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Executive Summar

According to the 2011 Census, for the first time since Independence in 1947, the absolute
increase in population was more in urban areas than in rural areas. In 2011, theurbeai
distribution stood at 68.84 and 31.16 per cent respectively. The l&vaetbanisation increased

from 27.81 per cent in the 2001 Census to 31.16 per cent in the 2011 Census, and the proportion
of rural population declined from 72.19 per cent in 2001 to 68.84 per cent in 2011
(Chandramouli, 2011). What is more surprising & the number of towns increased from 5,161

in 2001 to 7,935 in 2011, adding 2, 7#&wowns. Out of the 2,774 new towns, there has been

an increase of 242 statutory towns and 2,532 census towns since 2001. Many of these towns are
part of Urban Agglometeans (UAs) and the rest are independent towns. The total number of
UAs/towns, which constitutes the urban frame, is 6,166 in India according to the 2011 Census
(Census of India, 2011a, b). These trends show that India is becoming increasingly urbaeised. T
latest figures corroborate the fact that due to various seeanomic factors, like population
pressure and poverty, the urban regions have seen a large influx of people from rural areas, and
this has led to the rapid growth of new urban centres.

Urbanisation is a prominent vehicle of development in the global south. Studies of development

and its related issues have thus traditionally categorised space into urban and rural, with each
category being prescribed certain characteristics. Over the pastddeca new amalgamated

space that straddles the boundaries of both these categories has been drawing the attention of
AOK2f I NB® YYy2R2HPIVALVEKSNIFIEGE®R o6t ! Lo (GKAA | NBI
transition or interaction between urban andiral areas; usually used in the context of rapidly

dzNB F yAT Ay 3 LI22N) O2dzy iNASAQ O0{AY2Y3S HAnAnyY HULOO®

The consequence of increasing urbanisation is an unprecedented pressure on the urban
infrastructure and resources. Access to water in urban India at preseaiready severely
constrained. Most Indian cities have formal water supply for only a few hours a day and only in
limited areas. So, where is the water to meet the remaining requirements going to come from?
As India is becoming increasingly urbaniséd, municipal corporations are not able to cope with

the rising water demand for various reasons. For much of @&#ater historyQ the focus has

been on largescale surfacevater projects to provide irrigation, whilst neglecting sources within
the cityand in the perurban areas.

Narain (2011) in his analysis of water issues inydran areas highlights that the problem is not
merely one ofscarcitybut that of security He identifies three domains over which conflicts to
water resources take place quantity of water, quality of water and access to water sources.
This study assess water security in pgban areas based on the approach@imate Change
Scorecard, an approach developed by Public Affairs Centre (PAC) which is based on citizen
scienceand collective citizen action has been applied in this study. This approach tries to answer
two fundamental questions
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present climate crisis, become actors in therffo resolve i? and

1 How can social concerns of citizens and communities be mobilised to help forge a
collective will and develop the knowledge to educate the public and governments on the
urgency and the need for climate protection?

The study consiste@f three phases: an exploratory phase, amtial phase where primary
visioning exercises are undertaken. This phase consisted of identification of study areas and
scoping visits to the field to understand the -gmound conditions. The second phase is the
analytical phase which included household surveys to assess and identify household perceptions
of drinking water security. Furthermore, 240 Fuzzy cognitive maps were developed with the aid
of local communities to assess their perceptions of how urbamsatioupled with changing
climate has impacted water security in perban areas. These 240 maps were then condensed
into three maps one for urbanisation, variation in rainfall and the last for increasing
temperature. Moreover, interviews were conducted thi key industries and Gram Panchayat
members of the study aredn the third phase, aural network modelling was undertaken to
identify and generate scenarios to improwveater security. In addition, glicy options were
simulated based owarious assumptios fromthe issues identifiedn the previous two phases.

The outcomes were discussed with a group of experts and local commulitiess opined that

there is need for increased awareness among the stakeholders, in addition to concerted efforts
for continued dialogue between them.

The study highlighted that urbanisation has changed the lifestyle of this once quaint agrarian
gram panchayat. Urbanisation has created a job market in nearby industries and also increased
the conversion and sale of agrarian dafior commercial and residential purposes thereby,
increasing their fiancial/economic conditions. his development has increased access to
modern infrastructure facilities such as access to schools and speciality hosBitiglsthis
haphazard developmentad resulted in the neglect ohatural resources including water
sources. Though the gram panchayat is blessed with adequate water sources, they are
contaminated and not suitable for consumption. This impact has been aggravated due to climate
change mainf variation in rainfall and increase in temperature, which has resulted in drying up
of surface water bodies, which have been encroached in places as well. Lack of adequate water
has also resulted in shift from agriculture to labour based livelihoodsarvilleges. Agriculture,
though practiced in small scale has been the result for change in cropping pattern and at some
places sewage water is used for irrigating agricultlanadls. Apart from thidpcal industries have
establisheddrinking water purifies as a part of their CSR activitinghe gram panchayat which

are one of the major sources for drinking.
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1. Introduction

a2adald OAGAS& AY LYRAF IINB FIFOAy3a aSOSNB 4 GSNJ

supply pertain to quantity and quality, eijy ¢ across different segments and sections of
population, poor sanitation, ineffective and obsolete wastewater management practices and
lack of longterm vision, planning and motivation. At the same time cities continue to expand at
a rapid rate and eainto resources (such as land and water) availablth&ir periphery While

land inthe periphery ofurbanareasis grabbed for urban housing, industrial establishments and
dumping urban wastes (both solid and liquid) very little is ploughed back by wagvefoping
these areasThe process of ibanisation cannot be blindnd should ensure sustainable use of
natural resources, in particular land and watamore so groundwater.

This has resulted in serious livelihood problems in these areas. Furthernuate uaconcerned
and unplanned urban expansions have triggered off conflicts between urban andrpar
interests. The availablevater sources areexploited in an unplanned and unregulated manner
resulting in ecological degradation. The surface and gilaater and land use should be an
integral part of the urban and petirban development. In India, not only that water is never a
part of the urban planning, the peurban issues are completely ignored and given the least
importance in the overall planningrocessindeed, very little attention is paid to investigate the
role of urbanisation coupled with the impacts of climate change on wetepurcesin pert
urban areas

Resource scarcity is certainly one of the reasons for such conflicts; but resourcitysisanot

just the consequencef hydro-geological factors and isiost often manmade (Janakaranjan,
2004).Regardless of causthe consequences imply that water supply (quantity and quality) are
very much part of the concernsf urban water environmet, water supply and sanitation
Secondly, as indicated earlier, the looming threat of serious conflicts in resource sharing
between cities and their petirban and rural areas is something which needs due attention. This
guestion is of growing importance the ongoing context of Indian urbanisation. Keeping these
two elements, thisreport highlightsthe double injustice orwater resource inthe current
scenarioof unsustainableurbanisation and changing climate.

