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Executive Summary

. Introduction

India is one of the most vulnerable and risk prone countries in the world to projected climate
change. Rapid population growth, high population density, poverty and high differentials in access
to housing, public services and infrastructure have led to an increase in vulnerability over the last
FS6 RSOIFRS&asx SalLISOALffe An/predigeR that QinatedeNdngeyhas O S y
potential to intensify the frequency and intensity of current hazards and the probability of extreme
events, and also stimulate the rise of sea level and new vulnerabilities with differential spatial and
sociaeconomic pacts. The impact of climate change on urban areas can be serious. We need to
take adaptive measures to strengthen resilience of our cities. This is particularly important as our
urban population is expected to increase by hundreds of millions in thengpaiecadesDue to
vagaries of climate, increased anthropogenic activities and encroachments, and unmindful
constructions along the rivavanks cities often face disasters like floo@ihese will impact socio
economic conditions, leading to loss of livelilds, infrastructure and property damage in affected
areas, and hardship for vulnerable communities. At the same time, the rapid growth of
urbanization offers an opportunity to take proactive measures to adapt urban growth to make our
cities more resiliento climate change.

The analysis of the projected impact of climate change in urban areas and examining a way forward
towards building a climate resilient city is a complex task. It requires interdisciplinary research work
involving the hydrodynamic analg, socieeconomic assessment, understanding the techno
economic constraints and urban system simulation. It also requires the integration of these various
aspects in a coherent framework. Fortunately, some of the building blocks are available, bus what i
missing is an integrating framework. The study develops a methodology to integrate outcome of
available city specific analysis and expands it to generate a procedure to introduce climate change
concern in the existing framework for decision support syst¢DSS), for identification of
adaptation options given the uncertainties of projection and scenarios to generate robust results.

In this project, analytical methods have been developed in the context of a specific case study of
Surat city. As the hydrolggof the region is shaped by Tapi River, Ukai Dam at upstream (~100 Km
east) of Tapi River, proximity to sshore, and frequent rainfall especially in July and Augbst, t
findings of the project are quite relevant for Surat city as well as other ciaggy more or less
similar conditions and which are in transition and on a development path. It is hoped that these
findings are shared with the larger group of policy makers, academia and local community to
initiate a meaningful dialogue on climate risgeneral perceptions about the adaptive capacity and
how adaptation can be mainstreamed in these policy processes. There by, the study will help
further policy formulation, especially the formulation of city development plans to understand how
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climate risls and adaptation can be incorporated into these plans to make cities climate change
NEAATASYd FYR YAYAYATS RIYF3AS G2 OAGASaQ @dz y

Il.  Objectives of the Project

1. To develop an integrated analytical framework for urban areas in the background of a
specific case study of Surat City;

2. To assess the flood vulnerability of the city, its infrastructure and its people; and

3. To develop a procedure to incorporate climate change concerns and adaptation
measures that can make a city resilient to climate deimduced vulnerability.

lll.  The Approach Taken

To address these problems for cities on ris@anks and adjacent to seacoast, the hydrology and
hydrodynamics of the region is to be understood scientifically in the context of climate change.
Extreme events areorrelated to major changes in climate. If the probability of an extreme event
and its magnitude is greater than normal by current standards, then additional adaptation actions
can be planned proactively. The aim is to carry out multidisciplinary anédysisated by a case
study of Surat city.

The approach we adopted to assess the flood vulnerability of Surat city has beerprootied.

The data have been organized on a GIS platform. Simulations are carried out with a hydrological
model (Hydrologic Hyineering Centers River Analysis Syst¢tB€ RAS model) to identify extent

and depth of flood waters in various parts of the city. This is done for three Tapi river water inflows,
one corresponding to the 2006 flood and another that may occur under cliclzege, which is

taken as 50% larger flow and the third one with 50% lesser flow than 2006 flood to see the impact
in a relatively normal year.

The main steps taken to assess the vulnerability of the city are as follows:

1) Assessment of the hydrology, atiatology, and built environment of Surat cityfhis has been
done with the help of the data available from various institutes like Surat Municipal
Corporation (SMC); Indian Meteorological Department (IMD); Irrigation Department (Surat);
National Remote Seaing Centre (NRSC), Hyderabad; IPCC SRES Climate Scenarios, etc. In
conjunction with GIS, the climate hydrology analysis results have been connected with land use
pattern, city topography, socieconomic characteristics, and infrastructure facilities teess
vulnerability.

2) Hydro-Climatic Scenarios:
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A IPCGSpecial Report on Emission Scenarios (SRES) climate scenarios of Surat region from 2000
to 2100 are analyzed to assess the likely maximum inflow in the Tapi River due to climate
change, which was considst to be 50% larger than the inflow due to the 2006 flood.

A Using CARTOSAT Imagery of NRSC, Hyderabad, on GIS platform with the integratien of HEC
RAS, hydralimatic scenarios for the study region have been developed. Hydrological models
serve primarily tle role of a link between climate scenarios and river water discharge
simulations as well as for estimating the magnitude and risk of floods.

A Analyses of hydrological profiles and flood intensity levels for the region have been
conducted for different inflav scenarios.

3) Critical infrastructure and sectors vulnerabilityfhis has been done by sample surveys of basic
infrastructure services and their facilities, e.g. schools, hospitals, buildings (public and private),
slums, and industries. Sample surveys anterviews of persons covering households,
administrators, professionals, slum dwellers, etc. in selected locations of the city were carried
out to identify and assess the different vulnerabilities of various facilities and groups to flood
risk. Vulnerabity indices were developed to get our idea of vulnerability under projected
scenarios.

V. Vulnerability Mapping

Keeping the objectives of the project in mind we have assessed the vulnerability of Surat city and
its people to climate change. We have also earrout the socieeconomic vulnerability surveys of

the city to find out level of vulnerabilities in the city in context of flood due to water discharge from
the UKAI dam into the Tapi river. For identifying and assessing the -mgatemrological
vulnerablity of the city, we have performed HEC RAS simulation modeling on ARC GIS platform.
Tools for vulnerability mapping and assessing the impacts of climate change on the region in the
study include Hydrological modeling tools (HEC RAS, HEC GeoRAS and HBtati#iti&l tools

(MS Excel and SPSS), Remote Sensing and GIS Tools (ERDASR®2agRE GIS and AutoCAD
Map) and IPCC SRES modéls. have also assessed the flood vulnerability of the city in various
water discharge scenarios from the UKAI damhls project we have mainly focused on the flood
analysis and flood related vulnerability of the city.

Moreover, vulnerabilities of coastal cities to climate change related risk exposure is explored in
this project. With natural growth as well as push magion from rural hinterlands, most of the
cities are likely to expand significantly over the next few decades and the risk profile expected to
worsen. Following are the few observations with regard to growing risks in the cities:

A Improved access from netridges and growing real estate demand, the cities have expanded
from one bank to both banks of rivers, thereby constricting the flood plains. As the city
expands, the demand for high value land within and periphery leads to blockage of natural
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drainage, acroachment of flood buffers (reservoirs and tanks) by landfills, narrowing of river
channels and flood plains. These encroachments increase the flood risks of the cities.

A The haphazard peripheral growth led by the private sector and individual housesiltiple
land owners further add to the complexity of the challenge. As the cities expand by multitude
of land developers, natural drainage is often blocked and increase in impervious areas as well
as filling of lakes have increased the pluvial flood rigksowing gap between master plan
projections and actual expansion of the cities can lead to increased risks of floods, water
logging as well as water scarcities in many cities over coming decades even without any
significant change in rainfall pattern. &hecurrent floods and water scarcities in cities like
Delhi, Ahmedabad, Vadodara, Pune, Surat, Bhubaneswar, Cuttack, Vishakhapatnam, and
others highlight this challenge. While urban planners are expected to incorporate these issues
in developing expansioplans and master plans, in practice the hydrological issues are still not
incorporated the way city needs in master plans.

V. Flood Inundation Scenarios in Surat city

Floodplain mapping results are shown using the flood inundation map. Surat is highlyatlgnier
flooding as much of it is in low lying areas. To know the flood vulnerability due to river flow and
peak water discharge from the UKAI dam, the analysis of inundation of the Surat city has been
done and floodplairmapping results are shown usingetifiood inundation map. Two scenarios are
developed, scenarid with the inflow corresponding to the 2006 flood and scen&iahere that

inflow is raised by 50%. Due to large uncertainty, as explained earlier we take 50% increase in Tapi
inflows as refleting the impact of climate change. Preliminary observations of these two scenarios
of Tapi river water discharge show the submergence zones. When we compare the two discharge
scenarios we find that with the change in river water discharge from Ukai d2®0#t level to 50%

level higher level, more areas get submerged.

The inflow in Tapi at Surat is largely determined by discharges from the UKAI dam. The extent to
which the reservoir can be used is limited by its capacity. It is seen that inflow increased.fr

00,000 cusecs (2900 cumecs) to 4, 00,000 cusecs in six hours and to 12, 00,000 cusecs (35,00C
cumecs) in 30 hours. It remained above 4, 00,000 cusecs for more than 4 days. The reservoir got
filled up in two days even though discharge level was raise8, 00,000 cusecs (23,000 cumecs)

and remained above that for 2 days.
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Zonewise Area submerged in Inundation scenarios
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Figure 1: Zonewise Area submerged in Inundation scenarios of Surat City
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Figure 2: Zonewise percentage of area submerged in Inundation sees®f Surat City

Figures 1 and 2 show area submerged of diffeerent zones. A sbstantial part of all zones get
submerged even in scenarios 1 and more in scenario 2.
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U Inscenariel, when 28,000 cu m per sec water is discharged from Ukai dam, then almost 270
sq km area out of a total area of 320 sq km would get submerged affecting mainly the west,
north, central and southeast zones of Surat city. Even in the central zone, which is the least
vulnerable, nearly 60% of the area is submerged. After studying thedation map closely,
the following zones and important locations have been identified as vulnerable to floods. West
and North zones have been identified as highly affected with more than 90% area under water,
whereas Central and Southeast zones are modyaaffected to inundation. Some areas of
Southwest and East zones are vulnerable to inundation due to discharge of 28,000 cu m per
second.

U Inscenarie2, when 50% higher i.e. 42,000 cu m per sec water is discharged from Ukai dam,
then almost 295 sq km aa would get submerged, an increase of 9.25% than that of 2006
level. The choropleth clearly depicts most of the parts of west and north zones will get
submerged with the increase of 50% in discharge. East and Southeast zones will also be at
great risk oflooding.

The Hope Bridge has a bank level of 4.1 m; therefore there will be alidutiBwater over the
right-bank area. Hence, the major parts of the Adajan area would get inundated. The Rander area,
having experienced fury of 2006 flood, will also benidated by 2 m depth of water in scenario

2.

U Inscenarie3, when 50% less i.e. 14,000 cu m per sec water is discharged from Ukai dam, even
then almost 228 sq km area would get submerged largely affecting the west, north, some areas
of central and southest zones of Surat city. There is only 15.5% decrease in submerged areas
if the discharge is 50% less than that of 2006 level.

It is not just area submerged that paints a grim picture for Surat, but the depth of water shows a
grimmer picture. Figure 3 sias areas submerged by depth of water.
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Surat City- All Zones
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Figure 3: Area submerged in Inundation scenarios of Surat-8ityzones

It is found that under climate change and the distribution of area submerged by depth of water in
the two scenarios, 230 sg km of Surat cityuld be under more than 6 meter of water, compared

to only 100 sq km in 2006 flood. Even in 2006 floods around 210 sq km was under 5 feet or more
water.

Important highlights of the submerged regions are:
A Low lying areas like Ved Road, Katargam, Singhang@dar Shah naal, etc
A Adjoining regions of Wetum-Causeway due to overflow
A Adjoining regions of Nehru Bridge at Chowk Bazaar

A Areas along the bridges and the river ghats always at threats with rising water level due to
discharge from UKAI dam
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A Creeksike Kakra, Bhedwad, Mithi, Bhatena and Simada overflow due to excessive water
discharge from Ukai dam and heavy rainfall in the catchment areas

VI. Socioeconomic Impacts on Facilities and Communities

To know the sock@conomic aspect of the devastating floodl 2006 in Surat, a field survey has
been conducted with a variety of questions to identify the key vulnerable locations in Surat, to
understand the impacts of flood in 2006 and to know and suggest various adaptation measures
needed to minimize the damagaue to flood in the future. We have identified four important
vulnereable facilities and communities such as schools, hospitals, slums and industries becuase of
the very role played by them for the society and economy, and these are most susceptibée in th
event of flooding.This study attempts to create a composite vulnerability index for these from the
different indentified vulnerability indicators specific to each of the®mce vulnerability calculated

is dynamic over time hence all the indicators astated to a particular time point only. However,

the vulnerability index developed is related to depth of inundation and will help to identify human
suffering and the economic loss related to providing social services and public assistance after
floodingfor another flood scenario.

The index is based on the probability of damages due to flood based on the intensity of damages
incurred in flood in the year 2006. Vulnerability Index also takes into account problem faced
immediately after floods, duration anldvel of inundation.

The vulnerability index provides an input to government machineries at different levels, such as
Municipal Corporation, State Government and other stakeholders dealing with natural hazards and
city planning to make an informed decisi@and take appropriate advance actions or plan for
actions when there is the menace of flood.

Vulnerability of Schools

Schools play a multiple role, be it for education or for safe shelter to the flood affected people.
Schools face three types of impaceducational impact, physical impact and economic impact.
Educational impact includes the damage to the school infrastructure, disruption in educational
activities, reduced quality of education due to loss of time, etc. Physical impact portrays that
studerts lose their sense of continuity and their hopes and plans for the future are disturbed.
Economic impact reveals the loss of income and reinvestment for repairing damaged parts of the
school. Educational infrastructure often plays a significant role irsueng sustainable
development. Chapter seven of the report delves into the flood vulnerability and adaptation
measures for schools.
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Vulnerability Index for the schools are based on the primary data collected from 56 sample schools
surveyed from the varias zones of the city. These sample schools are spread across different
inundation levels during the 2006 flood in the city. The sample composition tried to represent the

various categories of schools such as government funded, privately funded. Samplesa@@np

also consists of primary, secondary and higher secondary schools.

Vulnerability of Hospitals

Vulnerability of hospitals is important due to the significance of their role in the recovery of
community after disaster. In this study, the hospitalsttingere partially or fully affected by the
unanticipated flood of 2006 were surveyed and analyzed. This study has emphasized the impact of
flood on hospitals as hospitals play a vital role in providing essential medical care during disaster,
but they also €nd to be highly vulnerable being a highly complex and infrastructure intensive
facility.

The ability to assess vulnerability to flood is an essential prerequisite for taking advance action. The
measurement of vulnerability in this study is aimed at idging the vulnerability of hospitals due

to flood and provide an index that can help assess it in different flood scenarios. The vulnerability
index of the hospitals are based on the data collected through primary survey conducted by IRADe
from 50 samplenhospitals spread across the zones, namely North, East, West, South and Central
zone of the city. Sample comprises both government and privately funded hospitals from the
selected zonesDuring the field survey, it was found that 50 percent of the hospitaden the
selected sample have only the ground floor, which shows that they are the ones which are more
@dzt ySNIroftS G2 Ft22RAYy3IX 6SOFdzaS Ay OFasS 2% 7
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building construction is not proper and safe with respect to floods.

The major damage to hospitals occurs in the form of physical and economic damage. Our survey
results show the significant damage to the boundarylsyaloors, windows and wiring. Damage to
wiring can result in short circuit of the electric system, often leading to fire. Damage to
communication system leads to mismanagement that hampers the networking system among the
hospitals. It is also found dugnthe survey that flood interrupted the transportation system of
most of the hospitals. The damage to the transportation system of the hospitals often results in
much more disastrous situation, as patient care gets disrupted and the essential medicabalare

not reach the affected people at an appropriate time. The results show significant damage to the
flooring of the building along with others damages to the building, the reconstruction and repairing
will put another economic burden.
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Vulnerability of Slums

Rapid growth of labour intensive industries such as textile and diamond industry in India is
happening in Surat, which is attracting labourers from the rural areas of Gujarat as well as from
other states of the country. Despite the growth of housiagd expansion of the city area, a
number of slum settlements are there in the city. Slum populations are clustered around the
industrial area Udhndandesara, which accounts for 41% of total slum populations.

Most slum dwellers are nuclear family engag®tmnarily in unorganized sector for their livelihood,
having lesser means to cope with natural disasters like a flood. Slum houses afpusemiand
located in low lying areas having a poor drainage system where water logging is a regular menace.
The slims located on the bank of river Tapi and on the banks of creeks are severely affected by
flood almost every year. Moreover, the slums on the roads, canal banks and on the important
reserved plots are highly vulnerable to extreme events like floods.

To undestand the socieeconomic issues further and explore the flood risk reduction for the slum
dwellers, we have created vulnerability index for the slum settlements in different zones of the city.
The vulnerability indices for the slums are based on the pyndata collected from the 50 sample
slum dwellers from the slums located in North, Central, South and West zone of the city.

Flood in 2006 severely affected the slum households across all the zones, almost all the households
covered in the primary wsvey reported that they were affected during the flood and faced
property losses. Approximately 70 percent of the households reported that the water level inside
their houses was more than 50cm and the rest of the respondents reported that the levetaf wa
was at least 10 cm in their houses during the flood. The entry of water inside the houses causes
damage to the walls and the flooring. A large number of slum dwellers also reported vehicle
damage.

Our study clearly indicates that recurrent floodssposeveral hardships to the slum dwellers.
Fragile livelihood and disadvantageous living conditions make the situation grimhmer.
vulnerability index analysis of slum shows that South and West zones are relatively more
vulnerable at the same inundatioavels than Central zone.

Vulnerability of Industries

Surat is primarily dominated by small and medium scale industries. Industries having high
exposure, sensitivity to the impacts and lack of limited ability to cope or adapt to the floods need to
be awae of the possible future disaster events. The severity of the impacts not only depends on
the exposure, but also on the sensitivity of the exposed and on the capacity to cope or adapt.
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Having a prior knowledge will help to reduce the likely severity of ithpacts of the events
through planned adaptation measures.

Industrial facilities of Surat city are structurally exposed to flooding. The vulnerability index for the
industries are based on the data collected through a primary survey from the industry #isou
tangible damage to industry due to flooding to which monetary values can be assigned. The
magnitude of the damage may be taken as the cost of restoration of the property to its condition
before the flood event, or its loss in market value if restaatis not worthwhile. To construct the
vulnerability index 30 sample industries spread across North, East and South zones of the city were
surveyed to collect data about the loss of capital and loss of working days during the 2006 flood in
the city.

Vulneability analysis shows that the vulnerability of the industries to floods in the city is moderate.
Vulnerability index shows that industries in the east zone are least vulnerable whereas industries in
the North and South zones are the moderately vulnegata floods. Vulnerabilities also depend
upon the industry types (main products).

It is, therefore, necessary for all the stakeholders to improve their understanding of potential
impact of flooding, and develop a suitable strategy to mitigate/minimizeltiss caused by such
natural events in future.

VII.  Vulnerability and Adaptation: Concerns and Challenges

Although the level of exposure to hazard in India is high, vulnerability typically contributes more to
overall risks in cities of India. Reducing such walbiity will mean a shift in public policy towards
mitigation and adaptation. This needs to focus on the most vulnerable aspects through a mix of
policy, regulatory, fiscal and financial, institutional, sexidtural and political instruments. Flood is
amajor and frequent problem for Surat. However, Surat particularly, has the advantage of efficient
city administration, strong political consensus and fairly healthy municipal finances. Surat is one of
the few cities with higher credit rating, which enablet to raise funds for infrastructure
development. The city has also demonstrated its capacity to build resilience by improving the
guality of the lifeline services like water supply, sewerage, solid waste disposal and health. The
future target is to streagthen the existing infrastructure to withstand flood risk, to build
redundancies and improve resilience.

Surat city experiences floods frequently. During flood events 1998 and 2006, there was
considerable destruction of the city and most of the area @& dity was under water. In order to
reduce the intensity of unfavorable conditions and to reduce flood effect certain measures are
recommended. Because of increasing industrialization in the peripheral area of Surat, it is
experiencing rapid growth of popation. Due to industrialization, migrant population has also
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increased rapidly. A study on migrants in Surat reveals that almost every second family of the city is
an outsider settled here. It is noteworthy that, in year 1974, north zone had only tvegedland

west zone was almost half of what it is today. But with the increasing population pressure and to
accommodate the pace of development in the city, all the new settlements are found around the
river, riverbanks and the banks near west zone. Inl#is€ decade the migrant population increased
rapidly. The poor migrants often reside in slums generating illegal settlements. Pal Patiya, New
Haveli Temple, Bhulka Vihar School, Hanuman Temple, RTO building are some of the settlements
which are undesirabland make the river narrower. Rehabilitation or resettlement of these slums

to reclaim the riverbank could be a promising option for decreasing the death toll in future floods
(Mankodi 1992).

Some natural drainages carrying rain water which were used tet it Arabian sea some years
before are facing serious threat from the rampant construction to facilitate urban development.
The airport, constructed few years ago, is an obstacle for the drainage, which is passing under it.
Same way, a shipyard constradt near the mouth of the river is a barrier for one of the major
natural drainages. Such infrastructures should be avoided and if they are necessary then feasible
alternative arrangement for the rainwater discharges must be made before constructing them.

Parallel to the left bank of river Tapi, is M#khadi River, which ultimately meets the Arabian Sea.

An existing waterway between Tapi and Mihadi River could be a possible option to absorb
large amount of water at least cost by dredging the waterwayaintaining the slope, and
constructing suitable structures where needed on the way. Kim and Sena Creek are the two rivers
on right bank of the river Tapi, which lead the runoff of the surrounding area. As origins of these
two Creeks are nearby the rightink of the river Tapi, they can be easily interlinked by excavating

a channel at comparatively small cost. For irrigation purpose, Kakrapar canal network is already
there on both sides of the river Tapi. Parallel to sub branch canal of Kakrapar, oneateodesr

leads the water and meets the sea. By providing the canal escape at suitable location as well as
excavating channel between the escape and this river, an-lmkage can be provided. Such
planning can be helpful to run the canal at FSL in omtdaeduce water level at Kakrapar, which
increases rapidly due to discharge from Ukai during heavy rain fall in the upstream. As discussed
earlier, MithitKhadi river is flowing parallel to the left bank of river Tapi. It is proposed to construct
some waer storage structure in the form of reservoir and polder dams. In order to reduce water
level of Tapi during peak discharge, considerable amount of water can be diverted and stored into
reservoir no. 1 to 5.

