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Water Resources, Livelihood
Vulnerability and Management in Rural
Desert Communities of Jaisalmer, India
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and Manish Kumar Sinha

Abstract Water is the lifeblood of natural life on our planet. Climate change and
augmented use of the resource has goaded it to scarcity. Given its dearth, it is impera-
tive to understand how water can be managed in order to sustain human populations.
The concept, need and various approaches to manage water sustainably have been
incorporated in this chapter.An empirical case study usingmixedmethods of research
has been delivered to illustrate the Livelihood Vulnerability Index (LVI) of rural
communities in the desert region of Jaisalmer, with special attention to vulnerability
of people in terms of water. The LVI is constructed by using IPCC’s 3 major dimen-
sions: exposure, sensitivity and adaptive capacity. Seven major components and 42
sub-components have been included to conduct this research. Various local water
management practices applied by the rural desert communities to sustain water have
been briefly covered. Primary data collection through household and group surveys
indicates how vulnerable these communities are present which indicates how their
condition could worsen in the coming decades. Suggestions have been drawn to help
ease the plight.
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1.1 Introduction

Water is one of the most essential resources on our planet. We cannot imagine life
thrivingwithout this resource. It is an indispensable component of our ecosystem and
the essence of our life. The very beginning of human civilization began across water
bodies like the river valleys of Indus, Nile, Euphrates, Tigris, etc. and this pattern
continues even today as several major urban areas are located on coastal areas, across
water bodies. Water resource has acted as a base for cultural, economic and social
development. The belief that water is abundant as it covers 70% of the earth’s surface
is covered by water. This is false, as only 2.5% of all water is freshwater and only 1%
is accessible. The major source of freshwater is rainfall which occurs as a result of
‘hydrological cycle’ and the other sources of freshwater include underground water
and water from the melting of glaciers. There are several uses of water apart from
the drinking purpose. An average human uses about 40 L of water per day in rural
areas and 150 L of water in urban areas.

Water is no more an unlimited resource. According to the United Nations, water
use has increased more than twice the rate of population increase in the last century.
It is estimated that about 3.9 billion (which would be 40% of the world’s population
in 2050) will live in severely stressed water basins and the limited resource will need
to support about 9.7 billion people by 2050. However, it is estimated that population
pressure is not the only cause of scarceness of water. It is the excessive use, wastage
and lack of conservation that is driving the world towards extreme stresses. It is
expected that from now to 2050, the demand for water will increase by 400% from
the manufacturing sector and 130% from the household sector.

This water insecurity will be exacerbated by recurring draughts, climate change,
lack of proper diversion and conservation of flood and deluge water. Due to the inac-
cessibility and lack of availability of fresh water, optimizing it remains a challenge
in different locations of the world. With increased vulnerabilities of global climate
change and irrational use of water, managing and conserving water for our future
generations will become increasingly difficult. The future holds unprecedented chal-
lenges which are yet to be encountered and this calls for alternate and sustainable
strategies to manage water.

1.2 Concepts and Need of Water Management

The importance of water in twenty-first century is analogous to the importance that
oil had in the twentieth century. However, there have been several alternatives to oil
like natural gas, shale gas, solar energy, wind energy, etc. but, there is no alternative to
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water. The issue is not its lack of adequate water for all, but its ludicrous and reckless
overuse. Managing water resources is the key to a water-secure future. There is a
need for systemic change in planning and water management.

Water resource management refers to the ‘planning, development, review, assess-
ment, decisionmaking, distribution and optimumuse of the resource keeping inmind
the present limitation of the water and changing priorities of human use’. It is also
referred to as a sub-set of water cycle management.

Water management is the management of water under a set of regulations and
policies. Water was once an abundant resource available free of cost from natural
sources, now it has become highly valuable due to increased droughts and overuse,
to the level that it has become a priced precious commodity.

Water management lays a particular focus on how managing the resource lays an
effect on the quality of life of both present and future generations. Managing water
resources is inherently complex. It involves hydrological cycle, climate, humans,
various ecosystems, plants, animals, etc. all these components are dynamic and inter-
related. A change in any one of them may have a long-term impact which might be
irreversible. Thus, several considerations need to be made while managing water.

In addition to the resource and the natural components, there are several other
factors like various stakeholders and their interests, policies, politics, geographical
boundaries and economic implications which need to be managed. Figure 1.1 shows
the components involved in managing water resources.

Each one of us has a right to live in an environment of quality and have access to
clean water for various purposes. The developed countries of the world have already
developed a system of water management at all levels- national, provincial, local
and domestic. However, in developing countries, this has to be done both through

Fig. 1.1 Components of
Water Management. Source
Prepared by author
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Fig. 1.2 Diagram representing various aspects (steps and methods) to be considered in water
management. Source Prepared by author

legislation as well as people’s participation. Even today, large number of people in
India directly depend on nature and its resources to sustain their livelihood.

Therefore, it is essential to understand the functions and interaction of physical
and societal elements of the environment to apply this knowledge in sound manage-
ment programmeswhile conservingwater and culture. “Although humans havemade
efforts to better comprehend the resource, their efforts to manage it has fallen short
of preventing its deterioration and exhaustion, due to their continuous indulgence
in exploitation for immediate gains. The complex nature of problems that could be
causedwhen the planet runs dry of its water, not only need imaginative and innovative
specialists and technology, but also the people’s participation. A rigorous process of
‘planning, review, assessment, decision making and likewise, which is necessary for
real-life situations of limited resources and changing priorities is what is meant by
management”.

The essential aspects of water management are depicted in Fig. 1.2.

1.3 Approaches in Water Management

The increase in theurgencyofmanagingwater has becomeapriority all over theworld
due to the imposition of serious consequences which have or could be experienced
by humankind. “Any plan that envisages the management of the resource must be
based on the fact that each area or region has certain characteristics and can tolerate
a range of physical conditions to a limited extent. Each human activity affects the
resource favourably or unfavourably”.

We can make use of our surroundings by two methods, either by modifying an
area or region to change its capabilities or by adopting our needs and demands to
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the capability of each region or area. The first method is much more intensive and
is thus called, Intensive Management as it controls the physical features of the envi-
ronment (example: changing the course of a river, constructing dams, channelling
river water by modifications, etc.). Whereas, adopting our needs is a more sustain-
able, thoughtful, conscious and eco-friendly method of mutual co-existence while
respecting nature for providing the resource (ex: waste disposal without overloading
the water, rainwater harvesting, reuse of purified sludge water, storing rainwater
runoff, etc.).

The other two approaches according to the World Conservation Strategy (1980)
were: (i) Preservative Approach, according to this, humans should not disturb the
natural system and should adjust according to it. However, since this is not applicable
everywhere, imbalances of varied intensities could arise. (ii) Conservative Approach
advocates that there should not be over-exploitation of the resources and conserving
them is essential for sustainable development. Proper utilization and conservation are
the prime objectives of water management. Figures 1.3 and 1.4 summarize different
kinds of approaches used in water management.

Doxiadis (1977) has developed a science of planning settlements in balance with
nature approach and has named it ekistics.
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Fig. 1.3 Approaches in Water Management. Source Prepared by author
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Water management systems is a means to assist different bodies and industries to
ensure that the quality and quantity of water is maintained according to policies and
objectives. Wate management needs to be an integrated and proactive approach to
ensure a balanced view across all functions.

1.3.1 Ecological Approach

The ecological approach gained importance after Barrows proposed human ecology
as a focus in geography in 1993. It is one of the new ways/approaches of managing
natural resources that takes into account the entire ecosystem. This approach focuses
on natural sciences and empirical methods. It studies how the environment influences
the abundance and availability of a given resource and is a shared approach amongst
hydrologists, geomorphologists, ecologists and biogeographers.

It stresses nature and limits of resources but is silent on human implications.
It prioritizes ecological values over economic values. It balances recreational use,
economic development and conservation of natural resources in a way that all the
needs are met in a sustainable manner (ex: purification of water).

1.3.2 Economic Approach

“The economics of natural resources and the environment provides a set of theories
and conceptual tools to monitor, analyze, evaluate and regulate”. Economics enables
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the creation of models for sustainable use of renewable natural resources such as
‘water’ which can be managed by economic tools of taxation, grants, subsidies,
standards, permits and market rights.

1.3.3 Behavioural Approach

A behavioural approach for studying reactions to natural hazards and adaptation to
floods was introduced by Gilbert White in 1945. This approach gained popularity
as it added the ‘human’ dimension of ‘behaviour’ (decision making, practices and
human activities in environment), to theories of interaction with environment. The
behaviour of humans acts as a connecting link between ecological and social (human)
systems. Thus, making it an essential component in managing natural resources.

Recognizing how the customs, actions, judgements and practices of humans are
interlinked and affect the environment is the foremost stride in promoting sustainable
resource management as it calls for attempts in remarkably changing behaviour
(example: individual, community, regional, national and global efforts to conserve
and manage water) and maintaining other behaviour patterns (example: application
of traditional methods in conserving water, judicious use of water at individual,
household and community level).

Factors that influence behaviour are knowledge, values, social norms, sociocul-
tural factors, skills, economics, laws, policies and gender. The tools and methods
of this approach are direct behavioural observation survey, interviews, community
meetings, focus groups, matrices and contrastive analysis.

Behavioural interventions have proven effective in the field of resource conser-
vation especially in water, energy resources. Mullainathan and World Bank argue
that there is considerable scope for using behavioural insights to policy issues in the
developing world, including those related to climate change and resource use.

1.3.4 Integrated Water Management

Integrated Water Resource Management is the proactive, holistic and system-based
approach that integrated different aspect for resourcemanagement. Cairns and Craw-
ford’s (1991) definition: “Coordinated control, direction or influence of all human
activities in a defined environmental system to achieve and balance the broadest
possible range of short- and long-term objectives”. Integrated Water Resource
Management is better than other approaches in management because it is more inclu-
sive, interconnected, goal oriented and strategic. Figure 1.5 is a representation of the
dimensions included in Integrated Water Management.
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1.3.5 Institutional Approach

Institutional approach refers to an approach, typically used by an organization. It is
an approach that is applied and proven to be effective in achieving goals of resource
management. An Institution is the backbone of any resource management.

Institutions are responsible for regulating, maintaining policies and programmes
regarding any resource. They play a role in regulating and implementing policies. It
focuses on the analysis of formation of institutional arrangements in response to the
changing needs and is biased to economic, political law and business administration
institutions which emphasize the role of social political and economic organizations
in determining economic events. Hence, the success and failure ofwatermanagement
are tied up with institutional structure, the pattern of agencies, laws and policies
which pertain to water resource issues. (Ex: Upper Yamuna River Board, Central
Water Commission New Delhi.)

1.3.6 Technological Approach

Information technology mainly counts tools of data science, remote sensing and
GIS, in natural resource management which have great potential in decision making.
Resource data are to analyse and present the information needed to develop sustain-
able resource management programmes in different sectors. Remote sensing helps
in data acquisition. GIS application has enlarged the horizon of data assimilation.
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1.4 Case Study

Livelihood Vulnerability in Rural Desert Communities of Jaisalmer, India.

1.4.1 Study Area

Jaisalmer district is the western most region of Rajasthan. It is bordered in the north
andwest by Pakistan, in the east by Jodhpur district and in south by Barmer district. It
stretches between 25° 58′ 12.47′′ to 28° 04′ 45.94′′ north latitude and 69° 25′ 31.11′′
to 72° 22′ 35.22′′ east longitude and covers an area of approximately 38,487.2 km2.
Major part of this district does not have a systematic drainage system, so the whole
district is part of an ‘Outside’ Basin. Jaisalmer district is divided into three blocks and
three divisions, administratively. It has 639 towns and villages, out of which three are
block headquarters. The three divisions are Pokhran, Fatehgarh and Jaisalmer. Rural
area in this study is considered to be the countryside, away from the main city, where
maximum population depended majorly on agricultural and animal rearing income
and where services like health, education and sanitation were appalling (Plate 1.1).

1.4.2 Source of Data Collection

The study is based on the primary data collected from field surveys, conducted in
Jaisalmer, Pokhran and Fathegarh divisions of Jaisalmer district. Several villages like
Amar Sagar, Deva, Baramsar, Ramdevri, Pokhran village, were included. Secondary
data was collected from several literatures, University libraries and related govern-
ment departments. The datawas analysed and is presented in the formof tables, charts
and graphs. For cartographic work, ArcGIS 10.5 was used. Livelihood Vulnerability
Index (LVI) was used.

