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Abstract

City vulnerability is an assessment of prioritiesimplementation in a city. Thus, it is imperative
to determine vulnerable regions in the city to tffgrpriority areas that may require immediate in-
tervention. Several methods used for nationalymatgonal and local level vulnerability assessment
are based on remote sensing and GIS technology.pBfier aims to determine the vulnerability of
Hyderabad city using a geospatial based vulnetgliidex for sustainable development of the city.
We use an urbanization and vulnerability concepthle development of city policy measures. We
assessed the city vulnerability using a conceptiigdram composed of exposure, sensitivity and
adaptive capacity. For Exposure, we considerelthation (contour), watershed, waterway, roads,
railways and airport thematic layers. For Sensjtivihe built-up area, industry, manages (?) system
such as farmland and land use/cover map from GSwiare used. To examine the adaptive capaci-
ty, we addressed the natural vegetation layer,@oanpoints and infrastructure. Results show that
the center and northern part of the city are higinlgl extremely vulnerable due to industry and high
socio-economic activities when compared with thettsern part of the city. We divided the whole
city into 5 types of vulnerability: Resilient 2.24%t risk 13.20%, vulnerable 46.15%, highly vulner-
able 7.26% and extremely vulnerable 31.15% , imseof the city area percentage. The vegetation
area (50.51%) has the maximum vulnerable areatenduinerable class covers the maximum area
(46.15%) of the city. All this information is veigdispensable and can be used to address manage-
ment issues, such as resource prioritization atichization.
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Introduction

Urban areas are more vulnerable to disasters aalang
plan to take up reduction measures than villagegrevi
people are capable of coping with such contingsnc
Simultaneously, megacities are also highly frageen
places [1-3]. Most often, this fragmentation redatie pro-
cesses of socio-spatial differentiation, the spatiacture
of the urban area as well as governance issuesuiider-
lying fragmentation approach of this article goeydnd
these traditional considerations as ongoing urbqrare
sion and vulnerability to hazards in the contextloghate
change and opens up new perspectives with regasts t
cio-environmental conditions [4]. This article pssthe
guestion of whether the socio-environmental fragatéemn
of urban areas is a precondition for an unequaéiloiigion
of the impacts with regards to vulnerability.

Management of city vulnerability is prerequisite
global sustainable development. For this reasomyrima
ternational agencies have conducted assessmerits
compare city vulnerabilities on a global scale arsgd
the results of these assessments as standardsttiog s
their institutional priorities. For example, theulo Pacif-
ic Applied Geoscience Commission (SOPAC) and
United Nations Environment Programme (UNEP) h3g
developed the Environmental Vulnerability Index (EV

and climate, geology, geography, ecosystem ressurce
L and human populations and composites them intoghesi
index [5]. This kind of composite index is a relatly
eSimple way to combine various aspects of vulneitésl
t+ for consideration. The concept of city vulnerapiliypi-
cally incorporates both biophysical and socioecarom
factors [5-6]. Data on biophysical aspects maielate to
risk of hazards, climate, geology and geographyereds
socioeconomic aspects include the system's inheeent
sistance to damage and acquired adaptive capae@y [
The vulnerability is a function of the charactermgn
nitude and rate of eco-environment change and ti@mia
to which a system is exposed, its sensitivity aaddap-
tive capacity. Landscape condition is determinetisis-
ceptibility of a community to the impact of hazarthe
degree to which a system is susceptible to, or lenab
o cope with, adverse effects on eco-environmentudiob
variability and extremes. So we can say vulnerigbii a
thighction of exposure, sensitivity and adaptive citya
Where potential impacts are a function of exposmd
sensitivity therefore, vulnerability is a functiaf poten-
tial impacts and adaptive capacity [7-8]. As vulislity
hénclude the three dimensions: exposure, sensitiaitg
veadaptive capacity. Where exposure components charac
terize the stressors and the entities under stsessijtivi-

which compiles 50 different indicators regardingatteer

ty components characterize the first-order effeftshe
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stresses; and adaptive capacity components chdract
responses to the effects of the stresses (fig. 1).

[ Exposure: characterize the stressors )
and the entities under stress.