The urban population of India stands at 37illion, with 31.16 per cent of the total population
living in urban locations. The 2011 Census shows that @didan population grew by 90.99
million during 200£2011. This is more than the absolute increase of 90.47 million in the rural
population ove this period. In percentage terms, the urban population grew by 31.8 per cent,
which was 2.6 times the corresponding decadal rise of 12.18 per cent for the rural population.
The 12.18 per cent rural population growth during 2RQ11 represents a sharppdfrom the
18.09 per cent increase over the period 199001, whereas the growth rate for the urban
population has seen a marginal rise from 31.47 to 31.8 per cent over these two periods.
Therefore, the absolute increase in the urban populati®smore than the increase in the rural
population in India.
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According to the 2011 Census, for the first time since Independence in 1947, the absolute
increase in population was more in urban areas than in rural areas. In 2011, theurbeai
distribution stood at 8.84 and 31.16 per cent respectively. The level of urbanisation increased
from 27.81 per cent in the 2001 Census to 31.16 per cent in the 2011 Census, and the proportion
of rural population declined from 72.19 per cent in 2001 to 68.84 per cent in 2011
(Crandramouli, 2011). What is more surprising is that the number of towns increased from 5,161
in 2001 to 7,935 in 2011, adding 2, 7#&wowns. Out of the 2,774 new towns, there has been

an increase of 242 statutory towns and 2,532 census towns since R201y. of these towns are

part of Urban Agglomerations (UAs) and the rest are independent towns. These trends show that
India is becoming increasingly urbanised. The latest figures corroborate the fact that due to
various socieeconomic factors, like popuian pressure and poverty, the urban regions have
seen a large influx of people from rural areas)ich has led toa rapid growth of new urban
centres.

The consequence of increasing urbanisation is an unprecedented pressure on the urban
infrastructure andresources. Access to water in urban India at present is already severely
constrained. Most Indian cities have formal water supply doty a few hours a day anid
limited in scale As India is becoming increasingly urbanised, the municipal corporatiensoar

able to cope with the rising water demand for various reasons. For much of@niater
historyQ the focus has been on largeale surfacevater projects to provide irrigation, whilst
neglecting sources within the city ant$ peripheral areasOwer time, an enormous informal
groundwater market has risen in several cities to bridge the demsumaply gap. Water for
these informal water markets is often sourced from the p@ihan regions, which are
comparativelyricher inwater resources (surfacaend groundwatey.

Extraction of water resources from the periphery has resulted in two mahjanges; first, they

cater for the rising urban economic class that is ready to pay for a constant water supply through
the sale of water fuelled by an informal wat@nker economy. Second, periurban areas and
their citizens are at the receiving end of the wastewater produced by cities, and suffer the
consequences in the form of polluted rivers, industrial and domestic wasteresults in a
damaged ecosystem. Threport documents, theknowledge andperceptions of perurban
communities on water security in view of these chand®sa studying the casef areas located
aroundthe city ofBengaluru.

1.1 Community participation in  Planning Adaptation

The current angrojected impacts of climate change matkee understandingof environmental

and social vulnerability of pedrban areas anglanning of adaptationmportant to achieve
national andinternational goalsand initiatives.Social, political, economic, demogtap and
environmental changes occurring at local to national scales compound these global changes and
increase the vulnerability of communities. Adaptation has become essential, especially the
manner in which adaptation occurs can be proactive or reactind, results can be beneficial or
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detrimental for communities and local environments. Largely due to current and projected
impacts of climate change, there has been a significant research focus on analyzing vulnerability
(Adger 2006; Eakin and Luers 20B6rd et al. 2006; Smit and Wandel 2006; Turner et al. 2003)

and an international program and policy focus on planning adaptations (IPCC 2014; McCarthy
and IPCC 2001; Parry and IPCC 2007). Vulnerability refers to the susceptibility of an entity, such
as anindividual, group, sector, community or country, to an endogenous change, stressor or
threat and the ability of the entity to recover from that threat (Smit and Wandel 2006). Analysis

of community vulnerability requires an understanding of (a) the typesraagnitude of changes

G2 6KAOK O2YYdzyArAdiAasSa | NB SELRASR 62FiSy O ¢
adzaOSLIWiAoAfAGE 2F | O2YYdzyAide G2 OKFy3aS owwas
adapt to change through managing risks, leagnand devising effective response strategies

OWWE RFLIGIAGS OF LI OA1@8QQ0 dal NEKIFEE SG Ft® wamnaT

Adaptation providesa proactive response strategy that seeks to reduce the vulnerability of a
community to a changeAccording to Smit and ®Widel (2006) daptation can include
mitigations to reduce sensitivity, actions to increase adaptive capamitactions to reduce

impacts Effective adaptation planning requires recognizing and planning for the numerous
different changes that are occurringimultaneously i.e., taking into account multiple
OA2LIKE@AAOFE YR a20A2S02y2YA0 aAGNBaaz2zNB 0. Syy
Leichenko 2000; Tuler et al. 200&nd considering impacts on both social and ecological
components of soeicecological systems (Turner et al. 2003). The term sgamalogical refers

to the integration of humans and nature in complex adaptive systems (Berkes and Folke 1998).

Numerous methods have been used to assess vulnerability and different processebeasve
applied to plan adaptation. Many vulnerability assessments have been designed and applied by
outside researchers or experts with little local engagement and, some argue, with limited
applicability or impact (Ensor and Berger 2009; Moser 2010). Thasebben an increasing
emphasis on incorporating both scientific and local knowledge and using participatory methods
and communitybased approaches (Ensor and Berger 2009; Leary et al. 2008, 2009). The notion
is to produce vulnerability assessments and ad#apn plans that are useful and implementable.
Different international governmental organizations and NGOs have produced different processes
for adaptation planning (e.g., CARE 2009; IISD 2012; Marshall et al. 2010; USAID 2009;
Wongbusarakum and Loper 201 During the past decade, both academics and organizations
KFrgS 0SSy Sy3al3aay3a Y2NBE 640K 1 sdeHFazlviididnig, QQ LIt
backcasting and scenario planning (Birkmann et al. 2013; CARE 2011; Evans et al. 2006; Palacios
Agundez et al. @1L3; Peterson et al. 2003; Plieninger et al. 2013; Rawluk and Godber 2011;
Robinson et al. 2011; Schmidt et al. 2013; Sheppard et al. 2011; Swart et al. 2004; Wesche and
Armitage 2014y in planning adaptations for communities and ecosystems. Yet there nsmai
significant scope for modification and application of these futures planning processes to
different contexts and local scales, for integration of vulnerability analysis with adaptation
planning to produce applicable resultsThere should be room folincorporation and
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consideration of multiple interacting and combined socioeconomic and biophysical stressors,
and for reflection on the potentials and shortcomings of applying these methods in order to
improve future practicgReed, et al., 2013Dn this last point, it is probmatic for researchers

and practitioners that there are often few stepwise descriptions of methods with critical and
honest reflections on research process and outconidgere is also a need for development of
and reflection on participatory and nontechaicscenario planning methods that can be applied

in a short time frame and with a limited budget by-tire-ground organizations and practitioners
that work closely with local communities.

This study focuses on citizeentred scenario planning as a praeli and potentially powerful

tool for localscale vulnerability analysis and adaptation planning in coastal communities and
sociatecological systems within the context of multiple interacting socioeconomic and
biophysical changes or stressors. Commuhé#ged scenario planning proved to have significant
potential as an anticipatory action research process for incorporating multiple stressors into
vulnerability analysis and adaptation plannif@ennett et al. 2016)

Our approach is based dhe principles of constructive engagent and to move research away
from top-down, extractive information gathering towards participatory, bottam and inclusive
knowledge generation. Climate Change Score Cards (GCi86l)developed by PAC wased to
develop community based scenarios bdoninputs by major actorgesponsible for managing
urban and perurban water resources.

1.2 Fuzzy Cognitive Maps z An Introduction

dimate change scorecard approach was modified to include the fuzzy cognitive mapping method
for the purpose of this sty. Fuzzy cognitive maps are models of how a system operates based
on defined variables and the caudalks between these variable@®zesmi& Ozesmi2003).