This index has been delineated to dispense a heuristic tool that can be applied
by policy makers, government and non-government development organizations and
social welfare practitioners to comprehend several social factors like health, demog-
raphy, occupation and access to natural, economic and social resources, useful in
analysing climate vulnerability at community or district level. The tool is pliable such
that it can be modified according to the area of focus and the appropriate desideratum
of the geographical area. Both, composite index and sectoral vulnerability scores can
be separated to intervene by picking the potential dimensions, as required.
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Plate 1.1 Map representing location of the Study Area. Source Prepared by author using ArcGIS
software
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1.4.2.1 Primary Data

Survey of 36 householdswas conducted to collect data on socio-demographics, liveli-
hoods, social networks, health, food and water security, natural disasters and climate
variability. Itwas then aggregated using a composite index anddifferential vulnerabil-
ities were compared. This pragmatic approach can be used to monitor vulnerability,
programme resources for assistance and/or evaluate potential programme/policy
effectiveness in data-scarce regions by introducing scenarios into the LVI model
for baseline comparison. A variety of methods were used for primary data collec-
tion such as questionnaire survey, focussed group interviews, tourist interviews and
administrative individual interviews so as to obtain first-hand information, a general
picture of the area. Later, proceedings towards specific issues of water, sanitation,
health and other aspects were obtained. It was difficult to cover all villages due to
paucity of time and financial constraints.

1.4.2.2 Secondary Data

Vulnerability analysis involves the inclusion of varied techniques to interlink
and assesses human-ecological interactions with their social and biophysical
surroundings. Such assessments have been employed in several contexts, including
“USAID’s Famine EarlyWarning System (FEWS-NET) (USAID 2007),World Food
Programme’sVulnerabilityAnalysisMapping tool for targeting food aid (WorldFood
Programme 2007) and other geographic analyses that include data on biodiversity,
health, poverty and globalization” (O’Brien et al. 2004; UNEP 2004).

This study attempts to quantify multidimensional concerns by substituting these
issues in the form of indicators which are combined to create a composite index
to include a diversified range of variables. Various methods have been applied to
combine indicators of theHumanDevelopment Index like health, education, standard
of living and life expectancy to depict the well-being of the communities of the
surveyed region.

LivelihoodVulnerability Index (LVI) comprises exposure, sensitivity and adaptive
capacity as its three major dimensions and it can be represented as a “single value
index or broken down into its three major dimensions”.

To evaluate the deviation of water allocation and use from a pre-established stan-
dard for Water Poverty Index, the Gap Method by Sullivan et al. (2002, p. 1204)
was used. HDI and WPI are samples of the composite indices which were calcu-
lated using weighted averages of each indicator. Most of the indicators reckon on
the IPCC’s way of “defining vulnerability as a function of exposure, sensitivity and
adaptive capacity” (IPCC 2001).

“Exposure is defined as themagnitude anddurationof the climate-related exposure
such as a drought or change in precipitation. Sensitivity is recognized to be the degree
to which the system is affected by the exposure and adaptive capacity is the system’s
ability to withstand or recover from the exposure” (IPCC 2001).
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Formulating the indicators involved the use of two approaches. Expressing LVI as
a composite index comprising of seven major components was the first approach and
aggregating the seven components into IPCC’s 3 major dimensions (exposure, sensi-
tivity and adaptive capacity) was the second approach. These approaches called for
the necessity of collecting primary data through questionnaire surveys at household
level in order to build the index. This approach of constructing the index can be used
to present a framework in order to cluster and classify the indicators on the district
level in order to make it explanatory for planning adaptation and developmental
activities by policy makers.

Adoption of household data is advantageous as it steers away from the perils of
using secondary data and fills a gap in knowledge as most vulnerability and climate
models are enforced and exhibited at large scales. This approach could be essential to
present precise projections at various levels that would be beneficial for community
development IPCC (2007a, p. 443).

1.4.3 Techniques and Analysis

Calculating the LVI: composite index approach:

LVI incorporates seven major components that are: “socio-demographic profile,
livelihood strategies, social networks, health, food, water, water vulnerability, natural
disasters and climate variability”. Each of these components encompasses various
sub-components or indicators.

“Even though the major components comprise of different number of sub-
components, a balanced weighted average approach is used where each sub-
component contributes equally to the overall index” (Sullivan et al. 2002). A straight-
forward, ‘easy to apply’ and ‘comprehend’ approach of applying equal weights to
all major components has been done as we intend to develop an ‘assessment tool’
which can be accessible to a diverse set of users in resource deficient settings. The
weighing scheme is simple and can be adjusted by future users as desired.

“Since each sub-component was measured on a different scale, it was essential to
standardize each as an index. The equation utilized for the conversion was adapted
from the one used in Human Development Index to calculate life expectancy index,
which is a ratio of difference of actual life expectancy, a pre-selected minimum and
range of pre-determined maximum and minimum life expectancy”.

Indexsd = sd − smin

1/4smax − smin
(1.1)

where sd is the original sub-component for district d and smin and smax are the
minimum 1and maximum values, respectively, for each sub-component determined
using data from both districts. For example, the ‘average time to travel to reach the
primary water source’ sub-component ranged from 5 to 945 min in the district we
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surveyed. These minimum and maximum values were used to transform this indi-
cator into a standardized index so it could be integrated into the water component of
the LVI. For variables that measure frequencies such as the ‘percent of households
reporting having heard about conflicts over water resources in their community,’ the
minimum value was set at zero and the maximum at 100.

Indexsv = Sv − Smin

Smax − Smin
,

Will be enabled if the value of indicators has a positive relationship with
vulnerability.

Indexsv = Smax − Sv
Smax − Smin

,

Max–min approach will be enabled if the above condition is not met. Where
Sv is the actual value of indicator in the series. Smin and Smax are the minimum
and maximum values of indicators in the series. After each was standardized, the
sub-components were averaged using Eq. 1.2 to calculate the value of each major
component.

Md1/4 × P ni1/41indexsdi

N
(1.2)

where,Md = one of the seven major components for district d [Socio-Demographic
Profile (SDP), Livelihood Strategies (LS), Social Networks (SN), Health (H), Food
(F), Water (W), or Natural Disasters and Climate Variability (NDCV).

indexsd i represents the sub-components, indexed by i, that make up each major
component.

n is the number of sub-components in each major component. Once values for each
of the seven major components for a district were calculated, they were averaged
using Eq. 1.3 to obtain the district level LVI:

LVI(Id)= d¼ i¼1 wMiMdiwSDPSDPdþ wLSLSdþ wSNSNdþ wHHdþ
wFFdþwWWdþwNNDCVd

wSDP þ wLS þ wH þ wSN þ wF þ wWþwNDC

(1.3)

where LVId , the Livelihood Vulnerability Index for district d, equals the weighted
average of the seven major components. The weights of each major component,
wMi, are determined by the number of sub-components that make up each major
component and are included to ensure that all sub-components contribute equally to
the overall LVI (Sullivan et al. 2002). In this study, the LVI is scaled from 0 (least
vulnerable) to 0.5 (most vulnerable).
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1.4.4 Calculating the LVI-IPCC: IPCC Framework
Approach

Exposure of the population studied is measured by the preparedness and awareness
the rural communities received by the government authorities and the media, while
climate variability is measured by the average standard deviation of the maximum
and minimummonthly temperatures and monthly precipitation over a 6-year period.
Adaptive capacity is quantified by the demographic profile of a district (ex: depen-
dency ratio, averagemonthly incomeof households), the types of livelihood strategies
employed (e.g. predominately agricultural, livestock diversification) and the strength
of social networks (e.g. percent of residents assisting neighbours with chores, depen-
dency on banking facilities, number of households attending social events). Last,
sensitivity is measured by assessing the current state of a district’s food, water secu-
rity and health status. A special section of vulnerability of households to water has
also been included. The same sub- components are outlined in Table 1.1 as well
as Eqs. (1.1)–(1.3) were used to calculate the LVI-IPCC. The LVI-IPCC diverges
from the LVI when the major components are combined. Rather than merge the
major components into the LVI in one step, they are first combined according to the
categorization scheme in Tables, using the following equation:

CFd1/4 ni1/4 1wMi Mdi/wM

where CFd is an IPCC-defined contributing factor (exposure, sensitivity, or adap-
tive capacity) for district d, Mdi is the major component for district d Indexed by i,
wMi is the weight of each major component and ‘n’ is the number of major compo-
nents in each contributing factor. Once exposure, sensitivity and adaptive capacity
were calculated, the three contributing factors were combined using the following
equation:

LVI—IPCCd¼ðed—adÞ msd (FINAL CALCLUATION) (1.4)

where LVI–IPCCd is the LVI for district ‘d’ expressed using the IPCC vulnerability
framework, e is the calculated exposure score for district d (equivalent to the Natural
Disaster and Climate Variability major component), ‘a’ is the calculated adaptive
capacity score for district d (weighted average of the Socio-Demographic, Liveli-
hood Strategies and Social Networks major components) and ‘s’ is the calculated
sensitivity score for district d (weighted average of the Health, Food and Water
major components). We scaled the LVI-IPCC from −0 (least vulnerable) to 1 (most
vulnerable).



1 Water Resources, Livelihood Vulnerability and Management … 15

Ta
bl
e
1.
1

M
aj
or

co
m
po
ne
nt
s
an
d
su
b-
co
m
po
ne
nt
s
co
m
pr
is
in
g
th
e
L
iv
el
ih
oo
d
V
ul
ne
ra
bi
lit
y
In
de
x
(L
V
I)
de
ve
lo
pe
d
fo
r
Ja
is
al
m
er

di
st
ri
ct

M
aj
or

co
m
po
ne
nt
s

Su
b-
co
m
po
ne
nt
s

E
xp

la
na
tio

n
of

su
b-
co
m
po
ne
nt
s

Su
rv
ey

qu
es
tio

n
So

ur
ce

Po
te
nt
ia
ll
im

ita
tio

ns

So
ci
o-
de
m
og
ra
ph
ic

pr
ofi

le
D
ep
en
de
nc
y
ra
tio

Pr
op
or
tio

n
of

th
e

po
pu
la
ce

un
de
r
15

an
d

m
or
e
th
an

65
ye
ar
s
ol
d

to
th
e
po

pu
la
ce

so
m
ew

he
re

in
th
e
ra
ng
e

of
19

an
d
64

ye
ar
s
ol
d

C
ou
ld

yo
u
pl
ea
se

lis
tt
he

ag
es

an
d
se
xe
s
of

ev
er
y

pe
rs
on

w
ho

ea
ts
an
d

sl
ee
ps

in
th
is
ho
us
e?

A
da
pt
ed

fr
om

D
om

es
tic

H
ou
se
ho
ld

Su
rv
ey

(D
H
S)

(2
00
6)
.

M
ea
su
re

D
H
S:

M
od
el

Q
ue
st
io
nn

ai
re

w
ith

C
om

m
en
ta
ry

L
ar
ge

ex
te
nd

ed
fa
m
ili
es
;C

on
fu
si
on

ab
ou
tw

ho
is
a

m
em

be
r
of

th
e

ho
us
eh
ol
d;

L
ac
k
of

bi
rt
h
ce
rt
ifi
ca
te
s

Pe
rc
en
to

f
ho
us
eh
ol
ds

w
he
re

he
ad

of
ho
us
eh
ol
d
ha
s
no
t

at
te
nd
ed

sc
ho
ol

L
ev
el
of

fa
m
ily

un
its

w
he
re

th
e
le
ad
er

of
th
e

fa
m
ily

re
po

rt
s
th
at
th
ey

ha
ve

go
ne

to
be
lo
w
10

lo
ng

pe
ri
od
s
of

sc
ho
ol

W
ha
ti
s
yo
ur

ed
uc
at
io
na
l

qu
al
ifi
ca
tio

n?

A
ve
ra
ge

M
on
th
ly

in
co
m
e
in

ru
pe
es

A
ve
ra
ge

in
co
m
e
le
ss

th
an

R
s.
10
,0
00

is
re
co
rd
ed

W
ha
ti
s
yo
ur

av
er
ag
e

m
on
th
ly

in
co
m
e?

L
iv
el
ih
oo
d

N
um

be
r
of

ho
us
eh
ol
ds

w
ith

fa
m
ily

m
em

be
rs
w
or
ki
ng

in
a

di
ff
er
en
tc
om

m
un

ity

A
ve
ra
ge

nu
m
be
r
of

fa
m
ili
es

th
at
re
po

rt
at

an
y
ra
te
on

e
re
la
tiv

e
w
ho

w
or
ks

ou
ts
id
e
of

th
e
ne
tw
or
k
fo
r
th
ei
r

es
se
nt
ia
lw

or
k
ac
tio

n

H
ow

m
an
y
pe
op
le
in

yo
ur

fa
m
ily

go
to

a
di
ff
er
en
t

co
m
m
un

ity
to

w
or
k?

A
da
pt
ed

fr
om

W
or
ld

B
an
k
(1
99
7)
.

