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Executive Summary 
 
The Context 
 
Rajasthan is one of the climate hot spots in the world, characterized by low to very low rainfall 
and excessively high aridity due to high temperatures affecting large parts of the state. This is 
compounded by high inter-annual variability in climate parameters, especially annual monsoon 
rains. The state has one of the lowest per capita renewable water resources in the world. Climate 
extremes such as droughts and floods are quite frequent in the state and these phenomena have 
the potential to cause disruptions in the WASH systems and the communities which they support 
in a major way, through the route of drastic changes in water resource availability in terms of 
quantity and quality.  However, vast heterogeneity in the natural environment (hydrology, 
geohydrology and climate), the characteristics of the physical systems of water supply, the socio-
economic conditions and cultural environment varies remarkably from region to region. Such 
variations have significant implications for the water supply, sanitation and hygiene related risks 
faced by communities from climate extremes. 
 
The project undertaken by the Institute for Resource Analysis and Policy (IRAP) in technical and 
financial collaboration with the office of United Nations Children’s Fund (UNICEF) in Jaipur, India, 
is a short-term one for assessing and mapping climate risk in WASH, covering the entire state of 
Rajasthan. It involves development of an index for assessing climate risk in WASH and 
computation of the index at the district level. The long-term objective of the proposed project is 
to build institutional capacities in the rural WASH sector of Rajasthan to plan, design and build 
climate-resilient water and sanitation systems converging with existing national and state 
flagships on rural water and sanitation and associated sector of water resource management, 
informed by proper climate risk assessment in different regions and districts of the State. 

 

The Objectives  
 
The objectives of the study were: 
 

 to develop a composite index for assessing climate-induced risk in WASH specific to the 
Rajasthan context, by building on an existing index of climate risk in WASH developed by 
UNICEF and IRAP and in line with UNICEF’s global WASH strategy 

  to compute the climate risk in WASH for all districts of Rajasthan so as to cover the 
distinct geological, hydrological, topographical, socio-economic and cultural settings and 
different types of WASH systems that exist in each region 

  to map the magnitude of hazard, the degree of exposure of the WASH system to the 
hazards and vulnerability of the communities separately mapped and to evaluate the 
robustness of the index 

 to validate the index by first assessing the extent of public health hazards associated with 
poor water supply, sanitation and hygiene during natural disasters at the district level, 
and then analysing the link between this and the computed index values 

 

The Methodology  
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Development of the Composite Index for assessing climate risk in WASH by building on the index 
IRAP had developed with UNICEF in Maharashtra. This involved the theoretical understanding of 
how the various natural factors determine the degree of occurrence of climate hazards in 
different regions, how various physical factors influence both the magnitude of climate-induced 
hazard and the exposure of the communities to these hazards, how various socio-economic 
factors determine the exposure of the entire WASH system and vulnerability of the communities 
to hazards and how the institutional factors influence the exposure, and vulnerability of the 
communities to climate induced hazards in water and sanitation as well as a quantitative and 
qualitative mapping  of the prevailing conditions with respect to natural environment of water 
and climate, physical systems related to water and sanitation, the socio-economic profile and 
institutional environment prevailing in the two distinct regions of the state. 
 
Based on the theoretical understanding and the mapping of existing conditions, the degree of 
exposure of communities and the vulnerability to water supply and sanitation hazards in these 
regions were assessed and mapped. A composite index was then developed to assess the overall 
‘climate-induced risk’ in water and sanitation, which captures the degrees of hazard, exposure 
and vulnerability. This was done by building on the index IRAP had already developed for 
Maharashtra to make it relevant to the context of Rajasthan, by incorporating some of the unique 
variables that are specific to the Rajasthan context such as soil salinity, hyper aridity, very low 
population density and desert ecology prevailing in western Rajasthan. 
 
The values of this index were then computed for different ‘regions’ of Rajasthan, each 
characterized by a unique natural, physical, socio-economic and institutional characteristic and 
the computed values mapped on a GIS platform.  
 
In order to evaluate the robustness of the index, which assesses the climate risk in WASH, primary 
and secondary data were collected and analysed on the incidence of all water related diseases 
(water borne diseases and water carried diseases), per 1000 population. The data aggregated at 
the level of individual districts was compared against the computed values of climate risk index 
for each of these districts and the level of correlation examined. Where the correlation was weak, 
the index was further refined by adding new (physical, technical, socio-economic and 
institutional) variables that are considered in the composite index, or by changing the weightage 
of the variables. 
 