These variables can be measurable physical quantities such as amount of precipitation or
complex aggregate and abstra® 8§ & & dzOK | & (QI8i&IO%eOi2008).SThet | NS
person making the fuzzy cognitive maps decides what the important variables are that affect the
system and then draws causal relationships among the variables indicating the relative strength
and sign of the relationshgpamong variables with a number betweeihand 1. Once the maps

are drawn, their structures are analysed using graph theory and their outcomes determined
through fuzzy cognitive mapping computations.

Fuzzy cognitive maps have their roots in graph the8igce, Euler formulated graph theory in

1736, mathematicians have extensively adwped graph theory, but Hara§1965)for studying

the structural properties of the empirical worldoresented the theory of directed graphs
(digraphs)Biggs, et al., 1976Anthropologists have usedgned digraphs to represent different

social structures in human society (Hage and Harary 1983). Axelrod (1976) first used signed
digraphs to represent the assertions of informaaisd R2 LJ0 SR G KS GSNY G023y
usad by Tolman (1948)]Cognitive mapping has been used to look at decismaking and
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conceptions of complex social systems (Axelrod 1976, Bauer 1975, Bougon and others 1977,
Brown 1992, Carley and Palmquist 1992, Cossette and Audet 1992, Klein and Cdther 19
Malone 1975, Montazemi and Conrath 1986, Nakamura and others 1982, Rappaport 1979,
Roberts 1973).

Y2al12 O2AySR GKS GSNY Fddleée O23ayAGAGS YIL 6K
applying fuzzy causal functions with real numbier$-1, 1] to the connections in 1986. He was
alsothe first to determine the outcome of a FCM 1987 as well as to model the effect of
different policy optionsSince thenFCMs have been used to model a variety of things such as
organizational behaviour and job satstion (Craiger and others 1996he physiology of food
appetite (Taber and Siegel 198&gonomics and demographics of nations (Schneider and others
1998) political developments (Taber 1991), electrical dix(Styblinski and Meyer 1988 the

field of environmental managementhere were only three studies that used FCM# 2003
Radomski and Goeman (1996) used FCMs to suggest ways to improve d@aking in sports
fisheries management. Hobbs and others (2002) used FCMs as a tool for defaniagement
objectives for the Lake Erie ecosystem. Ozesmi (1999a) first used FCMs to represent an
ecosystem as told by different stakeholders. T3tigly describes the use of FCMs fmapturing
stakeholderknowledge andperceptions andhighlightshow the same can be used to develop
adaptation options usingarticipatory plaming.
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2. Literature Review

Urbanisation is a prominent vehicle of development in the global south. Studies of development

and related issues have traditionally categorised space into uanahrural, with each category

being prescribed certain characteristics. Over the past decade, a new amalgamated space that
straddles the boundaries of both these categories has been drawing the attention of scholars.
YY26Y | & NKSYy WL $/NBNF I D03 ot NS A4 RSFAYSR | a
interaction between urban and rural areas; usually used in the context of rapidly urbanizing poor
O2dzy GNASAQ O6{AY2Y>X HnAnnyY HOLO

The PUI is, to a large extent a result of continued urbanisatiomer overview of perurban
FNBFa Ay LYRAIFZ {KIFIg omdpppd RSaAaONARO6Sa GKS NBI
highlights that this urban expansion results in increasingly complex interactions with the
surrounding rural lands, with graduethanges in landise (Shaw, 1999). The resultant perban

area thus contains a mix of urban and rural functions. Most notably, agricultural and forest land
is converted into residential, industrial, commercial and recreational spaces, often accompanied
by select infrastructure such as roads and power stations (Simon, 2008). Accompanying such
changes in land use is a shift in the livelihoods of-pdyan dwellers from agriculture to other
secondary services. While the above is a spatial description ofNaltHin and Nischal (2007)
argue that the term is more indicative of a process, where PUI refers to -avaydlow of goods,
services and natural resources between rural and urban. Sudirdmtional flow gives rise to
unique characteristics of the arean@ correspondingly, results i®mergence ofunique
environmental problems in petirban areas.

2.1 Problems in Peri -urban Areas

Urbanisation of rural spaces often occurs rapidly without the corresponding development of
environmental services such as pib&vater supply and wastewater treatment plants (Shaw,
2005). Transition from agricultural to neagricultural land uses subsequently results in the
imposition of negative environmental externalities such as land, water and air pollution (Simon,
2008). Sevee sanitation issues are also reported duetbt® accumulation of solid and liquid
wastes from industrial and residential developments in the. Fbé additional waste generated
poses a big problem given the absence of waste management infrastructurkddajaa et al,
2007). This problem of waste accumulation is further exacerbated by the flow of waste from the
urban core to perurban areas. Given the accessibility of Rénban areas from the city and the
free availability of open spaces, pemban ar@as often become dumping grounds for urban
waste (Prakash, 2014). Such unregulated waste disposal results in severe environmental and
health issuesvithin peri-urban populations and also contaminates the land and water resources
that households depend on fdheir livelihoods and sustenance (Simon, 2008).

In addition to wasterelated problems, there is alsenincreased pressure on wategsourcesn
peri-urban areas. Urbanisation of previously rural space inherently increases demand for water
due to a lager population and the additional industrial consumption (Lakshmi & Jakarajan,
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2005). Compounding on this shift is the flow of water, particularly drinking water, from peri
urban to urban areas. Such a flogvdriven by two primary reason$he first is tle continued
densification of cities which increases water demand and second is the depletion of sources that
had originally been supplying water to the cities (Ahmed & Sohail, 2013). The availability and
access of water for petirban residents then beconsecontested due to the combined pressures

of increased perurban demand, increased urban demand as well as the contamination of peri
urban water sources by improper waste management.

2.2 Water Security in Peri -Urban Areas

In his analysis of water issugsperiurban areasNarain (201)1highlights that the problem is not

merely one ofscarcitybut that of security He identifies three domains over which conflicts to

water resources take place quantity of water, quality of water and access to water s@&src
ObFNIYAYYX HAaMMO® ¢KSaS GKNBS OFGS3Iz2NrRSa faz2z S
INR dzL) 2 F LIS 2 LI deriuibS Nodt& oo & WilkS RIS TFAYAY I TSI Gdal
A y O findoital/illdgal access to water, access to pooiality water and insufficient access to

waterQ 6! £t Sy SiG FEX vHnndY mMMOd 2| §SNI aSOdzNRG& (
three dimensions, each of which is examinedhiis section.

Il O0O2NRAY3I G2 GKS ! yAGSR bl ihé@padtyEof @ poputatibh td S O dzNA
safeguard sustainable access to adequate quantities of acceptable quality water for sustaining
livelihoods, human webeing, and soci@conomic development, for ensuring protection against
water-borne pollution and waterelated disasters, and for preserving ecosystems in a climate of

peace and political stabili§y éwWater, 2013).Access to potable water and sanitation is
considered a basic human right and yet billions do not have easy access to these services. It is
estimaied that approximately 1.8 billion people use a water source that has faecal
O2yGFYAYlLIGA2Y FYR FLILINRBEAYFGSt® nmw: 2F GKS g2 N
HAaMpU® ¢KS 'bQa {dzAadGlI Ayl otS 5S@St2LIYSya D2 f
provide clean water and sanitation to all by 2030. While such a water crisis is a common
phenomenon across developing countries, India has the largest population of 76 million people

who do not have access to clean watérlargeproportion of the countt Q& LJ2 LJdzf F G A2y
with water scarcity ands forced to make do with irregular access to water (Wateraid, 2016).
Residents in pefurban areas lardg fall into this second category and have to negotiate with

water insecurity that is driven by sevefattors unique to the perirban space.