! Dhruvesh P. Patel & Prashant K. Srivastava: Flood Hazards Mitigation Analysis Using Remosn8eBisng
Correspondence with Town Planning Scheme, 2013
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VIIl.  Adaptation Measures and Strategy for Flood Risks

In order to reduce existing risk levels, adaptation measures must be considered a fundamental
part of sustainable urban development. The adaptation measures can be classified as planned
and autonomous. Planned adaptation is the result of deliberatecpadiecision, based on the
awareness, and would progress from the #dpwn approach, through regulations, standards,
and investment schemes. Autonomous adaptation refers to those actions that are taken as
individual institutions, enterprises, and commungigdependently.

An important finding is that the huge monetary costs of these impacts are the uninsured losses
borne by households belonging to poor strata of society and the private sector mostly engaged in
informal activities. The study also examinke tesponses of local government institutions as well

as people to cope with flooding. There are a number of public and private adaptation strategies
that have been identified in this study. A significant finding is that all private initiatives and
respon®s are a direct oubf-pocket expense for the concerned individuals or establishments.
There is virtually no insurance cover that helps them to deal with the adverse impacts of floods
and bring about changes or improvements in the existing infrastructsoene of the public and
private responses have the potential to enhance the medium to-tengy adaptation capacity of

the city to cope with future floods. However, there is a need to address the larger issues of
climate risks and adaptation in the logrm development planning for the cities.

Measures of Adaptation option and Economic Implications:

Adaptation scenario is location specific requirement. Most of the systems, whether human or
natural, automatically adapt to accommodate some deviations froertrmal climatic conditions.

But when the impacts of climate change and climate variability are expected to fall outside the
O2LIAY3 Nry3aS 2F | LI NLGAOdzZ I NJ a2aiS¥s GKSy aLJ

Climate change and climate variability, tolger with other stresses on coastal environment
produce actual impacts and can be shown to have future potential impacts. These impacts trigger
efforts of mitigation, to remove the cause of impacts, and/or adaptation to modify the impacts.

Important Adaptation Measures

What can cities do to minimize damage from flooding? What adaptation measures cities can take
to minimize the damage from flooding? These are the few questions that pose challenges to find
out various adaptation options.

Among the varios options that one might consider are:

2 Anand Patwathan, et al.: Impacts of Climate Change on Coastal Zones
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1)

2)

3)

4)

5)

Reducing inflows:Scope to increase the capacity of UKAI reservoir should be explored. Also
models to forecast inflows in UKAI in advance should be made so that capacity to absorb
inflows can be increased. Between UKdhd Surat large flood plains can be developed. This
may be difficult as the areas required may be large. If one metre depth of water is to be
permitted, a flood plain of some 2000 sq km would be needed. Similar kind of strategy can be
adopted for other oastal cities or cities having reservoir nearby to them.

Raising embankmentThe cost may be huge as the length and height of needed embankments
need to be worked out.

Early warning for evacuationAs releases from UKAI reach Surat in about 8 hours, #us,
system of early warning and shelters could be created. The submergence level of the scenario
suggests the nature of shelters required in different zones.

Control future expansion:Optimal land use planning to protect vulnerable population and
commerce ca be promoted.Wide public distribution of the risk and extent of flooding will
make buyers aware and builders would be required to build in flood risk free areas. Of course,
regulatory authorities should play a role in directing development.

Flood proofing infrastructure facilities:Knowing the risk and extent of possible flooding can
help in their task. Rn for infrastructure and facilities needed for countering and protection
against adverse natural event depending on (i) probability and likelihood;(@ntechno
economic analysigzloodproofing of infrastructure for water supply, power and energy, storm
water drainage and storage, heat stress; $®&l rise, etc can be developed in flood prone
cities.

Apart from the above adaptation measures, watetorage and ground water recharging
facilitations can be considered and promoted. Administrative procedures and strategies,
incompliance with status of climate sensitive resources can also be taken into consideration.
Development of contingency plans fobraormal natural situation to support the livelihood
structure and ability of the people to function in adversity can also be strategized. Hence, an
holistic approach together with the economic implication analysis is needed for selected
adaptation optionsin consultation with stakeholders. Stakeholders at various stage of decision
making should be consulted to select adaptive measures and priority of action required for the
particular city.
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Figure 4: Framework for Adaptation Strategy

Soure: IRADe (2014)

IX. Conclusion

This research is anchored on applying appropriate models and tools that connect climate change,
hydrology, land use, infrastructure related to basic services for vulnerability mapping/ assessment.
The output and analysis of apgate solutions to manage hazards suggest measures to enhance
resilience to climate change. In the process we have augmented analytical capability of the
stakeholders that helps them to foresee climate variability and change and to assess socio
economic ulnerability to climate change. These suggest ways to develop climate resilient city and
update theds SOA & A 2y { dzfiid@waik al§o&ax iniBating action at local, state, and
national level involving stakeholders. This may facilitate designirggresilient development plan

that provides proactive safeguards to Climate Change.

The methodology developed and used in the project to identify and analyze the immediate to
mediumterm impacts and responses of flooding events is expected to improve tHerstanding
of adaptation interventions coming from the government as well as communities. The project will
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different areas of global change research amansferring the knowledge base to the scientific
community and policy makers. Better characterization of poatnt impacts and the recovery

process would further help in improving the disaster management interventions. The findings of

this project will ado help inform the authorities of other Indian coastal cities and other climate
networks.

The study measures the hydmeteorological and socieconomic impacts of selected extreme
weather events and inflows scenarios of flooding. It will help identify pélic and private
responses in the short to mediuterm and explores their policy implications for lotegm

adaptation capacity, city resilience and development plans. The case study of Surat also identifies

the immediate to mediurrterm post disaster reponses of the civic administrations, concerned
authorities as well as the citizens to cope with future floods.

Key Conclusions

x  The existing Central Water Commission (CWC) flood forecasting system seems inadequate

because the agency has limited informatim terms of rainfall record and not enough inflow
data. Modern technology for flood forecasting is developed day by day. It is not clear if the

CWC uses recent techniques useful for river monitoring and forecasting system. Moreover,

rapid population growh in the region, intensification of agriculture, climate change induced

events, changes in land use and river morphology and rapid technology development make it
essential to keep upgrading the forecasting system. In the existing system, river is gauged a

Kakrapar weir, Mandavi, Ghala , Katt®nganpur weir and at Hope bridge. It is suggested to

establish more rain gauge stations at Amlidam, Godadha dam, Godsamba village and at

Luharpur. All these stations should be interlinked with each other and mea&l tlata during
critical period should be monitored.
x The analysis under this study shows that west zone and swea#t zone are highly flood

prone while east zone is least. Topographically, west zone is the lowest zone and hence it has

more chances to gdtooded severely. As per Town Planning, Rasldgijan is low rise area in

the west zone,. lllegal and unauthorized settlements on the bank of river Tapi are constructed

in river flood plains, which can be affected by even a low intensity flood event.

x Dueto urbanization, some natural drainage is blocked by constructions. If such constructions

are a must, then alternate routes must be provided for natural drainages to flow. Data shows
that town growth is observed in the area (mostly sprawling inside thedflplains) and if
preventive measures are not taken into account, the death toll due to flood will be increased
in future flood events.

x Peak discharge can be reduced in Tapi by diverting some water into other rivers or reservoirs.

Hydrological informatioras presented in this report will be beneficial for policy makers and
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modelers in designing strategies for controlling flood hazards. It will be helpful for
development of advance flood forecasting system and preparedness of disaster relief
packages and #refore should be integrated with the current system, which will in turn
reduce flood damages and loss of human lives.

The key conclusions that emerge from the study are as follows:

Firstly, downstream flood inundation models considering theeteorologicd aspect need to be
regularly updated with the changing environmental parameters including land use, urban
development and UKAI dam conditions. Detailed modeling of future flood inundation under various
hydro-climatic scenarios needs to be explored to assenpacts of climate change on the people
and resources.

SecondlyJKAI dammanagement and its regular situation and forecast reports should be available
to all concerned decision makers. A multi stakeholder body should take appropriate action based
on the realtime model results.

Thirdly, there should be a riskased infrastructure and building use planning to minimize the
damage cost.

Fourthly,there should be various levels of flood danger mark at the visible places of the city to
make the people of theity aware of the impending threat, if any.

Lastly,Surat city has ward level Disaster Management Plan. This plan needs to be taken down to
the lowest strata of the society through various means such as drills, education, community
involvement, school cuiculum, hospital catalogue, etc.

X. Way Forward

1) Towards an Integrated Approach: Linking Science and Society

Science can provide objective scientific and technical advice to the society and policy makers,
especially for a complex processes like climate ghaand the soci@conomic vulnerability of the
region. Beyond the sectoral and disciplinary assessments of climate change, an urgent need is to
integrate the diverse scientific assessments and link them with polaking. While some
experience of using tagrated assessment models does exist in India, the capacity building in this
area still remains a priority in two respects:

Firstly,it is to provide policy orientation to the scientific assessments; and

Secondlyit is to provide robust scientific fouradion to policy making.
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The development of assessment tools taking into consideration various parameters related to
hydro-meteorology, soci@conomic conditions, hazanisks vulnerability, urban morphology and
infrastructures, institutional set up, etavould need commitment of sustained resources and
institutionalization of multidisciplinary and networking efforts within the scientific and policy
making establishments.

The status and key vulnerability concerns in India, more specifically the coars) msponse
strategies, and assessment challenges for diverse sectors and regions require integrated approach
for climate change vulnerability assessment and adaptation challenges. Integrated approach
refers to considering the full range of stresses thHect a resource or system, including climate
variability and change, land use change, and many other natural and human impacts (NAST,
2000)2 For example, in deciding policy for flood hazard management in a particular place,
integrated scientific advicehould include the direct and indirect effect of urban development,
agricultural runoffs, and climate changmduced increase in heavy precipitation events, along
with many other related factors. Integrated approach also refers to integration over rggion
sectors, and timescales. For example, the analysis of water availability may be first integrated at
individual subbasin levels, further integrated into individual river basin levels, and finally
integrated into national level. Such integration acrbssh multiple stresses and multiple scales is
needed to provide the type of comprehensive analysis that policy makers need.

Integrated assessment attempts to present the full range of consequences of a given policy
economic or environmental, prompt or dsled in order to determine whether the action will
make the society better or worseff, resilient or norresilient to climate change. A more
progressive adaptation framework for integrated assessment of climate change and vulnerability at
national, stateand local levels has to be compulsorily included in policy/ strategy towards climate
resilient urban development. Networking is a critical requirement for integrated assessment. The
NATCOM project has made a beginning where more than a hundreddisigplinary research
teams spread across the country have been networked together for a shared vision on climate
change related research (Shukla et al., 2002). Such initiatives have to be strengthened.

2) Incorporation of Urban Growth and Climate Change Scenanp€ity Development Plan
(CDP) and Master Plan

The urban populations as well as their incomes are expected to grow rapidly over coming decades.
The average income of 112 largest cities across India was estimated to be about 66,252 Rs/capita in

8 NAST, 2000. Climate Change Impacts on the United States: The potential Consequences of climate variability and
change. A Report on the National Assessment Synthesis Team. US Global Change Rexgarome, Washington
D.C.
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200809 (Irdicus Analytics, 2011). Most of the cities face severe capacity constraints to generate
city development scenarios under a rapidly transforming urban economy in the globalized world.
This limits more systematic approach to master planning process inforoyefuture growth
scenarios. The current master planning process for each area is no longer valid in the fast changing
urban contexts. Paradigm shift from the conventional population growth rate calculations and
archaic (single use) land use planning basester planning process to integrated infrastructure

and land use planning optimizing water, energy and land resources as well as services like
transportation in the resources, demographic and economic context. Development of such
scenarios and exploratioof alternate futures would necessitate mu#takeholder engagement
starting from city levels to national level. Enabling environment for incorporation of such concern is
slowly emerging with increased focus on urban rejuvenation efforts and investments.

3) Rapid Vulnerability Assessment Strategy (RVAS) Framework

Nowadays, cities are growing very fast, so are their risks. To make cities climate resilient we need
to assess their vulnerabilities in a rapid mode. Every city is different. No two cities are Aame.
formal strategy for rapid vulnerability assessment is needed which would support the decision
makers for prudent policy measures to make cities sustainable and climate resilient. As part of the
adaptation development process objective, this project reshahas studied the impacts of flood
disaster under the changing discharge scenarios in Surat city. There is a limitation in using tools for
vulnerability assessment and adaptation evaluation, therefore, one of the simplest tools and
strategies for RVA hd®en developed by IRADe.

Moreover, secondary data about impacts of floods to the city, existing flooding management,
adaptation capacity against vulnerability; and methods to prevent, prepare, mitigate and respond
those disasters and hazards need to belgeed in terms of vulnerability assessment of city to
flood water. The analysis results can be applied in assessing appropriate adaptation measures to
flood risks in other cities. This RVAS can be applicable especially to cities that have regulasfloods a
a natural disaster and as manade hazards.

Rapid expansion of Indian cities and climate induced risks to them pose several challenges to
resource management and infrastructure planning. And it is a matter of paramount concern for the
country. It also @plays an urgency of the need to adapt city level operations to both current
climate variability and future climate change. Since overall risk in Indian cities typically is associated
more with vulnerability than hazard exposure. It is, therefore impartarunderstand a number of
processes that are rapidly changing the Indian urban landscape, making cities more prone to the
natural disasters, altering the course of development, that as result affect the vulnerability of many
communities. Due to geograptal diversity of the country, vulnerability to climate change would
vary from city to city. Some cities would be more prone to flooding and other would be more
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affected by sea level rise and so on so forth. Impacts of variation in precipitation wouldalso
have uniformity. Therefore, there is an urgent need to assess the vulnerability to climate change of
major Indian cities in order to facilitate the adaptation at the city level.

This RVAS framework incorporates the project methodology and lessomns ¢eaing the study. It

is designed to help assess rapid vulnerability of a city by identifying vulnerable populations and
locations; and anticipate how they will be affected by likely hazards and develop strategies for
reducing its vulnerability. This RSAramework provides a stdpy-step process for preparing an
FaaSaaySyid 2F || OAGeQa LKeaAoOrt FyR az20Alft @d
and includes detailed instructions for conducting an assessment, a list of informatiois thetded

to complete the assessment, and worksheets for compiling and organizing data collected.

It can be used by the central and state government ministries; various stakeholders such as city
administration, city planners, etc seeking to understand @b R dzOS | OrAGeQa O
disasters, as well as by central, state, and local emergency preparedness or hazard mitigation
offices to help cities become better prepared for disasters. It can be used, for example, in preparing
a local hazard mitigatioplan.

We recognize, however, that not all local governments have the same level of resources and
expertise to carry out the vulnerability assessment. Similarly, most cities do not have the staff or
equipment to conduct a highly technical assessment. \&eehdesigned this RVAS framework so
that a vulnerability assessment can be conducted using information and maps that are readily
available, e.g., from government agencies and from the web. In some cases, a city administration
may choose to conduct a mor@ghisticated analysis, using-iouse GIS capabilities to generate
original maps and more detailed and-tgp-date analysis of vulnerable populations and locations as
the case with the Surat Municipal Corporation.
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PARTI: INTRODUCTION
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CHAPTER 1: INTRODUCTIONO PROBLEMS AND ISSUES

1.1 Rationale and Background of the Study

The flood is a common and disastrous event in human life. It occurs due to overflow of river banks
and leads to destruction of human property and life. t may8 FAY SR | & &l NBf |
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water which rises to overflow land which is not permanently submerged. In many parts of the
country, flooding reaches cattrophic proportions during the summer monsoon season. River is
said to be in flood when its water level overflows its banks at the particular site. Flooding is not just
confined to the Indian subcontinent but is a globally pervasive hazard. Therefaseflotitiatives

have been taken from time to time to develop the understanding and mitigation measures of flood.
LY wMdocTX 'b9{/h FTYR 2ah adzZJI2NISR AYGSNYyI
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continually destructive hazard. It has been found that flooding is increasing with time. In earlier
days, the size of population was smaller and the impact of a flood was also less causing less
property damage and destruction.ndreasing population and growing economic activities,
development of settlements and economic establishments along the riverside results into
overflowing of the banks due to excessive sedimentatiomstriction of the river crossections

and disturbanceof its natural meanderingThus anthropogenic activities are somehow responsible

for destruction due to flood.

Floods have been classified on the basis of duration into a single event, multiple events and
seasonal floods. Single event flood is the one liictv widespread heavy rains for a longer duration

than normalover a drainage basin results in severe floods whereas multiple event floods ase one
which occur when successive weather disturbances follow each other closely. Seasonal floods occur
during diferent seasons, like summer monsoon season experiences many floods as major storm
activity occurs during this season. Typical characteristics of Slacel largely dependent on the
SEGSYGEZ RdzN} GA2yS RSLIIK | yR ¥ NBrgadzEovés ldrgeatbeE (i Sy
extent, larger will be the area of undesubmergenc® G 5dzNJ GA2yé Aa GKS i
occurrence, the duration with which it is occurring, largely controls th&trdetion of the area. Its
continuity is sometimes largely ctinlled by the intensity of rainfall. Therefore flood along with
f2y3 RdzNI GA2Y Yl & NBadz da Ay fFNBHSNI SEGSYyG |y
flood is also an important parameter as it signifies the danger level. Excessive deptlohaayn

destroy the property but also the lives of the people, which mostly occur during the flood of long
RdzNJ} A2y add GCNBIljdzSyOeé¢ Aa | y2( késblibes e dxpeltddy G (
time intervalbetween floods of the same magnitudall these factors are correlated and depend

to some extenbn each other.
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Vulnerability and risk of flood are the most important factors which should be assessed in flood
YEYyF3SYSyio awAalé Aa O2yaARSNBR |4 kveny&da a dzNB
particular magnitude occurring in a given area over a specific time period. It is a function of the
probability of particular occurrences and the losses each would cause. The level of risk depends
upon:

x Nature and Type of the hazard
x Vulnerabiliy of elements which are affected
x Economic value of the elements at risk

G+dzf YSNIOAfTAGEE A& (GKS S90St 2F SELIZadNB 27
and Prasad (2007) reviewed vulnerability at the society or community scale and defad it

the degree to which a system, or part of a system, may react adversely to the occurrence of a
hazardous event. There is physical vulnerability which is related to the physical location of the
people and elements at risk and their physical proximityhe hazard. So the properties of
LIS2LX S SKAOK |NB SELR&ASR (2 GKS RSadNuzOGAz2
Gdzt YSNIoAfAG@Qd | SyOS LIS2LX S INB a2YSoKIG @c
LINEY S | NSO2 ¢ 2 v DO PazicafeS tat thd dedreée doQuhidhya Ropulation is
affected by a calamity will not purely lie on the physical components but also has a contextual
realization to the prevailing social and economic conditions. Settlements or buildings which are
near to the river are more prone to flooding due to overflow of river embankment at the time

of flooding event.

Climate change is now a widely recognized and accepted issue that is impacting multiple facets
of how cities are structured and operatéd.The Fourth AssessmenReport of
LYGSNH2OSNYYSyGlt tFySt fgfming bfAthé lclimbte systeimyisI S &
unequivocal, as is now evident from the observations of increases in global average air and
ocean temperatures, widespread melting of snow and ice andyrigobal average sea le¥éip

The same report also states that the linear warming trend over the 50 years from 1956 to 2005

is nearly twice that for the 100 years from 1906 to 2605.

IPCC (2007) also noted the following with high confidence:

4UNEP (2010)

5PCC ARA4, (2007: 30), Climate Change 2007: Synthesis Report, Contribution of Working Groups [, Il and Il to the $foarth Asses
Report of the Intergovernmental Panel on Climate Chabgre Writing Team, PachauR.K. and Reisinger, A. (Eds.) IPCC, Geneva,
Switzerland. pp 104

6|PCC (2007), Climate Change 2007: The Physical Science Basis, Cambridge University Press, U.K.
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GThe most vulerable industries, settlements and societies are generally those in coastal and
river flood plains, those whose economies are closely linked with clseagitive resources,

and those in areas prone to extreme weather events, especially where rapid zatihamiis
occurring. Poor communities can be especially vulnerable, in particular those concentrated in
high-risk areas. They tend to have more limited adaptive capacities, and are more dependent
on climatesensitive resources such as local water and oatLJLX A S& ¢ 6 LIOPT O @

bSINIfe&z KIfFT 2F (GKS g2 NI RQA&corapdebdtdlgssithanIeSipkizt | G A
cent in 1908 and this figure is expected to rise to more than 60 per cent by 2030 (United
Nations, 2006). According to IPCC Third AssessRepbrt (2001), coastal cities will be at
greater risk as climate change and sea level rise increases hazards from coastal flooding and
erosion? Climate change has the potential to increase flooding risks in cities in three ways:
from the sea (higher seevels and storm surges); from rainfallfor instance by heavier

rainfall or rainfall that is more prolonged than in the past; and from changes that increase river
flows ¢ for instance through increased glacial melt (Satterthwaite et al., 2007). Coasts m

cities are exposed to the more frequent severe windstorms; the heavy rains often result in
intense and sometimes lethal flash floods (Pandve, 200.IPCC Working Group Il observed

that heavy precipitation events are very likely to increase in feggy and will augment flood

risk and the growing evidence of increased runoff and earlier sfp@adk discharges in many
glaciecrand snowF SR NAGJSNE o6! RISNI SéG +fdX wantod LG |
population lives both within 100 km stance of the coast and <100m above sea level, and
population densities in coastal regions are about three times higher than the global average
(Small and Nicholls, 2003). The attractiveness of the coast has resulted on disproportionately
rapid expansion beconomic activity, settlements, urban centers and tourists resorts (IPCC
TAR, 2001). Between 1994 and 2004, Asia has faced almosi Bve NR 2 F (KS wmZ
disasters, death of about 60,000 people, and 98 per cent of the 2 million people got affected
byb22R RA&LFIA0GSNE o0CS¢ Sl [f®PI HAncOD

1.2 Overview of the Problems

1.2.1 The Conceptual Framework

It is necessary to understand scientifically the impact and threats of climate change on urban
areas and take measures to strengthen resilience of cities. Toislovéhneed to identify actions
for adaptation and to increase the capacity of cities to take them in time. Moreover, some of

“Satterthwaite D., Huq S., Pelling M., Reid H.and Lankao P.R. (2007), Adapting to Clang&eicClirban Areas, Working paper
produced by the Human Settlements Group and the Climate Change Group at the International Institute for Environment and
Development (IIED).