The study used the following approaches:  
 

 Review of national and international literature on a range of topics relating to climate-
induced risk and resilience in WASH to understand the factors that determine the degree 
of climate hazards, the exposure of WASH systems to such hazards, and vulnerability of 
communities that are dependent on these exposed WASH systems to the hazards 

 Collection of secondary data from various official agencies on natural, physical, socio-
economic and institutional factors which determine the hazards, exposure and 
vulnerability 

 Collection of details of various Government policies and programmes at the national and 
State level for disaster reduction and climate resilience and 

 Collection of primary data from sample villages/households.  

 
Results and Discussion 
 



7 
 

The composite index developed for assessing climate risks in WASH has three sub-indices for 
assessing-the magnitude of hazard; the exposure of WASH systems to the hazard; and the 
vulnerability of communities to problems associated with WASH caused by climate hazard. The 
index uses a total of 31 different parameters which pertain to natural, physical, socio-economic 
and institutional factors. However, for the purpose of computation, 30 out of the 31 were used 
due to lack of data on one the parameters. 
 
The highest values for climate-induced WASH risk are in the 13 districts of 
Rajasthan namely Sirohi (0.40), Pali, Nagaur Karauli (0.35), Baran and Bharatpur (0.33), 
Dungarpur, Jaipur and Jalore (0.32), Udaipur, Jodhpur, Dausa and Baran (0.31) and Dholpur and 
Sikar (0.30) which fall in the high-risk bracket. The value of climate risk index ranges from a lowest 
of 0.20 in the case of Jaisalmer to 0.40 in the case of Sirohi, the value being higher than 0.30 for 
12 districts. It is in the range of 0.25 to 0.30 for 13 districts, and below 0.25 for seven districts. 
Interestingly, some of the southern districts have relatively high value of climate risk index, 
indicating higher WASH related risk induced by climate hazards, whereas the districts in the west, 
especially Jaisalmer, Hanumangarh, Ganganagar have low value of climate risk index. One reason 
for the low value of the risk index for these districts is the relatively low values of hazard index 
and vulnerability index. 

 
However, the districts of Pali, Nagaur and Barmer which are part of the western Thar desert 
region display high climate risk, with a computed risk index of 0.35, 0.35 and 0.33, respectively. 
Sirohi, which again is a western district, has the highest climate risk value of 0.40. The high values 
of hazard index obtained for these districts are due to the excessively high values of hazard sub-
index of these districts, with low rainfall, high variability in rainfall with frequent drought 
occurrence, and low per capita renewable water availability. Karauli district, located on the 
eastern part of the state, also has very high climate risk index of 0.35, in spite of experiencing low 
degree of climate hazard. This is due to the high vulnerability of the district. 
 
On analysing the risk index values for the districts in Rajasthan, it can be concluded that overall, 
the state experiences a high degree of water-related hazards from climate extremes. In spite of 
having the lowest rainfall in the entire country and high degree of drought proneness, the hazard 
index for Jaisalmer is relatively low. An important factor which has reduced the degree of climate 
hazard is the surface water imported into the region through IGNP. The water has been meeting 
not only the irrigation needs but also the domestic water requirements of people in six districts in 
western Rajasthan. Population density is one critical factor which, along with effective water 
resource availability, determines whether water becomes a constraint to socio-economic 
development, but often ignored in water resources planning decisions. In this regard, the lowest 
population density of 16 persons per sq. km of the district keeps the per capita renewable water 
availability quite remarkably high. 
 
As regards exposure of WASH system to climate hazards, Hanumangarh with a value of 0.53 is the 
only district with a value of the index below 0.60. Access to treated water supplied through the 
tap from regional water supply schemes, access to improved toilets and very high average 
temperature are among the many factors that reduce exposure of Hanumangarh. 
 
The vulnerability of the communities to climate induced hazards in WASH is less than 0.50 in the 
case of Jaisalmer. The factors like improved economic conditions and social development 
indicators (health and education) reduce the vulnerability of the communities to WASH hazards. 
Here again, population density is a crucial factor which can influence the economic conditions by 
changing the level of access to production factors such as cultivable land and grazing land. Low 
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population density also positively influences the access to basic health facilities. It is worth noting 
here that Jaisalmer has a relatively high value of HDI.  
 