H
ou
se
ho
ld

Q
ue
st
io
nn

ai
re
:

Su
rv
ey

of
L
iv
in
g

C
on

di
tio

ns
,U

tta
r

Pr
ad
es
h
an
d
B
ih
ar

C
on
fu
si
on

re
ga
rd
in
g

w
ho

is
a
m
em

be
r
of

th
e
fa
m
ily

;D
oe
s
no
t

co
un
tm

em
be
rs
of

th
e

fa
m
ily

w
ho

pr
ev
io
us
ly

w
or
ke
d

ou
ts
id
e
of

co
m
m
un
ity

;
C
on
fu
si
on

ab
ou
t

w
ha
ti
s
“o
ut
si
de

of
th
e
co
m
m
un
ity
.”

(c
on
tin

ue
d)



16 P. Kumar et al.

Ta
bl
e
1.
1

(c
on
tin

ue
d)

M
aj
or

co
m
po
ne
nt
s

Su
b-
co
m
po
ne
nt
s

E
xp

la
na
tio

n
of

su
b-
co
m
po
ne
nt
s

Su
rv
ey

qu
es
tio

n
So

ur
ce

Po
te
nt
ia
ll
im

ita
tio

ns

Pe
rc
en
to

f
ho
us
eh
ol
ds

de
pe
nd
en
ts
ol
el
y
on

ag
ri
cu
ltu

re
as

a
so
ur
ce

of
in
co
m
e

Pe
rc
en
to

f
fa
m
ily

un
its

su
bo

rd
in
at
e
ex
cl
us
iv
el
y

on
ag
ri
cu
ltu

re
as

a
w
el
ls
pr
in
g
of

sa
la
ry

D
o
yo
u
or

so
m
eo
ne

el
se

in
yo
ur

ho
us
eh
ol
d
ra
is
e

an
im

al
s?

D
o
yo
u
or

so
m
eo
ne

el
se

in
yo
ur

ho
us
eh
ol
d
gr
ow

cr
op
s?

A
da
pt
ed

fr
om

W
or
ld

B
an
k
(1
99
7)

Su
rv
ey

on
ly

as
ke
d

ab
ou
tt
he

th
re
e

pr
im

ar
y
so
ur
ce
s
of

in
co
m
e
fo
r
fa
m
ili
es

in
th
e
ar
ea

A
ve
ra
ge

A
gr
ic
ul
tu
ra
l

L
iv
el
ih
oo

d
D
iv
er
si
fic

at
io
n

In
de
x
(r
an
ge
:0

.2
0–
1)

T
he

in
ve
rs
e
of

(t
he

nu
m
be
r
of

ag
ri
cu
ltu

ra
l

liv
el
ih
oo

d
ac
tiv

iti
es

+1
)

re
po
rt
ed

by
a
ho
us
eh
ol
d,

e.
g.

A
ho
us
eh
ol
d
th
at

fa
rm

s,
ra
is
es

an
im

al
s

an
d
co
lle

ct
s
na
tu
ra
l

re
so
ur
ce
s
w
ill

ha
ve

a
L
iv
el
ih
oo
d

D
iv
er
si
fic
at
io
n
In
de
x

=
1/
(3

+
1)

=
0.
25

Sa
m
e
as

ab
ov
e

A
da
pt
ed

fr
om

D
H
S

(2
00
6)

Pe
rc
en
ta
ge

of
un
ir
ri
ga
te
d

la
nd

Pe
rc
en
ta
ge

of
la
nd

th
at

de
pe
nd
s
on

ra
in
fa
ll
fo
r

ir
ri
ga
tio

n

Is
th
e
la
nd

ra
in
fe
d?

A
da
pt
ed

fr
om

D
H
S

(2
00
6)

(c
on
tin

ue
d)



1 Water Resources, Livelihood Vulnerability and Management … 17

Ta
bl
e
1.
1

(c
on
tin

ue
d)

M
aj
or

co
m
po
ne
nt
s

Su
b-
co
m
po
ne
nt
s

E
xp

la
na
tio

n
of

su
b-
co
m
po
ne
nt
s

Su
rv
ey

qu
es
tio

n
So

ur
ce

Po
te
nt
ia
ll
im

ita
tio

ns

So
ci
al
N
et
w
or
ks

Pe
rc
en
to

f
ho
us
eh
ol
ds

th
at

re
ce
iv
e
as
si
st
an
ce

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
re
ce
iv
ed

he
lp

In
th
e
pa
st
m
on
th
,d

id
re
la
tiv

es
or

fr
ie
nd

s
he
lp

yo
u
an
d
yo
ur

fa
m
ily

:(
e.
g.

G
et
m
ed
ic
al
ca
re

or
m
ed
ic
in
es
,S

el
la
ni
m
al

pr
od
uc
ts
or

ot
he
r
go
od
s

pr
od
uc
ed

by
fa
m
ily

)

A
da
pt
ed

fr
om

D
H
S

(2
00
6)

C
on
fu
si
on

ab
ou
tw

ho
is
fa
m
ily

(i
m
m
ed
ia
te
)

an
d
w
ho

is
a
re
la
tiv

e
(e
xt
en
de
d)
;R

el
ia
nc
e

on
se
lf
-r
ep
or
te
d
ty
pe
s

of
he
lp
/s
up
po
rt

Pe
rc
en
th

ou
se
ho
ld
s
th
at

at
te
nd

so
ci
al
ev
en
ts

Pe
rc
en
ta
ge

of
nu
m
be
r
of

ho
us
eh
ol
ds

th
at
vi
si
t

th
ei
r
re
la
tiv

es
(l
as
t

12
m
on
th
s)

H
av
e
yo
u
at
te
nd
ed

an
y

so
ci
al
ev
en
ts
in

pa
st

12
m
on
th
s?

A
da
pt
ed

fr
om

W
or
ld

B
an
k
(1
99
7)

Pe
rc
en
to

f
ho
us
eh
ol
ds

th
at

ha
ve

no
tg

on
e
to

th
ei
r
lo
ca
l

go
ve
rn
m
en
tf
or

as
si
st
an
ce

in
th
e
pa
st
12

m
on
th
s

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
re
po
rt
ed

th
at
th
ey

ha
ve

no
ta
sk
ed

th
ei
r
lo
ca
lg

ov
er
nm

en
t

fo
r
an
y
as
si
st
an
ce

in
th
e

pa
st
12

m
on
th
s

In
th
e
pa
st
12

m
on
th
s,

ha
ve

yo
u
or

so
m
eo
ne

in
yo
ur

fa
m
ily

go
ne

to
yo
ur

co
m
m
un
ity

le
ad
er

or
ba
nk

fo
r
he
lp
?

A
da
pt
ed

fr
om

W
H
O
/R
B
M

(2
00
3)

R
el
ia
nc
e
on

se
lf
-r
ep
or
te
d
m
on
ey

ex
ch
an
ge
s;
D
oe
s
no
t

co
ns
id
er

ex
ch
an
ge

of
no
n-
m
on
et
ar
y
go
od
s

R
el
ia
nc
e
on

se
lf
-r
ep
or
te
d
vi
si
ts
to

go
ve
rn
m
en
t;
R
ec
al
l

bi
as

(m
or
e
lik

el
y
to

re
m
em

be
r
go

in
g
to

go
ve
rn
m
en
tf
or

di
re

is
su
es

M
ig
ra
tio

n
Pe
rc
en
to

f
ho
us
eh
ol
ds

w
he
re

pe
op

le
ha
ve

m
ig
ra
te
d

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
ha
ve

at
le
as
to

ne
m
ig
ra
nt

H
as

an
yo
ne

fr
om

yo
ur

fa
m
ily

m
ig
ra
te
d
fo
r

em
pl
oy
m
en
to

r
ed
uc
at
io
n?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
es

of
th
is

qu
es
tio

nn
ai
re

(c
on
tin

ue
d)



18 P. Kumar et al.

Ta
bl
e
1.
1

(c
on
tin

ue
d)

M
aj
or

co
m
po
ne
nt
s

Su
b-
co
m
po
ne
nt
s

E
xp

la
na
tio

n
of

su
b-
co
m
po
ne
nt
s

Su
rv
ey

qu
es
tio

n
So

ur
ce

Po
te
nt
ia
ll
im

ita
tio

ns

Pe
rc
en
to

f
ho
us
eh
ol
ds

w
he
re

pe
op
le
m
ig
ra
te
fo
r

em
pl
oy
m
en
t

Pe
rc
en
ta
ge

of
pe
op
le

w
ho

co
ul
d
no
tfi

nd
jo
b

in
th
ei
r
ho

m
e
to
w
n
an
d

ha
d
to

m
ov
e
el
se
w
he
re

Sa
m
e
as

ab
ov
e

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
es

of
th
is

qu
es
tio

nn
ai
re

Pe
rc
en
to

f
ho
us
eh
ol
ds

w
he
re

pe
op
le
m
ig
ra
te
fo
r
ed
uc
at
io
n

Pe
rc
en
to

f
ho
us
eh
ol
ds

w
he
re

at
le
as
to

ne
m
em

be
r
ha
s
go
ne

ou
to

f
vi
lla

ge
to

st
ud

y

Sa
m
e
as

ab
ov
e

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
es

of
th
is

qu
es
tio

nn
ai
re

M
on

th
ly

re
m
itt
an
ce
s
re
ce
iv
ed

fr
om

m
ig
ra
nt

w
or
ke
rs
(l
es
s

th
an

R
s.
10
,0
00
)

Pe
rc
en
ta
ge

of
pe
op
le

w
ho

re
ce
iv
ed

re
m
itt
an
ce
s

D
o
yo
u
re
ce
iv
e
an
y

re
m
itt
an
ce
s?

H
ow

m
uc
h?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
es

of
th
is

qu
es
tio

nn
ai
re

H
es
ita

tio
n
in

di
sc
lo
si
ng

th
e
co
rr
ec
t

am
ou
nt

H
ea
lth

A
ve
ra
ge

tim
e
to

re
ac
h

ho
sp
ita

l(
m
in
ut
es
)

A
ve
ra
ge

tim
e
it
ta
ke
s
th
e

ho
us
eh
ol
ds

to
ge
tt
o
th
e

ne
ar
es
th

ea
lth

fa
ci
lit
y

H
ow

lo
ng

do
es

it
ta
ke

yo
u

to
ge
tt
o
a
he
al
th

fa
ci
lit
y?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
es

of
th
is

qu
es
tio

nn
ai
re

N
o
w
at
ch
es
;

Su
bj
ec
tiv

e
es
tim

at
es

of
tr
av
el
tim

e

Pe
rc
en
to

f
ho
us
eh
ol
ds

w
ith

fa
m
ily

m
em

be
rs
w
ith

ch
ro
ni
c

ill
ne
ss

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
re
po
rt
at

le
as
to

ne
fa
m
ily

m
em

be
r

w
ith

ch
ro
ni
c
ill
ne
ss
.

C
hr
on

ic
ill
ne
ss

w
as

de
fin

ed
su
bj
ec
tiv

el
y
by

re
sp
on
de
nt

Is
an
yb
od
y
in

yo
ur

fa
m
ily

ch
ro
ni
ca
lly

ill
(t
he
y
ge
t

si
ck

ve
ry

of
te
n)
?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
es

of
th
is

qu
es
tio

nn
ai
re

“C
hr
on

ic
al
ly

ill
”
w
as

su
bj
ec
tiv

el
y
de
fin

ed
by

re
sp
on
de
nt (c
on
tin

ue
d)



1 Water Resources, Livelihood Vulnerability and Management … 19

Ta
bl
e
1.
1

(c
on
tin

ue
d)

M
aj
or

co
m
po
ne
nt
s

Su
b-
co
m
po
ne
nt
s

E
xp

la
na
tio

n
of

su
b-
co
m
po
ne
nt
s

Su
rv
ey

qu
es
tio

n
So

ur
ce

Po
te
nt
ia
ll
im

ita
tio

ns

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

w
ith

fa
m
ily

m
em

be
rs
go

in
g

to
do

ct
or

fo
r
al
lo
pa
th
ic

tr
ea
tm

en
t

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

w
he
re

al
l

fa
m
ily

m
em

be
rs
ta
ke

al
lo
pa
th
ic
tr
ea
tm

en
t

D
o
al
lf
am

ily
m
em

be
rs

re
so
rt
to

al
lo
pa
th
ic

tr
ea
tm

en
to

r
st
ill

be
lie
ve

in
ta
ki
ng

ho
m
oe
op
at
hy
/T
ra
di
tio

na
l

m
ed
ic
at
io
n?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
es

of
th
is

qu
es
tio

nn
ai
re

A
ve
ra
ge

ho
us
eh
ol
ds

w
ho

do
no
th

av
e
pr
op
er

to
ile
t

fa
ci
lit
ie
s

A
ve
ra
ge

nu
m
be
r
of

ho
us
eh
ol
ds

th
at
do

no
t

ha
ve

a
w
el
l-
bu
ilt

pu
cc
a

to
ile

ta
nd

w
ho

pr
ac
tic

e
op

en
de
fe
ca
tio

n

D
oe
s
yo
ur

ho
us
e
ha
ve

a
to
ile

ti
ns
id
e
its

pr
em

is
es
?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
es

of
th
is

qu
es
tio

nn
ai
re

Fo
od

Pe
rc
en
to

f
ho
us
eh
ol
ds

de
pe
nd
en
to

n
fa
m
ily

fa
rm

fo
r

fo
od

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
ge
tt
he
ir

fo
od

pr
im

ar
ily

fr
om

th
ei
r
pe
rs
on

al
fa
rm

s

W
he
re

do
es

yo
ur

fa
m
ily

ge
tm

os
to

f
its

fo
od
?