2.2.1 Quantity of Water

The quantity of water available to peurban households decreases due to increased water
demand from industrial/residential developments and the supply of water to urban areas. The

latter is particularly threatening due to the extensive scale of operation. For instance,
Janakarajan et gl(2008) call attention to the fact that the Metro water board transports more

than 6000 tanker loads of water each day to Chennai city from itsysban areas. Similarly, in

his study on the pesilzNB I 'y | NBl & 2F |1 @8RSNIol R tN} {-+aK OH
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urban residents have lost out to the wealthier urban middle class populations and are deprived
of sufficient water. In addition to the extrdon of water by tankers, petirban water supplies

are also attractive for mineral water companies who extract groundwater, purify and sell them,
further increasing the pressure on penban water supply (Janakarajan et al, 2011). For
instance, there argresently 200 bottling companies operating in the areas around Chennai City
and the fact that they do not pay licensing fee results in unregulated -exploitation of
groundwater (Janakarajan et al, 2011).

The increase in pressure of groundwater res@sris most evident when one examines the state

of borewells in Indialn May 2016, 4000 bore wells in and around Bengaluru went dry, possibly
due to overexploitation (Deccan Herald, 2016). Bore wells are also being dug deeper into the
ground as water reagrces closer to the surface are being drainkbst states in India have laws

that regulate construction of borevells; permissiors have to be sought from local governments
before individuals or corporations construct boneells, there are restrictions othe depth of

bore wells that can be constructed and additional bavells are not allowed to be built in areas
where groundwater is scarce. However, due to poor capacity of enforcing agencies new bore
wells continue to belug, often at higher depths (Decoaderald, 2016).

Indeed, the continued and rapid exploitation of parban water resources not only reduce the
absolute quantity of water available to households but it also affects the regenerative capacity of
groundwater systems. The high demand fortevafrom the urban core results in unregulated
water harvesting, where water is extracted at much higher rates than that of replenishment. For
example, in his analysis of peniban water security in Gurgoan, Narain (2011) comments on the
lowering of the vater table in the region over the past decagé some cases up to 300% lower
than the initial levels. The lowering of the water table also makes it harder fofinoeme
households dependent on groundwater as they lack the resources to extract wateighester
depths. This is a serious issue considering that most peban areas lack piped water supply
(Narain, 2011). In some areas of Chennai, water harvesting is taking place at such an
unsustainable rate thatni some areas of Chennai, growmater hasdried up completely
(Janakarajan, 2005).

In addition to such urban drivers of water shortage, climate variabilis/diao been reported to

lead toreduction in the quantity of available water. For instance, in their study of the Orangi
Township in KarachAhmed & Sohail (2013) mention how poor rainfall over a continuous 10
year period led to a severe water shortage in the region which had previously had ample supply
of water. Such climate related drawbacks, further exacerbate water shortage Hufemareas.

2.2.2 Quality of Water

Water security is also threatened by the deteriorating quality of water sources iRupegain
areas. Industrialisation on urban fringes results in the dumping of industrial effluents or chemical
discharges into groundwaterravater bodies (Dahiya, 20Q07uch a state is largely attributable

to the lack of industrial regulations in pearitban areas, where effective environmental
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governance is present in negligible amounts (Simon, 2008). Several scholars even suggest that it
is precisely this lack of stringent regulations in the pgthan area that drives the movement of
such polluting industries away from the urban core (Shaw, 2005). Further, sewage from the
increased population load in peurban areas also leads to water pion when it is released

into water bodies wthout treatment (Shaw, 2005)This occurs primarily due to the lack of
efficient sanitation infrastructure. In addition, peturban communities aredependent on rivers
flowing downstream through the urban comeceive heavily contaminated water due to the
improper disposable of residential and industrial wastes (Simon, 2008). Depending on the extent
of contamination, perurban households may resort to buying water from other sources such as
mineral water compaies. However, it is not uncommon for low income households to consume
water of poor quality due to the lack of alternatives (Simon, 2008).

2.2.3 Access to water

In several instances, the poor purchasing power of-geNb 'y NBaAA RSy (iaQ NBa&dz
KI gAy3 NBIdzt | NI 6F G§SNI adzLILJ & & C2 NdurBab ardasJAfas Ay
SG +tf o6wnmn0y RN} g FNRY | &adz2NwSe R2yS Ay wHnno
low income perurban households who are supplied water on al@endays for a few hours and

the quantity of water supplied to IT companies and other corporate bodies in the area. The low
frequency of water supply is often an issue of inconvenience forygrean households.

In some instances, peudrban dwellers losall access to their traditional sources of water. The
accessibility of penurban areas to the economic market results in water bodies being lost to
other purposes, inhibiting access to households. For example, the filling up of water bodies for
urban acgisition is a common phenomenon across India (Narain, 2010), which displaces
communities that have traditionally been using the source. At times, even if water bodies are not
eradicated, their management is transferred to corporate bodies, making thencesaible to

the public. In their analysis of the pariban interface in Shahpur Khurd, Narain and Nischal
(2007) note that three ponds in the village traditionally used by residents are now auctioned off
by the village panchayat to fisheries contracto®uch emerging market relations further
threaten the water security of petirban dwellers.

2.2.4 Issues of Governance around water security

Behind several considerations of water security mentioned above, is the issue of govegance
There is a general osensus between scholars that the lack of proper governance is the main
driver of water insecurity in pexrban areas. Shaw (2005), for example, highlights that peri

dzNDB Iy | NBFa WwW3aSySNrftte €101 GKS Ayaiéspandzd A2y | f
the changes happening in their area. A key reason for this lack of governance capacity is that
peri-urban areas often fall through the cracks when it comes to authorities as cities are managed

by municipalities and while villages are managed &yghayats; which body has authority over

which sectors of the pefirban space often varies from state to state (Prakash, 2014).
Jurisdictional ambiguity, lack of cooperation and the absence of coordination among the various
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governmental bodies often re#fs in periurban issues not being addressed effectively (Prakash,
2014).

It should be noted that while effective governance is impeded in-pdran areas due to the

reasons mentioned above, market based solutions do not preserve the water securityi-of pe

urban residents either (Allen et al, 2006). This is attributable to the low purchasing power of
peri-urban residents, which do not provide sufficient incentive for the private companies to

meet their water needs (Allen et al, 2006). It is given this| daidure of both the state and the

market that several scholars have resorted to calling for greater community involvement and
initiative in addressing issues of water security. For instance, in analysing the plight of a peri

urban community in Chennai, KS: & OHnNpo LINR L2 4 S & Wt 221 Ay 3
A32OSNYYSYyld FyR FOGGSYLX GAy3 G2 az2ft @S LINRPoOf Sya

Such citizen participation is considered ideal for it allows householders, as key stakeholders in
the issue of waternsecurity, to identify and prioritize the problems to be addressed, set the
agenda for action and assess the efficiency of the measures taken to address the problems
(Swedish Water House, 2007). A more groupdapproach then reduces the dependency of
these communities on local government bodies and is expected to result in more effective
solutions that benefit the community. Ideally, such participatory initiatives should be inclusive
and be carried out at a sufficiently small scale to ensure that subgrthgisvary in economic

and social status are not marginalised (Swedish Water House, 2007). Integral to such citizen
empowerment is the presence of civil society organisations that enable and facilitate
communities in identifying and addressing problemsvater security (Dahiya, 2003).