8 Graumann (1977)

91PCC TAR (2001)
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these problems have to be addressed scientifically for cities on river basins and adjacent to sea
coast. The hydrology and hydrodymics of the region under the threat of climate change has to

be understood along with economic constraints and opportunities and demographic dynamics.
Vulnerabilities of different wards or localities, groups of people, industries, commerce, and city
infrastructure are to be assessed to identify what actions can reduce their vulnerability and
make our cities resilient to climate change. Locations of schools, hosgitaissand industries

are vulnerable hospots.Nowadays, bdgesand flyoversplay animportant role inplanning and
capacity buildingf city. Thus, it is an urgent need gtrengthen trese bridges and flyoverby
designing carefully and keeping these to a certain height to face the threat of flooding event

1.2.2 CaseStudy Area

The casestudy aea under this project isSurat city which is located at a latitude of 21.0° to
21.23°15 North and longitude of 72.38° to 74.23° East on the bank of Tapi River. It has about 6 km
long coastal belt along the Arabian Sea and therefore serves as an impogdatdentre. The river

Tapi is merging to the Arabian Sea at about 15kms away from Surat City. The city of Surat is the
commercial capital of the state and is of significant importance to the country. It is located at the
mouth of Gulf of Khambhat and thefiore experiences tides of a tidal range of abotg B.

Surat has #ropical savanna climatenoderated strongly by the Arabian Sea. The summer begins in
early March and lasts till June. April and May are the hottest months, the average maximum
temperature beingd0°C Monsoonbegins in late June and the city receives about 1,000 mm of rain
by the end of September, with the average maximum be@§Cduring those months. October
and November see the retreat of the monsoon and a return of high temperatures till late
November. Winter starts in December and ends in late February, with average tatugss of
around23°C, and little rain.

Very often heavy monsoon rain brings floods in the Tapi basin area. In last two decades, the city
has witnessed major floods every four years, the worst being the flood of August 2006, perhaps the
costliest in the ity's history. In the second week of August 2006, a massive flood caused severe
damage to the city of Surat. According to a report released by Indian Institute of Management
Ahmedabad (IIMA), massive flood after release of water fraskai Damhad caused major human
tragedy and property damage estimated at Rs 220 billion on that day. In less than three days, at
least 150 people died directly due to flood and many others due to wadene diseases that
followed. More than 1500 animal carcasses were later hauled out of thelfhud.

10"IM -A Report on Flood"IIM-A. Retrieved 20087-06.
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1.3 Objectives of the project

1. To develop an integrated analytical framework for urban areas in the background of a
specific case study of Surat City.

2. To assess thewnerability of the city and its people to climate change, and

3. To develop a procedure to incorporate climate change corsamd adaptation
measureghat can make a city resilient to climate change induced vulnerability.

1.4 Outline of IRADe Approach and Methodology

The study measures the physical, economic and social impacts of selected extreme weather
events of flooding, identifies the public and private responses in the short to metitmand
explores their policy implications for loagrm adaptation capcity, city resilience and
development plans. This study is based on the analysis of primary and secondary data pertaining
to the selected events of the flooding and their resultant physical, economic and social impacts.
The case study of Surat also idéies the immediate to mediuaterm post disaster responses of

the civic administrations, concerned authorities as well as the citizens to cope with future floods.

To assess the impacts and adaptation needs it would require integrated assessment that
involves various set of data and analytical approaches. Data on urban structure, land use, roads
and transport infrastructures, basin and channel, drainage systems, settlement pattern,
vulnerability profiles have to be collected, organized and analyzed to eeakgacity and
assess vulnerability. Such an integrated assessment considers the interaction between climate
change and other change processes to assess the social, economic and environmental impacts of
climate change. It requires a wide understanding aftunal and human systems. This is
important because demographic profile, economic development and land use and land cover of
a region have a significant influence on how changes in climate are likely to impact and the
capacity to adapt to any such futurghanges. It is also necessary to take into account the
concerns of the stakeholders and priorities of the conceraathorities because the extent of
impacts and scope of adaptation are strongly influenced by their actions

The data have been organized anGIS platform and analyzed with statistical techniques and
mathematical modelsThe main steps taken to assess the vulnerability of the city are as follows:

1) Assessment of the hydrology, climatology, and built environment of Surat city:

1BASIC, 2007. Garg, A., Rana, A., Shukla, P.R.,et al.,.Handbook of Current and Next Generation Vulnerability and
adaptation Assessment Tools
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This has been danwith the help of the data available from various institutes like Surat
Municipal Corporation (SMC); Indian Meteorological Department (IMD); Irrigation
Department (Surat); National Remote Sensing Centre (NRSC), Hyderabad; IPCC SRES Clima
Scenarios, etcln conjunction with GIS, the climate hydrology analysis results have been
connected with land use pattern, city topography, seeemnomic characteristics, and
infrastructure facilities to assess vulnerability.

2) Hydro-Climatic Scenarios:

A IPCGSpecial Regt on Emission Scenarios (SRES) climate scenarios of Surat region from 2000
to 2100 are analyzed to assess the likely maximum inflow in the Tapi River due to climate
change, which was considered to be 50% larger than the inflow due to the 2006 flood.

A UsingCARTOSAT Imagery of NRSC, Hyderabad, on GIS platform with the integration of HEC
RAS, hydrelimatic scenarios for the study region have been developed. Hydrological models
serve primarily the role of a link between climate scenarios and river water atigeh
simulations as well as for estimating the magnitude and risk of floods.

A Analyses of hydrological profiles and flood intensity levels for the region have been
conducted for different inflow scenarios.

3) Critical infrastructure and sectors vulnerability:
This has been done by sample surveys of basic infrastructure services and their facilities, e.g.
schools, hospitals, buildings (public and private), slums, and industries. Sample surveys and
interviews of persons covering households, administrators,gssibnals, slum dwellers, etc. in
selected locations of the city were carried out to identify and assess the different
vulnerabilities of various facilities and groups to flood risk. Vulnerability indices were
developed to get our idea of vulnerability usdprojected scenarios.

1.5 Value of climate information

Climate information is of immense value to the Serdy administration. The Surat region has been
identified as one of the Futur€ity of India and a center of economic growth of India. It is
important that in view of the economic potential, and expected accelerated development of the
city, resilient urban development is needed. The planning procedure could incorporate relevant
climate adaptation schemes for scientific land use planning. Proactivenachased on climate
scenarios andveather forecastcan minimize social and economic damages due to natural hazard
to a large extent. These proactive adaptation actions will be facilitated by the results of this study.

1.6 Information Processing Procedure

The impact of climate change will alter hydrological regimes #r&frequencyand intensity of
extreme natural events. The extent of the changes will vary from place to place. The parameters
associated with climate change arereasingn temperature, chage in precipitation, heat stress,

——— INtegrated Researc h and
47 IRADe Action for Development



Vulnerability of Coastal Cities to Climate Change: Case Study of Surat to Develop Adaptation Framework

health & infectious diseases, air pollution, glacial melt (not relevant to our study), sea level rise,
and coastal storms.

The Suratdistrict has manmmade infrastructure (Ukai Dam upstream of Tapi river, river
embankmentsirrigation projects, port at downstream Hazira), which alter hydrological regimes of
the region.

1.7 Methodology

The analysis dhe projected impacbf climate changén urban areas and examining a way forward
towards building a climate resilient city icamplex task. It requires interdisciplinary research work
involving the hydrodynamic analysissociceconomic assessment, understandinthe techno
economic constraints and urban system simulation. It also reqtiresntegrationof these various
aspectsn a coherent framework. Fortunatelgome of the building blocks are available, but what is
missing is an integrating framework. The study develapethodology to integrate outcome of
available city specific analysis and expaitdo generate a procedwr to introduce climate change
concern in the existing framework for decision support system (DSS), for identification of
adaptation options given the uncertainties of projection and scenarios to generate robust results.

1.7.1 Steps in Methodology:

A. DatabaseDevelopment for integration and analysis

A Collection of data from various sources for the regional and peripheral area on geographical
features, topography, ecosystem of the region, land use, river basin, extreme events, and
sociaeconomic profiles.

A Colection of data on history of climate elements, catchments arehasfer Tapi basin, and
Hydrological & hydrodynamic data for tHeower Tapi river basin from IMDand State
Irrigation Department.

B. Hydro-Climaic Scenarios:

A UsingCARTOSAT Imagery of NRS@erabad on GIS platform with integration of HEES,
hydro-climatic scenarios for the study regidrmavebeen developed.

A Analysis of hydrological profiles and flood intensity levels for the rediame been
conducted for differentiyro-climaticscenariosisingvarious tools

C. _Economic & Demographic projections:

A Taking perspectives of at least 20 to 30 years, the situation has to be visualized as it will
show how city will grow in terms of population and economic activities.

A Climate scenarios by eaatiand contemporary researchengivebeen reviewed.

A The impact of climate change on soeiconomic aspects, and city development pleave
beenassessed coupled with hydaimatic scenarios for vulnerabilignalysis

A GIS mapping proceduteasbeen followed for vulnerabilityanalysis
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D. Map Vulnerability of the regions and community groups:
A Different infrastructure facilitiesind sectors (targets groupsyinerable to adverse natural
eventshavebeen assessed for each climate change scenario.
A The vulneraility analysis hasbeen correlated to risk perception.
A The analysis is carried out for various probabilities of climate change induced abnormal
natural events.
E. ldentify adaptation response options:
A Suitable adaptation response options for the regioave been studied and aalysedfor
their economic implications.
A Provide inputs for scientific analysis of adaptation options to plan climate resilient city.

1.8 Impact of Climate Change in India

Indian annual mean tempél G dzZNB &aK2ga aA3IyAUOlIyld 4 N¥YAy3
during the period of 19042007 (Kothawale et al., 2010). The analysis of data done by IMD for
the period 19032009, suggests that annual mean temperature for the country as a whole has
risen by0.56°C over the period (Attri & Tyagi, 2010). This warming is primarily due to rise in
maximum temperature across the country. Warming trend over globe of the order of 0.74°C
KFra 06SSy NBLR2NISR o0& Lt/ / 6unnt0d ¢lKoBthel NBY R
period from 1901 to 2009 do not show any significant trend (Attri & Tyagi, 2010). However, the
projections of precipitation indicate a 3% to 7% overall increase -imd@kh summer monsoon
NFAYTFEFEEE Ay (GKS HnonQa &Repork 20Np SigdBicanit indieasingl K S
trend was observed in the frequency of heavy rainfall evewesr the west coast (8ha Ray &
Srivastava, 2000). Most of the extreme rainfall indices have shown significant positive trends
over the west coast and ndrtwestern parts of Peninsula. For India, on an average the mean
sea level rise along the coasts is estimated to be 1.3mm/year (INCAA Report, 2010).

1.9 Vulnerabilities of Coastal Cities to Climate Change
1.9.1 Population Density and Growthin 7 I O] @oastal Zones

Coastal zones attract more people in comparison to other regions around the world. According

G2 {GSNNJI & SG [ftdX wnnn adaNBFYyATFGA2Y | yR 0
a dominant population trend over the last decades, leadindhie development of humerous
YSAFOAGASAE Ay ff O2FadGrt NBIA2YyE | NRPdzyR (KS
estimated to live in the coastal floodplain (in the area inundated by a 1 in 1000 year flood) and
probably this number could increa up to 600 million by the year 2100 (Nicholls and Mimura,

1998). As a whole, this will put pressure on coastal resources through growing demands and
adzNAS LIS2L) SQa SELRadzNBE G2 O2Fadrt RA&lF &adSNa

——— INtegrated Researc h and
49 IRADe Action for Development



Vulnerability of Coastal Cities to Climate Change: Case Study of Surat to Develop Adaptation Framework

1.9.2 Human Impact in the Coastal Zones

Infrastructure deelopment, intensive agricultural expansion, urbanization and coastal
developments are increasing the flow of sediments and sewage into the ocean. The situation is
most severe around Europe, the East coast of the United States, East of China and in Southeas
Asia. These are also primary fishing grounds. Coastal zones are identified as approximately 75
km from the coastline, and this map identifies the most common impact class in this zone.

Figurel.1l: Scale of Human Impact in theo@stal Zones
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2050

Human development in
coastal zones (75 km)

Il Very high - high
I High - medium

Medium - low
B Low

Simplified from GLOBIO2
analysis

Saurce: HugoAhlenius, UNEP/GR#Brendal(2008)Availablehttp://maps.grida.no/go/graphic/human-
impact-in-the-coastalzones

1.9.3 Vulnerabilities of Indian Coastal Cities to Clim ate Change

India is one of the vulnerable and mditiazard risk prone countries in the world (IFRC, 2005;
Parasuraman & Unnikrishnan, 2000). Rapid population growth, high densities, poverty and high
differentials in access to housing, public services afrdstructure have led to an increase in

@dzt YSNIroAfAGe 20SN) 6KS flrad FSo RSOIRS&ax Sa
addition, it is expected that climate change could increase the frequency and intensity of
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prevailing hazards and the psbility socieeconomic of extreme events (e.g. skeael rise)
thereby adding to the existing vulnerabilities with differential spatial and impacts. This is
expected to further degrade the resilience and coping capacities of poor and vulnerable
communities, who make up from a quarter to half of the population of most Indian cities
(Satterthwaite et al., 2007). With its huge and growing population, a -Ks0Qong densely
populated and lowlying coastline, and an economy that is closely tied to its nat@wsbdurce

base, India is considerably vulnerable to the impacts of climate change (DOD, 2002). It is
evident fromFigurel.2, that India is among the ten nations with largest urban populations and
the largest proportion of its urban population live in Lowu&ltion Coastal Zone (LECZ).

Figurel.2: Nations with the largest urban populations in the Low Elevation Coastal Za#eCZ)
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Source:Satterthwaite et al., (2007: 22)

Length of the coastline of India includingetboastlines of Andaman and Nicobar Islands in the

Bay of Bengal and Lakshadweep Islands in the Arabian Sea is 7517 km (Pandve, 2010).
Coastline of Indian mainland is surrounded by Arabian Sea in the west, Bay of Bengal in the
east and Indian Ocean in tiseuth.
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Figurel.3: Vulnerability in Global Coastaldhes
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Figure 1.3 clearly shows that India is among the nations that shows high levels of coastal
vulnerability. High population densities and geographic exposure, a low proportion of forests in
coastal areas, and a low human development index ranking are some of the factors that
contribute to its high vulnerability value.

Climate change is expected to increase #everity of flooding in many Indian River basins,
especially in the Godavari and Mahanadi basins, along the eastern coast (Gosai et al., 2006).
Floods are also expected to increase in nemstern India adjoining Pakistan, and in most
coastal plains inspite of upstream dams. Extreme precipitation is expected to increase
substantially over a large area over the west coast and in central India (Kumar et al., 2006).
Cities that lie on the river banks are vulnerable particularly to floods from rivers sacesain,

water release from upstream dam, and high tide etc. The sea level rise can compound the
impact further. Floods affect a city in many ways. Houses get submerged and damaged, people
lose their possessions, economic life gets disturbed, livelih@@&i RA &0 dzZND SR | yF
gets disrupted.

Ddz2I NI G 2yS 2F LYRAIFIQ& Y2aid LINRPALISNRdIza adl
years starting in 2004, causing large economic losses, major damage to life and increased
vulnerability of peofe in its cities due to extreme precipitation in upstream catchments
(GSDMA/TARU, 20053urat City, which lies in the flood plain of Tapi River, is highly prone to
floods.
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CHAPTERZ: LITERATURE SURVEY AND IRADEPPROACHES

2.1 Introduction

Extreme weather events affect vulnerable urban areas adversely, with substantial damage,
disruption of nomal economic and social activities and services and loss of human life and can also
alter the medium or longerm development trajectory of the cities. Thus, disaster management is
an important context for integrating adaptation into decistoraking for tke cities at risk. The
Ministry of Earth Sciences (MoES), Govt. of India funded research projetegrated Research

and Action for Development (IRADaijth the primary objective of identifying and measuring the
short to mediumterm impacts and response® extreme weather events and their policy
implications for longerm adaptationmeasures needethe other coastal citieof the country The
project includes analysis of primary and secondary data to measure the physical, economic and
social lossedue to floods taking Surat city ascase study. We also examine the short to medium
term responses from the local government and citizens and evaluate if they enhance the
adaptation capacity of the cities to cope with future weather events and flood risks.aRailysis

has policy implications for disaster management, city resilience and adaptive capacity of the cities
in long term. The project is particularly relevant to the coastal cities similar to Surat city where
natural disasters have lorgrm socieecoromic implications for overall development of the city.

Coastal areas are dynamic and complex rfultction systems. A wide number of often conflicting
human socieeconomic activities occur in these areas. These include urbanisation, industrial
production, energy production and delivering, and agriculture. Coastal systems are also
characterised by important ecological and natural values; their high habitat and biological diversity
is fundamental to sustain coastal processes and provide ecosystem serviads av essential

also for human welbeing (MEA, 2005). In the context of climate change, highly urbanised and
infrastructure coastal areas are of particular concern since they can drastically limit and even
impede natural adaptive processes, such asnilanigration or vertical accretion of wetland
systems.

Climate change adds additional pressumn coastal systems (Richards and Nicholls, 2009) by
increasing vulnerability on already highly vulnerable areas. This can include the development of
new impacs, intensification of already occurring impacts, and synergic and cascading effects. The
main impacts of climate change in the coastal zone are expected to be related-tevetaise and

other key meteorological changes such as flootfing

2 Nicholls, R. J. et al. (2008), "Ranking Port Cities with High Exposure and Vulnerability to Climate Extremes: Exposure Estimates”,
OECD Environment Working Papers, No. 1, OECD Publishing. doi:10.1787/011766488208

——— INtegrated Research and
56 IRADe Action for Development



Vulnerability of Coastal Cities to Climate Change: Case Study of Surat to Develop Adaptation Framework

Hence, there isa need to enhance our understanding of vulnerability and to develop
methodologies and tools to assess vulnerability of these regions. One of the most important goals
2F |aaSaaAy3a b22R QdzZ ySNIoAfAGeY O21 ardddily b2 2
dzy RSNR Gl YRIF0fS Ayl 0SG6SSy (GKS (KS2 NBodayOl £
decisionmaking process and to encapsulate this link in easily accessible tools. A literature review is
conducted to facilitate and strengthen the stubigckground and in order to develop a theoretical
framework of the study that will also inform the data needs and data analysis of the study.
Different frameworks are discussed to help understand and apply the topic of vulnerability
reduction and buildingesilience to floods in Surat City.

2.2 Mapping out National Knowledge
2.2.1 Global Context

The Ancient communities along the Nile River, the Indus River, the-Eigylwates Rivers, and the
Ganges River relied on periodic flooding to replenish nutrients in deficitto improve the fertility

of soil for agricultural activities. However, in modern time, gone are the beneffiflooding and

the changingland use pattern. In recent centuries, coastal areas around the globe have undergone
rapidtransformationsand ewlved into the most densely populated and econoatflic vital areas on

earth. h many countries, such as the United Kingdom, the United States, China, India, Japan, Brazil,
South Africa, and Australia, the largest economic centre centres are often locatemh whe

coastal zone and are expanding both landwards and seawards. Yangtze River Flood of 1935 (Wu,
2004%), North Sea Flood of 1953 (Deltawerken, Z20p4nd Bangladesh Flood of 1991 (Hofer and
Messerli, 200&) are examples of historic flood events affelient parts of the world that had
gobbled thousands of lives and had caused physical damages that worth millions. However, the bad
news is the severity of coastal flooding problem is escalating over the last century and will continue
to worsen in the futire®®,

Flood disasters account for about a third of all natural disasters throughout the world and are
responsible for more than half of the fatalities (Berz, 2000). Flood events cause major damage in
terms of human life loss, property damage, agricultureoductivity, industrial production,
communication network, and infrastructurereakdown. Floods are posing a great concern and
challenge to design engineers, fmsurance industries, policy makers and to the government
(Singh et al, 2009). Therefore,i# becoming very important to minimize the property damage,

13Wu, Daoxi. 2004. Evaluation of the Yangtze Fld@ontrol System. Office of Flood Control and Drought Relieve, CWRC, Wuhan,
China.http://kepler.ia.ac.cn/seminars/FOCYR/fullpaper/Wu%20Daoxi.pdf

14 Deltawerken Online. The Flood d®53. On 2004http://www.deltawerken.com/89

15Hofer, T., Messerli, B. 2006. Floods in Bangladesh: History, Dynamics, and Rethinking the Role of Himalayas. United Nations
University Presshttp://www.unu.edu/unupress/samyaleapters/floods_in_Bangladesh_web.pdf

16 cutter S.L. ,1996, Vulnerability to environmental hazards.Progress in Human Geography 26@D:529
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reduce infrastructure disturbances, and identify zones and building structures having greater flood
hazard and flood rislpotentials through flood vulnerability analysis which is part of floodplai
management studies. It is important to note that the actual amount of flood damage of a specific
flood event depends on the vulnerability of the affected seeamnomic and ecological systems
(Cutter 1996, Mitchell 1989). Flood vulnerability analysiegivs flood hazard maps of study area
which help us in identifying floodplains which are low elevation areas subjected to flooding
resulting into economic losses. These areas (buildings, properties, commercial & industrial
establishments, education and hédaamenities) need to be regulated to minimize threats to loss

of lives and properties major component of floodplamanagement studies is assessment of the
impacts of flooding. One purpose of flood risk assessment is zonation of study area falling under
various risk levels based on hydrology/hydraulic studies for various return period such as 1% (100
year) and 0.2% (500 yearfrequency floods (Singh et al, 2009).

The recent advances in Geomatics teiciues have explored new horizons for flood assessinen
flood forecasting and flood mapping. It is at the strategic planning level that the possibility of
utilizing information available in cartographic forms assumes significant importance for urban flood
mapping (Singh et al 2009). However, a major contidnuto flood mapping and planning is
derived from the information made available by use of remote sen§Rfg)techniquesand its
integrationwith Geographical InformationyStem (GISYPrasad 2006). The high resolution satellite
imageries, relief map andnd use, hydraulic characteristics of river channel and floodplain surveys,
and probable water levels can be considered for predictive flood hazard mapping. Geodatabase
generated from Geomatics application can further be exported in various hydrolognzhl
hydraulic models for flood hazard map preparation. Theref@@eomatics techigqueswith other
hydrologic and hydraulic modshave been proposed for hazard mapping in this research work.

In 2008 Dr Ahmed Shaker a, W.Y. Yan a, b, M.S. Wong c, Nagslangivy d, Bahaaeddin 1Z
Alhaddadhawe conducted a study on Nile Valley in Egypt for flood hazard assessment using
panchromatic satellite imagery. The research aimed to study and facilitate the use of the PAN
satellite imagery in image classification ftodd hazard assessment application. In particular, this
research is investigating the potential use of PAN satellite imagery for flood hazard assessment of
one of the high floods of the Nile River occurred in Year 1998. Several existing techniques and
approaches used for digital image processing were examined and assessed for PAN image
classification. The study focuses on four different approaches that could be used for PAN image
classification and flood hazard assessment:

a) image interpretation,
b) edgedetection,

c) pixelbased image classification, and
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d) texture analysis (TEX).