A
da
pt
ed

fr
om

W
or
ld

B
an
k(
19
97
)

N
o
sp
ec
ifi
ca
tio

n
re
ga
rd
in
g
th
e
ye
ar

in
qu

es
tio

n

A
ve
ra
ge

C
ro
p
D
iv
er
si
ty

In
de
x
(r
an
ge
:>

0
to

1)
T
he

in
ve
rs
e
of

(t
he

nu
m
be
r
of

cr
op
s
gr
ow

n
by

a
ho
us
eh
ol
d

+1
).

Fo
r,
e.
g.

A
ho
us
eh
ol
d

th
at
gr
ow

s
gu
ar
,b

aj
ra
,

jo
w
an
d
m
ill
et
w
ill

ha
ve

a
C
ro
p
D
iv
er
si
ty
.I
nd
ex

=
1/
(4

+
1)

=
0.
20

W
ha
tk

in
d
of

cr
op
s
do
es

yo
ur

ho
us
eh
ol
d
gr
ow

?
D
ev
el
op
ed

fo
r
th
e

pu
rp
os
es

of
th
is

qu
es
tio

nn
ai
re

(c
on
tin

ue
d)



20 P. Kumar et al.

Ta
bl
e
1.
1

(c
on
tin

ue
d)

M
aj
or

co
m
po
ne
nt
s

Su
b-
co
m
po
ne
nt
s

E
xp

la
na
tio

n
of

su
b-
co
m
po
ne
nt
s

Su
rv
ey

qu
es
tio

n
So

ur
ce

Po
te
nt
ia
ll
im

ita
tio

ns

Pe
rc
en
to

f
ho
us
eh
ol
ds

th
at
do

no
ts
av
e
cr
op
s

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
do

no
t

sa
ve

cr
op
s
fr
om

ea
ch

ha
rv
es
t

D
oe
s
yo
ur

fa
m
ily

sa
ve

so
m
e
of

th
e
cr
op
s
yo
u

ha
rv
es
tt
o
ea
td

ur
in
g
a

di
ff
er
en
tt
im

e
of

ye
ar
?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
es

of
th
is

qu
es
tio

nn
ai
re

Pe
rc
en
to

f
ho
us
eh
ol
ds

th
at
do

no
ts
av
e
se
ed
s

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
do

no
t

ha
ve

se
ed
s
fr
om

ye
ar

to
ye
ar

D
oe
s
yo
ur

fa
m
ily

sa
ve

se
ed
s
to

gr
ow

th
e
ne
xt

ye
ar
?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
es

of
th
is

qu
es
tio

nn
ai
re

N
o
sp
ec
ifi
ca
tio

n
re
ga
rd
in
g
th
e
ye
ar

in
qu

es
tio

n

A
ve
ra
ge

nu
m
be
r
of

m
on
th
s

ho
us
eh
ol
ds

st
ru
gg
le
to

fin
d

fo
od

(r
an
ge
:0

–1
2)

A
ve
ra
ge

nu
m
be
r
of

m
on
th
s
ho
us
eh
ol
ds

st
ru
gg
le
to

ob
ta
in

fo
od

fo
r
th
ei
r
fa
m
ily

D
oe
s
yo
ur

fa
m
ily

ha
ve

ad
eq
ua
te
fo
od

th
e
w
ho
le

ye
ar
,o

r
ar
e
th
er
e
tim

es
du
ri
ng

th
e
ye
ar

th
at
yo
ur

fa
m
ily

do
es

no
th

av
e

en
ou
gh

fo
od
?
H
ow

m
an
y

m
on
th
s
a
ye
ar

do
es

yo
ur

fa
m
ily

ha
ve

tr
ou

bl
e

ge
tti
ng

en
ou
gh

fo
od
?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
es

of
th
is

qu
es
tio

nn
ai
re

Pe
rc
en
to

f
ho
us
eh
ol
ds

th
at

de
pe
nd

on
go
ve
rn
m
en
t

su
bs
id
y
an
d
ag
ri
cu
ltu

re
fo
r

fo
od

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

w
he
re

th
e

fa
m
ily

is
so
le
ly

de
pe
nd
en
to

n
w
ha
tt
he
y

cu
lti
va
te
an
d
on

go
ve
rn
m
en
t’s

su
bs
id
y

fo
r
fo
od

D
o
yo
u
co
ns
um

e
w
ha
ty

ou
gr
ow

an
d
de
pe
nd

on
go
ve
rn
m
en
ts
ub
si
di
es
?

A
da
pt
ed

fr
om

D
H
S

(2
00
6)

(c
on
tin

ue
d)



1 Water Resources, Livelihood Vulnerability and Management … 21

Ta
bl
e
1.
1

(c
on
tin

ue
d)

M
aj
or

co
m
po
ne
nt
s

Su
b-
co
m
po
ne
nt
s

E
xp

la
na
tio

n
of

su
b-
co
m
po
ne
nt
s

Su
rv
ey

qu
es
tio

n
So

ur
ce

Po
te
nt
ia
ll
im

ita
tio

ns

Pe
rc
en
ta
ge

of
pe
op
le
w
ho

co
ns
um

e
ve
ge
ta
ri
an

fo
od

on
ly

Pe
rc
en
ta
ge

of
pe
op
le

w
ho

ar
e
un
ab
le
to

af
fo
rd

no
n-
ve
ge
ta
ri
an

fo
od

to
fu
lfi
lt
he
ir
pr
ot
ei
n

re
qu
ir
em

en
t

D
o
yo
u
pr
ef
er

ve
ge
ta
ri
an

fo
od

ov
er

no
n-
ve
ge
ta
ri
an

fo
od
?

A
da
pt
ed

fr
om

D
H
S

(2
00
6)

W
at
er

Pe
rc
en
to

f
ho
us
eh
ol
ds

th
at

ut
ili
ze

a
na
tu
ra
lw

at
er

so
ur
ce

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
re
po
rt
a

w
el
l,
an

oa
si
s,
or

ho
le
as

th
ei
r
pr
im

ar
y
w
at
er

so
ur
ce

W
he
re

do
yo
u
co
lle
ct
yo
ur

w
at
er

fr
om

?
A
da
pt
ed

fr
om

W
or
ld

B
an
k
(1
99
7)

C
on
fu
si
on

w
he
n

fa
m
ili
es

ha
ve

m
ul
tip

le
w
at
er

so
ur
ce
s

A
ve
ra
ge

tim
e
to

w
at
er

so
ur
ce

(m
in
ut
es
)

A
ve
ra
ge

tim
e
it
ta
ke
s
th
e

ho
us
eh
ol
ds

to
tr
av
el
to

th
ei
r
pr
im

ar
y
w
at
er

so
ur
ce

H
ow

lo
ng

do
es

it
ta
ke

to
ge
tt
o
yo
ur

w
at
er

so
ur
ce
?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
e
of

th
is

qu
es
tio

nn
ai
re

N
o
w
at
ch
es
;

Su
bj
ec
tiv

e
es
tim

at
es

of
tr
av
el
tim

e;
D
if
fe
re
nt

fa
m
ily

m
em

be
rs
co
lle

ct
w
at
er

Pe
rc
en
to

f
ho
us
eh
ol
ds

th
at
do

no
th

av
e
a
co
ns
is
te
nt

w
at
er

su
pp
ly

Pe
rc
en
to

f
ho
us
eh
ol
ds

th
at
re
ce
iv
e
ir
re
gu

la
r

su
pp

ly
of

w
at
er

D
o
yo
u
re
ce
iv
e
w
at
er

ev
er
y
da
y?

R
ec
al
lb

ia
s
(m

or
e

lik
el
y
to

re
m
em

be
r

se
ve
ra
lc
on
se
cu
tiv

e
da
ys

of
w
at
er

sh
or
ta
ge
)

In
ve
rs
e
of

th
e
av
er
ag
e

nu
m
be
r
of

lit
re
s
of

w
at
er

st
or
ed

pe
r
ho
us
eh
ol
d
(r
an
ge
:

>
0
to

1)

A
ve
ra
ge

am
ou
nt

of
w
at
er

sa
ve
d
by

ho
us
eh
ol
ds

W
ha
tc
on
ta
in
er
s
do

yo
u

us
ua
lly

st
or
e
w
at
er

in
?

H
ow

m
an
y
lit
re
s?

L
ac
k
of

un
de
rs
ta
nd
in
g
of

co
nt
ai
ne
rs

(c
on
tin

ue
d)



22 P. Kumar et al.

Ta
bl
e
1.
1

(c
on
tin

ue
d)

M
aj
or

co
m
po
ne
nt
s

Su
b-
co
m
po
ne
nt
s

E
xp

la
na
tio

n
of

su
b-
co
m
po
ne
nt
s

Su
rv
ey

qu
es
tio

n
So

ur
ce

Po
te
nt
ia
ll
im

ita
tio

ns

N
at
ur
al
di
sa
st
er
s
an
d

cl
im

at
e
va
ri
ab
ili
ty

Pe
rc
en
to

f
ho
us
eh
ol
ds

th
at

di
d
no
tr
ec
ei
ve

a
w
ar
ni
ng

ab
ou
tt
he

pe
nd
in
g
na
tu
ra
l

di
sa
st
er
s

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
di
d
no
t

re
ce
iv
e
a
w
ar
ni
ng

ab
ou
t

th
e
m
os
ts
ev
er
e
flo

od
,

dr
ou
gh
ta
nd

cy
cl
on
e

ev
en
ti
n
th
e
pa
st
6
ye
ar
s

D
id

yo
u
re
ce
iv
e
a
w
ar
ni
ng

ab
ou
tt
he

flo
od
/c
yc
lo
ne
/d
ro
ug
ht

be
fo
re

it
ha
pp
en
ed
?

A
da
pt
ed

fr
om

W
ill
ia
m
sb
ur
g

E
m
er
ge
nc
y

M
an
ag
em

en
t(
20
04
)

Su
bj
ec
tiv

e
de
fin

iti
on

of
“w

ar
ni
ng
.”

Pe
rc
en
to

f
ho
us
eh
ol
ds

w
ith

an
in
ju
ry

or
de
at
h
as

a
re
su
lt

of
th
e
m
os
ts
ev
er
e
na
tu
ra
l

di
sa
st
er

in
th
e
pa
st
6
ye
ar
s

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
re
po
rt
ed

ei
th
er

an
in
ju
ry

to
or

de
at
h
of

on
e
of

th
ei
r

fa
m
ily

m
em

be
rs
as

a
re
su
lt
of

th
e
m
os
ts
ev
er
e

flo
od
,d

ro
ug
ht
,o

r
cy
cl
on

e
in

th
e
pa
st

6
ye
ar
s

W
as

an
yo
ne

in
yo
ur

fa
m
ily

in
ju
re
d
in

th
e

flo
od
/c
yc
lo
ne

dr
ou
gh
t?

D
id

an
yo
ne

in
yo
ur

fa
m
ily

di
e
du
ri
ng

th
e

flo
od
/c
yc
lo
ne
/d
ro
ug
ht
?