2.3. Investigating peri -urban water security around Bangalore

Before one can try to address water security however, it is essential to first identify how water
security is being compromised in any given area. While thigwethias considered the current

literature on water security in petirban areas, each peudrban locality faces a unique set of
challenges that need to be addressed. As Allen (2013) highlights, environmental management of
peri-urban areas needs to be desgiR (2 F RRNBaa GKS WalLISOAFTAO Sy
FYR AyadaAaddziazyrf aLSoGtaQ 2F GKS G NHBrii SR f 2
areas in India is already scant, it is predominantly focused on Delhi, Hyderabad and Chennai. A
primary study conducted on the peurban areas of Bangalore will thus be useful in identifying

the drivers and conditions of watesecurity, specific to the petirban areas of Bangalore city.

In line with the rationale that a participatory approach maythe most effective in perurban

areas, it is ideal to gather information on water security from feban residents themselves.

Having such a staleolder centric design in identifying issues around water securityepnpts

any participatory action thacan be taken by the residents in addressing these issues
Understanding their perspective on water security is the foundation upon which solutions to

I RRNBaa GKSY Oly o©6S RS@OAASR® t!/ Q& LINRPLRASR
perspectives onwater security in perurban areas. Given that water security is majorly
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influenced by urbanisation, along with stressors of climate variability, skaRef R S NI &
perspectives will be analysed with specific relation to both these variables. Such an aproach
well suited given that vulnerability to water insecurity is a combined product of both these
stressors, with each interacting synergistically with the other to create patterns of insecurity
unique to each locality (Narain, 2010).
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3. Study Area Descriptions

Manchanayakanahalli gram panchayat located in Ramanagar district of Karnataka was selected
as the study aregShown in the Map below)ThHs gram panchayat was selected due to its
proximity to the city of Bengaluru and the Bidadi Industrial Estatevéh villagesnamely,
Manchanayakanahalli, Shanamangala, Hejjala, Talakuppe, Billakempanahalli, Lakshmisagara and
Inorapalya, which fall within the jurisdiction of the grgmnchayatwere studied.The villages
support a combined total of 2489 householdg®mprising 9905 individualé& quick analysis of

the selected villages shows thliteracy rate ofthe communities is between 72% and 61%, with

an average working gulation of 45% with a small population dependent orgaculture and
non-agricultural seatrs.

It is extremely important taunderstandthe sociceconomic aspects of thetudy villagesasiit
providesa bas for analysis.t is essential to know the demographic profile of the study area
before any analysjshencea brief documentation of the deography, socieeconomic condition
and employment profile of the concerned villages is provided below.

Thestudyvillages were classified as big, medium and small based on their population based on
the available data from the Census of Indi@11. It may b mentioned here thatensus does

not provide data orinorapalyaas it iscategorised as a hamlelue to a very small populatiot

could be roughly assumed that the featuretInorapalya will besimilar toother villagesThe

same was verified during odield visits to the Inorpalya.

Analysisof demographicsof the areashows that 52.2%of the total population to bemale
compared to 47.8% of womeiThe rate of literacy among theaen is found to be higheithan
womenwith an average of 15% gender gapiiarhcy across all the villagesn average of 44.8%
of the population constituteghe working population in theillageswith a break up of 63.7%
male and 24.1% femalé\ssessing theacupational patterns in the study villagéswas found
that all of thevillages still continue to be engaged in agriculture, employment inagprcultural
sectors is on the rise and currently constitutes a higher share of employment. Ceaddsjata
classifies almost 964 the working population as main workers, and eggd in activities other
than agriculture.

One of the striking features revealed by the categorized data on employment is that besides
being classified as rural areas by the census, the average percentage of persons engaged in
cultivation and farmrawage inall the studyvillages is very low. Thus, it can be concluded that the
population in these villages are engaged in fiarm labour and in the service industridsxcept

in case of Shanamangala and Talakuppe, where 58% and 73% of the labour forcevslsall i

in agriculture sector respectivelyut, this scenario is changing quickBased on the above data

it can be seen thaa high percentage of the population is engddgn non-agricultural activities
astheir mainlivelihood whichcan be described aaurban characteristicUrban areas adefined

by the Indian census arany area with more than 70%f the population engaged in nen
agricultural activitiesThe question therefore, arises that whether these areas should still be
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consideredand administeredhs ruralor should they be treated as urban areas. Tdrisa which
forms aninterface developed due to an area being classified as rural but possessing urban
characteristics can be defined as perban interface as is mentioned in section 2.
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4. Methodology

Over the last two decadesuBlic Affairs Centre (PAChas envisioned good goveance through

the use of citizercentredtool to improve accountabilithamely, Citizen Report Cards (CRC) and
CRC+n these times of changing climate, Public Affairatf@ewith its expertise tadundertake

and support research based on citizen science and facilitate collective citizen action through
development of dialogue platforms and capacity building actidties developed several social
accountability tools to aswer the fundamental questions of

T 126 Oly 62NIRQa OAGATSyasx oK2 KI @S | @GAllf
present climate crisis, become actors in the effort to resoiant

1 How can social concerns of citizens and communities be isgmbito help forge a
collective will and develop the knowledge to educate the public and governments on the
urgency and the need for climate protection?

To answer these questions the Environmental Governance Group has develogabraach

which helps PAG damove research away from tegiown, extractive information gathering

towards participatory, bottorrdzLd | YR A Yy Of dza A @S . Baged onitiisRygbSacH Sy S NI
EnvironmentalGovernanceGroup has developed th€limate Change Scorads (CCSC)

CCSConsgders three important dimension$eople,Changing lomate and GovernanceCCSG&

a tool whichsupports communities with evidence and rationale to prioritize issareglanning
adaptation to climate and environmental degradation. The foavides a platirm for dialogue
with relevant decision makerdased on the knowledge generated and helps in evidence based
policy decisions The holistic approach of assessinglnerability to climate change ah
formulating adaptation methods foundedprinciples of castructive engagement

4.1 Climate Change Scoreard

Climate changescorecard (CCS@) an adaptation of the community score card (CSC), a well
knownsocial accountability tool (Sekhar and Nair 2008c, NRBIGO). CSC consolidates peadle
opinion and faditates an informed dialogue between communities and the local governance
structures. Conventionally, a CSC aims to bridge the dialogue between two main actors: the
people and the state. In the case of climate change there are not two, but three important
dimensions: thepeople, the state and the environment. To account for this, systematic
integration of information onlocal governancelocal climate and livelihoodwas established
using CCSCThe tool supports communities to prioritize issues and provila platform for
dialogue with relevant decisiomakers.Climate change scocard is undertaken in three distinct
phases:
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4.1.1 Exploratory Phase

This is the initial phase where primary visioning exeromgge undertaken. This phasecluded
identification of study areas and scoping visitere undertaken tounderstand thefield
conditions.

Initially nineteen villages were selected for the study of which, seven were from
Manchanayakanahalli gram panchayand twelvewere from a neighboring gram panchaat.

The villages were chosen based on ttefinition of perturban areas, mentioned in section 2
During our field visits it was identified that some of the seleotdidhges were incorporated into
the Bidadi town municipality Thisrendered them inappropate to be considered under the
study definition. Hence, Zvillageswere dropped from the study and the study focussed on the
following sevenvillages in Manchanayakanahalli gram panchayée villages chosen for the
study are as mentioned ihable 1

Table 1: List of villages studied in Manchanayakanahalli Gram Panchayat

Sl. No Village
Manchanayakanahalli
1
Shanumangala
2
Hejjala
3
Talakuppe
4
Bilikempanahalli
5
Lakshmisagara
6
Inorapalya
7

Primary visioning exercises veeundertaken to develop a rapport with the local communities. A
guestionnaire based survey was undertaken covering a sample of 475 households to assess
drinking water security of households.