>

» Contours, Watershed, Waterways,

Roads, Railways, Airports

Vulnerability
The degree to which
a system is susceptible
to, or unable to cope
with, adverse effects

Sensitivity: characterize the first-
order effécts of the stresses.
» Land use/cover, Mana%e system
(Agriculture field), Built-up,
Protected area, Industry

[ Adaptive Capacity: characterize
responces to the éffects of the stresses.
» Infrastructure, Economic points,

Vegetation

<
A R
1o endure the harm
Fig. 1. Conceptual framework of city vulnerability.

These measures can be quantitative (e.g., preojpits
variability, distance to market) or qualitativege.politi-
cal party affiliation, environmental preservatiothie).
Another slightly different view favored by the hada
and disasters research community is that adaptipaai-
ty consists of two subcomponents: coping capaaity
resilience. Coping capacity is the ability of peopind
places to endure the harm and resilience is theyata
bounce back after exposure to the harmful everan éfv
the people and places suffer considerable harnboth
cases, individuals and communities can take mesdarg
increase their abilities to cope and bounce bagkina
depending on the physical, social, economic, sgiriand
other resources they have or have access to [9].

As we use three terms (exposure, sensitivity amag-aq
tive capacity) inside the city vulnerability. Whiteere is
considerable heterogeneity in both the potentigaots
of environmental changes and the adaptive capaait)
cope with these impacts, this assessment showsttitht
area in particular will be vulnerable to ecosystand
land use change. Projected economic growth incse
adaptive capacity, but is also associated with rtoest
negative potential impacts [10-11]. The potentiapacts
of more environmentally oriented developments
smaller, indicating an important role for both pgliand
society in determining eventual residual impactsha
Hyderabad, India.

The ultimate objective of this work is to find awe
methodology to assess local vulnerabilities thatuites
consideration of site-specific characteristics. theo
goal is to develop a new tool assessment to aal (oai-
cy makers in assessing local conditions and deiredoy
appropriate environmental measures based on thiéges

J

-

Resilience is the ability to bounce

back after exposure to the harmful

event, even if the people and places
suffer considerable harm

\

1. Material and methodology

1.1 Study area
Hyderabad is the sixth largest city in India angitzd
of Telangana state in central South India. Hydedadiz
cupies 650 square kilometers (250 sq mi), along
banks of the Musi River a tributary of Krishna Rivé
has population of about 6.8 million and metropalit
population of about 7.75 million, making it the thixmost

e populous city and sixth most populous urban aggtame
tion in India. It grew from about one million inhisdmts
in 1951 to about seven million in 2001. It is clwesized
by population growth rates of more than 50% during
1981-91 and of 27% during 1991-2001 (GHMC 2010). A
Survey by Telangana State Government, 'Samagra ku-
tumba survey' on August 19, 2014, reveals that kade
bad's population has crossed 12 million. At an ayeral-
titude of 542 meters (1,778 ft), much of Hyderakssdit-
uated on hilly terrain around artificial lakes, lumting
Hussain Sagar predating the city's founding noftthe
city center (fig. 2).
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Fig. 2. Location of study area.
1.2 Maps processing

The images obtained as standard products were geo-
metrically and radiometrically corrected by datad-
ers but, because of the different standards ardemdes
used by the various image-supplying agencies aas

A0 T
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|

kilometers

#Sfere georeferenced again at the pre-processing.diag

ages from different sensors have different spaisblu-
tions. In this study we preferred to retain thetigpale-

AGail, original pixel size and value of each imagéere-

fore the images were kept without changing thexebi
sizes despite the possible varying accuracy lefvelassi-
fication with the different spatial, spectral anadio-
metric resolutions. Next at the classification staguni-
form supervised classification was applied on thages.
All of the images were classified by creating aater
polygons as training areas for introducing idealsses
for each image separately and by using the maximum
likelihood classification method. To create a ctosarre-
spondence between the maps produced the clagsificat
was done by only considering four main classesamrb
built-up area, soil, vegetation and water [12-13].
Post-classification refinement was used to improve
the accuracy of the classification. In additioncdngse
fhe urban surface is heterogeneous with a complex
combination of features (buildings, roads, grassed,
R soil, and water), mixed pixels and the salt andpeep

th

effect were common problems when using medium spa-
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tial resolution data, such as Landsat 8 [14-16]this
step a 3 * 3 majority filter was applied to all thiassi-
fied land covers [17].