H
ou
se
ho
ld

N
at
ur
al

H
az
ar
ds

Pr
ep
ar
ed
ne
ss

Q
ue
st
io
nn
ai
re

R
ec
al
lb

ia
s
(s
ev
er
e

in
ju
ri
es

ar
e
m
os
t

lik
el
y
to

be
re
m
em

be
re
d)

M
ea
n
st
an
da
rd

de
vi
at
io
n
of

th
e
da
ily

av
er
ag
e
m
ax
im

um
te
m
pe
ra
tu
re

by
m
on
th

St
an
da
rd

de
vi
at
io
n
of

th
e
av
er
ag
e
da
ily

m
ax
im

um
te
m
pe
ra
tu
re

by
m
on
th

be
tw
ee
n
19
98

an
d
20
03

w
as

av
er
ag
ed

fo
r
ea
ch

pr
ov
in
ce

D
is
tr
ic
td

at
a;
w
ea
th
er

st
at
io
n
ba
se
d
in

th
e
st
at
e

ca
pi
ta
l

A
da
pt
ed

fr
om

W
ill
ia
m
sb
ur
g

E
m
er
ge
nc
y

M
an
ag
em

en
t(
20
04
)

R
el
ia
nc
e
on

av
er
ag
e

da
ta
;S

ho
rt
tim

e
pe
ri
od

(c
on
tin

ue
d)



1 Water Resources, Livelihood Vulnerability and Management … 23

Ta
bl
e
1.
1

(c
on
tin

ue
d)

M
aj
or

co
m
po
ne
nt
s

Su
b-
co
m
po
ne
nt
s

E
xp

la
na
tio

n
of

su
b-
co
m
po
ne
nt
s

Su
rv
ey

qu
es
tio

n
So

ur
ce

Po
te
nt
ia
ll
im

ita
tio

ns

M
ea
n
st
an
da
rd

de
vi
at
io
n
of

th
e
da
ily

av
er
ag
e
m
in
im

um
te
m
pe
ra
tu
re

by
m
on
th

St
an
da
rd

de
vi
at
io
n
of

th
e
av
er
ag
e
da
ily

m
in
im

um
te
m
pe
ra
tu
re

by
m
on
th

be
tw
ee
n
19
98

an
d
20
03

w
as

av
er
ag
ed

fo
r
ea
ch

pr
ov
in
ce

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
es

of
th
is

qu
es
tio

nn
ai
re

R
el
ia
nc
e
on

av
er
ag
e

da
ta
;S

ho
rt
tim

e
pe
ri
od

M
ea
n
st
an
da
rd

de
vi
at
io
n
of

av
er
ag
e
pr
ec
ip
ita

tio
n
by

m
on
th

St
an
da
rd

de
vi
at
io
n
of

th
e
av
er
ag
e
m
on
th
ly

pr
ec
ip
ita

tio
n
be
tw

ee
n

19
98

an
d
20
03

w
as

av
er
ag
ed

fo
r
ea
ch

pr
ov
in
ce

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
es

of
th
is

qu
es
tio

nn
ai
re

R
el
ia
nc
e
on

av
er
ag
e

da
ta
;S

ho
rt
tim

e
pe
ri
od

W
at
er

V
ul
ne
ra
bi
lit
y

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

de
pe
nd
en
to

n
co
m
m
un
ity

w
el
ls

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

w
ho

ha
ve

on
ly

co
m
m
un

ity
w
el
la
s

th
ei
r
so
ur
ce

of
dr
in
ki
ng

w
at
er

W
ha
ti
s
th
e
so
ur
ce

of
yo
ur

dr
in
ki
ng

w
at
er
?

In
st
itu

to
N
ac
io
na
ld

e
E
st
at
is
tic

a
(2
00

7)
C
on
fu
si
on

du
e
to

re
ca
ll
bi
as

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

de
pe
nd
en
to

n
pi
pe
lin

e
(t
ap
pe
d
w
at
er

su
pp
ly
)

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
re
ce
iv
e

re
gu

la
r
ta
p
w
at
er

D
o
yo
u
re
ce
iv
e
re
gu
la
r
ta
p

w
at
er
?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
e
of

th
is

qu
es
tio

nn
ai
re

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

de
pe
nd
en
to

n
w
at
er

ta
nk
er

fo
r
dr
in
ki
ng

pu
rp
os
e

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
ha
ve

th
e

ca
pa
ci
ty

to
bu
y
w
at
er

de
liv

er
ed

by
ta
nk
er
s

D
o
yo
u
pu
rc
ha
se

ta
nk

w
at
er

fo
r
dr
in
ki
ng
?

(c
on
tin

ue
d)



24 P. Kumar et al.

Ta
bl
e
1.
1

(c
on
tin

ue
d)

M
aj
or

co
m
po
ne
nt
s

Su
b-
co
m
po
ne
nt
s

E
xp

la
na
tio

n
of

su
b-
co
m
po
ne
nt
s

Su
rv
ey

qu
es
tio

n
So

ur
ce

Po
te
nt
ia
ll
im

ita
tio

ns

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

de
pe
nd
en
to

n
w
at
er

on
ly

fr
om

In
di
ra

G
an
dh
iC

an
al

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
ar
e

si
tu
at
ed

ne
ar

th
e
IG

C
an
d
us
e
its

w
at
er

on
da
ily

ba
si
s

D
o
yo
u
re
ce
iv
e
w
at
er

fr
om

In
di
ra

G
an
dh
iC

an
al
?
D
o

yo
u
us
e
th
is
w
at
er

so
ur
ce

or
de
pe
nd

on
ot
he
r

so
ur
ce
s?

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

re
ce
iv
in
g
w
at
er

fr
om

m
or
e

th
an

tw
o
so
ur
ce
s

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

w
he
re

pe
op

le
re
ce
iv
e
w
at
er

fr
om

m
or
e
th
an

tw
o

w
at
er

so
ur
ce
s
av
ai
la
bl
e.

(e
x:

on
e
fo
r
dr
in
ki
ng

an
d
ot
he
r
fo
r
do

m
es
tic

pu
rp
os
es
)

D
o
yo
u
re
ce
iv
e
w
at
er

fr
om

m
ul
tip

le
so
ur
ce
s?

A
ve
ra
ge

di
st
an
ce

fr
om

w
at
er

so
ur
ce

(i
n
ki
lo
m
et
re
s)

A
ve
ra
ge

di
st
an
ce

th
e

pe
op
le
fr
om

ho
us
eh
ol
ds

ne
ed

to
tr
av
el
in

or
de
r
to

fe
tc
h
w
at
er

H
ow

fa
r
do

yo
u
tr
av
el
in

se
ar
ch

of
w
at
er
?

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

w
he
re

w
om

en
an
d
ch
ild

re
n

tr
av
el
to

w
at
er

so
ur
ce
s

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

w
he
re

w
om

en
an
d
th
ei
r

ch
ild

re
n
tr
av
el
in

gr
ou
ps

to
fe
tc
h
w
at
er

fo
r
th
e

da
ily

re
qu

ir
em

en
ts
of

liv
in
g

W
ho

go
es

to
fe
tc
h
w
at
er

fr
om

yo
ur

fa
m
ily

?
D
ev
el
op
ed

fo
r
th
e

pu
rp
os
e
of

th
is

qu
es
tio

nn
ai
re

M
en

tr
av
el
le
d
in

ce
rt
ai
n
ar
ea
s,

ho
w
ev
er

m
os
tly

it
w
as

w
om

en
an
d

ch
ild

re
n.

H
es
ita

nt
in

re
pl
yi
ng

(c
on
tin

ue
d)



1 Water Resources, Livelihood Vulnerability and Management … 25

Ta
bl
e
1.
1

(c
on
tin

ue
d)

M
aj
or

co
m
po
ne
nt
s

Su
b-
co
m
po
ne
nt
s

E
xp

la
na
tio

n
of

su
b-
co
m
po
ne
nt
s

Su
rv
ey

qu
es
tio

n
So

ur
ce

Po
te
nt
ia
ll
im

ita
tio

ns

A
ve
ra
ge

m
on
th
s
of

w
at
er

sc
ar
ci
ty

A
ve
ra
ge

nu
m
be
r
of

m
on
th
s
du
ri
ng

w
hi
ch

ho
us
eh
ol
ds

fa
ce

m
ax
im

um
sc
ar
ci
ty

of
w
at
er

D
o
yo
u
fa
ce

w
at
er

sc
ar
ci
ty
?
If
ye
s,
fo
r
ho
w

m
an
y
m
on
th
s?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
e
of

th
is

qu
es
tio

nn
ai
re

E
xa
gg

er
at
ed

re
sp
on
se
s

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
do

no
th

av
e
w
at
er

st
or
in
g

fa
ci
lit
ie
s

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
do

no
t

ha
ve

an
un
de
rg
ro
un
d
or

ro
of
to
p
ta
nk

to
sa
ve

w
at
er

an
d
on
ly

sa
ve

in
dr
um

s

D
o
yo
u
ha
ve

un
de
rg
ro
un
d/
ro
of
to
p

w
at
er

ta
nk

to
sa
ve

w
at
er
?

If
no
t,
ho
w
do

yo
u
st
or
e
it?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
e
of

th
is

qu
es
tio

nn
ai
re

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
dr
in
k
im

pu
re

w
at
er

Pe
rc
en
ta
ge

of
pe
op
le

w
ho

st
or
e
ra
in
w
at
er

in
ta
nk
s
an
d
co
ns
um

e
it

di
re
ct
ly

w
ith

ou
t

pu
ri
fy
in
g
it

D
o
yo
u
bo
il/
pu
ri
fy

w
at
er

be
fo
re

dr
in
ki
ng
?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
e
of

th
is

qu
es
tio

nn
ai
re

A
ve
ra
ge

de
cl
in
e
in

gr
ou
nd
w
at
er

le
ve
l

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at

co
m
pl
ai
ne
d
ab
ou
t

in
cr
ea
se
d
w
at
er

ta
bl
e

de
pt
h

H
as

th
e
de
pt
h
of

un
de
rg
ro
un
d
w
at
er

av
ai
la
bi
lit
y
in
cr
ea
se
d?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
e
of

th
is

qu
es
tio

nn
ai
re

(c
on
tin

ue
d)



26 P. Kumar et al.

Ta
bl
e
1.
1

(c
on
tin

ue
d)

M
aj
or

co
m
po
ne
nt
s

Su
b-
co
m
po
ne
nt
s

E
xp

la
na
tio

n
of

su
b-
co
m
po
ne
nt
s

Su
rv
ey

qu
es
tio

n
So

ur
ce

Po
te
nt
ia
ll
im

ita
tio

ns

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
ca
nn
ot

af
fo
rd

to
pu
rc
ha
se

Ja
r/
Je
rr
y
ca
n
w
at
er

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
ca
nn
ot

af
fo
rd

to
pu
rc
ha
se

ja
r

w
at
er

du
ri
ng

so
ci
al

ev
en
tl
ik
e
fe
st
iv
al
s
or

m
ar
ri
ag
es

D
o
yo
u
pu
rc
ha
se

ja
r
w
at
er

in
so
ci
al
ga
th
er
in
gs
?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
e
of

th
is

qu
es
tio

nn
ai
re

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
ca
nn
ot

pa
y
fo
r
cl
ea
n

w
at
er

fo
r
al
la
ct
iv
iti
es

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
ca
nn
ot

af
fo
rd

to
pa
y
fo
r
a
cl
ea
n

su
pp

ly
of

w
at
er

D
o
yo
u
pa
y
fo
r
th
e
w
at
er

yo
u
us
e?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
e
of

th
is

qu
es
tio

nn
ai
re

Pe
rc
en
to

f
ho
us
eh
ol
ds

w
ho

st
ru
gg

le
to

ge
tc
le
an

w
at
er

by
pa
yi
ng

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

w
ho

so
m
eh
ow

m
an
ag
e
to

pa
y

fo
r
a
cl
ea
n
su
pp
ly

of
w
at
er

H
ow

ea
sy

is
it
to

ge
ta

cl
ea
n
su
pp

ly
of

w
at
er

by
pa
yi
ng

fo
r
it?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
e
of

th
is

qu
es
tio

nn
ai
re

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

w
he
re

pe
op
le
su
ff
er

fr
om

w
at
er

bo
rn
e
he
al
th

pr
ob
le
m
s

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

w
he
re

fa
m
ily

m
em

be
rs
fa
ce

he
al
th

pr
ob

le
m
s
du

e
to

co
ns
um

pt
io
n
of

im
pu
re

w
at
er

H
as

th
e
co
ns
um

pt
io
n
of

im
pu

re
w
at
er

ca
us
ed

an
y

he
al
th

is
su
es

to
an
y
fa
m
ily

m
em

be
r?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
e
of

th
is

qu
es
tio

nn
ai
re

Su
bj
ec
tiv

e
de
fin

iti
on

of
he
al
th

pr
ob
le
m
s

Pe
rc
en
to

f
ho
us
eh
ol
ds

th
at

re
ce
iv
ed

w
at
er

po
llu

te
d
w
ith

flu
or
id
e/
ni
tr
at
e/
ar
se
ni
c

Pe
rc
en
ta
ge

of
ho
us
eh
ol
ds

th
at
re
ce
iv
e

w
at
er

in
fe
st
ed

w
ith

a
hi
gh

am
ou
nt

of
ch
em

ic
al
s

D
oe
s
th
e
w
at
er

yo
u

co
ns
um

e
co
nt
ai
n
an
y

ch
em

ic
al
s?

D
ev
el
op
ed

fo
r
th
e

pu
rp
os
e
of

th
is

qu
es
tio

nn
ai
re

So
ur
ce

Pr
ep
ar
ed

by
au
th
or



1 Water Resources, Livelihood Vulnerability and Management … 27

Table 1.2 Categorization of significant segments into contributing elements from the IPCC
(Intergovernmental Panel onClimate Change) vulnerability definition for computation of LVI-IPCC

IPCC contributing factors to vulnerability Major components

Exposure Natural disaster and climate variability

Adaptive capacity Socio-demographic profile, Livelihood strategies,
Social Networks

Sensitivity Migration, food, health, water security

1.4.5 Results

Each interview lasted 30 min on average and was carried out in Hindi language as
it was the language common to the households of the region. Respondents were
natives of the villages of Amar Sagar, Deva, Baramsaar and Ramdevri (Pokhran)
in Jaisalmer. Interviewer was a native speaker of Hindi language and is trained in
sample design, survey technique and confidentiality protocol.