The described approaches were investigated for PAN satellite imagery covering a part of the Nile
Valley in Egypt. Two SPOT PAN satellite images covering part of the Nyen/&gypt before and

after the 1997/1998 Nile flood have been utilized. Different areas of interest (islands, coastal areas,
etc.) have been identified to study the efficiency of the previous classification approaches for PAN
image classification. Theesults of four PAN image classification approaches are presented and
assessed for the study sites using area and sample comparative analysis. The results revealed that
Contextual Classifier on PAN imagery and Maximum Likelihood Classifier on TEX infegérg of
nearest estimation of flooding areas. The study shows high integrity of the tested approaches for
PAN image classification and accuracy comparable to conventional sigihatsed classification
technique of multispectral images could generally behieved.

2.2.2 Indian Context

India is the seventh largest country in the world with the Land area of about 3.3 million sq km area
and coastline of 7,517 kms. The rapid growth in population and urbanization compounded by
deforestation has enhanced the threat fhood hazard in last four dedas Every year the floods in
some or other areas cause loss of life, property, crops, and health hazards. The erosion of top
fertile soil due to floods is a major lostigrm problem reducing the fertility of agriculture land@he
frequency of urban floods have significantly increased in recent years due to rapid unplanned
organization with poor drainage system. Hence the national disaster management authority of
India prepared flood hazard maps that will provide informataiout the return period associated

with the aerial extent of inundation for a reach of a rivéhe flood hazard maps are prepared
delineating areas subjected to inundation by floods of various magnitudes and frequency by using
traditional techniques of @odplain mapping Conventional dynamic flood frequency analysis
techniques have been developed to quantitatively assess flood hazards over the past half century.
These traditional techniques yield dynamic historical flood data which, when available, isoused
accurately map floodplains. In addition to a record of peak flows over a period of years (frequency
analysis), a detailed survey (cross sections, slopes and contour maps) along with hydraulic
roughness estimates is required before the extent of flogdiar an expected recurrence interval

can be determined (NDMA)

Surat is a coastal city located in the state of Gujarat along the tidally influefegidriver in

western India, approximately 250 kilometres north of Mumbai. In the last four decades the cit
recorded one of the highest growth rates in the country and a 10 fold population rise. About 20
LISNOSYy G 2F (GKS OAdeQa LRLWzZ IIGAz2y  AQdS®Ppartoly nHJ
flood drainage of TagRiver. The river can contain abdiitakh cusecs flood within banks in major

areas ofcity and around. Since 1882, 8 ah@ floods are recorded in Aug and Sept months. Major
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floodsof 1933, 1959, 1968, 1970, 1998 and 2006 recorded floods akBdusecs. The dates and
trends of unit hydrogaph for 1968 and 2006 floods in August associated with storm East to West.
River regime in Surat has capacity ofakh.cusecs within banks, 6.%kh cusecs corresponding to

Hope bridge flood level 9.5 m is critical for floods in city and surroundingj196 general city is

safe for floods up to 6 L cusecs and with proposed Pala it can pass flood of 8.5 L cusecs without
major spills to city. The 1968 floods of l&khcusecs were worst and economically disastrous for
flood plainl7. This forced new stratyy based on CWPRS hydraulic model studies.

[ITM, Pune; 1ISc, Bangalore; IIT, Mumbai & Delhi are the leading institutions conducting research on
climate change, and its impact on hydrology. Similar researches for glacier, hydrology, river basin
studies arebeing conducted by National Institute of Hydrology, Roorkee. The institutions doing
sectoral researctare IARI, New Delhi (Agriculture); 1ISc, Bangalore (Ecology & Forest); IIT, Delhi
(Water); TERI (Energy); National Institute of Oceanography (sea is@geletc. The institutions

have done Case Studies of Indian River basins such as Mahanadi Basin, Godavari Basin, Tapi Basil
The studies relevant for the project are the following:

1 The coastline of the state of Andhra Pradesh is one of the most vulieerabes for floods
associated with heavy rain fall in the river catchments and in coastal areas due to cyclones.
This occurs in both Godavari and Krishna basins. Dr. Ramesh, K J et al have worked on
framework development of hazard mitigation modeling &mst in respect of floods
covering 24 river systems of Andhra Pradesh. Their fully customized system of modeling
and GIS baseDecision Support Syster@$$tools have shown that the flood hazard maps
on dynamic basis are possible to generate with limitasi of model design and spatial data
resolutions.

1 There has been significant research work conducted under Professor P P Mujumder, 1ISc,
Bangalore on climate change impacts on hydrology/water resources, statistical downscaling
of GCM outputs, urban floodi planning and operation of large scale water resources
systems, and uncertainty modelling for river water quality control. They have simulated
their model onMahanadi basin, Orissa. Similar work is being pursued at IIT, Mumbai under
guidance of Prof. SIG2 a K® a0 dzRASa I NB I @FAftlrofS 2y GKS
to Rainfall and Stream flow and Uncertainty Modeling: Ghosh, S. and P P Mujumdar
HANTIHANYS HAnd SLLEE adzyYol A LL{OX . Fy3lf

1 World Bank has released a report on climate chainggact based on case studies in India,
focused on droughprone regions of Andhra Pradesh, Maharashtra, and fphe
districts in Orissa on the edge of climate tolerance limits.

o Agnihotri P.Gand Patel J.N.2011mproving carrying capacity of river tapi (surat,india) by channel modification, International
Journal of Advanced Engineering Technology, IJAET/Vol.ll/ Issue II/Ajpuihe, 2011/23238
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1 Significant researches are being carried out under the guidance of ProfGés&ain on
hydro-climatic issues. Some of their work includes dynamic downscaling with PRECIS
package, and usim@RECIS output in Soil and Water Assessment Tool (SWAT) to evaluate emerging
hydrology scenarios: Gosain et al (2006) & Gosain and Sandhya@ap [IIT,Delhi]

A study®was carried out by the World Bank, ADB, and JICA with association of regional partners on
G/ 2radrt [/ AGASE YR !'RILIGFGAZ2Y G2 [ EfAYILGS [ K
to local, national and municipal decisiomakers with respect to scale of Climate Change related
impacts, associated costs and policy measures needed to address them. The project studied climate
change impact on four cities (a) Manila, Philippines (JICA) (b) Ho Chi Minh city, Vietham (ADB) (c)
Kdkata, India (World Bank) and (d) Bangkok, Thailand (WB). Impact of climate change are likely to
affect the economic role played by all (four) cities in the regional/national economies (a) Poor are
more vulnerable to likely impacts from flooding linked hvi€limate Change (b) it is important to

build on existing social protection systems to develop adaptation measures specifically targeted to
socially vulnerable groups. The messages emerging from the study were (a) impact of climate
change likely to effedhe economic role played by cities in the regional/national economies (b) it is
Important to build on existing social protection systems to develop adaptation measures
specifically targeted to socially vulnerable groups (c) Many coastal cities have kingy rof
developing infrastructures for responding to natural disasters (e.g. dykes, early warning systems,
etc.). However, climate change needs to be incorporated into existing flood protection plans/
broader urban planning (d) There is need to focus just hard protection measures, but also
natural protection and absorption afforded by specific urban/local ecosystems and it is (e)
important to identify flood prone areas and implement land use regulations to minimize losses.

I NXBaSlk NOK aranze 8ensinghaged apgrdach for urban flgudin mapping for the

¢ LA O (G OKWaS ye&rk cartied But by§nupam K. Singh & Arun K. Sharma; Hydro
informatics in Hydrology, Hydrogeology and Water Resources (Proc. of Symposium JS.4 at the Joint
IAHS& IAH Convention, Hyderabad, India, September 20889S Publ. 331, 209t demonstrates

the utility of high resolution remote sensing images combined with field data to delineate flood
prone areas (The paper abstract is in the foote).!® This has bee done for past data. In our

18 presentation by Senior Environment Specialiébyld Bank
AbstractIn India, floods typically occur during the monsoon season due to heavy tropical storm downpours and

unregulated urban development. The floods during August 2006 in Tapi catchment caused great damage to people and
property, resultingn 300 people being killed and US$ 4.5 billion worth of property damage. In this paper, geospatial
technologies such as remote sensing, GIS, and GPS have been utilised to prepare urban flood hazard maps and to
handle entityspecific query and analysis.& hesearch methodology employed is based on statistical probabilities of

flood frequency, maximum discharge carrying capacity at river €gesson, mapping of inhabited areas based on
high-resolution images, and terrain mapping using global positioresystt is estimated that for a mean flood height

of 10 m (35year return period), more than 80% of land in the west and southwest zone will be under flood against 40%
in the central, 33% in the northern and 15% in the eastern zones.
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study we will extend their methods to delineate flood prone areas under alterhgitio-climatic
scenarios.

Surat City has beertuglied by many research groupgving various strengthsin our study, we
have taken into considation all these researches and their findings to bridge the gap, if any, in the
best possible manner. The references of some of the major research institutions are:

(a) Nirma University andSRO, Ahmedab&(The project relevant information of the paper are
highlighted in Appendix.). This is the work tlna havetaken further.

(b) TARU, Gurgaon, India for ACCCRN projeelr &kperiencas an important resource basker
us.

(c) SVNIT, Surat: The team is conversant with the problem and database.

(d) CEPT, Ahmedabad: Res$or R Parthasarthy has been consultant to Institute of Economic
Growth, Delhi to prepare a report on Sodt@onomic Scenarios for Surat City for the larger
project on Climate Change sponsored by the Ministry of Environment and Forests,
Government of Indi, April¢ July 2009.

In 201Q Dr.Desai DMahesh & Tailor. M Ravianalyzed present management approach as
available from Literature, Practice and Press reports. The system is based on:

a) prediction of daily inflow (CWC),
b) processing of data and demn making (Gov. of Gujand
c) rules for operation of reservoir to meet specified objective.

It does not permit scope for considegnchanges in environment, floptiin, drainage (due to
urbanization), economic analysis of overall national loss ag&ienefits and torture to 3 million
people for a montA.

Agnihotri and Patel (200&)arried out a critical study of the flood in Surat city that wrought heavy
devastation during August-8, 2006. Ninety percent area of Surat was flooded because of heavy
rains and sudden releases from the Ukai dam which is situated at a distance of around 100 km from
Surat. Their studygf city topography confirmed that the depth of water induced by the flood varied

in different parts. Their analysis revealed that the flowas due to the excessive outflow of

20GIS and a remote seing based approach for urban flogdain mapping for the Tapi catchment, India; Dr Anupam
Singh et al

21 Dr. Mahesh D. Desai & Shri Ravin M. Tailor,20086, Feasibility of tapti basin floods moderation with updated technology and
management, retrieved from pi¥mddesai.com/Paper_2000_2010/6%82201I TBombay%20Paper%2%201611-06.pdf
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25711.38 n¥s (9.08lakh cusecs) from Ukai dam. They suggested preventive remedial measure
such as reservoir operation policy, warning system from upstream, water release from the dam
etc®2

Another study undertaken bygnihotri and Patel (2008 & o6l aSR 2y Wt NBLJ N
WSRdzOGAZ2Y tfly F2NJ {dzaNF G /AdGeé FyR { dzZNNRdzyRAYy 3
at Surat City in general and the flood that occurred in 2006 in particular along with a flood
reduction plan for the Surat City.

Indian Institute of Tropical Meteorology (IITM) pustedied the vulnerability by considering the
Longest possible instrumental areaeraged monthly, seasonal (winter JF, summer MAM,
monsoon JJAS and pesbnsoon OND)rad annual rainfall series have been developed for each of
the 11 major and 36 minor basins as well as the west coast drainage system of India using highly
guality-controlled data from well spread network of 316 rain gauges. For the period-2003

with complete data of all stations the aremveraged series has been prepared from simple
arithmetic mean of the gauges in the particular basin, and for period prior to 1901 (sometimes
going back to 1813) with lesser observations the series is constructed byirap@stablished
objective method. (Wigley et.al., 1983)

Praful Kumar V. Timbadiya, 2Qlised RAS Model on Prediction of Flood for Lower Tapi River. The
calibrated model, in terms of channel roughness, has been used to simulate the flood for year 2006
in the river. The performance of the calibrated HEES based model has been accessed by
capturing the flood peaks of observed and simulated floods; and computation of root mean
squared error (RMSE) for the intarediated gauging stations on the lower T&wer. On the basis

of assessment of topographfeatures of the lower Tapi River (Ukai dam to Hope Bridge) and
simulation of past floods, following findings can be summarized in brief:

1) Topographic assessment of river bed features and simulationsbfflpads of year 1998 and
Hnno FT2NJ aAy3atsS GrtdzS 2F alyyAyaQa NRdAzZAKYyS:
al yyAy3aQa NRdzZAKySaa O2SFFAOASYGa | NB NBIj dzi NF
River for simulation of flood.

2) Further, &rdzf  GA2Y 2F | F2NBaAFAR Ff22R F2NJ YdzZ (A LM
along the river reach has revealed that a value n = 0.035 up to Kakrapar weir and n = 0.025

22 Agnihotri P.G and Patel J.N.201lmproving carrying capacity of river tapi (surat,india) by channel modification, International
Journal of Advanced Engineering Technology, |ITAEL 11/ Issue II/April-June, 2011/23238

23 Ashwini A. Ranade, Nityanand Singh, H.N. Singh & N.A. Sontakke,2007, Characteristics of Hydrological Wet Season over
Different River Basins of India, ISSN 028275, Contribution from IITM, Research Report Nir-119
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downstream of Kakrapar weir would be suitable for simulation of future floodhénlower Tapi
River4,

Dhruvesh P Patel, Mrugen B Dholakmatheir study of Suratstated thatVarekhadi, a group of 26

mini watersheds lead water into river Tapi and the flow takes a small time period to reach near
Surat city. Due to which, the city geftsoded once in a 4 to 5 years and losses large amount of
property and lives. Present work describes the flood potential of Varekhadi watershed group by
application of Soil and Water Assessment Tool (SWAT) model, using Remote Sensing (RS) and
Geographicalnformation System (GIS). In order to minimize the effect of flood, in and around
Surat city, feasible structural and nstructural measures are suggested

Some researchers in developed countries have developed standard hydrological modeling packages
for analysis of future hydrological scenarios. These packages can be expanded for specific
applications. Some of them have interfaces to connect with GIS software. These packages can
accept climate parameters of interest as inputs such as historical infawmati temperature,
rainfall, etc at a local/regional scale. The hydrologic variables are stream flow, variation in stream
flow due to precipitation in the catchments area, and Ground Water Table, etc. In conjunction with
GIS, the climate hydrology analysesults can be connected with land use pattern, city topography,
sociaeconomic characteristics, infrastructure facilities to assess vulnerability.

The hydrological software packages simulate basin level rainfall, runoff, flood, storm water and
water quality. Most of theses packages accept climate change, environmental parameters, land use
LI GGSNY S LINBOALRAGLFOGAZ2Y Ay (gHpént luio Synteyoli thed | N
available analytical tools for hydrology are SWAT, MIKE SHE, HYSHAeOHEAS and/or HEC
GeoRAS.

Patel and Dholakia (2010 @S Ff a2 OF NNASR 2dzi | y2G8KSNJ NB
Submergence Area of Surat City Using Digital Elevation Model and Geographical Information
{eaGSYQd bSKNHz . NAR3IS i grderitd idedify thé grobdble &Nda HIS NB y (
submergence as per the zone water level observed near the bridge. The study concluded that if
the flood plain again faces the flood of the same frequency as it faced in 2006, then almost 85%

of the area would gesubmerged.

Singh & Sharma (2008pnducted a similar research study G81S and a remote sensing based
approach for urban flooghlain mappid ¥ 2 NJ G KS ¢ I LIATheD btudpdendpstratel Ly R
the utility of high resolution geospatial technologiasch as remote sensing and GIS combined

24 prafulkumar V. Timbadiya, Prem Lal Patel, Prakash D. Porey, 2011, Calibration eRAE®/odel on Prediction of Flood for
Lower Tapi River, India, Journal dfVater Resource and Protection, 2011, 3,-805)

25 DhruveshP Patel, MrugerB Dholakia,D10, Feasible Structural and No8tructural Measures to Minimize Effect of Flood in
Lower Tapi Basin, WSEAS TRANSACTIONS on FLUID MECHANICS, ISSN: 173187, Issue 3, Volume 5, July 2010
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with field data to delineate flood prone areas. The study was done for the flood that occurred in
2006 in Tapi Catchment Area.

G. I. Joshi & A. S. Patel2010 studied in detail, the morphological processes in Ragr Basin.

They also studied presently available mathematical models by proving them for Tapi flood data and
G2 RSOSt2LI Iy GhLIAYATLFGAZ2Y tNROS&aaé¢ G2 YAYA
validate the model with studies on physical modevelopment with studies on physical model
developed/constructed by any Govt. or Semi Govt. organization like CWC, GERI, and CWPRS etc.
Subsequent to construction of Ukai dam large urban developments have taken place along Tapi
river banks. With the modeten of flood at Ukai reservoir, no major floods were experienced at
Surat and Hazira till 1994. During 1994, 1998 and 2006 floods of the order of 14870 m3/s (5.25 lakh
cfs), 19820 m3/s (7.06fs) and 28315 m3/s (9.18kh cfs) were experienced. Large pont of Surat

area was inundated along with large scale flooding at Bhata, Bharatpur, Surat, and surrounding
areas. There were heavy damages of industrial and urban properties costo@O2Trores. This

paper presents CHARIMA mathematical model for preahicof water levels in Tapi Creek under
influence of flood and tide. This mathematical model is capablentiling unsteady floods in river
channel network validated for September 1998 flood situation and then applied for predictions
with 28,315 m3/s (10akh cfs flood discharg®)

Roman U.C.et.ah 2012 said that estimation of rainfall for a desired return period is one of the pre
requisites for any design purposes at a particular site, which can be achieved by probabilistic
approach. In his study, sprobability distributions such as extreme value typgEV1), normal,
lognormal (LN2), gamma, pearson typelog pearson typ& (LP3) are used to fit to annuaiday
maximum rainfall (ADMR) for Atner, Multai and Dharni sites in upper Tapi basin. Goad#eats
tests such as Anderson Darling, Shiiare and Kolmogore8mirnov are used to judge the
applicability of the distributions for modelling recorded ADMR data. Diagnostic test, involving D
index, is used for selection of suitable distribution for estiion of rainfall for different return
periods. The study shows the EV1 distribution is better suited, amongst six distributions studied, for
estimation of design storm for Atner while LN2 for Multai and LP3 for DharniThe GoF test results
uniformly suppored the use of EV1, LN2, G2 and LP3 distributions for modelling ADMR data
recorded at Atner and Dharni while EV1 and LN2 distributions for Multai. Diagnostic test results
indicated that EV1, LN2 and LP3 are better suited for rainfall estimation for AtndtaiNnd
Dharni respectively. The study showed that the 1:§0Geturn period estimated rainfalls of 250
mm, 365 mm and 555 mm could be considered as the design parameter for planning and operation
of hydraulic structures at Atner, Multai and Dharni resipeely. The study also showed that the

26G. 1. JoshiA & A. S. PatelB, 2010, Flood Water Surface Profildapi River Surat, Journal of Rangeland Science, 2010, Vol. 1,
No., 24/ J. of Rang. Sci., 2010, Vol. 1, No. 1
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hydrographs derived from the estimated rainfall values could be served as input in the design of
storm water drainage systems at the sites under stidy

Dinesh Kumar (2006)sed sedevel rise scenario for calctilag the potential vulnerability for
coastal zones of Cochin, southwest coast of India, and concluded that climate indudeseaese
will bring profound effects on coastal zones.

Rajawat et al. (2006)elineated the hazard line along the Indian coasing data on coastline
displacement, tide, waves, and elevation.

Pradeep Kumar and Thakur (20@8sessed the role of bathymetry in modifying the propagation of
the tsunami wave of 26 December 2004 and concluded that undersea configuration has an
important role in enhancing the wave height because some coastal stations on the eastern margin
of India have suffered maximum damage wherein bathymetry has shown an anomalous pattern.

Hegde and Reju (200developed a Coastal Vulnerability Index (CVI) for the ddkore coast

using geomorphology, regional coastal slope, shoreline change rates, and population. However,
they opined that additional physical parameters like wave height, tidal range, probability of
storm, etc., can enhance the quality of the CVI.

2.3 |IRADeApproach

The impact of climate change on urban areas can be serious. We need to take adaptive measures
to strengthen resilience of our cities. This is particularly important as our urban population is
expected to increase by hundreds of million in the cogndecade. At the same time, the rapid
growth of urbanization offers an opportunity to take proactive measures to adapt urban growth to
make our cities more resilient to climate change. The local repercussions of climate change are
poorly understood. Theras willingness by the decision makers to deal with climate induced
vulnerability along with other issues and take adaptation measures. Yet one does not find scientific
inputs merging into this willingness; provide guidelines on course action on sholbragderm.

Climate change will lead to increase in average temperature, heat stress, changes in
precipitation (quantity, intensity, and pattern), glacial melt, sea level rise, storms, and increased
frequency of extreme events, etc. These will impact seconomics, leading to loss of
livelihoods, infrastructure and property damage in affected areas, and hardship for vulnerable
communities. Analytical methods are better developed and can be tested in the context of a
specific case study. Surat Region, Gatjas proposed for case study in this project. The

2" Roman U.C, Porey P.D., Patel P.L and Vivekanandan N., 2012, Assessing Adequacy of Probability Distributional Model for
Estimation of Designt®rm, ISCA Journal of Engineering Scienc¥g). 1(1),19-25, July(2012)
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hydrology of the region is shaped by Tapi River, Ukai Dam at upstream (~100 Km east) of Tapi
River, proximity to seahore, and incessant rainfall especially in July.

To address these problems for cities aver basins and adjacent to sea coast, hydrology and
hydrodynamics of the region has to be understood scientifically in the context of climate change.
The extreme events are correlated to major changes in climate. If the probability of extreme
events aml its magnitude is greater than normal by current standards, then additional
adaptation actions have to bplanned proactively. The aim is to carry out multidisciplinary
analysis facilitated with case study involving collaborating institutions. Reseaacichsred on
applying appropriate model and tools that connect climate change, hydrology, land use,
infrastructure related to basic services for vulnerability mapping/ assessment. The output and
analysis of appropriate solutions to manage hazards will sstggeasures to enhance resilience

to climate change. In the process we will augment analytical capability of the stakeholders that
helps them to foresee climate variability and change and to assessaommmmic vulnerability

to climate change. These Wwsuggest ways to develop climate resilient city and update the
6 SOAaAZY { dAdmvNk alsp Braniti&tiNgéaction at local, state, and national level
involving stakeholders. This will facilitate designing of a resilient development planrthaties
proactive safeguards to Climate Change.