1.3 Procedures to calculate the sensitivity, expg@su
and adaptive capacity sub-indexes

Another basic issue for the evaluation a modebis
assign weights to each factor according to itstiredaef-
fects or importance in an indicator/factor considiein
the city vulnerability in a thematic layer. The bytia hi-
erarchy process, a theory dealing with complex rieeh
logical, economical and socio-political problemsg(, is
an appropriate method for deriving the weight assigto
each factor. The dimension index rescales all bétain-
to arange from1to 7.

The proxy variables used to quantify the aspects
city vulnerability exposure, sensitivity, and adapt
capacity had various units and needed to be stdnd
ized prior to their synthesis. We used a dimension
dex method adopted from [5] to standardize the prq
variables. The dimension index is a widely used¢ags
ing method to standardize data; it is based omrdhge
of data, independent of standard deviation [1718,

t

X

19, 20]. We propose that the data should be trgng

formed to their natural logarithms LN(X). This resrd
the transformed data normally distributed and paesi
a better spread among whole study region [5]. T
LN(X) transformed data were plotted as a frequer]
distribution within 7 categories. We designated t
vulnerability index score from 1 to 7 [5-6]. Thepip
cation of subjective weights on the one hand givgs|
some indication of how the relative importance df d
ferent factors might vary with context and can disib
us how sensitive city vulnerability ratings are ger-
ceptions of vulnerability in the expert community
Hyderabad, India [4].

]
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Results

First, we use supervised classification methodrtGAS
software and generate land use/cover maps. Atissitica-
tion we used city vulnerability formula in ArcGl$favare
and derive vulnerability for Hyderabad city. Vulability
results show that, center and north part of the isitmost
vulnerable and need immediate attention. Soutls pdutity
are less vulnerable and have less human interferekt
scales given to 14 indicators were mapped and adeid
produce the vulnerability map of Hyderabad citg.(8).
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Fig. 3. Vulnerability map of Hyderabad city.
This map generated varying scales ranging fronv-1.7

11917000

11908000

9

13.5 18

to 5.73. The distribution of scales in the vulndigb

map excluded the Hyderabad; hence a total arebafta
1441.15 km was derived. It was found that around

For Exposure we consider elevation (contour), walerss 150, or 665.05 kiof the area has a scale of vulnera-

shed, waterway, roads, railways and airport themayi-
ers. For sensitivity built-up areas, industry, ngnays-

ble (fig. 4).

tem such as farmland and land use/cover map wed Us 8007 E Z”rea Sq Km 46.15%
To examine adaptive capacity, we addressed natagal |  79pA
etation layer, economic points and infrastructukéter ] o
. 600 31.15%
standardized the factors, subsequently the compohen
value (Exposure, sensitivity and adaptive capacitgs 3001
obtained according to following formula: 4001
Factor, + Factor, + ... + Facto 3001
Componentvalue 2001
n
. . 100+
Wheren is the number of factors for a particular com-
ponent (Exposure, SenSitiVity and adaptive CaphCity Resilient At Risk  Vulnerable Highly " Extremely’
After weight of each factor and calculation of Expp Vulnerable Vulnerable
sure, sensitivity and adaptive capacity, the cifjngra- Class Area Sg. Km. %
bility index was calculated using the following etjon. Resilient 32.28 2.24
Citv vulnerability= At Risk 190.22 13.20
y = _ . Vulnerability 665.05 46.15
= Expoure,, .+ Sensitivity, .~ Adaptive capacity, Highly Vulnerable 104.62 7.26
Note: th . Lo df dati . Extremely Vulnerable 448.99 31.15
ote: that a negative sign is used for adaptivacap| o 144116 100.00

ty because adaptive capacity reduces the ovetglival-
nerability.