Table 1.2 describes the major components and contributing factors of vulnera-
bility.

Table 1.3 shows the maximum and minimum calculated LVI based on the sub-
components of the major components described in Table 1.2.

Table 1.4 represents indexed major components and sub-components of the
contributing factors.

Table 1.5 depicts the overall LVI of Jaisalmer.

1.4.6 Inference of the Tabular Data

1.4.6.1 Adaptive Capacity

Socio-demographic profile: the dependency ratio of the rural communities of the
desert region of Jaisalmer was high (0.715) and it showed a higher proportion of
young children below the age of 15 as compared to older population (above 65).
Rural households where the population is not educated above 10th standard was
very high (0.86) which shows high vulnerability in terms of education level. Most
of the respondents had not completed high school and dropped out after 8 years of
formal schooling. The illiteracy was as high as 86.11% as compared to the state
average of approximately 27.01%. The average reported age of the respondents was
50 years old (males) and 45 years old (females). The average monthly income of
most of the households was less than Rs. 10,000 and it shows a high vulnerability
(0.805). Most of the families were joint in nature with about 10 members in one
household.
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Table 1.3 Livelihood Vulnerability Index (LVI) sub-components values and minimum and
maximum sub-component values for Jaisalmer district, Rajasthan, India

Major Component Sub-component Units Jaisalmer Maximum
value in
Jaisalmer

Minimum
value in
Jaisalmer

Socio-demographic
profile

Dependency ratio Ratio 0.479 421 202

Percentage of
households where
head of the house is
not educated till high
school

Percent 86.11 100 0

Percentage of
households where
average income is less
than Rs. 10,000

Percent 80.5 100 0

Livelihood
strategies

Average number of
households with
family members
working in a different
community

Percent 0.6136 100 0

Percent of households
dependent solely on
agriculture as a source
of income

Percent 52.77 100 0

Average agricultural
livelihood
diversification index
(livestock)

1/#Livelihoods 0.78 12 9.361

Percentage of
unirrigated land

Percent 74.07 100 0

Social networks Percentage of
households that
received assistance

Percent 19.44 100 0

Percentage of
households that do
have not attended any
social events in
12 months

Percent 30.33 100 0

Percent of households
that do not go to the
government for
assistance

Percent 77.77 100 0

Migration Percent of households
where people have
migrated

Percent 19.44 100 0

(continued)
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Table 1.3 (continued)

Major Component Sub-component Units Jaisalmer Maximum
value in
Jaisalmer

Minimum
value in
Jaisalmer

Percent of households
where people migrate
for employment

Percent 16.66 100 0

Percent of households
where people migrate
for education

Percent 3 100 0

Monthly remittances
received from migrant
workers (less than Rs.
10,000)

Percent 16.66 100 0

Health Average time to reach
hospital (minutes)

Minutes 1240 34.44 5

Percent of households
with family members
with chronic illness

Percent 11 100 0

Percentage of
households with
family members going
to doctor for
allopathic treatment

Percent 72 100 0

Average households
who do not have
proper toilet facilities

1/# toilets 25 100 0

Food Percent of households
dependent on family
farm for food

Percent 41.66 100 0

Average Crop
Diversity Index
(range: >0 to 1)

1/#crops 0.221 1 0.16

Percent of households
that do not save crops

Percent 36.11 100 0

Percent of households
that do not save seeds

Percent 30.5 100 0

Average number of
months households
struggle to find food
(range: 0–12)

Months 0.51 9 3

Percent of households
that depend on
government subsidy
for food

Percent 30.55 100 0

(continued)
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Table 1.3 (continued)

Major Component Sub-component Units Jaisalmer Maximum
value in
Jaisalmer

Minimum
value in
Jaisalmer

Percentage of people
who consume
vegetarian food only

Percent 50 100 0

Water Percent of households
that utilize a natural
water source

Percent 33.33 100 0

Average time taken to
reach water source

Minutes 945 26.25 5

Percent of households
that do not have a
consistent supply of
water

Percent 61.11 100 0

Inverse of the average
number of litres of
water stored per
household

1/Litres 37.5 40 10

Water vulnerability Percentage of
households dependent
on community wells

Percent 13.8 100 0

Percentage of
households dependent
on pipeline (tapped
water supply)

Percent 16.66 100 0

Percentage of
households dependent
on water tanker for
drinking purpose

Percent 22.22 100 0

Percentage of
households dependent
on water only from
Indira Gandhi Canal

Percent 8 100 0

Percentage of
households receiving
water from more than
two sources

Percent 41.66 100 0

Average distance from
water source (in
kilometres)

1/#distance 1.5 2 0

Percentage of
households where
women and children
travel to water sources

Percentage 68.9 100 0

(continued)
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Table 1.3 (continued)

Major Component Sub-component Units Jaisalmer Maximum
value in
Jaisalmer

Minimum
value in
Jaisalmer

Average months of
water scarcity

1/#months 2.08 3 1

Percentage of
households that do not
have water storing
facilities

Percent 16.66 100 0

Percentage of
households that drink
impure water

Percent 83.33 100 0

Average decline in
groundwater level

1/#groundwater
level

11.91 15 9

Percentage of
households that
cannot afford to
purchase Jar/Jerry can
water

Percent 66.6 100 0

Percentage of
households that
cannot pay for clean
water for all activities

Percent 38.88 100 0

Percent of households
who struggle to get
clean water by paying

Percent 61.11 100 0

Percentage of
households where
people suffer from
water borne health
problems

Percent 52.7 100 0

Percent of households
that received water
polluted with
fluoride/nitrate/arsenic

Percent 58.33 100 0

Natural disasters
and climatic
variability

Percentage of
households that did
not receive a warning
about an upcoming
natural disaster

Percent 72.2 100 0

Percent of households
with an injury or death
due to natural disaster

Percent 13.8 100 0

(continued)
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Table 1.3 (continued)

Major Component Sub-component Units Jaisalmer Maximum
value in
Jaisalmer

Minimum
value in
Jaisalmer

Mean standard
deviation of monthly
average of maximum
temperature
(2011–2019)

Celsius 1.29 1.54 1.01

Mean standard
deviation of monthly
average minimum
temperature
(2011–2019)

Celsius 0.99 1.46 0.64

Mean standard
deviation of monthly
average precipitation
(2011–2019)

Millimetres 19.92 73.76 3.82

Mean standard
deviation of monthly
wind speed
(2011–2019)

km/h 0.59 0.93 0.33

SourceMade by author. Source: prepared by author on the basis of primary survey data

Livelihood Strategies: the rural households showed a high vulnerability on liveli-
hood strategies component (0.666). 52.27%households depend solely on agricultural
income and most of them depend on both agriculture and livestock. The rural house-
holds owned a large variety of domestic animals like cattle, sheep, dogs, goats and a
few households owned camels as well which shows a diversification index of 0.78.
Every household owned at least nine animals. A large number of households owned
land of up to 10 bighas. Large land owners owned about 52 bigha land and small
land owners had about two bigha land.

The agricultural land is mostly rainfed in this region and people lack the means to
irrigate their fields due to scarcity of water in the arid region. This makes them highly
dependent on rainfall for watering their fields (0.747) only 25.94% households have
regularlywell irrigated farms. Apart from them, amajor chunk of population (61.3%)
comprised tenants as well who owned no land and worked on the agricultural farms
of others. Most of their income was generated through agriculture related work for
which they worked in different communities.

Social Networks: The social networks of the rural households seem to be strong with
an overall vulnerability of 0.424. A large number of households depend on informal
means of receiving and lending money/assistance. The households have a well-knit
network wherein they help each other in times of need in medication, lending money,
food, cattle. The vulnerability in this aspect is low at 0.194. The households are very
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Table 1.4 Indexed major components and sub-components and overall LVI of Jaisalmer

Sub-components Jaisalmer Major components Jaisalmer

Dependency ratio 0.479 Socio-demographic profile 0.715

Percent of households where
head of household has not
attended school

0.861

Percent of households where
monthly income is less than Rs.
10,000

0.805

Percent of households with
family members working in a
different community

0.613 Livelihood strategies 0.666

Percent of households dependent
solely on agriculture as a source
of income

0.527

Average agricultural Livelihood
Diversification Index (livestock)

0.78

Percentage of unirrigated land 0.747

Percentage of households that
receive assistance

0.194 Social networks 0.425

Percentage of households that
have not attended any social
events in 12 months

0.305

Percent of households that have
not gone to their local
government for assistance in
12 months

0.777

Percent of households where
people have migrated

0.194 Migration 0.139

Percent of households where
people migrate for employment

0.166

Percent of households where
people migrate for education

0.03

Monthly remittances received
from migrant workers (less than
Rs. 10,000)

0.166

Average time to reach health
facility

0.84 Health 0.669

Percent of households with
family members with chronic
illness

0.305

Percentage of households with
family members going to doctor
for allopathic treatment

0.72

(continued)
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Table 1.4 (continued)

Sub-components Jaisalmer Major components Jaisalmer

Average households who do not
have proper toilet facilities

0.25

Percent of households dependent
solely on family farm for food

0.416 Food 0.268

Average number of months
households struggle to find food

0.513

Average Crop Diversity Index 0.341

Percent of households that do not
save crops

0.366

Percent of households that do not
save seeds

0.55

Percent of households that
depend on government subsidies
for food

0.305

Percent of households that
consume only vegetarian food

0.5

Percent of households that utilize
natural sources of water

0.33 Water 0.676

Average time taken to reach
water source

0.85

Percent of households that do not
have a consistent water

0.611

Average water stored in litres 0.916

Percent of households that did
not receive warning about an
upcoming disaster

0.722 Natural disasters and climate
variability

Percent of households with an
injury or death as a result of
natural disaster

0.138

Mean standard deviation of
monthly average of average
maximum daily temperature
(years: 2011–2019)

0.528

Mean standard deviation of
monthly average of average
minimum average temperature
(years: 2011–2019)

0.426

Mean standard deviation of
monthly average precipitation

0.230

Mean standard division of
monthly wind speed

0.433

(continued)
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Table 1.4 (continued)

Sub-components Jaisalmer Major components Jaisalmer

Percentage of households
dependent on community wells

0.138 Water Vulnerability 0.452

Percentage of households
dependent on pipeline (tapped
water supply)

0.166

Percentage of households
dependent on water tanker for
drinking purpose

0.222

Percentage of households
dependent on water only from
Indira Gandhi Canal

0.08

Percentage of households
receiving water from more than
two sources

0.416

Average distance from water
source (in km)

0.726

Average months of water scarcity 0.541

Percentage of households where
women and children travel to
water sources

0.689

Percentage of households that do
not have water storing facilities

0.166

Percentage of households that
drink impure water

0.833

Average decline in groundwater
level

0.486

Percentage of households that
cannot afford to purchase
Jar/Jerry can water

0.666

Percentage of households that
cannot pay for clean water for all
activities

0.388

Percent of households who
struggle to get clean water by
paying

0.611

Percentage of households where
people suffer from water borne
health problems

0.527

Percent of households that
received water polluted with
fluoride/nitrate/arsenic

0.583

Source Prepared by author
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Table 1.5 Calculations showing LVI-IPCC for Jaisalmer district

Contributing
factors

Major components
for Jaisalmer
district

Major
component
values for
Jaisalmer
district

Number of
sub-components
per major
component

Contributing
factor values

LVI-IPCC
VALUE
for
Jaisalmer

Adaptive
capacity

Socio-demographic
profile

0.715 3 0.607

Livelihood
strategies

0.665 4

Social Networks 0.425 3

Migration 0.139 4 0.430

Sensitivity Health 0.480 4 0.083

Food 0.374 7

Water 0.676 4

Water vulnerability 0.452 16

Exposure Natural disasters
and climate
variability

0.413 6 0.412

Source Prepared by author

social and regularly attend all festivals, marriages and auspicious events together.
The ones who have not attended any functions are low 0.305.

These sub-categories show that the people are not left on their own terms when
they are in need. Households have mostly resorted to informal means of borrowing
and lending money and have avoided the formal banking credit and loan facilities
even though 63% of the respondents owned bank accounts, they do not use it. They
depend on their immediate relatives or friends for money due to which they show a
high vulnerability of 0.777 due to lack of possession of a formal bank account. They
have not approached their local government for assistance and borrow and receive
in-kind assistance. Total adaptive capacity values are represented in Table 1.6.

