the SM
C’s and 

SU
DA’s Plans. The potential technologies w

ill include m
echanization of 

m
aintenance of infrastructure and services, use of IT for governance and 

also m
anagem

ent of lifeline services etc. SM
C has already initiated several 

interventions in this direction including  setti
ng up of an IT departm

ent, e 
and m

 governance initiatives etc.
Active com

m
unity participation

SM
C has built a effective com

m
unity developm

ent departm
ent, w

hich 
caters to m

any needs of poor and has established trust am
ong them

.  
M

ore proactive m
easures can be taken to involve other com

m
unities in 

resource conservation and disaster m
anagem

ent program
s.

Innovative w
orking m

odel such as PP m
odel, intervention 

of private sectors
Public Private Partnerships need to be supported for faster turn-
over in infrastructural projects.
N

ew
 policies and governing  m

echanism
Policies need to be analyzed and refurbished depending on 
current situations.
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8. EN
ERGY

Dem
and Side M

anagem
ent

The Governm
ent of India has enacted Energy Conservation Act 

2001 to prom
ote energy saving as one of its m

ission. The energy 
dem

and side m
anagem

ent is to guide consum
ers on energy saving 

w
ith use of energy effi

cient appliance and guide m
anufacturers 

and consum
ers on appliance quality w

ith im
proved life cycle 

operation.
Investigation of m

echanism
s that w

ould help finance dem
and 

side m
anagem

ent program
m

es in all sectors by capturing future 
energy savings.
There is a need for program

m
es to incentivize energy conservation 

across  various scales and activities starting from
 households to 

organization levels. These incentives should include issues of 
energy saving practices indoors as w

ell for m
obility and other 

uses.  

Energy Infrastructure
Review

 of safety factors of infrastructure for all installations in the 
clim

ate risk prone areas is needed and augm
ented.

Future Indicative Energy M
easures at Surat

Solar energy use should be encouraged for all establishm
ents 

w
ith floor area of m

ore than 300 sqm
.

Adoption of Load M
anagem

ent Technique.
Tariff 

restructuring 
and 

im
proved 

m
etering 

arrangem
ent 

to 
m

inim
ize pow

er thefts/losses Incentivising energy savings and 
use of energy effi

cient gadgets. 

Public aw
areness, capacity building and training.

Shift to energy effi
cient appliances in designated sectors through 

innovative m
easures and re-engineering to m

ake the products 
m

ore afford- able.
Better 

technologies 
in 

illum
ination, 

transportation 
and 

conservation of pow
er. N

ew
 generation of lighting equipm

ent, 
inverters as w

ell as e-bikes and cars can certainly help in m
eeting 

the routine requirem
ents w

ith m
uch less pow

er than w
hat is 

consum
ed in the present tim

es.

‘Clim
ate Proofing’ infrastructure is necessary to ensure supply 

of energy in tim
es of floods, Higher tem

perature and Higher 
Precipitation in Surat. For this purpose, Clim

ate proofing of the 
off-city installations is also essential. Clim

ate risk screening of of 
all energy infrastrcture is necessary, w

hich should include risks on 
inputs (w

ater, w
ind, actual infrastructure(including generation, 

transm
ission and distribution infrastructure), as w

ell as peak 
dem

ands under extrem
e w

eather conditions.

ECBC com
pliant buildings w

ith green building architecture are 
being encouraged. Though the schem

e is voluntary, aw
areness is 

being increased through continuous outreach program
m

es.

Solar energy should be encouraged for all establishm
ents w

ith 
floor area of m

ore than 300 sqm
 and Solar Panels for public 

advertising, lighting in open areas, public utilities, streets, etc.
M

andatory 
em

ergency 
captive 

pow
er 

supply 
arrangem

ents 
m

anage pow
er cuts for m

edium
 and large enterprises and m

ulti 
storied buildings  

Interim
 solutions of single point connection in unauthorized 

colonies and slum
s.

Private 
Sector 

Participation 
in 

different 
stages 

of 
Pow

er 
generation, transm

ission and distribution.

M
anagem

ent of reactive pow
er in the distribution netw

ork has 
to be initiated.
Greater use of renew

al sources of energy viz., W
ind, Solar, Bio 

and Sea w
aves could lead to m

uch needed im
provem

ent. Surat 
has already installed sludge based energy generation as w

ell as on 
w

ind pow
er. The share of renew

al energy needs to be increased 
so that the energy dem

ands of essential services can be m
ostly 

m
et by the alternate sources, eventhough  technologies are 

currently priced high. 

U
ses of solar energy and w

ind energy, w
hich is less than 2%

 
currently, at the Industrial Installation and im

portant building 
have to be prom

oted

Role of the Gujarat Energy Regulatory Com
m

ission (GERC) is 
very crucial in bringing about policies and changes in regulation, 
w

hich w
ill further enhance the renew

able energy developm
ent 

in the country.
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About the Rockefeller Foundation

The Rockefeller Foundation w
as established in 1913 by John D. Rockefeller, Sr., to “prom

ote the 
w

ell-being” of hum
anity by addressing the root causes of serious problem

s. The Foundation sup-
ports w

ork around the w
orld to expand opportunities for poor or vulnerable people and to help 

ensure that globalization’s benefits are m
ore w

idely shared. The Rockefeller Foundation believes 
that there is a current opportunity to catalyze attention, funding, and action in building clim

ate 
change resilience globally. The goal of the Clim

ate Change Resilience Initiative is to build resil-
ience to clim

ate change risks for poor and vulnerable people, especially through targeted invest-
m

ents in developing, dem
onstrating and replicating resilience strategies, and through leveraging 

policy opportunities to support and fund resilience building m
easures.

About the Asian Cities Clim
ate Change Resilience N

etw
ork

The Asia region is the strategic geographic focus for the Foundation’s urban clim
ate change resil-

ience w
ork. M

ore than 60 percent of the increase in the w
orld’s urban population in the next 30 

years w
ill occur in Asia, the continent w

ith the largest urban population, and the largest popula-
tion at risk to clim

ate related im
pacts. Decisions m

ade in cities today w
ill either am

plify clim
ate 

change im
pacts or reduce them

, and thus there is a narrow
ing w

indow
 of opportunity to ensure 

that the cities of tom
orrow

 are developed in a clim
ate resilient m

anner. Addressing urban grow
th 

and clim
ate trends in tandem

 in the Asia region provides the opportunity to create urban resil-
ience strategies that w

ill benefit the largest urban population of the w
orld, and w

ill develop m
od-

els that can be exported to other regions. Through the developm
ent of the Asian Cities Clim

ate 
Change Resilience N

etw
ork, the Rockefeller Foundation w

orks w
ith city governm

ents, academ
ic 

centers, non- profits and the private sector to collectively im
prove the ability of the cities to w

ith-
stand, prepare for, and recover from

 the projected im
pacts of clim

ate change. Cities w
ill develop 

a replicable m
odel to assess clim

ate risks, assess vulnerabilities, identify, prioritize and im
plem

ent 
resilience building m

easures. These interventions w
ill span health, infrastructure, w

ater, disaster, 
urban planning/developm

ent issues, and w
ill include leveraging policy incentives and investm

ent 
funds to im

prove infrastructure, services, disaster m
anagem

ent and preparedness strategies.  
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