Fig. 4. Vulnerability graph of Hyderabad city
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These areas are mainly located other than cerdral
of the city, mostly outside of the city (fig. 3)n@he other
hand, there are 31.15% or 448.99%karea is in extreme
vulnerable due to high socio-economic activitieghly
dense population, lack of infra-structure and higtustry.
Resilient and at risk area is 2.24% and 13.20%eftdtal
area respectively. This area is in very upper andhern
part of the city. Resilient and at risk class haweximum
open field and less socio-economic activities. Higher-
ability area is 7.26% or 104.62 krof the city. It is in-
between extreme vulnerability class (fig. 3). Timgplies
that interventions, such as landscape rehabilitatiod
vegetation protection, must be considered by theage:
ment to abate adverse impacts of future hazards.

Vulnerability map showing the low to high priorigv-
els (fig. 3). Based on the results, high prioritgas have
38.41% accounting to about 553.61 2fig 3). Medium
lave vulnerable area is 665.05 %or 46.15%, which is the
highest area of the total study area. Low to vewy priority
areas, on the city, have only a total of 15.44%222.50
km?. Most of these low to very low levels are situaved-
side of the city. Areas with very low levels indeahat
these areas are the least priority in terms obratibn ef-
forts because of its intact vegetation cover arggh hesili-
ence. Moreover, this level signifies that the draa higher
capacity to sustain itself against future environtaehaz-
ards and there is minimal risk that such hazareldilaly to
occur in the area. However, areas with very higklgeare
considered to have unacceptable levels of riskrmesextent

p which may also lead to the degradation of ecolbdgiea

vices if not properly addressed with appropriatéoas.
Landscape restoration endeavors (e.g. reforestatmgpie-
mentation of mitigation measures, etc.) are likelyoe ap-
plied in these areas.

Based on the overall assessment, Hyderabad acityl-is
nerable as at risk level. The most resilient indicaidenti-
fied are land use change, human development arsibero
potential. Meanwhile, the most vulnerable indicaitab-
served are maximum industry, elevation, threatespeties
and road density. The assessment on the varioysorants
of vulnerability revealed that exposure componeay the
highest scale (5.16), while the lowest scale oleskiy the
adaptive component (4.33). This means that orteeafniajor
problems in city lies in its external factors swahclimate
variability as well as its topography. This is éolled by its
demographic-related problems that capture the itapaic
high population density and high annual growth matéhe
area. In terms of the sensitivity aspects the sighelnera-
bility scale is 4.40.

In vulnerability, vegetation class is the highesinera-
ble class (50.51%). It's come in vulnerable (59k&8) and
highly vulnerable (86.17 kfj category. Open soil area is
second most vulnerable area (32.18%). It is preiseak-
treme vulnerable 273.22 Kn(60.85%) and 160.84 Km
(84.56%) in at risk category (table. 1). Built-upshthird
most vulnerable class and it's have extreme andevable
category with 220.94 kfr(15.33%) area. Water class is the
lowest vulnerable and present in all categorigs Bij.

Class Resilient At Risk Vulnerable High Vulnerable| Extreme Vulnerable
Area % Area % Area % Area % Area %
Built-up 0.56 1.74 0.40 0.21 5743 8.64 0.p7 0j26 2.26 36.14
Soil 20.61| 63.87 160.84 84.56 6.92 1.04 2|15 4.06 73.22 60.85
Vegetation 2.09 6.44 28.76 1511 597)85 8990 86.182.37 12.98 2.84
Water 9.01 27.92 0.22 0.12 2.82 0.42 16(02 15.31 52 0. 0.12
Total 32.27| 100.00 190.21 100.00 665/02 100.00 6104.100.00 448.99 100.00
Table 1 Vulnerability categories in land cover cdas
= Jlaior for sustainable development in Hyderabad. Centigé an
7007 . A : : : : :
=3 Vegetation north part of city has higher damage situation tum-
o007 {1 = %ot dustry, high population density, lack of generaleai
5001 L ties or facilities and degradation of water qual®um
400- population is also high with low income groups aild
3001 these things indicate high level of Exposure anusise
2001 tivity. '_I'o reduce the vulnergbili_ty, city has lowaptive
1001 capacity for these potential impacts. So government
-g—‘ Lﬁ—g— need to give subsides and financial support todbimi
Resilient At Risk  Vulnerable' Highly " Extremely frastructure. As adaptive CapaCity is very IOWhiStCity
Vulnerable Vulnerable so police maker should focus on natural resource-ma
Class Area % agement. Natural resources such as swamps, grdsslan
Built-up 220.94 15.33 and mangroves are environmentally important ecosys-
Soil 463.75 32.18 tems because they serve as a buffer against natisral
Vegetation 727.86 50.51 asters, including self-purification [21]. If pol&s re-
Water 28.60 1.98 garding nature protection and restoration are imple
Total 1441.15 100.00 mented, sensitivity to exposure can be reduced. As
Fig. 5. Land cover classes vulnerability in Hydemelb south part is less vulnerable and have more adaptyv
Remote sensing and GIS is a useful tool for syclpacity to reduce vulnerability. This part is mairlypo-
study. This study is helpful for governmental pmi | sure due to artificial resource management sucrass
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ous pollution controls. So implementation of pdbut
control, develop the infrastructure such as wateatt
ment plants is a good approach. Shifting the higbus
lation density could be a good approach in the @h
city to reduce the vulnerability.