The project findings in the case studfySuratcity highlight its vulnerability to climate risks due

to its geographic location, flood prone topography, large population with a major percentage
living a lifeof poverty in informal settlements, changing land use pattern, rapid infrastructure
development often by reclaiming land from sea (as in case of Surat) and inadequate civic
amenities. The study has examined the physical, economic and social impacteatdel
extreme weather events leadinp flood in Surat city. An important finding is that the huge
monetary costs of these impacts are the uninsured losses borne by households belonging to
poor strata of society and the private sector mostly engaged orindl activities. The study also
examines the responses of local government institutions as well as people to cope with flooding.
There are a number of public and private adaptation strategies that have been identified in this
study. A significant findings that all private initiatives and responses are a directaftpocket
expense for the concerned individuals or establishments. There is virtually no insurance cover
that helps them to deal with the adverse impacts of floods and bring about changes or
improvements in the existing infrastructure. Some of the public and private responses have the
potential to enhance the medium to lorigrm adaptation capacity of the city to cope with
future floods. However, there is a need to address the larger issuediméte risks and
adaptation in the longerm development planning for the cities.

The methodology developed and used in the project to identify and analyze the immediate to
mediumterm impacts and responses of flooding events is expected to improving the
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understanding of adaptation interventions coming from the government as well as communities.
The projectwilK St LJ Ay Sy Kl yOAY 3 idén&yiny dnyg dedelopidy effactive y A G .
methodologies in different areas of global change researthtransferring the knowledge base

to the scientific community and policy makers. Bettbaracterization of posévent impacts and

the recovery process would further help in improvitige disaster management interventions.

The findings of this project willgo help inform theauthorities of other Indian coastal citieBhis

project will also contribute directly to the activitied other climateNetwork.

2.3.1 Methodological Approach:

Figure.1 : Methodology for Flood Hazard Mapping for Surat City
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The stepwise methodology adopted for generation of flood simulation, flood mapping and zone
level flood hazard assessment can be described using below steps;

Stepl: Collection of high resolution remote sensing images for CARTOSAT 1D

Step 2: Collation of topographat features such as contours, river channel sections, and water
level and discharge data,

Step 3: Interlinking of spatial and temporal data using GIS software and customized DBMS tools
for DEM creation

Step 4 Generation of thematic maps and
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Step 5: Analysis of results and delineation of areas under various degrees of floods.

The findings of the project are quite relevant for Surat city as well as other coastal cities having
more or less similar conditions and which are in transition and on a deveopipath. It is
extremely important that these findings are shared with the larger interest of policy makers,
academia and local community to initiate a meaningful dialogue on climate risks, general
perceptions about the adaptive capacity and how adaptati@an be mainstreamed in these policy
processes. Therefore, tretudy will help further irpolicyformulation, especially the formulation of

city development plans tainderstand how climate risks and adaptation can be incorporated into
these plans to makecities climate change resilient and minimum damage to cities vulnerable
sections
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CHAPTERS: SURAT CITY PROFILE

3.1 Introduction

Surat city is located at a latitude of 21.0° tH.23°15 North and longitude of 72.38° to 74.23° East

on the bank of Tapi River. It has about 6 km long coastal belt along the Arabian Sea and therefore
serves as an important trade centre. The river Tapi is merging to the Arabian Sea at about 15kms
away fom Surat City. The city of Surat is the commercial capital of the state and is of significant
importance to the country. It is located at the mouth of Gulf of Khambhat and therefore

experiences a tidal range of abou65m.

Figure 3.1Map showing locatiorof Surat

Map: Map showing e
location of Surat
Source: Maps of India

Map: Surst is divided into 7-msin 2ones, with River
Tapi separsting the Western part from the rest of

the zones
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Map: The Google images of Surat with highlighted
SUDA boundary and Tapi River
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Table3.1: Surat City at a glance

S. No. Category Figures
1. SMCArea (sq.km) 326sqg Km
2. Population 4.46 Million (As per 201 Census)
3. Population Density 13,662 persons per sq. Km
4. Zones 7
5. Average rainfall (mm) 10001200 mm
6. Rivers Tapi
7. Dams Ukai, Kakrapar Weir
Source:SMC Surat
Figure 3.2Map showing Surat City Boundary
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3.2 History

The city of Surat has glorious history that dates back to 300 BC. The origin of the city can be traced

to the old Hindu town of Suryapuduring 1500¢ 1520 A.D., which was later colonized by the

Brigus or the King from Sauvira on the banks of River Tapi. Surat has experienced considerable

growth in industrial activitiegespecially textiles) along with trading activities. Concentration of

these activities combined with residential developments has resulted in considerable expansion of

the city limitst NA2NJ 02 wmMdpcmI {dzNF §Qa FNBI gl a 2yfe

326.5 sq. km. The city was originally established on theéhern bank of the River Tapi with a
castle on the eastern bank of the river.
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Figure 3.3Surat Growth Map
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3.2.1 Commercial Importance

The city of Surat is the commercial capital of the state and is of significant iampertto the
country.The city is a pivotal centre on the Ahmedakddmbai regional corridor as well as on the
225 km long industrial belt (Surat CDP, 20@9.

3.3 Physiographic Aspect

Surat has #&ropical savanna climatenoderated strongly by the Arabian Sea. The summer begins in
early March and lasts till June. April and May are the hottest months, the average maximum
temperature beingd0°C Monsoonbegins in late June and the city receives about 1,000 mm of rain
by the end of September, with the average maximum b&BYCduring those months. October

and November see the retreat of the monsoomdaa return of high temperatures till late
November. Winter starts in December and ends in late February, with average temperatures of
around23°C, and little rain.

3.3.1 Temperature

The summers are quite hot with temperatures ranging from 3%C78& 44.44C. he climate is
pleasant during the monsoon while autumn is temperate. The winters are not very cold but the
temperatures in January range from°@to 15.8C28

3.3.2 Rainfall

The average annual rainfall of the city has been 1143 mm.

28 hitp://www.suratmunicipal.org/content/city/weather _main.shtml
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Table 3.2: Annual Rainfall iBurat City

ANNUAL RAINFALL (1990 TO 2007)

Year | Seasonal Rainfall (mm Highest Rainfall (mm] Date of Highest Raif
2007 76.22 6.29 27/07/2007
2006 55.62 6.71 28/07/2006
2005 74.46 8.07 27/06/2005
2004 77.31 13.01 2/8/2004
2003 68.12 6.57 20/06/2003
2002 44.57 4.68 26/06/2002
2001 46.5 3.84 16/06/2001
2000 30.92 3.92 6/7/2000
1999 73.56 7.76 19/07/1999
1998 56.39 4.36 6/7/1998
1997 40.6 3.74 6/23/1997
1996 44.67 8.19 7/20/1996
1995 54.28 8.63 7/18/1995
1994 82.5 9.68 7/21/1994
1993 52.43 7.55 6/24/1993
1992 85.4 15.78 9/2/1992
1991 32.48 3.75 7/18/1991
1990 42.32 5.67 8/17/1990
Source: SMC
Table 3.3:Year wise Monthly Rainfall (2062008} (mm)
Year 2008 2007 2006 2005 2004 2003 2002
In/D - - - - - 2.12 -
Jan
M.M. -- -- -- -- 53.9 --
In/D - 0.29 - - - - -
Feb
M.M. 7.6 -- -- -- -- --
In/D - - - - - - -
Mar
A In/D - - - - - - -
pr M.M. - - - - - -
In/D -- -- 0.45 -- -- -- --
May
M.M. - 11.6 -- -- -- --
] In/D 14.94 7.16 12.44 | 37.7 16.77 19.47 16.38
UNC VM. [ 3808 | 1822 |316.7 | 9588 |426 | 4945 | 4154
ul In/D 16.59 21.16 29.05 15.97 20.88 26.7 1.88
! M.M. 424.4 538.2 739.2 | 406.5 529.4 |678.2 |47.6
A In/D 26.38 10.12 10.34 33.76 13.3 21.93
“a M.M. 672.4 | 259 263.5 857.5 3375 555.6
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Se In/D 19.52 2.47 10.45 2.73 6.28 4.38
P M.M. 498.4 63.6 265.2 69.2 159.6 111.2
Oct In/D -- 0.7 -- 3.15 0.25 --
M.M. -- 18 -- 80.1 6.3 --
In/D 1.71 0.39 -- -- -- --
Nov
M.M 41.8 10 -- -- --
In/D -- -- -- -- -- --
Dec
TOTAL IN 76.22 55.62 74.46 77.31 68.12 44 57
M.M. 1940.6 | 1418.1 | 1894 1962.2 | 1730 1129.8
Source: SMC
Table 3.4Year wise Monthly Rainfall (1998001} (mm)
Year 2001 2000 1999 1998 1997 1996 1995
In/D -- -- -- -- 0.37 0.61 --
Jan
M.M. -- -- -- -- 9.4 15.5 --
In/D -- -- -- -- -- -- --
Feb
Mar In/D -- -- -- -- -- -- --
In/D -- -- -- -- 0.47 -- --
Apr
M.M. -- -- -- -- 12 -- --
In/D 1.88 0.1 -- -- 0.29 -- --
May
M.M. 47.6 2.5 -- -- 7.4 -- --
June In/D 17.17 4.01 8.27 3.78 14.6 6.77 --
M.M. 436.3 101.8 209.9 96 380.8 172 --
Jul In/D 15.59 18.66 14.98 24.46 8.89 25.89 43.43
M.M. 396.1 474.2 380.7 621.2 225.6 657.9 1105.4
AL In/D 10.52 7.52 3.67 12.63 12.25 6.99 5.21
9 M.M. 269.2 191.3 93.6 320.8 311.2 177.4 130.8
Se In/D 1.02 0.23 417 11.25 3.99 1.42 4.28
P M. 257 |58 1058 | 286 101.6 |36.1 | 1086
Oct In/D 0.22 -- 6.47 35 0.04 3.17 0.75
M.M. 5.6 -- 164.2 89 1 77 19.1
In/D -- -- -- 0.77 -- -- --
Nov
M.M. -- -- -- 19.6 -- -- --
In/D -- 0.4 -- -- 0.07 -- --
Dec
M.M. -- 10.2 -- -- 1.8 -- --
TOTAL IN 46.5 30.92 37.56 56.39 40.6 44.3 53.67
M. M. 1180.5 | 785.8 954.2 1432.6 | 1031.4 | 1125.4 | 1363.9
Source: SMC
e
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3.4 Socio-economic Status

3.4.1 Demographic Features

{dzNF & A& LYRAIFIU& SAIKIK | YR Ddz2l NI Y ©Beca@esad2 v R
metropolis in 1991, along with eleven other major cities across the country, by crossing with the
population of more than one a milliepopulation mark. Grat has experienced very rapid
population growth during the last 20 years. This rapid growth in a very short time span is actually
0KS KFEEYFN] 2F {dzNF §Qa R$Y23INILKAO GUNBYRa 0/{

Figure 3.4: Population Growth in Surat from 1901 to 2011
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Source:http://www.suratmunicipal.org/content/city/stmt9.shtml ; http://censusindia.gov.in/2011-prov-
results/prov_data_ products_qujarat.html

The city has been experiencing rapid growth in population during past three decades, which is clear
from the comparative graph given below depicting the population growth in three cities of Gujarat
Among the three cities i.e., Vadodara, Surat and Ahmedabad; Surat shows a significant growth in
population over the years.

29 Census of India (2011)
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Figure 3.5: Growth of population in three cities of Gujarat

Comparative Growth of Population in three cities of
Gujarat

60

Vadodara

Surat

- -Ahmedabad

Percentage Decadal Growth of Population

Source:http://censusindia.gov.in/2011-provresults/prov_data products gujarat.html

3.4.2 Change in land use pattern

{dzN> 0 OAGe Kra gAlySaasSR | NILAR 3INBgGK | YR
residential localitis were developed under the SUDA &fea

The total area under Surat Urban Development Authority (SUDA) is 722 sq. km. It is clear from the
figure that the urban area in the city has shown an increase over a period of 36 years. The
percentage of residentiarea has increased considerably from less than 50% in 1978 to more than
50% in 2004. Industrial area is also on increase since 1978. The area for transport and
communication increased after 1978, but remained more or less same after 1995.

Figure 3.6: Growth in urban area of Surat from 1978 to 2004

Change in Urban Land-use in Surat
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1978 26.96 1.41 10.06 5.4 0.22 7.91 15.5

1995 61.89 2.56 27.84 7.35 0.58 16.61 15.5

i 2004 98.06 4.16 30.23 5.8 1.07 15.61 15.5

30 City DevelopmenPlan (20062012), Chapter 3: Urban Planning and Growth Management
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Source: Adapted from City Development Plan (268%12)
Figure3.7: SUDA areg Phased wise development
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3.4.3 Industrial Development

Industrial development in Suratistrict could be attributed to the presence of a large number of

diamond processing, textiles and chemical & petrochemical industries. D
contributed a maximum of 11.5% of Gross Domestic Product (GDP) to the

uring-0ZQ08urat
State, as compared to

any dher district of India. There are about 6,500 diamond polishing units in Gujarat, employing
about 0.7 million people. Out of these, 38% of the units and 57% of the workforce are located in
Surat (RBI, 2009). More than 1.5 million people are directly ordatly dependent on the diamond

cutting and polishing industry of Surat (SCRS, 2011).

Figure 3.8: Growth of diamond industries in Surat City
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3.5 Disaster Profile of the city

Very often heavy monsoon raibrings floods in the Tapi basin area. In last two decades, the city
has withessed major floods every four years, the worst being the flood of August 2006, perhaps the
costliest in the city's history. In the second week of August 2006, a massive floseldcsevere
damage to the city of Surat. According to a report released by Indian Institute of Management
Ahmedabad (IIMA), massive flood after release of water fraskai Damhad causednajor human
tragedy and property damage estimated at Rs 220 billion on that day. In less than three days, at
least 150 people died directly due to flood and many others due to wadene diseases that
followed. More than 1500 animal carcasses were latuléd out of the muck!

3.5.1 Flood frequency

Surat City has got affected by many devastating floods since past several(Vehles 1).These
flood events resulted in both economic and humanitarian losses. It can be clearly seen from the
graph that the frequeng of floods in Surat city show a considerable variation in their occurrence.

Figure 3.9: Flood History of Surat City
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The 1968 flood had been the biggest flood withessed so far and had a highest flow of about 42,475
cumecs(1.5 million cusecs). Water level at Hope Bridge, Surat reached 12.01 m. With this in mind,
the Ukai dam, located about 100 km upstream of Surat, was completed in 1972. The major
purposes of the dam being essentially irrigation, power generation andagbditiod control.
However, heavy Rainfall in the catchment area of Ukai Dam in the upstream (mainly in
Maharashtra) which leads to heavy inflow in the Ukai Dam has often resulted in heavy discharge of

31"[IM -A Report on Flood"lIM-A. Retrieved 20087-06.
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water from the Ukai Dam, responsible for flooding irédun the past 20 years. This is largely
caused by the competing objectives of the Ukai dam, which designed mainigrif@ation and
power generation with partial flood control. To meet the first two objectives, the dam has to be
able to hold as much wat as possible leaving a limited cushion for flood control, especially during
the later parts of the monsoon. The floods of 1998, 2004 and 2006 occurred following emergency
discharges from Ukai dam. Out of these years, floods of August 2006 remainedatiegagbr

Surat in terms of the extent of damage, during which nearly 75% of the city was inundated.
Anthropogenic changes including building of bridges, embankments and the Singanpore weir have
reportedly increased the siltation and reduced the carryiagacity of the river channel, as evident
from the increasing flood levels for the similar amount of the discharge over last few decades
(Flood Risk Management Study, Centre for Social Studies. 2009)

3.6 Vulnerability of the City to Climate Change:

The climatemodel indicates that precipitation is likely to increase in the region along with increase
in frequency of extreme events. The city lies towards northern most part of the western coastal
humid zone, and arid zone is only few hundred km towards north. t8figkleviation in climate

either ways is likely to impact Surat, which already falls under flood risk prone zone. Surat lies in a
flat terrain at an altitude about 10 m above the mean sea level. Sea level rise of even couple of
meters will shift the tidakone towards the city which can worsen the flood situation.
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PARTII: CLIMATE VULNERABILITY DUE TO FLOODS
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CHAPTER 4 CARRYING CAPACITY OF RIVER TAPI AT SAJR

4.1 Introduction

/ FNNEAY3 OFLIOAGE 2F | NAGSNI aSOitrazy OFy 068
YFEAYdzY 61 GSN) RAEAOKINBS gAlGKz2dzi OFdzaAy3I GKS
river carrying capacity can be attributed to estiiiom and mapping of flood prone areas. For
example, if the carrying capacity of a river or part of the river is higher than the discharge then
there is no flood. Whereas, if the carrying capacity is lower than the discharge occurred at given
section or patr of river then the bank over spilling will occur resulting into flood. The area coverage
of such flood will depend upon excess volume of water spilling from the river channel and elevation
of the area.The extent of thearea under submergence for a givibmod eventindicates its impact

Figure4.1: Cross section of RivdBed and Floodplain
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Tapi basin has been associated with recutrdmods, which in turn affected the growth and urban
dynamics of St city- a regional business hub in Gujarat state. This chapter will cover basic
concept, data used for calculating carrying capacity, -teptep procedure for methodology used,
analysis being carried out for lower Tapi basin and in particular for Suiat and finally
significance of carrying capacity for Surat city.

Figure 4.1 shows the conceptual representation of the river bed, river bank, flow depth (h), river
carrying capacity and flood plain. It is to be noted that there is clear differeatieelen two river

banks ends (right bank and left bank) levels which in term helps in estimating the carrying capacity
of the river sections. The banks having the less safe flow height as compare to other side can be
more flood prone and high flood vulneréiby. Let us consider a case, where if the water level in
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this river channel increases above lower side of river bank, the water will be getting overflowed to
the river bed (called flood). The safe water level which does not overflow from the river dhianne
called safe carrying capacity of the river channel. In short, the carrying capacity for the river
channel as shown in Fig 4.1 is the safe discharge (volume per time) of water up to water line AB.
The line CD indicates the line of maximum carrying ciéypaat river section 4l with necessary
structural measures by strengthening river bank.

4.2 Hydrological Analysis on Carrying capacity for Tapi River
4.2.1 Data requirements for carrying capacity:

As depicted in Fig 4.1 above, the carrying capacity a¥ex depend on crosssection (length,
width, depth) of the river, river slope and mean flow velocity in the river. The carrying capacity
shouldbe calculated at various poingdong the river This is important to know the sections where
flood vulnerabiliy is high, or sections where engineering interventions are required, or areas where
social groups at large are under threat.

Theanalysis carried by Singh et al (2009) for lower Tapi basin indicates varying degree of carrying
capacity.lt shows that he accuracy of the carrying capac#gtimatedepends on the accuracy of

the input data as water level, river depths from hydrographic survey, and flow velocity in the river
measured using current meter. Utmost caneedsto be taken so that the value of theiver
carrying capacity will be accurate. This research suggests that the data should have following
quality:

1. Cross section locations should be selected very accurately and at regular interval for
entire river length includingn urban area and rural sdéments.

2. Special crossections should be considered at permanent landmarks locations including
bridge, electrical high tension lines, communication towers, and temples for measuring
crosssections.

3. At locations such as sudden change in the river widtlacg$ of river meandering,
excessive curves the riverpoints should bet shorter intervalsin general, river cross
sections each 26800m will be appropriate for a river length of 2Q60km.

4. The depth data of the river cros®ction in perpendicular déction should be selected
at regular interval in such a way that it can represent the actual profile of the cross
section. In general, for a river width of 6d80m an interval of 10m can be considered
as appropriate.
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5. The depth reading should be notedryeaccurately and width of the river should be also
measured accurately. River hydrographic survey foamsjor part of this exercise and
should be carried out using sounding methods. A detailed description on hydrographic
survey using sounding methaslgivenin section 4.2.3 below.

Table 4.1 below describes the parameters and data needs for calculation of river carrying
capacity.

Table 4.1: Parameters and data needs for calculation of carrying capacity

Sr | Parameter

Data needed to find parameter

1. | Area

Reduce levels for each crossection using hydrographic survey

2. | Perimeter

Width of river crosssections and reduced levels for cross sections u
AutoCAD and excel software

3. | Slope

Reducel level at every consecutive cross section and |erggtween 2
consecutive sections of the river

4. | Roughness

River roughness coefficients are being considered from table based
properties

5. | Velocity

Calculate using hydraulic radius (function of area and perimeter), S

and Roughness coeff@nts

Figure 4.2 Part of river crosssections and data being collected for Surat city

TaP! RVER Cross sections ‘

The data collection process carried out for lower Tapi basin can be summarized as below. The cross
sectiors along the river at regular intervaldesignaed as REL,RD2, RDo X X ® i NRAR IKI 2
river and corresponding intervals at left side asil,DDB2, LBo X ® ® KIS 06SSy RSLY
as Fig 4.2 which was surveyed earlier.
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The followings data were collected from Surat Municipal Corporation data @&/cbéll. A detailed
description on data types, data properties, and data inteetalhas been listed in Table 4.2

Table 42: Description of data types and data properties

S No | Name of Data Interval Remarks Source

1. River crossections data (whichsiif Each 200 Very unique datg Surat Municipa
mentioned as RB/LD1 to RD | along the| base, good da | Corporation,
76/LD76 from weir to Magdallg river quality, sufficient| Hydraulic Divisior
and RB6 to RDB54 from weir to horizontal (2011)
Kamrej) along the entire rive interval, reliable
length between Ukai dam an data for carrying
Hazira including river stretches capacity analysis
Surat city

2. Reduce level data across the riy Each 10m Accurate reduced Surat Municipa
width for all the sections a| interval levels and reliabl¢ Corporation,
discussed in St above across the for analysis Hydraulic Divisior

river width (2011)

The above data authorized by SMC are very useful to find out various parameters for the carrying
capacity of River cross semts.

4.2.2 Survey requirements for carrying capacity:

To take the readings of the cross profile of the river, hydrographic survey is to be held. The
hydrographic survey is to find the horizontal reading (width) of the river and vertical depth
measurementat regular interval.

There are so many methods to tlee hydrographic survey like Theodol#ed DGPS and sounding
system method. These are described in Annexure 4.1.

4.3 Methodology For River Carrying Capacity

The flow in river is governed by open chanfielv theory and methods for calculation of carrying

OF LI OAGe 2F GKS NAOGSN F2ftt29 GKSaS TFdzyRIYSyidl
most common equations for calculation of dischargeam open dannel. However, due to
popularity, we willuse Manning's equation to calculate average crasstion velocity flow in open
channels.

Let us assume that A, P, s, R(=A/P) are area, perimeter, slope and hydraulic radius of a trapezoidal
channel. The mean flow velocity (v) can be written as;
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VZ%R%S%XXXXXXXXCD 6 MO
If A is the area of crossection then channel discharge (Q) can be written as;
Q:v.A:%R%s%.A XXXXX O0HU

Thus, the channel discharge for highest flow can be described as carrying capacityriokthe
crosssection. Therefore, it employs calculating rivarryingcapacity for each crossection whose
data are available.