Table 1.6 LVI-IPCC
contributing factors to
vulnerability for rural
communities of Jaisalmer

IPCC contributing factors to vulnerability Jaisalmer

Exposure 0.412

Adaptive capacity 0.607

Sensitivity 0.430

LVI-IPCC 0.083

Source Prepared by author
The LVI-IPCC is on a scale from −1 (least vulnerable) to 1 (most
vulnerable)
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1.4.6.2 Sensitivity

Migration: the rural households of Jaisalmer have reported low numbers of people
migrating to other districts for work and education. The overall vulnerability is 0.139.
The people who migrated for work show low vulnerability as only 19.44% people
have moved out of the village. 16.6% people migrated for job opportunities and 3%
for education. The monthly remittances they received was very less and only a few
of them received them on a regular basis.

Health: Jaisalmer households reported travelling an average of 35 min and a high of
50 min to reach health care facilities. Adding all indicators, the vulnerability of the
households in terms of health is high at 0.667 vulnerability of average time taken to
reach health facility is 0.84. 61% of the households reach their nearest community
hospital within 30 min. 27% people take about 45 min to 1 h and only 11.11% take
over an hour.

Not many households have reported chronic illness which makes their vulnera-
bility a medium of 0.305. Only 30.5% of the respondents had at least one family
member who was chronically ill. However, the members of the household who were
suffering from diabetes, high blood pressure and joint pains were over 65 years of
age and had age-related health issues. Only one female member from a household
in Baramsar village reported TB (tuberculosis). Cases of malaria have been reported
in areas through which Indira Gandhi Canal passes. Most of the people resorted
to allopathic means of medication. About 25% of the households surveyed did not
have a toilet/ proper sanitation facility inside their house. This shows that the goal
of hundred percent open defecation free has not been achieved, however, there has
been a drastic improvement in the number of households with toilets inside their
premises.

Food: the rural households of Jaisalmer reported struggling to find adequate food for
their families (0.513). The struggle was maximum after the cropping season ended.
About 41.6% families rely solely on agriculture for income. The average cropping
season in Jaisalmer lasts for 3 months during the monsoon season after which the
families tend to consume what they grow or find alternative means of food such as
meat, meat products. However, most of the households depend on vegetarian food
(0.5). Farmers grow about an average of three crops at least, some grow five. The
most common crops found in this region are guar, pearl millets (bajra), sorghum
(jowar), sesamum, groundnuts, aloe vera, wheat and barley are rarely grown in rabi
season. Therefore, the vulnerability in terms of crop diversification is low 0.341
which means that the farmers grow at least three types of crops. 36.6% percentage
of farmers do not save crops and 55% do not save seeds for the next season which
makes them vulnerable more as compared to those who save. This shows that they
buy new seeds for the next season and do not consume crops that they produce. There
is a certain class of households, the landless and the tenants who only depend on
the government’s subsidy for food (0.035). They receive rice at a price of Rs. 3/kg
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and wheat at Rs. 2/kg. The sensitivity of the rural communities is represented in
Table 1.6.

1.4.6.3 Exposure

Natural Disaster and Climate Variability: Jaisalmer has reported several dust storms.
The drought-like condition prevails all year round. The percentage of households
reported to receive no warning about any upcoming dust storm or drought was
72.22%. There were very few cases of disaster related injuries or deaths (13.8%).
Households reported that they faced extremely strong summermonths and biting cold
winters for over 3–4 years continuously and the temperature has increased every year.
The skies are clear and sunshine is received for all 365 days of the year. They are
more vulnerable to climate change impacts (0.412). The vulnerability in high and
low temperatures months was 0.52 and 0.426. The average wind speed calculated for
12 months over 10 years is 43 kmph and the average precipitation is 23 cm. Table 1.6
shows the exposure of communities to changing climate conditions.

1.4.7 Water Availability

Water is an extremely precious resource in Jaisalmer. About 33% of the rural house-
holds dependonopen sources ofwater tomeet their daily needs.Open sources include
water from oases and wells. 61.11% of those who receive piped water, complain of
irregular supply. The members of the household travel an average of about 26.25 min
to reach the water source, the shortest duration being 5 min and the maximum being
60 min (to and fro). 30.5% of the respondents travel more than an hour in search of
water. Jaisalmer households reported storing 37.5 L of water every day and about
91.6% of the households save water, out of this, 38.88% of the households save 20–
40 L of water per day, 30.5% households save less than 20 L of water. Only a small
portion save above 40 L.

Table 1.7 The Ground water resources as per 31.03.2013 data

Block Allocation for
domestic and
industrial
requirement

Net G.W.
availability for
future irrigation
Development

Stage of G.W.
Development

Category of
Block

Jaisalmer 11.2878 3.8811 332.71 Over exploited

Sam 8.2513 15.2119 125.33 Over exploited

Sankra Pokhhran 6.071 4.8415 331.66 Over exploited

Source CGWB, Jaipur
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Table 1.8 The Ground water resources as per 31.03.2013 data

Block Area of
block

Total
annual
ground
water
recharge

Natural
discharge
during
non-monsoon
season

Net annual
ground
water
availability

Existing
gross
ground
water for
irrigation

Existing
gross
G.W. for
domestic
and
industrial
use

Existing
gross
ground
water
draft for
all uses

Jaisalmer 115,951 21.8423 1.8582 19.984 53.2718 13.2167 66.4885

Sam 21,194.8 28.483 2.8483 25.6347 19.5125 12.6146 32.1271

Sankra
Pokhran

5615.2 19.8406 1.8395 18.0011 52.8013 6.901 59.7023

Source CGWB, Jaipur

Table 1.9 Categorization of aquifers of different blocks on the basis of Stage of Development

Categorization on the basis of stage of development of ground water Block name

Critical Sam

Over exploited Sankra Pokhran, Jaisalmer

Source CGWB, Jaipur
Basis for categorization: Ground water development ≤ 100%—Critical and > 100%—Over
Exploited

Table 1.7 provides information on net ground water availability for future irri-
gation development and status of ground water development in the three blocks of
Jaisalmer, i.e. Sam, Pokhran and Jaisalmer.

Natural discharge during non-monsoon season, existing gross ground water for
irrigation, industrial use and other uses on the basis of 2013 data is shown inTable 1.8.

Categorization on the basis of stage of development of ground water (critical and
over exploited) is represented in Table 1.9.

1.4.8 Water Vulnerability

Water woes remain a common thread in the lives of people of Jaisalmer. Struggling
to access drinking water has become a norm for people in Thar Desert, irrespective
of the season. From red-tapeism to environmental clearances, various factors have
kept the efficiency of water projects low. Rajasthan’s relationship with summer is
not a pleasant one. The shortage of water in the region only adds to the misery of the
people. 13.8% of the people depend only on open sources of water to meet their daily
needs. They depend on oasis, beris (traditional percolation tanks that get recharged
at night with freshwater), open wells and take multiple rounds to fetch. 16.6% of
the households have a tapped water pipeline. The water from this source is salty and
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cannot be used for drinking purposes, similar is the case with the water from Indira
Gandhi Canal which serves the water needs for the villagers of Ramdevri, Pokhran
(8%). They too complain of the same problem that the water cannot be used for
drinking due to the high amount of fluoride and salts in it. 22.22% households depend
on supplies from the water tanker of PHED which delivers water from surrounding
districts. This tanker supplies drinking water to each village at a gap of about one
week due to which the households have to rely on multiple sources of water and
this, in turn, increases their vulnerability. About 41.6% of the households depend
on stored rainwater, tank water and water from wells and beris for drinking and tap
water and water from Indira Gandhi Canal for other domestic purposes. Women and
children are the ones who travel long distances of about 3 to 4 km every day in order
to fetch water for the family in every season (Figs. 1.12, 1.13).

“I have seenmymother and other familymembers struggle to get drinkingwater in
my childhood. Now, I see my wife and daughters-in-law go through the same trouble.
Nothing has changed,” says 75-year-old Hemant Ram, a resident of Baramsar village
in Jaisalmer block.

Women, accompanied by their children, in this region continue to go through the
ordeal of walking long distances to access potable water, even after years of political
promises and pretence to improve availability of water to this region. Surprised to
see a herd of cows out of which only three cows belonged to Manisha Devi, I asked
why she was drawing water for animals that belonged to other households. “It’s a
common practice here. Whoever comes to the Beri around this time provides water
to the animals gathered here,” she said. The strong sense of community Manisha
displays is not uncommon in this arid region.

The struggle to find water is the same in 3–7 °C or 45–50 °C. However, maximum
scarcity is felt during summer (May to July). The vulnerability touches 0.541.

“We avoid taking bath for 10–15 days and don’t wash clothes for around 20 days,”
says 55-year-old Kamla Devi. “We depend on the water tanker,” says Sonu. “Since
it costs around Rs. 800 to Rs. 1,000, we call it once in 10 days. The animals are also
given less water than what they require,” she says, adding that they have lost several
livestocks to harsh summers.

Maximum households store drinking water in underground tanks which have a
capacity of about 1000 L which lasts them an entire year (Fig. 1.14 provides more
details). About 16.66% people do not have the infrastructure or the ability to store
water on such a large scale so they try saving certain amounts on a daily basis. 66.66%
of the villagers cannot afford to purchase jerry cans or jarwater for providing drinking
water to guests in marriages and social events.

61% of the people directly consume water without purifying it. They lack
resources and are hardly able to meet their daily needs so boiling water and puri-
fying it prior to drinking, is out of question. Due to this reason, maximum population
(especially the old) suffer from problems such as knee and joint pain, yellowing of
teeth, haziness in vision (cataract in almost all old people) and falling of hair. This
is due to the high amount of fluoride in the water. About 58.3% of the households
complained of impurities in water. Most of the older population has developed a
hunch back and their joints have become stiff, young people start to look old sooner
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due to the high amount of salinity in water. Increased content of fluoride is due to
high rate of exploitation of groundwater.

1.4.9 Inference of the Spider Web Chart

The results of major component calculations are presented collectively in a spider
diagram. The scale of the diagram ranges from 0 (less vulnerable) at the centre of
the web, increasing to 0.5 (more vulnerable) and to 1 (most vulnerable). Figure 1.6
represents the vulnerabilities of each major component which in turn comprises
several sub-components to present an overall web. The households of Jaisalmer are
most vulnerable in terms of dependency ratio (0.715) which is followed by water
availability (0.676) and their livelihood strategies (0.665).

In terms of various aspects of water vulnerability, the households show that they
are affected by scarcity and are vulnerable at a higher side (0.452). They are more
vulnerable in getting access to health facilities (0.480) and they have a well-knit
system of social networks. However, since maximum households surveyed do not
hold bank accounts, the average vulnerability increased to (0.425). The households
are very prone to facing natural hazards (0.413) such as dust storms and all year round
dry conditions, the monthly average of maximum and minimum temperate is also
at extremes. They have also seen moderate floods in 1992, 1994, 1996, 1998, 2007
and 2008. The rural communities are not informed by the government regarding an

Fig. 1.6 Spider web chart diagram of the major components of LVI-IPCC for Jaisalmer district.
Source Prepared by author
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upcoming storm and have to save their own lives. The casualty rate is low due to a
strong interlinked community.

Maximum households of the village households are unaware of any water related
schemes of the government and complain about lack of effectiveness in management
of water by the authorities. The residents say that the water that is delivered to them
through tankers is clean, water from other sources looks clean, has no odour but the
people have shown signs of water related health problems.

The major problem that they complain of is travelling long distances to collect
water multiple times a day (Fig. 1.10 shows the time taken (in %) to reach water
source). The ones who have a tapped water supply complain of impurity in water
and it cannot be consumed for drinking so they too are highly vulnerable. The people
who buy water through tankers complain of irregularity.

In terms of food, the households are moderately secure. 37.4% of the population
is vulnerable as their crop diversification index is low, they are unable to save crops
or seeds for the next season, they aremajor tenants andwork on the farms of big land-
lords. They have a hand-to-mouth earning thus, they are vulnerable. Lack of water
makes the cropping season short to about only 4months after which the communities
depend on their livestock. Thus, those who do not own land, at least own livestock
to insure themselves in tough times. 75% of the households’ own cows, 38.8% own
goats, 8% own sheep and 0.2% own camels. Thus, the rural communities of Jaisalmer
are more vulnerable and exposed to the vagaries of nature and show a high degree
of vulnerability.

1.4.10 Inference of the Vulnerability Triangle

Figure 1.7 shows a vulnerability triangle, which plots the contributing factor scores
for exposure, adaptive capacity and sensitivity. The triangle illustrates that Jaisalmer
may be more exposed (0.412) to climate change impacts. accounting for the current

Fig. 1.7 Final IPCC
contributing factors to
vulnerability for Jaisalmer.
Source Prepared by author
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health status aswell as food andwater security, the rural households aremore sensitive
to climate change impacts (0.430). Based on demographics, livelihoods and social
networks, Jaisalmer showed a higher adaptive capacity (0.715). The overall LVI-
IPCC scores indicate that households are very vulnerable (0.083) but have shown
tendencies to adapt.