Discussion

City vulnerability and socio-economic aspects cffer
new perspective on vulnerabilities at city levelisl also
innovative as it uses a different set of variab&Esnbin-
ing social, economic, morphological and environraér
dimensions in order to determine the urban strecaa-
cording to socio-environmental conditions, rathkart
working with the traditional socio-economic variebl
alone. This approach allows for more wide-ranging-c
siderations, more closely related to climate chaetped
vulnerabilities, going beyond poverty, age and gerabs
the most commonly used measurements of vulnenabi
Furthermore, it is sought to delve into how locdapta-
tion options can be defined, agreed upon and imgigm
ed. So far, no practical application has been implgted
but it is argued that in-depth information on exgubg
hotspot areas based on fragmentation patternsastd d
ing susceptibility and coping capacities can bézeti to
reduce vulnerability to climate change related hdeg
through the development of context-specific adagptie-
sponses. Based on the results achieved, it islpedssi
determine whether adaptation should occur in eitrer
anticipatory manner (prior to a perceived risk)roa re-
active fashion (after a specific change or everst be
curred). This aspect also supports the researcisidec
that was made to consider coping capacity and adaf
capacity separately from each other in order terddhe
both short and long-term perspectives regardingllg
climate change adaptation and planning. Therefibis,
research offers one possible approach in orderdeige
a feasible database in support of local coping ahapb-
tive capacities regarding hazards.

The most frequent disturbance vectors identified
the Hyderabad city are anthropogenic, such as uilban
velopment, disposal of solid waste, sewage polfut
and extensive alterations of the local hydrologicad
gime. Although quantitative information on changes
forest structure, productivity and resource avdlilighis
still scant, the survey provided strong evidena fhe-
guent and intense man-made impacts are the mast g
es of overall vulnerability. Contrary to what happén
tropical areas [22-23], natural physical disturkes)c
such as strong tempests and hurricanes, are rate
may play a minor role on structuring local standsab
fecting their vulnerability. Vulnerability indexesre
commonly applied in the social sciences, but thegas
of empirical indexes to assess the current conditand
trends of socioecological systems is still a noapt
proach. Practical and operational indicators oheud-
bility are strongly needed [24].

Conclusions
The remote sensing and GIS approach is initiateg

search has shown interesting results that can & fas
other cities sustainable development. City vulngitgb
integrated exposure and sensitivity with adaptiee c

plpacity, which included considerations of both biggih

t

cal and socioeconomic aspects. Contextualization,
which is defined as the ability “to adjust indicatnd
index to the specific socioeconomic context, theg a
applied to and to the function”, is an importansuis
when assessing local environmental vulnerability][2
This research work considers local condition of ehgd
bad city such as land use/cover information frors &
assign different weight factors for each comporfent
vulnerability. So vulnerability application of fut
management plans focused on the varying sensitivity
exposure and adaptive capacity of the local ciands
becomes necessary. This empirical index of vulrierab
ity can also be used as a multiple management tool

it through the exploration of its sub-indexes or compo

—

3]

O[5]

au

a

to

provide an avenue to assess the vulnerability. Téis

nents. Such management strategies could enhanee eco
system resilience to both anthropogenic and natural
stressors expected in future in Hyderabad, India.
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