The methodology used for calculation of river carrying capacity has been described below;

Step 1: Data provided for the R&r cross section is in the AutoCAD format, which cannot be used
directly to calculate cross section carrying capacity and it is not supported by GIS database or in
Excel. And hence the first step is to input the data manually from AutoCAD to excel sheet.

In excel sheet, all the cross sections are mentioned column wise and all the reduce levels for each
cross section are entered row wise below to particular cross section.

Step 2: Calculation of each cross section area using reduce level entered manually.

There are total 130 cross sections in the Surat city (from weir to Magdalla 76 c/s and from weir to
Kamrej 54 c/s). Data contain horizontal measurements (Chainage) as well as vertical height
measurements (reduce levels).

| NBF Oly 0SS Ol SOdziddy RESRJ D&zNEA WIS IRR2RIQ dzaAy 3 &A

1 First task is to find out the max. Height for the point from all the reading of cross sections
across the river.

1 According to that height calculation of the depth for all the points (at 10rerual) and
generation of the depth area graph.

1 Calculation of the area under this graph would be the area of whole cross section. But there
are cases in SURAT where, one river bank falls short as compare to another river bank. So
taking the whole area undecurve is not significant, because water can be safely stored up to
the shorter end of the river bank. So in the calculation, area up to shorter end should be
calculated. So the significant area of cross section would be:
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Area under curve; area below tre shorter end

Thefigure 4.3 below shows the river cross section having one end shorter than another. So area
should be calculated up to line AB.

Figure 4.3: Depth area graph and the area under curve up to shorten end
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Area unekr curve, up to line AB (in fig:4) can be find out by simple geometrical rule shown
below. We have reading at eachlnterval. And we assume that the line between two points
is straight.

Figure 4.4: Area under curve calculation

A= area under triangle + area under rectangle

THIS AREA
OF RECT.
should

subtract.
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As the figure4.4 shown the area under curve should be combine summations of area of triangles
and area of rectangles. So area under curve is the summation of area of total triangles in the curve
and the summation of area of all the rectangles includethe depth graph of cross sections.

Area of triangles = %2 * base * height
Area of rectangles = length * width
Step 3:calculation of the slope (S) and hydraulic radius (R)

Relative slope for each cross section is the ratio of differencevdmt two consecutive cross
sections to the distance between two consecutive cross sections. Difference between two cross
section has been calculated in excel sheet in each row for each cross section. And distance between
two cross section are approx. 20080 the slope can be finding out by ratio of elevation difference

to the distance for each cross section.

Hydraulic radius (R) is the function of area of the cross section and the perimeter of the cross
section. And R is defined as the ratio of area to pleeimeter of cross section. Perimeter of the
cross section has been found out by combination of Excel and AutoCAD. The ratio of each cross
section area to the perimeter of each cross section in the excel row gives the Hydraulic radius for
each cross sean.

Step 4: After finding all the parameters separately in excel, those values have been substitute in
GKS YlIyyAyaQa F2NXdzZ | RAaOdzaaSR 0620Sd ¢KS 2
mean velocity at the cross section. And the mean veloaitshultiplication with the cross section

area will give the carrying capacity of the cross section.

4.4  Outputs and Analysis
4.4.1 Carrying capacity

For the TAPI River cross sections, area is varying vastly for various cross sections from Magdalla to
Weir and from Weir to Kamrej.

The carrying capacity for various cross sections from weir to Magdalla has been generated and it
gives the following result for the carrying capacity.
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Figure 4.5: Cross sections carrying capacity from weir to Magdalla

LAKH
CUSRC Weir to Nehru ADAJAN

/— ‘Bridge HF‘Area %' Umra Village
(Hope bridge) To Piplod

) Magdalla Village
Atwa Lines Area (RD-57 to RD-64)

_ (RD-33 RD-40) . ___ R

10 l
A \ : : Upto
Athwa Gate to Chowpati Glden) t 1 1 Arabian %
(RD-33 to RD-36) Sea
8
Jalaram
I_\/ ¢| flé".l./_ﬂ nagar

Sardar Bridge

| ‘|I|||||||| | | ” | ||| | ‘l ”

N XA D L 9 N Q;’sb-’\o";b%’\")‘b\v’\O’b‘o%W‘ob’b
Q—Q«Q«;x,;\,'x;yj\,q,'\,ﬂ,%jabhbb")“)")‘ob‘o’\’\’\’\‘b‘bQO
T @S I I I I I I I I I LI I IS I I I I FIILE

| 09snd yjej ul Ayede) SuiAiie) u |

Cross Sections —>

1 The graph shows the scenario of the carrying capacity from Weir cum cause way to
Magdalla area in surat city. The graph clearly denotes that carrying capacity from Weir to
Nehru bridge (Hope Bridge) is nearly Udkh cusec. And after Hope Bridge, near to &uaj
area (RER2 to RE30) the carrying capacity suddenly decreases due to the low depth and
short river bank at Adajan Side of the TAPI River and it falls up-tblL@Gkh cusec.

1 So on an average the safe carrying capacity of the tapi river from weir ¢ause way) to
SEA is around-8Lakh cusec.

1 Carrying capacity is increasing up to akh cusec as going to the Athwa gate to Chowpati
Garden and in overall Athwa Lines area maximum carrying capacity reaches up to 3.2lakh
cusec.
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At the Sardar Bridge thearrying capacity is hardly 1l&kh cusec.

of the Tapi River is decreasing from 4lakh cusec to 2lakh cusec.

increasing gradually and it reaches up to 6lakh cusec.

Adajan, Athwa lines area, and Piplod area.

Figure 4.6: cross sections carrying cajig from weir to Kamrej (LB5 to LD54)
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Figure 46 shows the cross sections carrying capaoétween weir and Kamrej areaafi
riverQ @rrying capacity is nearly 0.4 to 1.&kh cusec near to Rander area just next to weir.

Near to Jahangir pura dndabholivillage carrying capacityaryes between 3.5lakh cusec
to 0.7lakh cusec.

Aswe go ahead carrying capacity reaches up to its max. Value daKhbcusec and it is
average 1.9akh cusec up to Katgam.

At the starting of the Amroli village the isa sudden fall in the carrying capacity and it get
down toaminimumof 0.1lakh cusec in Amroli as well as its nearby Utran village.

The average carrying capacity value near to Nana Varacha an Mota Varacha is dedkimd 1
cusec.

Aswe go ahead alog the Tapi River the carrying capacity incesasear to Valak Village,
Kathor village and Kamrej area. And it reaches uplakiB cuse@t the Kamrej area.

4.4.2 Cross section Area

l

At the starting from the weir, the river section is wide and deep andas more
topographical area as compat¢o when river entes near to Adajan area. The width of the
Tapi River varies from 608 ¢ 1020m from Weir to Adajan Aea. And near to Adajan area
width varyesfrom 300m-600m up to Athwa Lines area then river aages between 600m
-900m width up tothe sea.

Area at various cross sections varies fro@0P sq. meter to 1@000sg. meter from Weir to
Nehru BridgeNear to Adajan, Athwa Lines area and near to Piplod area itesfrgim 2000
- 4000sg. meter. And neato Magdalla area it reachesmaximumof 8000sg. meter.

The table below shows the area and carrying capacity (in lakh cusec) for each of the cross
sections.

Table 4.3: Carrying Capacity of Tapi River at Various Points in Surat City (in Lakh Cusecs)

Cros
Section

Area (sq
m)

Carrying
Capacity
(lakh
cusec

Cross
Section

Area (sq
m)

Carrying
Capacity
(lakh
cusec

Cross
Section

Area (sq
m)

Carrying
Capacity
(lakh
cusec

RD1

9120.33

RD31

2836.17

2.09

RD61

2641

1.42

RD2

8193.34

9.07

RD32

2305.59

1.58

RD62

2487.97

1.28
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RD3 9097.89 | 9.55 RD33 |2057.81|1.21 RD63 2636.89 | 1.47
RD4 9162.81 | 9.56 RD34 |2293.02 | 1.93 RD64 3011.85 | 1.98
RDB5 9311.62 | 9.7 RDB35 |2349.97|1.95 RDB65 3237.92 | 2.05
RD6 8902.53 | 9.35 RD36 | 2540.6 |2.17 RD66 3145.2 | 2.02
RD7 9128.93 | 9.54 RD37 | 2752.34|2.25 RD67 2414.43 | 1.26
RDB8 8174.32 | 7.77 RDB38 |2245.33|1.44 RDB68 3741.62 | 2.71
RDB9 7575.4 6.77 RDB39 |3565.82 | 3.23 RDB69 2858.5 | 1.96
RD10 |8183.14 |6.9 RD40 |3513.22|2.81 RD70 2823.35 | 1.92
RD11 |8702.55 |8.65 RD41 | 2884.75|2.25 RD71 2488.3 | 1.56
RB12 | 8844.08 |8.73 RD42 | 3598.53 | 3.15 RDB72 2177.62 | 1.17
RB13 |8737.16 |7.85 RD43 |2921.18 | 2.15 RDB73 2271.89 | 1.15
RD14 |9390.39 |8.72 RD44 | 2770.64 | 2.02 RD74 3591.08 | 2.8
RD15 |8972.12 |8.67 RD45 | 4372.74 | 3.83 RD75 3051.64 | 2.14
RD16 |8767.8 |7.2 RD46 | 4210.49 | 3.69 RDB76 8075.1 | 7.36
RD17 |8812.14 |7.1 RD47 |2021.4 |1.2
RD18 |9774.24 |9.44 RD48 | 4243.89 | 4.17
RB19 |9934.17 |8.78 RDB49 |3761.39 | 3.32
RB20 |10687.17 | 10.67 RDB50 | 3905.96 | 3.35
RD21 |5847.39 |5 RD51 |4554.94 | 4.16
RD22 |2255.98 |1.17 RD52 | 4149.86 | 3.49
RDB23 |1995.3 0.81 RD53 |4334.43 | 3.56
RDB24 |2198.28 | 0.97 RD54 |4874.84|4.16
RD25 |2160.52 | 0.96 RD55 | 5070.6 |4.05
RD26 | 1457.32 | 0.57 RD56 |3180.55 | 2.63
RDB27 |1435.79 | 0.58 RD57 |3295.91 | 2.27
RD28 |2020.75 |1.12 RD58 |2929.4 |1.83
RD29 |1996.16 | 1.03 RD59 |2407.39|1.24
RB30 |2041.7 1.06 RB60 | 3125.73|1.92

4.5 Results and Discussions
From the carrying capacity valaéhe following pointsemerge:

1 Sarting fromthe weircum- causeway the carrying capacity is around toldkh cusec. This is
noticedto have increaseds comparison to the previowestimate based on 200éross section
data of SMCwhichis around 8lakh cusec. This &n increa® of 2 lakh cusecThe reason
behind thisisthe erosion of the river channels due to the high discharge from the weir.
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Whenthe river reacled Adajan area, the carrying capacity decreshsaddenly. This is because
of the encroachment and resultingeduction width of the river cross sections. The same
situation isat the Athwa lines Area.

Another reason for the low carrying capacity near the Athwa Lines Area, Adajan, Rander and
some other areas are the river bank difference at both sides. So the area situated at the lower
bank & the more vulnerable as compalto its opposite side.

Low carrying capacity in Surat city like Amroli, Rander and near Ved village is because- of the C
shape of the Tapi River atdbe areas. So the velocity near toetle areass near to zero
meter/sec.and hence the carrying capacity alsoggbwn.

Sedimentation is taking place near to the weir andeiuces thevelocity andleads tomore
sedimentation to riverbed and henderther decreags thecarrying capacity.

Figure 4.7: Rander area cross section
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1 In above figured.7 a Rander arearosssection of the river channel ghown. The river
bankon Rander side haswuch lowercomparel to its opposite river bank. So in case of
flood, Rander area is more vulnerable.

1 Similarsituationis atat various sectins near to Athwa Lines, Adajan, and Nana Varacha.
These areas are more vulnerable duette low height of river bank.
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4.5.1 Carrying Capacity and its significance for Surat City

Flood prone areaand highlyulnerable areacan beidentified easily fron the carrying capacity of
the riverat different crosssections.This also helps in identifpeasureghat can be taken to avoid
flooding:

1 In Adajan and Atwa lineareas width of the cross sections are nearly 500 which affect
the carrying capacity dahe cross sectionAt these placeswideningand deepening of the
river bed can help to increase the carrying capacity emdecrease the vulnerability to
nearby areas.

1 In the case of Rander and Nana varaeheas,where differences in river bank heightsea
large.In these caseprovision of retaining walls, providing bunds, or provision of flood gates
can decrease the vulnerabiliof nearby areas.

1 In the cases from Jahangir Pura to Amroli village where encroachment is there and river is
turning the carryng capacity are very low because of the lower velocity and sedimentation.
In such cases, provision of flood gates or provision of reservoir or widening of the river
banks are the best structural measureséalucevulnerability.

4.5.2 Implications

While analysis of carrying capacity cres=sction by crossection helps identify critical areas,
the extent and level of flooding need to be assessed to identify in detail vulnerability of
different parts of the city. For this the flow in the river has to bawdated as what happens at a
crosssection affects what will happen at other cressctions. In the next chapter we describe
the simulation of river flows and flooding under alternative scenarios.
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CHAPTER 5 MAPPING OF FLOOD VULNERABLE ZONBSSURAT

5.1 Introduction

Tepi is the second largest westwatdtaining interstate river in India after the mighty Narmada
River. The total area of Tapi basin is 65,1k&? coveing approximately 5504 knt (79%)in
Maharashtra state, 804 kn? (15%)in Madhya Pradesh and,&37 kn¥ (5%)in Gujarat state. The

basin finds its outlet in the Arabian Sea and is bounded on three sides by ranges of hills. The Tapi
River and its tributaries flow over the plains of Vidharbha, Khandesh and later to Gujarat, and can
be divided into three zonegjz. Upper Tapi basin, Middle Tapi Basin, and Lower Tapi Basin (LTB).
The portion between Ukai Dam to the Arabian Sea is considered as LTB, mainly occupying the Surat
and Hazira twin cities along with tens of small tovamsl villages by the riveSuratcity is almost

100 km downstream of Ukai Dam aischffected by the recurrence of floods at regular intervals.

The LTB receives an average annual rainfall3g%6 mm,and these heavy downpours result in
devastating floods and water logging downstream. Th& Icbntains the Ukai and Kakrapar
reservoirs and part of the flow is diverted for irrigation from Kakrapar weir. The major crops grown
are cotton and maize, followed kgoybeans The prevailing land use is mixed forest, agricultural
land, rural and urban sdements. The topography in LTB comprises narrow valleys and gently
sloping ground. Figurb.1 shows the location of the study area, Surat Citye main reasons for
flooding in LTB are the heavy rainfall and discharge due to high water levels from &fkai D
Therefore, the flood problems of the river system are inundation due toawerflowing of the
banks, inadequate drainage capacity of the river, congestion at the point of confluence, and an
excessive silt load factor.

In order to assess the geograpdliimpact of floods, CARTOSRASterecpair satellite dataof 2.5 m
resolution has been procured from National Remote Sensing Centre (NRSC), Hyderabad. Besides
CARTOSAT data, high resolution Geeglth data at the sulimeter scale have been downloaded

from the Internet. The hydraulic data on river cressctions including channel levels and hourly
gauge discharge measurements, for three stations in and around Surat City, have been collected
from several sources including SMC. GIS analysis is being cahétucédl seven zones tifie Surat
Municipal Corporation The data used for conducting the present research includecgded
CARTOSAT satellite imagery of April 2008, Survey of Indid D{ Q {w¢a 59a RI
resolution, high resolution Googlearth images andrarious maps developed by tf&MC. Contour

maps for various city zones at 0.5 m interval have been collectedtirer8Mdn AutoCAD format.

[More than 200 river channel sections at a mean distance of 150 to 200 m have been measured by
the Irrigaion Department for LTB betwedahe Ukai Damand Magdala weir.] The water level and

river discharge data from hourly to daily scales facarge stations: Ukai Dam, Kaar weir, and

Hope (Nehru) Bridge have been collected from the Flood Control Cel, fSiMithe period from
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2006 to 2010. [All the dathavebeen attributed ready to put into a digital database management
system (DBMS) using GIS softwlmefurther analysisvith ARGIS softwardasedSpatial Aalyg
tools.]

Figure 5.1: Location of the staly area and Surat Zone
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A large number of hydrological models and hydraulic models are available in literature for flood
modelling and preparation of flood hazard maps. They are simple to complex in processes, use
single to multiparameters,and vary from minute to monthly time scal&.combination of Ar&IS

and HEERAS modehavebeen used for preparing flood hazard maps for Surat city. Both models
have advantages as compared to several existing hydrological models, as they are dependent on
limited number of parameters and can be easily customized to Indian conditions.

Arc GISdata model helps us in developing many hydrographical dataset from digital elevation
models (DEMS), extracting drainage networks, delineating watersheds, and degeorgetric
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networks of drainage features for flow tracing. The geographic features, thus delineated can be
linked to timeseries data (e.g., stream flow records) in the database, thus providing the base for
simulation modelling fomundation mapping of th river basin

Whereas, HE®RAS help us to calculate water surface elevation atraissectionsof interest for

either given set of flow data or routing hydrograph through the hydrological system. This model
requires various geometric parameters, flohacacteristics such as steady and unsteady flow data.
These geometric data includes River system schematic, River cross section data, River reach length,
energy loss coefficients, and stream junction information. Locations of various hydraulic structures
are also one of input parameters either for flood storage or for flood release. Steady flow data
includes flow regime, boundary conditions and peak discharge information. ThH&RAE@rogram
computes water surface elevations along the channels, and thdtseare transferred back to the

GIS, where the floodplain limits are automatically delineated and flood hazard areas are accurately
mapped.

Therefore, a combination of ArGISand HEERAS models will result into hydrologic database
development, delineatiorf flood hazard areas, maps for identification of floodplain, and mapping
susceptibility to flood forthe vulnerable locations/targets identified such ashoos, hospitals,
slumsandindustries In this project highresolution remote sensing images frda@ARTOSAT have

been combined with river hydraulic analysis and digital elevation model (DEM) to identify the flood
susceptible areas.

5.2 Processes Invdved in Mapping
The process involves the following steps:
5.2.1 Step-1: Terrain Mapping:

Terrain mappingf Surat cityis done by usin@igital Elevation Model (DEMA. DEM is a gridded

array (raster)of elevations Rasters represent the world asgular arrangements of pixels (cells).

a DEM, each cell has a value corresponding to its elevation. Theh&dbtations are arranged
regularly permits the raster GIS to infer many interesting associations among locations: Which cells
are upstream from other cells? Which locations are visible from a given point? Where are the steep
slopes?

Ths chapter presend the overall results of the comparison with the higlgeade reference DEM.

Ly Fdzi2YFGAO aNYaidSN G2 OSOG2NE F LILINRIFOK oYl @
to determine the elevation of each CartoshDEM27x27m cell position in theaference data set.

The processing chain delivers the standard deviation and mean of the elevation differences
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(between the Cartosat DEM point and corresponding interpolated vertex) and stores the raster
results for further analysis. (Fig4)

Digital representations of landscape topography as digital elevation models (DEMS) incorporate
series of reduced level values so that terrain features can be evaluated using specialized numerical
algorithms and the GIS visualizations rendered. The major issueD&Mderived hydrographic

data are related to the resolution and quality of the DEM and to the derimatiosurface drainage.

Here, ERDAS ImagifsS (Leica Photogrammetic Saitd ARC Glsoftware have been used for
various feature extraction from DEM.

Figure 54: DEM of Lower Tapi Basin
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As can be seen in Fagl, the DEMs generated from Cartoshtimage pairs gives clear picture of

the topography of the region. As seen in DEM, West zone is low lying area of the city with
compared to East zone. Thereaisignificant slope direction found in the city and that is from east

to west. DEM shows that west zone is low lying area and its topography varies from 2m to 15m.
Major parts of Adajan region lie in the west zone and the region had experienced 2m to #ém wa
submergence during 2006 floods.
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Figure 5.5: Surat City Zones at Various Elevations
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5.2.2 Step-2: Inundation Mapping of Surat city of three inflow scenarios:

¢CKS LINAYFINE 202SO0GAQGS 2F GKAA &adGdzRe A deople2 LINJ
and public infrastructure. The elements of infrastructure under consideration inelbdidings
(schools, hospitals, slums, and industries) within and adjacent to the flood plains, roads, bridges,
etc. An original systematic procedure is used in shedy to gather and examine available data in

order to develop an understanding of the relevant climatic effects and their interactions with
infrastructure. The purpose of the work presented in this report is to provide the assessment
procedure with the &tent of inundation and water depths for three discharge scenarios (actual
Tapi river water discharge from Ukai Dam in 2006, 50% less of 2006 discharge level, and 50% higher
of 2006 discharge level) under consideration. The integrated hydraulic modellstgns and

spatial analysis software have been used in the study.

In addition to the fact that climate change has been considered in the development of current
Floodplain maps. Current floodplain maps have been generated by using one of the most advanced
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imageries of the region developed by the National Remote Sensing Agency (NRSA), Hyderabad and
acquired by CARTOSATsatellite. Inundation depths that are required for an assessment of
infrastructure vulnerability have been developed by using the CARTOS4€&rimand Discharge

data of UKAI Dam collected by the Surat Municipal Corporation (SMC) and Irrigation Department,
Surat. Geometric data have been developed by using the GIS and Hydrological computer software
for spatial analyses.

A set of tools and utilies provided with the ArcGIS computer package is utilized in the preparation
of spatial data for the hydraulic analyses. HE€ORAS is an extension of ArcGIS, which is used for
the preparation of spatial data for input into hydraulic model HEAS and thgeneration of GIS
data from the output of HERAS software.

The spatial extension of the assessment of the project is limited to city of Surat. The study area is
determined based on the population and infrastructure threat perception due to the floods. Th
lower Tapi river enters the city from the eastern side and exits to western side tapering through the
northern part of the city. The river finally meets the ocean at the western side of the city. The Tapi
river model starts at the downstream cross sentiavhich is located 142.19 m away from the
starting of the river to be modelled and the last downstream cross section is located 540.14 m
away from the preceding cross section. Almost 34 km length of the lower reach of the river is taken
into consideratiorfor the hydraulic modelling study which covers the entire city.

5.2.2.1 Summary of the flood plain mapping results:

Table 52 shows the inundation area for the three water discharge scenarios [2006 level; 50%
lesser; and 50% higher discharge w.r.t. 2006]. FeetoTapi river especially from UKAI dam, the
difference in flow between three scenarios is significant. Therefore, the difference between
inundated areas is also significant. The flow of Tapi river is managed and controlled at UKAI Dam.
Only at some excepmnal and unwarranted situations water is discharged excessively from the
dam.