Conclusions 
 
The computed values of climate risk in WASH for different districts of Rajasthan were compared 
with the reported number of incidence of water related diseases after normalizing them to 
consider the variation in population density among the respective districts to test the robustness 
of the index. The results show that the climate risk index in WASH developed is strong enough to 
assess the risk associated with poor water supply, sanitation and hygiene resulting from climate 
extremes at the district level, as indicated by the good correlation between public health hazards 
in terms of occurrence of water borne diseases and vector borne diseases and the computed 
values of WASH risk index for the districts. Much greater is the practical utility of this index for 
broad categorization of districts according to the degree of climate risk faced by their WASH 
systems. The index helps in going beyond the usual categorization of areas based on geographical 
or climatic factors and analysing the WASH risk faced by different regions or districts based on the 
thirty parameters considered which take care of minute variations between the regions or 
districts. This would help in finding solutions that are specific to each region bringing about more 
effective results. 
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Mapping of Climate Risk in the WASH Sector of Rajasthan  
 

 

I Introduction 
 
The state of Rajasthan is one of the most arid and water-scarce regions of the world.  

Nearly 70 per cent of the State geographical area is classified as either arid or semi-arid (Chandra, 
2017). Most parts of Rajasthan also experience high climate risks due to extreme variability in 
rainfall and other climatic parameters such as temperature and humidity over a large area. While 
the magnitude of the former is better understood, there is limited understanding of the latter.   

 
 The state displays high degree of spatial heterogeneity in climate, hydrology, geology, 

geo-hydrology, topography, and soils. The southern and south-eastern parts of the state have 
semi-arid climate with hilly and undulating terrain whereas the western and north-western parts 
have arid to hyper-arid climate and flat topography, with vast areas under arid desert. The rainfall 
varies drastically from above 900mm in the south and south-eastern parts to less than 100mm in 
Jaisalmer district of western Rajasthan. This heterogeneity causes significant spatial variations in 
renewable water resources.  

 
Geologically, the state displays remarkable heterogeneity. Vast areas of the state are 

underlain by hard rock formations especially in the southern part of Aravalli mountain ranges, 
whereas the northern part is mostly underlain by sedimentary and sandy alluvial formations. In 
terms of availability, the entire region comprising the northern and north-western parts of the 
state has abundant groundwater. However, the quality of native groundwater is very poor in most 
parts, with high levels of salinity and fluoride. Almost the entire groundwater in this part of 
Rajasthan is unfit for drinking (except in the pockets in the vicinity of large surface reservoirs and 
canal networks) while in most parts it is unsuitable for irrigation also due to excessively high 
salinity. 

  
Surface water is extremely limited in Rajasthan, and the limited renewable surface water 

is concentrated in the Southern and South-eastern parts. The only major surface water source for 
western and north-western Rajasthan is the Indira Gandhi canal, which irrigates roughly 1.0 m. ha 
of arid land in four districts from the region and also provides water for several drinking water 
supply schemes. The average annual renewable water availability varies from a lowest of 304 m3 
per capita per annum in Shekhavati river basin to a highest of 1536 m3 per capita per annum in 
Chambal river basin (source: author’s own estimates based on RSWRPD, 2013). 

 
With this unique and hostile natural environment prevailing in large parts compounded 

by inadequate (water & sanitation) infrastructure and presence of large populations living under 
poverty, large areas of the state fall victim to the impacts of climate extremes. It is projected that 
the state would experience an average rise in temperature in the range of 1.8º to 2.1ºC by 2035, 
with no significant change in precipitation levels. This would contribute further to extreme 
weather events such as droughts and increase risks to WASH services (Chandra, 2017). 

 
To elaborate, large parts of the state, especially the hot and arid areas of western and 

north-western Rajasthan experience high variability in climate, particularly precipitation and 
temperature, annually and seasonally, causing severe droughts. Wells are the main source of 
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water for domestic supplies in rural areas in the hot and arid regions. In these regions, water 
supply systems are threatened during drought years as aquifers do not get adequately recharged, 
increasing the mineral concentration of groundwater. Here, drinking water shortage is felt even 
before the onset of summer with agriculture claiming most of the replenishable groundwater. 

 
In the medium rainfall regions of southern and south-eastern Rajasthan, due to 

undulating terrain and hard rock geology, under natural conditions, very little water gets stored in 
the aquifers. In the summer months, wells dry up and there is acute shortage of drinking water. In 
such situations, people tend to use contaminated water from non-conventional sources for 
washing, bathing etc. at the cost of body hygiene. Interestingly, large areas in the north western 
and western parts of the state receive large volume of imported water from Sutlej river through 
the Indira Gandhi canal, supplying water to both rural and urban areas. In the absence of 
adequate water to meet all needs, especially during summer, sanitation is a major casualty in all 
these areas. Even when households have access to toilets, they are abandoned due to acute 
water shortage. Exceptions are those areas which receive water from IGNP. 