4.1.2 Analytical Phase

The second phase of the study which inxenl assessing the vulnerability of the local
communities based on the data collected in the exploratory ph&sezy cognitive maps were
drawn to capture the vulnerability of communities to climate change and urbanisation and were
used tosimulate differem policy options through neural network computations.

The steps involwein analysing thduzzy cognitive maps are as follows:
1 Adequacy of thesample size
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1 Coding the cognitive maps into adjacency matrices

T Augmenting individual cognitive maps and then adgdihem together to form
stakeholder social cognitive maps

T Analysing the structure of individual and social cognitive maps using graph theoretical
indices

1 Analysing the differences and similarities in variables among stakeholder groups

1 Analy®s ofoutcomesof cognitive maps using neural network computation

The phase included analysis cfimate data(rainfall, diurnal temperature range cloud cover,
potential evapotranspiration,and referencecrop evapotranspiration andvapour pressurg
available from seaudary sourcespart from gathering data using fuzzy cognitive maps

4.1.2.2Fuzzy Cognitive Maps

In this study 240maps were drawn from 8nterviews with stakeholdegrouped inb four
OFGS3aA2NRSaE 6fAGBSEtAK22R 3N dzLJa Ordup)FlivebidciShedlerso m Y S
6M YSYQad 3INRdzL) YR mMg2YSYQad 3INRBAzZLIOZ | INAOdz o
IANRPdzLWO YR AYRAZAGNARAIE 1 02dz2NBNARA om YSyQa 3INP
participated in drawing 240 maps (Taldlp Each groupirew three maps identifying the impact

of increase in temperature, variation in rainfall and urbanisation on water security in their
respective villages.

Before drawing cognitive maps with stakeholders, the moderator drewhiis own cognitive

maps @ impact of temperature, rainfall and urbanisation on water security in
Manchanayakanahalli gram panchayat. Thus, the moderator was aware of his map and realized
his biases while drawing maps with the stakeholders. It is recommended that this exercise be
done kefore conducting interviews in argpgnitive mapping research £8smi 1999a).

Table2: Stakeholder Categories for developing fuzzy cognitive maps

Categories No. of Groups Total Number of Maps
Men Women
Agricultural Labourers 1 1 6
Livestock Herders 1 2 9
Industrial Labourers 1 1 6
Farmers 1 2 9
Total per village 4 6 30

During the interviews the first two steps of textual analysis for drawing cognitive maps as
described by Carley and Palmquist (1992) were used. Teeviews were begun by explaining

why the research was being conducted. The location, date, time and duration, and the names of
the participants, their gender, and occupation were noted. Then the FCM process was explained
by showing the interviewees an wiated map. After the interviewees understood the process
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was also witen at the top of a large piece of paper that was used for drawing their map. If it

was not clear what was meant by a variable, questions were asked to clarify but not to direct the
interviewee to an answer.

The variables listed by the interviewees welrawn in the center of the paper. The intezviees

were asked to draw lines between the variables to represent their relationships. They were
asked to label the lines with arrows to indicate their directions, to give them signs of positive or
negative, andstrengths of high (1), or moderate (0.5). For example, if the interviewee thought

that urbanisationdecreased surface water availability substantially, they would draw a line with

the arrow pointing from temperature to surface water and give the connectiovalue of-1

(Figure 1) If the interviewees seemed to be confused or not focused on the mapping, they were
asked NolRANBOG A2yt ljdzSaidAz2ya &adzOK Fay a! NB GKSNB
GKA& @FNRFOES | FFS Oprocdss/centintiddl KiriilNGe iteriNdwees felSthak ¢ ¢ K
their maps were complete and they had nothing more to add. The reaction of the interviewees

when drawing their cognitive maps varied from great enthusiasm to neutrality. In this study

none of the intervievees refused to be part of the group to draw a map, and all maps that were
started were completed.
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Village: Lakshmisagara Agriculture Labourers Wormen

Gowramma o
Dhakshahinamma _

Economic
Conditions

\_ N
>| Sewage W ater ’\ III
-1 |

Food /

Security

Figurel: Example of a FCM drawn by the communitiembers in Kannada and Translated Map

After the interviews, the FCMs were trsformed according tthe principles ofyraph theory into
adjacency matrices in the form A(D) _ [aij] (Harary and others 1965). The vanailes.,
surface water) were listed on the vertical axis a¥jde.g., crop production) on the horizontal
axis toform a square matrix. Matrix entries were made based onititdvidualcognitive mag
drawn. For example;1 was entered for aij if there was a causal decrease fxério Vj (e.g.,
reduction in surface water decreased crop production].he use ofgraph teory indices
provided a way to analyse the structuref the map First the number of variables (N) and the
number of connections in a map are determindéaddexes can be calculated after counting the
number of different types of variables. The variableaymre defined by their outdegreed(vi)
and indegreeifi(vi)]. Outdegree is the row sum of absolute values of a variable in the adjacency
matrix and shows the cumulative strengths of connectiaig €éxiting the variable:

EQWQ ®»0Q

Indegree is the column sum of absolute values of a variable and shows the cumulative strength
of variables entering the unit:

Qo Q »QQ

Transmitter variables (forcing functions) have a positive outdegreezanol indegree. Receiver
variables (utility variables) have a zero outdegree and a positive indegree. Ordinary variables
have both positive outdegree and indegree (Bougon and others 1977, éiddn 1992, Harary

et al.,1965).The contribution of a varidb in a cognitive map can be understood by calculating
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its centrality €), whether it is a transmitter, receiver or ordinary variable. The centrality of a
variable is the summation of its indegree and outdegree (Harary and others 1965):

60MQODN £¢'WNQ QD Q

The complexity index of a map is the ratio of receiver to transmitter variaBl&g. (Maps with a
large number of receiver variables are seen to be complex because they consider many
outcomes and implications that ageresult of the system (Eden and others 1992).

However a large number of transmitter variables indicate thinking with top down influences, a
GF2NXIE KASNI NOKAOFE &adeaidSYé o6{AY2Yy wmMdbddcI LD
well elaborated (Edenral others 1992). Complex maps will have large complexity ratios because
they define more utility outcomes and less controlling forcing functions.

4.1.2.3 Condensed Cognitive Maps

The square[adjacency] matrices of the individual stakeholder maps were conelol into
stakeholder [social] cognitive maps by adding the augmented matrices (Kosko 1988). Each
stakeholder map wasassignedequal weighs. Then these group maps were condensed.
Condensatiorwas undertaken tasimplify complexfuzzy cognitive maps, with mg variables

and connections. Ithe process otondensation, groups of variables connected by lines, called
sub graphs, are replaced by a single unit (Haea®ll.,1965). The connections of variables within

sub graphs with other sub graphs are maintainehen replacing groups of variables. This
grouping and replacing is also called aggregation. Variables can be combined by qualitative or
guantitative aggregation.