Table5.2: Summary of floodplain mapping results under various water discharge scenarios

Area of Flooding (krf
River Historical Scenario Futuristic Scenario
Tapi River wir discharge | 50% lesser discharge 50% higher
level from Ukai dam in 200¢€ of 2006 discharge of 2006
Lower Reach of Tag 228 295
. . 270 (a decrease of 15.5% fron| (an increase of 9.25%
River (Surat City) 2006) from 2006)

——— INtegrated Researc h and
101 IRADe Action for Development



Vulnerability of Coastal Cities to Climate Change: Case Study of Surat to Develop Adaptation Framework

5.2.2.2 Floodplain mapping results:

Floodplainmapping results are shown using the flood inundation map. Preliminary observations of
all the three scenarios of Tapi river water discharge show the submergence zones. When we
compare all the three maps we would find that with the change in river watahdirge from Ukai

dam at 2006 level to 50% level higher level, more areas would get submerged with water.

Figure 5.24A): Scenario 128,000 cu m/s Water Discharge from Ukai dam (Year 2006 level)
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In scenario 1, whef8,000 cu m per sec water is dischadgeom Ukai dam, then almost 270 sg km
area would get submerged affecting mainly the west, north, central and southeast zones of Surat
city. After studying the inundation map closely, the following zones and important locations have
been identified as vuakerable to floods. West and North zones have been identified as highly
affected whereas Central and Southeast zones are moderately affected to inundation. South zone
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has been identified as least vulnerable to inundation. Some areas of Southwest and riessar
vulnerable toinundation due to discharge @B,000 cu m per second.

Figure 5.24B). Scenario 2: 50% less Water Dischargerirdkai dam of Year 2006 level4,000 cu m/s)
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In scenario 2, when 50% less 14,000 cu m per sec water is dischargeoni Ukai dam, then
almost 228 sq km area would get submerged majorly affecting the west, north, some areas of
central and southeast zones of Surat city. There is almost 15.5% decrease in submerged areas if

the discharge is 50% lesser than that of 200@llev
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Figure 5.24C) Scenario 3: 50% higher Water Discharge from Ukai dam of Year 2006 #2/600 cu m/s)
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In scenario 3, when 50% higher 42,000 cu m per sec water is discharged from Ukai dam, then
almost 295 sq km area would get submerged, rmagrdase of 9.25% than that of 2006 level. The
choropleth clearly depicts most of the parts of west and north zones will get submerged with the
increase of 50% in discharge. East and Southeast zones will also be at great risk of flooding.

5.2.2.3 lIdentification of vulnerable zones due to submergence

City of Surat, located on River Tapi, lies in the flood plain and in an estuarial region. City has a
number of creeks in souttvest part. Surat has been historically susceptible to floodioagh risk
exposure and vulmability have increased over the past few decades. Surat has withessed three
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major floods in the 20 century (1968, 1994 and 1998) and recently in 2006. The 2006 flood was
the biggest in the last 34 years after the construction of the Ukai Dam in 1906. &fvastating
flood covered almost the entire city and more than 75% populations were affected.

Moreover, it is interesting to find out the results of regional and global climate models which
indicate an increase in total precipitation as well as increasextreme precipitation events that in

turn would increase frequency and intensity of floodsCCCRN Repprihe results of A2 and B2
scenarios of PRECIS model also indicate 20% to 30% increase in current precipitation in the region
along with increasef extreme eventsACCCRN Reppr8urat city has a distinctive characteristic of
being close to the sea at the western side and an intruding river which shapes the whole city. Sea
level rise is another major risk that city faces. Having located <13m AMIS15km from the coast,

even with 1m sedevel rise can impact western parts of the city, the area under high tide zone.

Figure 5.25: Submerged regions in Zones of Surat City
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Some highlights:

x Submerged regions are:

A
A
A

Low lying areas like Ved Road, Katang&inghanpore, Kadar Shah naal, etc
Adjoining regions of Wetum-Causeway due to overflow
Adjoining regions of Nehru Bridge at Chowk Bazaar

Areas along the bridges and the river ghats always at threats with rising water level due to
discharge from UKAlam

Creeks like Kakra, Bhedwad, Mithi, Bhatena and Simada overflow due to excessive water
discharge from Ukai dam and heavy rainfall in the catchment areas

The sample flood mapping potential areas for all the zones of the city have been demarcated. The
possible areas under each water level height are depicted with different colours in the zone map.
After generating the floodhundationmap, the water levels of the 2006 floddvebeen compared

with Hope (Nehru) BridgeMoreover, it is found that Hope Bridg has a bank level of 4.1 m;
therefore there will be about 8 m water over the righbank area. Hence, the major parts of the
Adajan area will be submerged. The Rander area will also be submerge@ by depth of water,

as was experienced during the Astj2006 flood.

After analysis of the inundation map and flooding conditions in 2006 (based on the flood water
level) in Surat, city zones have been categorized as follows:

I. Highly affected zone:

(). West Zone (Adajan):

X

Above 5m Varun Hospital (Panchratna Anakthhal Rd), Nehru Nagar, Bapu nagar, Nurani
Masjid

3-5m- Krishna nagar, Bhulka Bhawan School (Adajan Rd), Aakanksha Hospital, most parts of
Adajan area, Hanuman Tekri crossing, Area near Rander ldgah, Sardar Patel Vidyalaya, Sadi
material factory

1-3m- Adajan Rd, Rander zone office area, Mahadev Steel emporium (Seemanagar),
Telephone exchange (Ramnagar), Varigruh Rander, Causeway control room, Sanskar Bharti
school area, UHC (Rander), Fire St (Rander), Ramnagar ward office, Most of the housing
society comjex
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x Below 1m Near Palgam Talav, Variyav Main rd, Jahangirpura area
(ii). North Zone (VeeKatargam):

x Above 5m Katargam area; some of the industries of diamond, cement, and cloths;
Bapunagar area

x 3-5m- Ved Rd, Singanpore, Utaran, Kosad Rd, Sayan Rd, GujastdiBoard, Ambedkar
nagar, Jalaram nagar, Dabholi crossing area, S V Girls Vidyalaya

x 1-3m- Katargam Fire station, Amroli Crossing, Utaran village area, Kosad Village area, Gajera
school area, GIDC area

x  Below 1m Ayurvedic College,
II. Moderately affected
(ii). Central Zone:
x Above 3m Kadarshahnal circle, Nanpura circle, Chock Bazaar, Rudrapura main road
x 1-3m- Near Athwagate, Majura Gate, Badekha Chakla, Near Gopipura, Nanpura Machhiwad
x Below 1m Gopipura School area, Judges Colony, Kharwawad, Nanpura fiostaoéa
(iv). South East Zone (Limbayat):

x Between 35m- Nehru nagar, jawahar nagar, Salim nagar, Koyali Khadi, Khwaja nagar slum,
Bhatena slums, Jayanti bagh slum, Sanjay Nagar, market area

x Between 13m- APMC market area, Rajiv nagar slum, Apna nagar, Giouzse
x  Below 1m Abhishek market area

lll. Affected areas:
(v).South West Zone (Athawa):

x 1-3m- Colleges near Ring Rd, Surat Dumas Rd, near Athawa gate, Umargam, Piplod, Circuit
House, Police HQ, Athawa Flyover Bridge

x Below 1m Majura Fire Station Gate, Income TaxaR®han, Vesugam

(vi). East Zone (Varacha):
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x 1-3m- Fulpada Gamtal, Navagam, Umarwada, Karanj, Nanav#apadara, Dindayal nagar
slum, MagokDumbhal, Vidyabharti school, Punagam

x Below 1m Umiya Circle, Varacha Zone office, Surat Textile Market
IV. Least affected:
(vi).South Zone (Udhana):

x Below 2m Udhana Darwaja, Udhana Magdalla Rd, Shivaji nagar slum, Sadanand Industrial
estate (Khadi border), South zone office, some industries

The methodological details of these steps are described in Annexure 5.1

Simulation provide$or any given set of inflows in Tapi, mapping of flood vulnerable zones of Surat
city, i.e. it provides the level of flood water in different parts of the city.

5.2.3 Step-3: The Climate Change Scenarios:

The most severe flood in terms of damage in reggars was the flood of 2006. The first scenario
GFr1Sa GKS AyFtz2ga Ay ¢l LA 2F (GKFG &SEN®» ! Oz
method shows that the 2006 flood was slightly bigger than one in a 100 year flood. This analysis is
given in Anexure 5.2.

For a scenario that reflects possible inflows due to climate change, we take inflows which are 50%
higher than the 2006 inflows. This is based on analysis of projection made till 2100 by various
regional climate models for the region in whiGurat city is located. This analysis is given in
Annexure 5.3.
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CHAPTER 6 FLOODING UNDER CLIMATE CHANGE

6.1 Potential Climate Change impacts on Surat

The Climate Change risk associated with Surat includes floods, seaideyedtc. Flood risk is
among the key rigksince it occurs almost once in four to five years, since 1990, six flood events
have affected Surailhe biggest flood was in 2006.

6.1.1 Floods due to River flow and peak discharges

The future precipitation &nds as explained above can potentially increase flood frequency and
LJSIF{ RAAOKINHS&a Ay (2 !1FrA RFEYZ gKAOK Aa | Y
growing at a rate of more than 60%er decadeand the population at risk is going to grow
proportionally. With the flood plains getting narrowed by human interventions and sea level rise,

the inundation levels are likely to increase. Modeling these events is likely to be a challenge since
{dzN> 6 Qa Ft22R LI FAYy A& oaBdfilfirg and eaRingThe §réunddeval d¢ S 'Y
Hazira industrial area, which will modify flood routing significantly. The observed relationship
between discharges and inundation is expected to be amplified significantly due to loss of flood
plain area as wells sea level rise.

6.1.2 Sea level rise

Surat is a coastal city and lies near the estuary of Tapi River. Several tidal creeks cut cross the city.
Surat lies at an altitude of about 10 m above mean sea level with a tidal range of Surat is about
5.8m. Dumg rainy months, the sea wave action often causes the sea water to inundate the slums
located along the creeks. During last five years, the slums are being evacuated duridglymid
period due to above normal tidal inundation. According to the recent safdiie sea level changes

in Araban Sea by Unnikrishnan (2087)during the last century, there has been an increase in sea
level along the Gulf of Cambay by around 0.67 m. If such increase prolongs into the future, they
may have a major impact on the it

Sea level rise will raise the water level in Tapi downstream of Surat. That will have an impact on
overflow and submergence. We have not assessed likely extent of sea level rise. However, in the
hydrological simulation the downstream water level has méaken as the maximum observed
water level during the 2006 flood.

Cyclones are not common and only two events of cyclones passing through Gulf of Khamebhat
reported over thelast 140 years, the recent being 1976. Surat has been reporting rising highest
high tide levels during July, with some of the Khadi areas are evacuated during July high tide days

32 Unnikrishnan 2007, Observed Sea leis# in the North India Ocean coasts in the past Century, Physical Scied2e 91
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as a precaution. The highest tide of 2007 inundated some of the coastal areas never before
submerged during tides. The sea level rise is also likely tadtmgoastal aquifers and also erode
parts of Dumas beach, which already has been reporting coastal erosion.

Sea level rise will increase the level of water in the tail end of Tapi river. This will increase flooding
of the city. While in ar scenario we ha& not accounted for it, if we had an idea of by how much
water level will increase we could easily make a scenario simulation.

6.2 Flood Vulnerability Due To River Flow And Peak Discharges

To know the flood vulnerability due to river flow and peak water dasgh from the UKAI dam, the
analysis of inundation of the Surat city has been done dadplainrmapping results are shown
using the flood inundation mapTwo scenarios are developed, scendtiowith the inflow
corresponding to the 2006 flood and scenaZavhere that inflow is raised by 50%ue tolarge
uncertainty,as explained earliewe take 50%ncrease in Tapi inflows as reflecting the impact of
climate changePreliminary observations dhese twoscenarios of Tapi river water discharge show

the slbmergence zones. When we compare ttveo discharge scenariowe find that with the
change in river water discharge from Ukai dam at 2006 level to 50% level higher level, more areas
get submerged.

The inflow in Tapi at Surat is largely determined by digps from the UKAI dam. The extent to
which the reservoir can be used is limited by its capaéitgure 61 (a) showsinflows discharges

and reservoir level during the 2006 flood. It is seen that inflow increased from 1,00,000 cusecs
(2900 cumecs) to 4,0000 cusecs in six hours and to 12,00,000 cusecs (35,000 cumecs) in 30 hours.
It remained above 4,00,000 cusecs for more than 4 days. The reservoir got filled up in two days
even though discharge level was raised to 8,00,000 cusecs (23,000 cumecs) amdeat@ve

that for 2 days.
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Figure 6.1a): Operation of UKAI Reservoir duringB! August 2006
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Given that the capacity of the reservoir is fixed, once the reservoir is full, discharges will reflect raingall. Th
we have taken 50% higher inflows compound to 2006 as our climate change scenario.

Figure 6.1b): Inflow/Outflow Hydrograpgh of UKAI Reservoir

INFLOW/OUTFLOW HYDROGRAPH FOR FLOOD OF 1998 & 2006
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6.2.1 The Reults: Inundation under Differen Scenarios

In scenario 1, whe28,000 cu m per sec water is discharged from Ukai dam, then almost 270 sq km
area would get submerged affecting mainly the west, north, central and southeast zones of Surat
city. Figure & shows the inundation map depicting areas submerged and the defpivater.

Figure 62: Inundation Depth map of Surat City: Scenatlo
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Scenariel: 2006 Scenario (Maximum hourly water discharge of 28,000 cu m/s from UKAI dam

Scenarie2: 50% higher scenario of 2006 level (Water discharge of 42,000 cunois UKAI dam

From the inundation map, the following zones and important locations have been identified as
vulnerable to floods. WestSoutheastand North zones have been identified as highly affected
whereas Central and Sowtkestzones are moderately affead to inundation. South zone has been
identified as vulnerable to inundation. Some areas of East zonealswgulnerable toinundation

due to discharge a28,000 cu m per second.
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In scenarie2, seefigure 63 when 50% higher i.e42,000 cu m per sec wet is discharged from

Ukai dam, then almost 295 sg km area would get submerged, an increase of 9.25% than that of
2006 level. Thanalysisclearly depicts most of the parts of westouthwestand north zones will

get severelysubmerged with the increase &0% in discharge. East and Southeast zones will also
be at great risk of flooding.

Figure 63: Inundation Depth map of Surat City: Scenai2o
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The flood mappingf potential areasafter increased discharg®r all the zones of the city have
beenanaly®d. The possible areas under eanlindation depthare depicted with different colours
in the zone map. Afteanalysing the floognundation map the water levels of the 2006 flodthve

been compared with Hope (Nehru) Bridgdoreover,it is found that Hop Bridge has a bank level
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of 4.1 m; therefore there will be aboutc@ m water over the righbank area. Hence, the major
parts of the Adajan arewould get inundatd. The Rander aredaving experienced fury of 2006
flood, will also beinundateced by X2 mdepth of waterin scenarie2.

Figure 64 shows the distribution of area submerged by depth of water in the two scenarios. Under
climate change, 230 sq km of Surat city would be under more than 6 meter of water, compared to
only 100 sq km in 2006 flood.

After analysis of the inundation map and flooding conditions in 2006 (based on the flood water
level) in Suratthe city zonesand inundationhave been categorized as follows:

Figure 64: Inundated Area of Surat City

Inundated Area of Surat City due to Flood Water in 2006
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Submergence in diffent zones is shown in figure%and 66. Submergence increases in South
West zonefrom around 90 sq km to 103 sg km in scenaritnpercentage term it increases from
81% to 93%.
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Figure 65: Zonewise Area submerged in Inundation scenarios of Surat City
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Figure 66: Zonewise percentage of area submerged in Inundation scenarios of Surat City
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6.2.2 Zone wise Inundated areas:

Following figure &.showsarea submerged of each zone at varying inundatiepth based on our analysis.
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Figure 67: Zonewise Area submerged in Inundattion scenarios of Surat City
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Figure 68: Area submerged in Inundattion scenarios of Surat Gty Zones
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6.3 Adaptation Measures:
What can Surat do to minimizéamage from flooding?
What adaptation measures Surat can take to minimize the damage from flooding?
Among the various options that one might consider are
a) Reducing level of inflows by creating flood plains
b) Raising embankments

c) Early warning to evacuate pple to minimize loss
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b)

d)

d) Control future expansiom areas that are not flood prone
e) Flood proof infrastructure facilities

Reducing inflows: Scope to increase the capacity of UKAI reservoir should be explored. Also
models to forecast inflows in UKAI in advarsteould be made so that capacity to absorb
inflows can be increasedrigure 69 shows that a flow level of 7 lakh cusec or more will fill the
UKAI reservoir in less than three days. Thus if high rainfall continues for few days discharge will
correspond to ainfall.

Between UKAI and Surat large flood plains can be developed. This may be diffibaltareas
required may be large. If one metre depth of water is to be permitted, a flood plain of some
2000 sqg km would be needed.

Raising embankment: The costaynbe huge as the length and height of needed embankments
need to be worked out.

Early warning for evacuation: As figurd 5shows, releases from UKAI reach Surat in about 8
hours. Thus a system of early warning and shelters could be created. The suboselgee! of
the scenario suggests the nature of shelters required in different zones.

Control future expansion: Wide public distribution of the risk and extent of flooding will make
buyers aware and builders would be required to build in flood risk fremasa Of course,
regulatory authorities should play a role in directing development.

Flood proofing infrastructure facilities: Knowing the risk and extent of possible flooding can
help in thstask.
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Figure6.9: Time required to fill up UKAI Reserivat different floods
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Figure 6.0 shows how much time it will take to fill the UKAI reservoir with different rates of
inflows. With inflows above 5,00,000 cusecs it will be filled in 4 days. This is provided if it is empty.

Figure6.10: Water Dischargdro UKAI and Kakrapar Dams during Peak Flood Period in 2006
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Source: Irrigation Department, Surat
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Figure 6.11Line Diagram Of Distance From Surat To Ukai
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Thus if climate change increase rainfall by 30% in the catchment area of UKAI reservoir, the inflows
can increase correspondingly but once the reservoir gets filled discharges will increase by all the
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additional inflows. Therefore, we ha& taken 50% higher inflows at Surat in climate change
scenario.
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PARTIIl : SOCICECONOMIC IMPACTS OF VULNERABILITY
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CHAPTER 7VULNERABILITY OF FACILITIES ANBOCIG
ECONOMIC IMPACT®N COMMUNITIES

7.1 Introduction

Flood is a cruel and violent expression of water. It leads to human loss, loss of livestock and even
has the threat of epidemic break out. The human misery and economic hardships that accompany
flood is unfathomable. It ruins alegly impoverished economy and finance of the stdtecan
severely stress the finances of the staféhe economic loss to homes and personal property, to
business facilities and stock, utilities and transportation, and loss of lives are major elements of
flood losses. There is a need for sustainable and effective management of floods which requires a
holistic approach linking soceconomic development with the protection of natural ecosystems.

Surat is frequently ravaged by the fury of mighty Tapi andriksitaries causing untold human
misery and devastation of indescribable natufdne city is located at a point not far from where

river Tapi meets Arabian Sea and it has been a flood prone area for cenfriesity is the most
flood-prone city in thestate of Gujarat, with high vulnerability amongst the poor population and
industries. The flood in August, 2006 resulted in huge economic and human life loss to the city.
Both physical and social infrastructure of the city was damaged because of thelloagver, city

has been facing several floods since 1983 but the flood that occurred in 2006 was the most
devastating, it was because there was a heavy seasonal rainfall in year 2006. Whenever there is a
heavy seasonal rainfall in the catchment areas ¢hex a flood in the cityDisaster causes both

direct and indirect losses. The physical destruction caused by a disaster is considered as direct loss,
which includes damage to building, insfrastructure, urban spaces etc. Indirect losses are divided
into scacial and economic effects. Social effects include interruption of communication and
transportation, while economic effects are considered to be the cost of reconstruction and
rehabilitation. Major flood disasters can be asoociated with disruption of itfratire. It is
virtually impossible to prevent the occurrence of floods, hence, it is imperative to concentrate on
minimizing or mitigating the magnitude of their damaging effects by undertaking plausible
adaption measures.

To study the problem faced kschools, hospital, slum and industries in the city due to flood we
have tried to do micro level studies specific to themThe primary objective of the study is to
evaluate and interpret the causes and impact of flood and to identify suitable adaptsttiategies
specific to theschools, hospital, slum and industries

In the present study we are creating vulnerability index to measure the vulnerability of schools,
hospital, slum and industries which will be useful to gauge the relative differentiateenaldilities
of different geographical settlement of the city. Index is based on the probability of damages due
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to flood in the future and intensity of damages incurred in flood in year 2006. Vulnerability Index
also takes into account problem faced immeeiy after floods, duration of inundation etc specific

to the sector. Social and economic status of the people concerned to specific sector has also been
given due consideration in the indeXulnerability index provides an input to government
machineriesat different levels such as Municipal Corporation, State Government and other
stakeholders dealing with natural hazards and city planning to make an informed decision and take
appropriate actions when there is menace of flood. In recent years rapid grofvttew slums,
schools, hospitals and industry in the vulnerable zones of the city calls for reliable information at
local level (at the level of city and zones within the city) for assessment of socio economic
vulnerability.

7.2 Vulnerability Impact Analysis of the Key Locations in Vulnerable Zones

In the quest of knowing the soceconomic aspect of the devastating flood of 2006 in Surat, a field
surveyhas been conductedith a variety ofquestionsto identify the key vulnerable locations in

Surat and to uderstand the impacts of flooth 2006. We have identified four important target
ANRdzLJA SKAOK INBX Yz2al adzaoOSLIWiAoftS Ay GUKS S@S
children get trapped in the sudden flood and schools receive unimaginable dantagje2 & LJA G | f
FNE yIFddzNF ffe& @dz ySNIroftS G2 LINB FyR Llad ¥Fft2
because of theiphysicalproximity toNA GSNBE YR 6 GSNJ 62RAS&ad daLYR
of their economic activities. Our aim of the suyvsto look into the socieeconomic aspect of the
damage causely the flood to these target grougndtheir vulnerability to theflood.

Vulnerability is considered a function of exposure, sensitivity, and adaptive capacity of the system
in the climatechange literature. Exposure refers to degree to which the system is unprotected from
the effects of social, political, economic, cultural, institutional and environmental conditions that
define the sensitivity or ability of the system. Adaptive capacifgreeto the ability to adjust to
exposures in ways that limit damages, take advantage of opportunities and cope with impacts (Smit
and Wandel, 2006). Adaptive capacity changed with economic wealth, knowledge and skills, social
capital and institutions athe local and regional (and national) levels that are dynamic overtime
and interact with broader socieconomic and political processes (Watts and Bohle, 1993).
Economically disadvantaged populations are disproportionately affected by disasters. Thegoor ar
less likely to have the income or assets needed to prepare for a possible disaster or to recover after
a disaster. Although the loss suffered by the poor household in monetary value are not very high
but given their financial health and absence of inswe the hardship inflicted on them is very
high. For the poor household lost property is more expensive to replace than the economically
well-off household. Poor households are mostly self employed engaged in their own small business
for their livelihood, disaster not only damage their immovable personal assets like house,
household stuff and etc but also take away their employment opportunities. Vulnerability is
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influenced by many factors, including age, income, the strength of social networks, and
neighbairhood characteristics. Impact of a disaster on the people leaving in the same area varies
by their social and economic affiliation.