1.5 Water Management Techniques in Jaisalmer

Water Conservation and Artificial Recharge
In Jaisalmer, water is harvested in two ways such as: surface water harvesting and
groundwater harvesting. Within surface water, one can identify two different modes
such as those which are harvesting the rainwater in the form of roof top harvesting
and those which collect the surface runoff at suitable sites from well-defined at times
well maintained catchment areas. Storing and harvesting of water is controlled by
physical conditions such as climatic factors and surface morphology. Figure 1.9
depicts various means of water sources used by households (village communities)
in Jaisalmer.

1. Talaab/Talai

Talabs are reservoirs. They may be natural, such as the ponds (pokhariyan). A repos-
itory territory of under-five bighas is known as a talai; a medium estimated lake is
known as a bandhi or talab; greater lakes are called sagar or samand. They fill water
systems and drinking needs. These were not just built by the leaders of the little realm
yet in addition by the dealers and Banjaras. A portion of these Talaabs (Image 1.1)
are made by certain networks to take care of the drinking water issue. For instance,
‘Gomat’ a small village near Pokaran, in Jaisalmer district has its own source of
water for domestic utilization.

2. Kueen, Kuan and other similar structures

All these structures are themeans of groundwater harvesting. Someof these structures
are examples of subsurface water harvesting. The term subsurface water denotes
shallow groundwater, availability of which largely depends on rainfall conditions
of previous monsoon season. For instance, Kueen, Beri and Kuan are the structures
used to get percolated water.

‘Kueen’ is a small form of dug wells. Old Kueen is now lined with stone walls. In
old days Kueen was lined only with interlocking stone blocks. In other types of lining
the Kueen has rope lining. This is done by ‘Chelwanji’ the people who are skilled
persons to do rope tinning in the Kueen up to 30–60 m deep and only 1.5–2.5 m
in diameter. Kueen (Image 1.2) is particularly observed in the areas of interdunal
depressions.

Water availability throughKueen is controlled by the rainfall amount received and
the seepage of surface water. Kueens are observed in groups and generally located
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Image 1.1 A Talaab with Panghat in Pokhran

Image 1.2 Kueen in Deva village, Jaisalmer
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outside the settlement. People believe that the greater number of Kueens in the area
do not affect the subsurface water availability. In fact, they dug more Kueens to
harvest groundwater at its optimum and believe that the subsurface water can be
harvested only when there is enough rainfall in the monsoon season. The rainwater
percolates down up to subsurface below level that can be harvested, however further
downward the movement of water becomes slow and potentials of getting water
beyond 50–60 m greatly reduced.

3. Beri

Beri is the smallest structure among the family of dug wells. Beri is observed in very
few areas of Rajasthan like, ‘Thaat’ village off Pokaran-Devikot road in Pokaran
tahsil, of Jaisalmer district. This area is only along the ephemeral streams and in
the areas where subsurface stratum is more impervious than the overlying stratum.
Beris are also dug in the reservoir of the Johad or Medhbandi (soil bund used to
divert surface runoff in depressions or in the Johad reservoir). In the areas of very
high temperature like Jaisalmer, when water from reservoirs dries out, the percolated
water can be used through the Beri.

4. Tanka and Kund

Roof top rainwater harvesting is a traditional system in many parts of Jaisalmer.
Wherever possible the people of Jaisalmer have tried to collect the rainwater. Tanka
is the most popular rainwater harvesting structure in Jaisalmer. This structure is
constructed below the ground. The size of Tanka depends on the demand of users.
When the Tanka is used for family then it is small in size and is generally called
‘Kund’. When it is for any community, the size of such Tanka is bigger. Some Kunds
that are smaller in size are also called Kundi. The catchments for these structures
are either the roofs of houses or paved surfaces or unpaved surfaces particularly
demarcated for the purpose. Many such Kunds are observed in villages of Jaisalmer.
Figure 1.12 provides a percentage wise estimate of methods of water storage by
households in the surveyed area (Images 1.3, 1.4, 1.5 and 1.6).

1.6 Practical Implications of LVI of the Surveyed Area

Themajor vulnerability components shown in the spider web chart provides informa-
tion about which characteristics contribute most to climate vulnerability in Jaisalmer.
These in turnmight be programmed for community assistance. For example, although
Jaisalmer suffers from recurrent droughts and an all-time dryness, we observed that
many households have adapted by storing water in plastic/metal drums which have
a capacity of about 200 L. Similarly, they use traditional means of storing water like
kueen, beri (underground water storage methods) and johad, kund and talab which
are used surface water harvesting. Underground tanks which hold up to 1000 L of
rainwater are a common sight in most of the households that are better off than the
ones that are landless.
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Image 1.3 Kund at Sam block

Image 1.4 Tanka at Deva village

Image 1.5 Matka and drum
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Image 1.6 Interior of a
Kuaan/Water well

These practices have likely decreased the vulnerability of travelling long distances
in search of water. Similarly, although the households reported struggles to find food
for 5 months or more per year, 64% households store crops which helps them sustain
their need for food for the rest of the months.

This shows that the households are engaged in sustainable food management
practices (Fig. 1.8). About 45% of the people store seeds for the next season which
suggests that education on seed preservation and seed diversificationwould constitute
an appropriate intervention for Jaisalmer households, despite having a secure status in
terms of food. The region needs to invest in programmes aiming to increase livestock
production and enhance livelihood support in rural areas.

Migration: Migration is seen in need of immediate medical conditions or income
needs. the percentage of people who migrated remains low (19.4%). Those who fail

Fig. 1.8 Pie chart
representing variety of
livestock domesticated by
the rural households. Source
Prepared by author with
primary survey data

Livestock DiversificaƟon

CaƩle Goat Sheep Camel Other
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Fig. 1.9 Pie chart
representing the sources of
water used by rural
households. Source Prepared
by author with primary
survey data
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Fig. 1.10 Donut pie chart
showing time taken (in %) to
reach water source. Source
Prepared by author with
primary survey data
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to find work in the village have adapted by sending the male members and children
for better employment and education to meet the livelihood stability.

Health: The rural communities have shown resilience in recovering from and
protecting themselves from diseases and infections after the construction of primary
health care centres. They are also aware of saving the girl child and the ill-effects of
defecating in the open due to awareness created by the government. They have thus
resorted to keep sanitation a priority.

Social assistance: The borrow-lendmoney and receive-give assistance averageswere
created to measure the degree to which households rely on family and friends for
financial assistance and in-kind help. It was assumed that a household that receives
money or in-kind assistance often but offers little assistance to others ismore insecure
and vulnerable compared to those with excess money and time to help others.

Since the familial structure was joint in nature and comprised of a greater number
of people with immediate family and friends, these living arrangements may have
influenced the way in which residents judged ‘helping’ versus ‘obligation’. Commu-
nity bonds and high-level trust among households are important for decreasing
vulnerability to climate change impacts. However, these social characteristics can be
more difficult to measure than measuring food security and health indicators.

Other measures of social capital include a household’s range of contacts or access
to formal government structures, access to information, agricultural and technical
support, degree of gender equity as well as the number of social groups to which a
household belongs.Despite the challenges in quantifying social networks, their inclu-
sion in climate vulnerability assessment is essential as many adaptation behaviours
depend on collective insurance mechanisms such as agricultural cooperatives.

Water scenarios can be summarized through charts prepared by the researcher in
Figs. 1.9, 1.10, 1.11, 1.12, 1.13 and 1.14 through data received during primary survey
of the region. Their in-line descriptions have been covered in the previous sections.

1.7 Conclusion

All blocks of the district have over exploited groundwater, thus, leaving a very limited
scope of further groundwater development for consumption. The area is devoid of
sustained surface water bodies. Villages of Jaisalmer block could be attributable to
better means of livelihood as compared to the other regions due to close proximity
to the city and thus witnessed higher commutation from the villages to the city.

Villages of Pokhran block were found to be more vulnerable and exposed in terms
of water and climate change and variability. Unawareness regarding pending natural
disasters, fluctuation in precipitation and temperature, illiteracy, large family sizes
and inadequate access tomedical care are some of the dimensions inwhich the people
of this block are vulnerable. There was an increase in the vulnerabilities of farming
communities in the region towards extreme climatic events.
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Fig. 1.11 Pie chart
depicting water storage
methods by rural
communities of Jaisalmer.
Source Prepared by author
with primary survey data
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Fig. 1.12 Gender disparity
in fetching water is
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Fig. 1.13 Donut pie
representing distance
travelled by people to fetch
water. Source Prepared by
author with primary survey
data
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Fig. 1.14 Pie chart showing
percentage of households
preserving different
quantities of water per day.
Source Prepared by author
with primary survey data 30.05%

38.88%

30.50%
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Sam region was highly vulnerable in terms of natural phenomena like dust storms,
water availability, health and food resources. This region was found to be the most
sensitive region to extreme climatic events probably because of the region’s inade-
quate access to immediate resources. The findings of this study have important policy
relevance that could enable the rural communities of the desert region to better adapt
to the effects of climate change and variability.

The westernmost region and the interior deserts regions should be given priority
by both government and donors in terms of income generation, water sources and
food security projects in order to reduce the water and livelihood. The government
has done an impressive job in providing employment to people through MNREGS
to clean wells. However, there is the need to improve water supply in the region by
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undertaking measures such as construction of tankas and kunds in order to reduce
the duration to get to far off water sources like beris.

If a hypothetical assumption regarding the continuation of the present kind of
development and management practices, then by the year 2045, the irrigated area
will further reduce by 28% whereas, the population would increase by 88%. This
highlights the need for sustainable use ofwater resources and specific attention should
be given to the quality of water.

1.8 Suggestions

In order to meet the future drinking water and irrigation requirements the following
suggestions could be taken into account:

Halophilic or salt-tolerant crops could be grown in areas with brackish ground-
water.

Deep groundwater exploration can be done in areas that fall under a ‘relatively’
safe category like, in the Sam region, expanses beneath the tertiary and Lathi forma-
tions, it is possible to carry out further groundwater development exploration for
development.

Water for everyday consumption should be used from conservation and harvesting
structures like tankas, rooftops and underground water storage which would help in
reducing the groundwater extraction. This is the need of the hour since large number
of aquifers of the region has the potential to recharge by surface water from the IGNP
(Indira Gandhi Nahar Project) system and rainwater discharge during the rainy years.

Construction of small check dams and earthen dams could be done at appropriate
locations to store rainwater and increase groundwater rechargewhichwill, as a result,
replenish and increase water levels in wells.

Heavy withdrawal of groundwater for agriculture and drinking purpose, from
potential zones in areas like Chandan-Bhairawa and Lathi need to be controlled as
the water development has crossed 100%. Awareness programmes to educate the
urban and rural communities regarding conservation of groundwater resources and
training in rainwater harvesting will be beneficial to check decline in water level
and make sure of its justified use. Financial assistance for groundwater development
in over exploited, critical and semi-critical areas should not be encouraged. Use of
water saving devices such as sprinklers and close field distribution channels should
be promoted.

Reduction in the wastage of water and controlling irrigation by reducing the
pumping hours according to the minimum requirement of water per field, according
to the crop sown could be helpful in optimizing and effectivelymanaging the require-
ments of modern agricultural techniques. Crops that require low amount of water and
are cost-effective need to be selected for the desert regions rather than cultivating rice
which is a water intensive crop. Agriculture extension services could go a long way
in providing knowledge and skills to farmers to adopt alternate crops that demand
lesser water.
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Traditional methods of water harvesting in Rajasthan are structures that were
designed back in the fifteenth century. Theywere constructed not merely with experi-
ence but were scientific in their architecture. This can be witnessed all alongWestern
Rajasthan where the science can still be explained by the local community. Each
drop of water is saved such that the rural networks of Jaisalmer are not devoid of
the resource. This is the most impressive adaptation method based on sustainable
scientific techniques that have helped in the continuance of existence of people
in the region. However, now, increasing the ‘ideas of development’ had caused
a spike in salinity, fluoride, nitrate and chloride content in groundwater. Detailed
scientific research is required by geologists, hydrologists, engineers, environmental-
ists and social scientists to study the rocks of the region, groundwater flow, depth
of water table and continuously monitor them to suggest sustainable groundwater
management which has been polluted due to industrialization and pollution.

This study is proof of compelling changes in the climate, water availability and
adaptation techniques utilized by the people of Jaisalmer. Change is the only factor
that is persistent in this tough environment. Therefore, there is immense need to
conserve, preserve and defend this environment, its biodiversity and its people.

Community participation in managing cross-scale and multi-level concerns could
be an effective way of protecting the region from losing its resources. Climatic
vulnerability, social vulnerability and livelihood vulnerability studies need to be
carried out extensively along with monitoring their exposure, sensitivity, adapting
capacity and resilience to perturbations with the support of the government, NGOs
and community level action demands attention be included in formulating policies
and programmes which target the specific region of Jaisalmer according to the social,
environmental, economic and political needs of this region.

This case study, thus, shows us the methods of using traditional knowledge
in conserving, storing and managing water through sustainable means, without
harming the environment. It also shows us the use of a well-developed integrated
and ecological approach in water management.
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