For example, Nakamuret al., (1982) used gqualitative aggregation to condense 152 variables
coded from 5 documents into 16 categoridshis studyused qualitative aggregation to combine
variables into categories that were represented by a larger encompassing variable. For example,
this studycombines variables such as household finances, prise,rloan and low income into

the category of economic conditions. After condensing the maps, they were drawn with
connections showing the weight and sign of the causal relationship

Finally, all the individual stakeholder maps are combined into one Iscogmitive map, where

each stakeholder map was given an equal weight, by adding all of the augmented matrices
(Kosko 1988). The outcome of the mapsthen determined by using matrix algebra where a
vector of initial states of variables (In) is multipliaith the adjacency matrix A of the social
cognitive map. Usually a threshold function or a transformation by a bounded monotonic
increasing function is applied to the resul the matrix multiplication, IhA, at each time step
(Kosko 1987, 1992).
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4.1.3 Synthesis Phase

The third phase of the studywhere various policy simulations were undertaken itientify
points of action. Thesimulations werebased on graph theory formulae and neural network
computations. The models are initially run to identify theeaxly state and develop business as
usual scenario. Model assumptiongre then postulated talevelop scenarios with the intention
of improving water security in the study areBhe model assumptions are made based on the
findings from the exercise condted in previous two phase®©nce the modelsvere run, the
outcomeswere discussed with expegroupsand local communitiesSharing of the outcomes
helped to identify any missing conméions and develop an action plan for improving the status
of water resurces in the area thus creating a water secure ecosystem.
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5. Findings and Discussions

This section details the results of the study including time series analysignate data results
drawnfrom the Climate Change Scorecardsusehold survey and thieizzy cognitive maps (240
maps) drawn bptakeholdersIn addition to these, the section also highlights th&erviews with
industry and local governmemepresentatives on thesulnerability of water resources irthe
study villages

5.1 Time Series Analysis of Climate Data (1901 -2002)

The data for the climatic parameters suchramfall (a_rainfall) vapour pressuréa_vp) number

of wet days, potential evapotranspiration, and cloud cowererage annuatemperature and
reference crop evapotranspiratioare considered for analysis. The data for these variables have
been obtained from the Indian Meteorological Department for the years 1901 to 2002. The data
for Bangalore Rural district was analysed,Bidadi and surrounding areas were part of this till
they were bifurcated i2003.Figure2 shows the summary statistics of the variables.

Vari abl e Obs Mean Std. Dev. M n Max
a_rainfall 102 834.1735 161. 3686 492. 745 1237.162
a_vp 102 20.73234 . 2318385 20. 027 21. 445

a_wd 102 4.066627 . 3314034 3. 256 4.858
a_peva 102 6.11002 . 0253412 6.013 6.174
a_cc 102 47.31979 1.060133 44.377 51.277

a_dtr 102 10. 66883 .0016832 10. 652 10. 669
a_rcep 102 4.555539 . 0344509 4.483 4.66
a_tenp 102 24.44989 . 3194438 23.775 25.41

Figure2: Summary Statistic of climate data 192002

A time series analysis of the annual precipitation and the average annual temperature shown
Graphs below indicate a variation of rainfall in the region, whereas a depiction of the average
temperature shows an increase over the years with esg&ared value of nearly 0.394.

Variation in Annual Rainfall (1962010)
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° Average Annual Temperature (19€2002)
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Time series regression analyses of ttienate variables are showim Figures3. It can be seen

that as vapour pressure and reference crop evapotranspiration increases, the average annual
temperature also increase&urthermore, temperature is found to decrease with an increase in
potential evapotranspiration andn incease incloud coverlt can be seen that all the variables
considered are significant at 95 % CI and the effect of the variable reference crop
evapotranspiration is significant at 99% CI. Freigure2, it can be seen that the variables
potential evapotraspiration (90%) and cloud cover (99%) have a significant impact on the
rainfall in the region, as against any other climate variables. Further, it can be concluded from
that a slight increase in diurnal temperature range has a huge negative impact oallrearthe
region.Reference crop evapotranspiration can also be attributed to having a negative impact on
rainfall.

(1) (2)
a_rainfall a_tenmp
a_tenmp 75. 46
(0.14)
a_vp 152. 9 0.0627*
(0.91) (2.02)
a_peva 14827. 5** -2.194*
(3.21) (-2.58)
a_cc 314. 3*** -0.0386*
(3.55) (-2.35)
a_dtr -13228.4
(-1.41)
a_rcep -9279.9 9.980***
(-1.56) (19.78)
_cons 73756. 6 -7.081
(0.74) (-1.80)
N 102 102

t statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001

Figure3: Regression analysis of Temperature and Rainfall with various climate parameters
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5.2 Drinking water Securi ty

This subsection deals with the results from the household survey undertaken in the study
villages. 475 household surveys were undertaken with the help of our field partners. The
guestionnaireused was based on theguestionnaire used to assess the seevidelivery of
Bangalore Water Supply and Sewerage Board (BWSB)CIt consisted of four parts, general
information; demographic information; water usage pattern; and coping strategies by the
communities to overcome any issues with the available dngkvater.

Drinking water securitywas analysedhrough the lens: availability, accesand quality. An

dzy RSNAR Gl YRAY 3 2F LIS2 LI SQaactsls NagyGalitiiisivery impogayit ¢ I G S|
to assesswater securityat the household levelHouséold survey was one of the major
componentsof the studyand covered information on availability and usage of drinking water
sources, access, adequacy, frequency, and quality of drinking water supplied. The survey also
tried to assess the coping mechanisagopted by local communities to tackle insecurity and/or
inconsistency facedith regard tothe parameters studied.

Source oDrinking Water Supply

The survey findingsighlightedthat 73% d the household possess a tap at homehich served
as themainsource of drinking water. Apart from this, public taps were the nextomspurce of
drinking water as reported by nearly 24%f the respondentsApart from these, 3% of the
respondents are dependent amini water supply scheme aritPo onhand pumpsastheir main
source of water fodrinking

Major source of drinking water

73%

Tap at Home Public tap

Availability of Drinking Waterg, Sources and Time

Most of the households surveyagsponded to possessasy access to drinking water sources,
with a majority having a tap at home (%g. Fbuseholds, which did not ha a tap athome,had
access to a public tap (27%r a mini water supply scheme @8 within 500 meters of their
houses Nearly6 per cent of the households surveyed purchased water througter tankers at
which affected theirhousehold budgets. Thoughmajority of the households in the villages of

36| Page



Lakshmisagara, shanamangala, Billekempanahalli and Inorapalya, mentioned the availability of
mini water supply scheme, it did not serve as their main source of drinking water as they
depended on public taps owater suppliedwithin their homes. Respondents (19%) from
Lakshmisagara, reported to consume water from the village water supply systems as their
main drinking water sourceHence, we can conclude that availability of drinking water is not a
major issue in the gram panchayat as 95 per cent of the respondents have access to water
sources within less than half a kilometer from their homes.

The surveyalsoasked questions regarding the number of hoafsvater supplied, to which 67%
of the households rezaled that drinking water was supplied foi3zhours a dayWhereas 14 per
cent answered they receive water for up te54hours a day, while only 7.5 per cent of the
houses report getting water for more than 5 hours. The village of Inorapalya was the only
exception where every household surveyed reported to receiving water onteoirdays. The
survey highlights thatajority ofthe households are satisfied with the timings of the drinking
water supply and its adequacy; be it tap water mublic tap. On tk contrary, 58%of the
respondents purchase mineral water for drinking frgmblic and privatevater vendors.More
than 50% of all respondents who reported to having a tap at home reportedotening an
undergroundtank, overhead tank and water pump in thénouse. Similarlyonly 20%of the
households who mentioned to use public tap have the above mentioned infrastructure.