There is numerous definition of vulnerability in the literature by different researchers. Chamber
(1983) defined that vulerability has two sides. One is an external side of risks, shocks to which an
individual or household is subject to climate change and an internal side which is defencelessness,
meaning a lack of means to cope without damaging loss. Blaikie et al., &f@¥9d vulnerability

as the characteristics of a person or group in terms of their capacity to anticipate, cope with, resist
and recover from the impacts of natural hazards and states that vulnerability can be viewed along a
continuum from resilience tgusceptibility. According to Adger (1999) vulnerability is the extent to
which a natural or social system is susceptible to sustaining damage from climate change. It is
generally perceived to be a function of two components. The effect that an event may dra
humans, referred to as capacity or social vulnerability and the risk that such an event may occur,
often referred to as exposure. Watson et al., (1996) defined vulnerability as the extent to which
climate change may damage or harm a system, deperdfiggli 2y f & 2y | a&adsSy
also on its ability to adapt to new climatic conditions. Kasperson et al., (2000) defined vulnerability
as the degree to which an exposure unit is susceptible to harm due to exposure to a perturbation
or stress andhe ability or lack of the exposure unit to cope, recover or fundamentally adapt to
become a new system or to become extinct.

hQoNASY YR aAfSiA omddH0 SEIFIYAYSR GKS @dzZ ySN
to economic well being and stdity, being important in the resilience of populations to
environmental shocks, the structure and health of the population may play a key role in
determining vulnerability. Age is an important consideration as the elderly and young persons are
tends to beinherently more susceptible to environmental risk and hazard exposure. Generally
populations with low dependency ratio and in good health are likely to have the widest coping
ranges and thus be least vulnerable in the face of hazard exposure.

Handmer et al (1999) studied the coping mechanisms to environmental shock or hazard brought
about by biophysical vulnerability. The factors like institutional stability and strength of public
infrastructure are crucial importance in determining the vulnerability tonate change. A well
connected population withappropriate public infrastructure will be able to deal with a hazard
effectively and reduce the wvulnerability. Such a society could be said to have low social
vulnerability. If there is an absence of institutal capacity in terms of knowledge about the event
and ability to deal with it, then such high vulnerability is likely to ensure that biophysical risk turns
into an impact on the human population.

——— INtegrated Researc h and
127 IRADe Action for Development



Vulnerability of Coastal Cities to Climate Change: Case Study of Surat to Develop Adaptation Framework

Atkins et al., (1998) studied the methodology for measueat of vulnerability and to construction

of a suitable composite vulnerability index for developing countries and island states. The
composite vulnerability indices were presented for a sample of 110 developing countries for which
appropriate data was awlable. The index suggests that small states are especially prone to
vulnerable when compared to large states. Among the small states, such as Cape Verde and
Trinidad and Tobago are estimated to suffer relatively low levels of vulnerability and majahiy of
states estimated to experience relatively high vulnerability and the states like Tonga, Antigua and
Barbedas being more vulnerable to external economic and environmental factors.

Chris Easter (2000) constructed a vulnerability index for the commothvealntries, which is
based on two principles. First, the impact of external shocks over which the country has affected
and second the resilience of a country to withstand and recover from such shocks. The analysis
used a sample of 111 developing courdgrigf which 37 small and 74 large for which relevant data
were available. The resulisdicated that among the 50 most vulnerable countries, 33 were small
states with in this 27 are least developed countries and 23 are islands. In the least vulnerable 50
countries, only two were small states.

There are various techniques developed by researcher, policy makers and etc to measure the
vulnerability of the system with the natural hazards. Vulnerability to natural hazard focused on the
physical world, emphasizinigpfrastructure and technology. The concept of vulnerability is also
changing and it now encompasses social aspect fbhie. new concept of social vulnerability was
introduced in the 1970s when researchers recognized that vulnerability also involves
socieconomic factors that affect community resilience (Juntunen 2005)

INCOIS (2012) calculated coastal vulnerability index for the coastal cities of India. To calculate
coastal vulnerability index all the input parameters with different spatial resolutionse we
interpolated in to one km segments and these values were transferred to the corresponding
section of the coastline. Each coastal section has risk ratings of all the seven variables under
consideration. The coastal vulnerability index (CVI) is then ledédclias the square root of the
product mean of the seven variables. The formula used to calculate CVI is as follow

CVIS/[(a*b*c*d*exfxg)/7]
Where a = Shore line change rate

b = Coastal Slope

¢ =Coastal Regional Elevation
d = Coastal Geomorphology
e = Sedevel chage rate

f= Significant Wave Height
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and g = Tide Range
Vulnerability is a sub component in evaluating overall risk (expectation of loss) related to the
Y6 GdzNF £ RAAFAGSNY 5AaladSNI YIEYylFISYSyld NBaSIk NL
vulnerability and inversely related to resources. Higher the vulnerability of the system higher would
0S GNRalé¢ SHKSNBlIA KAIKSNI GKS NBa2dzNDOSa i RAaA
0S UKS awAalé G2 GKS aeaidsSyvyo

Vulnerability of a localitalso depends upon the planning of local response and relief organization.
Local authorities are in the best position to identify vulnerable communities as they have more
information about the available infrastructure, social and economic status of ared. d8ich
agencies are commonly underfunded, understaffed, and stretched thin by ongoing other
responsibilities like health and social service. State or central authorities though sufficiently funded
and staffed may lack the micro level knowledge about theaaand lack the system in place to
allocate resources based on the need.

7.3 Methodology

Surat city is divided into seven zones by the definition of SMC. Our approach in this study is to focus
primarily on four most affected zones of the city for schoolssgials, slums and industries.
Primary survey with stakeholders located in the four most vulnerable (indentified through
hydrological analysis) zones specific to schools, hospitals, slums and industries carried out. Primary
survey was conducted to understd the intensity of damage caused due flood to hospital, slum,
industry and school.

To conduct survey study has taken stratified convenient sampling method for collecting data.
Stratificationis the processes of dividing members of the population into bgemeous subgroups
before sampling. On the other hand, convenience sampling is a non probability sampling which
involves thesamplebeing drawn from the population for their convenient accessibility and
proximity to the researcher. Out of seven zones, vewér selected four zones basis their level of
vulnerability i.e. selection of four subgroups out of seven groups. Samples are drawn from the
selected four zones for generating an appropriate data set and the analysis has been done by using
elementary statiical techniques.

7.3.1 Design of questionnaire

Survey questionnaire was broadly divided in 8 sections that are: 1 Basic information about selected
sector, 2 Infrastructure, 3 Water supply and sanitation, 4.Finalcial management, 5 Past flood
experience, 6Effects of flood on various parameters specific to the sector, 7 Flood warning
measures and 8 Adaptation measures. All questions were significant for generating an appropriate
data set.
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7.3.2 Assigning weights to indicators

Assigning weights to differemulnerability indicators is a difficult task. In the analysis, it is assumed
that overall vulnerability of sector depend on all the vulnerability indicators considered but the
likelihood of occurrence of a particular vulnerability indicators during amewé disaster varies
distinctly. Likelihood of occurrence of particular vulnerability parameters depends on the exposure
and risk reduction measures taken by sector pertaining to particular vulnerability parameter. Most
importantly likelihood of gettingffected and the level of loss measured on a particular parameter
depend on the geographical location. Low lying areas are more prone and likely to suffer higher
level of damage.

To capture variation in magnitude of vulnerability of a sector we haversssigeights to different
vulnerability parameters reflecting probability of damage and the intensity of damage. Weight to a
parameter situated at a given geographical location is based on the probability of damages for
varying levels of submergence durifigod in 2006. (for details refer to the box below having
vulnerability defined as per the level of flood water during flood). It is reasonable to assume that
the extent of damage will be linearly related to the level of submergence hence, we have assigned
a continuous increasing weight for each submergence levels. Matrix (fableshows a
hypothetical example of assignment of weights to various parameters.

Table7.1: Assignment of weights to various vulnerability parameters

Subnrergence level
Submergence Submergence leve
between 1Meter to
level 1Meter more than 2 Meter
2Meter
Total Sample 7 8 41
Affected (incurred loss) sample 3 2 18
Weight specific to level ol
submergence during 2006 flood 1 2 3
Assigned weights to Parameter (3/7)*1 (2/8)*2 (18/41)*3

Submergence levels
1 Low submergence Flood water level upo 1Meterin the area during 2006 flood
1 Moderate Submergence Flood water level betweenMeter to 2 Meter in the are
during 2006 flood

1 High Submergence Flood water level above 2 Meter n the area during 2006 floc
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7.3.3 Normalization of continuous indicators

Indicators specific to the sectors are mixed of continuous and dichotomous variables. Indicators are
measured in different units and scale hence there is a need to nornthlizeontinuous indicators

to make it unit free for calculation of vulnerability index. We have used the normalization
YSGUK2R2t 238 aAYAfFNI G2 | b5 tUNBP, 2088Y. Thé vabiaBlgsSdluad JY S
for an indicator are normalized so that me@hzero and range is 1. There exist direct relations
between vulnerability value and indicator value i.e. if vulnerability increases the value of indicator
also increases and vice versa therefore higher indicator value shows higher vulnerability.
Normalistion has been made by using following formula.

Xi=(Xk Min {Xi})/( Max {XiMin {Xi})
Where XA & GKS | OlGdzr £ ydzYSNAO @I ftdzS 2F AYyRAOI (-
7.3.4 Vulnerability Index (V1)

This study attempts to create a composite vulnerability index (V1) for industrg, hospital and
schools from the different indentified vulnerability indicators specific to each of them. Vulnerability
is the product of probability of damage and intensity of damage.

+dzf YSNIFOoAfAGE o60xL0O I H Ot NPtensitpof dahdg@to garemeRer) Y I 3 S
7.4 Vulnerability Analysis of selected locations and targets in Surat City

7.4.1 Vulnerability Analysis of Schools

7.4.1.1 Introduction

Schools play a multiple role, it is not only used as education, and sometimes it is treated as safe
shdter. Disaster has three impacts, Educational impact, physical impact and Economic impact.
Educational impact implies that the damage of schools, disruption of educational rights and it also
reduces quality of education and loss of time. Physical impattgys that student loss their sense

of continuity and their hopes and plans for the future are destroyed. Economic impact reveals the
loss of income and reinvestment for repairing damage part of schools. Education is the basic
NBIj dzA NBYSy i  Tecohdmit develdpdagnti E#uasional infrastructure often plays a
significant role in ensuring sustainable development. This section of the study delves into the flood
vulnerability and adaptation measures for schools.
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7.4.1.2 SchoolSample Composition

We have seleetd a total 56 sample schools from four selected zones, sample from north zones are
48 percent of total selected schools whereas a merely 5 percent samples are selected from the east
zone (fig7.1).The schools were selected because it is readily availabmavenient. We tried to

cover schools from different cross sections and locations within the city to be able to understand
the vulnerability of schools by zones.

Figure 7.1: School sample distribution by Zone

60 1 48%
40 1 27%
20%
A m
0 [
North Zone Central Zone West Zone East Zone

Source: Primary data collection by IRADe

Representation from the various categories of schools was tried to ensure in the sample
composition. In the schools sample 48 per cent schools are higher secondary schools, 27 per cent
schools are secondary 25 per cent schools are primary schools. Schaake ssomprised 34
percent Government schools, 57percent private and the remaining 5 per ceripamie schools.

Figure 7.2: Schools Category Figure 7.3: School building status
60 - 57%
50 -
40 - 34%
30 -
20 -
10 - 5%
0 : : -
Private Government  SemiPrivate
B Primary M Secondary M Highersecondary B Percentage of schools

Source: Primary data collection by IRADe
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Figure 7.4: Schools surveyeduring IRADe primary survey and level of vulnerability based on flood water
level in flood event 2006
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7.4.1.3 School infrastructure

Boundary wall is an important infrastructure resist flood water to enter into the schaatling.
Merely 27 percent schools surveyed have pucca boundary wall having heightgdrefineen
lfeet to 5 feet (fig /). SMC used to check the sanitation and drinking water facility of schools after

each flood events only after checking drinking wassd sanitation by SMC then schools were
permitted to reopen.
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Figure 7.5: Height of Boundary Wall (Kutcha +Pucca) from the ground
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Source: Primary data collection by IRADe

Flood in 2006 hadaffected three fourth of the schoolsurveyed in zonesfd&urat city Schools in

the west and north zones got flooded twice and thrice respectively during different flood events in
the last decade (Tablg?2). Post flood students absenteeism in scisdwhd increased dramatically.
More than 60 percent of the sdols surveyed had reported student absenteeism after floods.
Stucents were unable to commute tochool due to trasportation problem and becaustheir
houses werealso flooded. Out of 56 schoolsurveyed33 schools hadeported absenteism of
students posflood in 2006.

Table7.2: Occurrences of flood in schools

Schools closed School % Schools
1 month North Zone, West Zone 36
25 days North Zone, West Zone 18
More than a week | Central Zone 14
One Week Central Zone, East Zone 32

Economic condition ofhe parents and castof the students @l playa role in the students drop
out from the school (fig.6).

Table7.3: School closed due to flood

Flooded | % Schools| Zone Year

Once 73 Central,East,North,West | 2006

Twice 18 West 1998 2006
Thrice |9 North 1998 2002 2006

Source: Primary data collection by IRADe
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Figure 7.6: Drop out of girl student

B Economic Condition M Caste Barrier ™ Flood ™ No Drop out

Source: Primary data collection by IRADe

Flood ha worsened the communication, transportation and chdone structural damage also.
Flood is a threat for structat damage which leads to school alesfor a certain periodand also
reduces the education quality. In this survey we have seen infrastructure damaged due to flood.
School building, floor, wall, boundary wall, electrical equipments, power disruptionedlephone

were severely affectedAccording to our survey data 80 per cent of the schools have faced
disruption in communication and transportation.

A picture taken during flood event 2006 in Surat City

Sourehttps://www.google.co.in/?gfe_rd=cr&ei=rdkEgPD4LC8gedwDQ#qg=flood+surat+2006+photo

It can be observed from figur@é.7 that, 30 per cent of schools reported complete damage of
furniture because of flood whereas 20 percent schools reported partial damage and another 20
percent reported moderate dangge of furniture. Small percent (10 percent) of schools reported no
damage of furniture due to flood. Flood has not only affected the overall infrastructure relating to
school, it has also affected severely to the communication and transportation. Duiggtthvey

we have found that after flood the schools faced so many problems like, damaged furniture in the
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class room, bad smell, wiring problem, unsafe drinking water, less vehicles on road and also lost
official documents. These had created an unhealfiitpiation for students and formed more
vulnerability to the schools.

Figure7.7: School furniture damage due to flood
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Source: Primary data collection by IRADe

Figure7.8: Damage to infrastructure of surveyed schools
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7.4.1.4 Weights to Parameters

All the indicators are chosen in constructing vulnerability index have impact on vulnerability of the
school to the flood events. For example, damage cause to library, damage cause to boundary wall,
and damage cause to schoeléphone and etc all contribute to vulnerability of the school to flood.
Vulnerability index constructed is a formative measurement and the indicators chosen need not
have internal correlation.

—— INtegrated Research and
136 TRADe Action for Development



Vulnerability of Coastal Cities to Climate Change: Case Study of Surat to Develop Adaptation Framework

Figure: 7.9 Vulnerability of schools at different submergevel
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Source: Primary data collection by IRADe
In the plot horizontal axis depicts submergence level during flood event in 2006 while vertical axis
shows ratio of effected sample to the total sample for a particular attributes of schools for a given
submegence level (figr.9 and fig7.10- indicators are plotted in 2 charts to avoid it getting
cluttered).In this analysis we have considered 3 submergence levels 1) 0 to 1 Meter 2) 1 to 2 Meter,
3) More than 2 Meter based on flood events in the city in 2006.

Figure 7.10: Vulnerability of schools at different submerge level
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Schools closure was reported by 100 percent of the sample school irrespective of submergence
levels during the flood event in 200Because of practive approach of SMC to check the sanitation

and drinking water facility of each schools post flood menace of water source getting affected was
reported by a very small percentage of schools. Schools were permitted to reopen only after
checking the drinkkg water and sanitation by SMC. Flood causes damage to the library,
approximately 60 percent of schools in high submergence areas above 2 meters. Schools building
damage was reported by 40 to 50 percents of the schools across the submergence levels. It is
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general understanding that with increasing submergence levels damage to the infrastructure of the
schools should also increase i.e. schools located in the areas in 0 to 1 Meter submergence level
would have lesser percentage of schools reporting damage particular infrastructure than the
schools located in the areas of 1 to 2 Meter submergence level. But there are other factors like
plinth heights, heights of boundary wall, drainage system and etc of the schools also play a
significant role and decidie level of damage caused to the schools because of a particular flood
event.

A small percentage approximately 15 to 20 percent in the high submergence areas reported
damage to their drainage system whereas 45 percent schools in a submergence levdl 0 to
reported damage of draining due to flood. With increasing level of submergence, percentage of
schools reporting damage to furniture also increases similar trend was also reported for damage to
the communication system (internet and telephone).To dews@hts for the different parameters

in the vulnerability index we have considered percentage of effected sample to the total sample
school at different submerge level.

7.4.1.5 Vulnerability Index for Schools

Social vulnerability analysis is considered as onth@fmost important and widely used methods

for addressing the social effects and capacity to recover from the adverse effect of disaster. Since
vulnerability calculated is dynamic over time hence all the indicators are relate to a particular time
point only. Vulnerability index will help to identify human suffering and the economic loss related
to providing social services and public assistance after an incidence of disaster.

These tables have shown the different submergence level owing to flood in 2008uaretability

of schoolsValue of vulnerability index and level of vulnerability have linear relation i.e. higher the
vulnerability index higher would be the vulnerability and wezsa.Vulnerability constructed in
this analysis for each sample depith®e level of vulnerability of each school located in different
zones of the city.

Table7.3: Flood Water Level upto 1 Meter during 2006 flood

Zone Name School Category Vulnerability
Central zone Secondary 0.11
Central zone Primary 0.17
East zone HigherSecondary 0.46
East zone Higher Secondary 0.46
East zone Secondary 0.47
North zone Higher Secondary 0.31
North zone Primary 0.10

Source: IRADe Analysis
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Average vulnerability index for the schools in the east zone of the city having inundation level
between 0 to 1 meter during the 2006 flood is 0.30 and insignificant variance in vulnerability index
of the selected sample school. Similarly average vulnerability index for schools in the central zone is
0.14 and have small variance. This implies thatdti@ools located in the East zone are more likely

to suffer infrastructure damage in the event of flood than other zones of the city ({aB)e

Table7.4 Flood Water Level from 1 Meter to 2 Meter during 2006 flood

Zone Name School Category Vulnerability
Central zone | Primary 0.54
Central zone | Secondary 0.20
North zone Higher Secondary 0.48
North zone Higher Secondary 0.46
North zone Higher Secondary 0.43
North zone Higher Secondary 0.57
North zone Higher Secondary 0.45
West zone Higher Secondary 0.75

Source: IRADe Analysis

Average vulnerability index for the schools in the North zone of the city having inundation level 1 to
2 meter during the 2006 flood is 0.48. Average vulnerability index for schools in the central zone
has high variances. We canfdr that schools located in the west and north zone of the city are
more vulnerable to the flood (tablé.4).

Table7.5 Flood Water Level above 2 Meter during 2006 flood in central zone

Zone Name School Category Vulnerability
Central zone Secondary 0.8
Central zone Higher Secondary 0.91
Central zone Secondary 0.73
Central zone Secondary 0.80
Central zone Secondary 0.80
Central zone Secondary 0.92
Central zone Secondary 0.37
Central zone Secondary 0.29
Central zone Secondary 0.61
Central zone Higher Secondary 0.71
Central zone Primary 0.55

Source: IRADe Analysis
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Table7.5,7.6 and7.7 show the vulnerability index of schools in central, north and west zone having
inundation level more than 2 meters during 2006 flood. Average vulnerability iotithe sample
schools located in the central zone of the city is 0.69 and having insignificant variances for the
sample schools (table5).

Table7.6: Flood Water Level above 2 Meter during 2006 flood in north zone

Zone Name School Category Vulnerability
North zone Higher Secondary 0.66
North zone Higher Secondary 0.97
North zone Primary 0.97
North zone Primary 0.65
North zone Higher Secondary 0.94
North zone Primary 0.82
North zone Secondary 0.94
North zone Higher Secondary 0.86
North zone Primary 0.97
North zone Secondary 0.90
North zone Primary 0.82
North zone Higher Secondary 0.99
North zone Higher Secondary 0.80
North zone Secondary 0.91
North zone Primary 0.81
North zone Higher Secondary 0.90
North zone Primary 0.72
North zone Primary 0.81
North zone Primary 0.89
North zone Higher Secondary 0.94

Source: IRADe Analysis

Average vulnerability index of the sample schools located in the north zone of the city having
inundation level above 2 meter during 2006 flood is 0.86 and for wesie schools average
vulnerability index is 0.89 (table6 and table7.7).

Table7.7 Flood Water Level above 2 Meter during 2006 flood in west zone

Zone Name School Category Vulnerability
West zone Higher Secondary 0.88
West zone Primary 0.87
West zae Secondary 0.81
West zone Higher Secondary 0.76
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West zone Higher Secondary 0.87
West zone Higher Secondary 0.95
West zone Higher Secondary 0.88
West zone Higher Secondary 0.96
West zone Higher Secondary 0.94
West zone Higher Secondary 0.97

SourcelRADe Analysis

Fig 78 Pictures taken by IRADe team depicted below shows the mark of water level during 2006
flood. Maximum water level had reached up to 8ft that was shown in this picture.

The average high value for the vulnerability index shows sleabols are located in high very risk
areas and are likely to suffer high damages to their infrastructure in the event of flooding. Schools
located in the low lying area of the west and north zones are required greater attention and
preparedness by the @l authority in case of flooding in the city.

7.4.1.6 Adaptation Measure Proposed for schools

Many educational institutes remain closed for long time. Some schools in north zone and west zone
were closed for 1 month. During this phase of time, students have gipeheir valuable time and
guality of education. Some students were absent due to flood. They faced the disruption like road
destroyed, traffic delay and house flooded. Discontinuing of their study has a stern adverse impact
on their mind. While the schds are still now in flood prone area, they have not introduced
essential adaptation measures that are urgent need of the hour. They have been facing repeated
flood that yielding repeated loss and damages. After a devastating flood of 2006, some Surat
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