Quiality of Water Supply

Regardinghe quality of water supplied, it was observed that%0f the households receive
salty water and nearly 68%reported to receiving sweet water. However 14% and 48f4the
households in Manchanayakanahalli and Talakuppe reported to receive salty drinking wate
respectively. Furthermore, 12% househdds in Machanayakanhalli and 11®6households in
Talakippe and Billekempanahalli reported to receimuddy water. The findings on the quality of
water resulted in collection of drinking water samples, from the villages of Lakshmisagara,
Manchanayakanahalli and Talakuppe, as these were the villages whereidhty @f waterwas

not up tothe standards.

Awareness on Rainwater Harvesting

When asked about coping mechanisms employed, the survey results emphtesdidere was

a lack of awareness among the households regardiagous measuresavailable towater
sources. Only 44%f the households mentioned to have gathered some information about
rainwater harvesting from television and other sources of media. Thus, it can be concluded that
water insecurity in these areas is likely to be more a function of higmatel and poor
management and maintenance of water bodies rather than absolute scarcity. Improving, water
sources throughappropriate mechanismsand rejuvenation of water bodieswill have
considerable impact on overall water and livelihood security.
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Awareness on Rain Water Harvesting

Aware ‘ ‘ Not aware

L=
|

5.3 Water Sample Analysis

The findngs from the household survegeven samples were collected from three villages
namely, Manchanayakanahalli, Talakuppe and Lakshmisagara. The water samples included
water from drinking water sources, groundwater and water sugplihrough public tap by the

Gram Panchayaflhree samples were drawn from the villages of Manchanayakanahalli, two of
whichare from groundwater sources (MH (A) and MH (B)) and one sample was from the Reverse
Osmosis plant which serves as the source oflaing water (MH(C)Furthermore, samples from

public tap in Tallakuppe (TK (A)) and Laksmisagara (LS (A)), in addition to water from hand pump
(TK (B)) were also collected. Another sample was collected from a Reverse Osmosis plant (GP
(A)), which serveas a major drinking water source in these two villages was also collected.

The samples were analysed by the Water Testing Lab at EMPRI, and the findings of the analysis
are asin Table 3 and 4Based on the analysis, we can mention that even though mbgte

water samples are well within the agreeable range as mentioned in the BIS Standards, there are
few exceptions. These exceptioage seenmainlyin terms of colour(slightly cloudy)turbidity,

in the sample from Talakuppe to bd@gher than the agredae limit but within the permissible

limits; and P!, mainly seen in the water samples from thev@rse Osmosis (ROplants,
highlighting that the water supplied is acidic in nature; in addition to this, an analysis of the
odour of water samples shows thawo samples including a sample from the RO plant to be
slightly muddy or earthy in addition to presence of metal in one of the water sample collected
from a household in Talakuppe.

Table3: Water Sample Analysis of Ground Water

Sl. Description Sample Code BIS Stand. | BIS Stand.
No Agreeable | Permissible
Parameter Unit | Measurement | MH (A) | MH (B) | TK (A) TK (B) LS (A) Limit Limit

Methods
1 Colour - Visual Colourl | Colourl | Slightly Colourles | Colourles | Agreeable | Agreealke
ess ess Cloudy** | s S
2 Odour - Manual No Slightly | No Metal No Agreeable | Agreeable
Odour Earthy | Odour Corrode | Odour
3 P - P meter 6.70 7.97 7.02 7.10 7.31 6.58.5 No
Relaxation
4 Turbidity NTU | Nephelo 0.39 0.43 1.24%* 0.34 0.40 Max. 1 5
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Turbidity Meter
5 TDS Mg/l | TDS Meter 220 180 192 190 190 Max. 500 2000
6 Free mg/l | Colorimetric NA 0.6 0.4 0.5 NA Min. 0.2 1
Residual Method
Chlorine
Table4: Water Sample Analysis of Water froneRRerseOsmosisPlants
Sl Description Sample Code BIS Stad. BIS Stand.
No Agreeable Limit Permissible Limit
Parameter Unit Measurement MH (C) GP (A)
Methods
1 Colour Visual Slightly Colourless Agreeable Agreeable
Cloudy**
2 Odour Manual Slightly No Odour Agreeable Agreeable
Muddy**
3 P - P meter 6.10* 5.53* 6.58.5 No Relaxation
4 Turbidity NTU Nephelo 0.54 0.48 Max. 1 5
Turbidity Meter
5 TDS Mg/l TDS Meter 120 80 Max. 500 2000
6 Free mg/l Colorimetric 0.5 0.6 Min. 0.2 1
Residual Method
Chlorine
7 Microbial CFU Membrane Shall not be
Analysis Filtration Method detectable in any
100ml sample

5.4 Fuzzy Cognitive Maps

This section deals with the assessment and analysitheffuzzy cognitive maps drawn by
stakeholders.For the study 240 maps were drawn with stakeholdeedonging to various
livelihoad groups.The maps were drawn based on three factors (temperature, rainfall and
urbanisation)and their efect water ®curity. Themaps drawn by stakeholders were then coded
into adjacency matrices and condensed intoogial cognitive map, one for tempetare, one
map for ranfall and one on urbanisation.

5.4.1 Urbanisation and water security

It was highlighted during scoping visit to the study area and the data from census 2011, that the
gram panchayat, though classified as rural, does not hold tuits definition, as over 70 per

cent of the population are engaged in activities other than agriculttience, it was decided to
assess the impact of this unplanned expansion and conversion from rural to urban on water
availability, quality and security ithe area. Fuzzgognitive mapswere drawn bystakeholders
(Tableb) totalling to 10 maps per villagd hese maps were theaggregated to 70 maps from the

7 study villages. The maps were then converted to individual matrices and condensed to form a
single scioc-economic matrix for the gram panchayat. An example of the same is shoWabla

5.

Table5: Example otondensed natrix developed from70individual cognitive mas (Urbanisation)

Urbanization| Agriculture | Health Financial Drinking Surface Ground
conditions | water water water
Urbanization 0.00 -0.76 -0.31 0.81 -0.28 -0.35 -0.11
Agriculture 0.00 0.00 0.04 0.32 0.00 0.00 0.00
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Health 0.00 0.00 0.00 -0.16 0.00 0.00 0.00
Financial 0.00 -0.15 0.00 0.00 -0.02 0.00 0.00
conditions

Drinking water 0.00 0.00 -0.09 -0.03 0.00 0.00 0.00
Surface water 0.00 0.05 0.00 0.00 0.04 0.00 0.07
Ground water 0.00 -0.01 0.00 0.00 0.08 0.00 0.00

The matrix provided above is a condensed matrix of 70 individual matrices drawn by ten
stakeholders gups from the seven study villages. These condensed matrices were normalised
to ensure the scores were limited to the rangketo 1 as is shown ifable5. This matrix was

then analysed to identify some of the most influential elements responsible focuhent state

of water security and identify how to improve the present conditidaigiure3 & 4 highlights that
industries and pollution, including garbage and sewage disposal from urban areas have a high
influence on the socikeconomic conditions of thecommunities. In addition to this, these
variables also have a high influence on surface water sources including drinking water.
Furthermore, urbanisation has also affected the heatthlocal communities and has had a
negative impact on agriculture. THigas led to an increase in land conversions and sale resulting
in improved economic conditions. SpiWers from ever urbanising Bangalore, though has
improved the economic conditions anuinproved infrastructure facilities such as schools,
hospitals, job oportunities in the study villages, ftas resulted in decreasing water availability
and accessibility in addition to contamination of water from urban sewage rendering the peri
urban communities vulnerable to these negative changes and increasing wateuritg.
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Figured: Graph showing the variables which have influence on other (Urbanisation)
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