 
 As per NSSO survey, a majority of the rural population (60%) in the state accesses 
domestic water supplies from sources located outside their dwelling premises. In urban areas, the 
proportion is 18 per cent. This factor increases the exposure of the WASH systems to floods, 
waterlogging, etc. as it increases the chances of contamination of the water collected. Overall, 34 
per cent of the households in the state depend on community water sources. The nature of the 
source compounds the problem. As regards sanitation, only 38% of the rural households have 
access to improved toilets, while the figure is 90 per cent for their urban counterparts (source: 
Swachhta Status report-2016).  
 

 In spite of high aridity and very low rainfall, many parts of the state suffer from flash 
floods in excessively wet years during monsoon. In cities and towns, poor drainage systems 
compound their effects. Poor adoption of improved sanitation facilities in the rural areas (38%) 
and poorly-designed toilets, which do not take the natural and socio-economic factors into 
consideration in their design, increase the health risk induced by floods. Unsafe open disposal of 
animal waste is another risk factor. Given the high prevalence of open defecation in rural areas 
(72%), the flood waters, which carry faecal matter, also induce health risks in the form of water 
borne diseases, by contaminating groundwater which is used for drinking purpose without 
treatment.  

 
The UNICEF, based on a rapid assessment of the impact of drought and drought-like 

conditions on women and children in nine affected states (including Rajasthan), has 
recommended that support should be provided to state governments and the concerned line 
departments to conduct WASH needs assessment of various institutions and systems, including 
those at village and block levels, to understand the status of preparedness and resilience to 
climate variability and the ability to deliver services consistently (UNICEF, 2016). 
  

In line with this overall goal, the long-term objective of the proposed project is to build 
institutional capacities in the rural WASH sector of Rajasthan to plan, design and build climate-
resilient water and sanitation systems converging with existing national and state flagships on 
rural water and sanitation and water resource management, informed by proper climate risk 
assessment in different regions and districts of the state. The first step towards this is 
vulnerability mapping of climate risks in WASH and identifying regions that are potentially high 
risk.  
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II Public Health Impacts of Poor Water Supply and Sanitation 

and the Role of Risk Factor 
 
1  The Global Evidence 
 

Water supply, sanitation & hygiene and health are closely inter-connected and the status 
of a community vis-à-vis it’s access to water supply and sanitation provisions has significant 
consequences for the health status of that community.  

 
The evidence about the positive effect of improved access to safe drinking water on 

reducing the risk of diarrhoeal disease in children is strong (Hunter et al., 2010). However, since 
the early 1980s, there has been a heated debate over the relative importance of water quantity 
and water quality in reducing the incidence of diarrhoeal disease (Esrey et al., 1991). Recent 
evidence suggests that even occasional short-term failures in water supply or water treatment 
can seriously undermine many of the public health benefits associated with an improved water 
supply (Hunter et al., 2009). Occurrence of several non-diarrhoeal diseases is also associated with 
inadequate access to safe drinking water (Hunter, 1997). After (World Bank, 2003), some of the 
routes by which water, sanitation and health are linked are as follows: 

 
 Consumption of contaminated water may result in water-borne diseases including viral 

hepatitis, typhoid, cholera, dysentery and other diseases that cause diarrhoea 
 The absence of adequate quantities of water for personal hygiene cause easy spreading of 

skin and eye infections (trachoma) 
 Water-based diseases and water-related vector-borne diseases can result from reservoirs 

and canals that inadvertently provide habitats for mosquitoes and snails that become 
habitats for parasites that cause malaria, schistosomiasis, lymphatic filariasis, 
onchocerciasis and Japanese encephalitis 

 Drinking water supplies that contain excessive amounts of certain chemical contaminants 
(like arsenic and nitrates) can cause serious diseases. 

 
The public health impacts of poor WASH services are evident from the fact that 

inadequate water, sanitation and hygiene account for a large part of the burden of illness and 
death in developing countries, which score very low on access to safe water supply and improved 
sanitation. Approximately four billion cases of diarrhoea cases per year cause 2.2 million deaths, 
most-1.7 million-children under the age of five, about 15% of all under-5 deaths in developing 
countries. Diarrheal diseases account for 4.3% of the total global disease burden and an estimated 
88% of this is attributable to unsafe drinking water supply, inadequate sanitation and poor 
hygiene. Intestinal worms infect about 10% of the population of the developing world, and can 
lead to malnutrition, anaemia and retarded growth. Around five million people are blind from 
trachoma and the population at risk is about 500 million. Around 300 million people suffer from 
malaria, and 200 million people are infected with schistosomiasis, 20 million of whom suffer 
severe consequences (World Bank, 2003). 

 
Natural hazards can cause disruptions in water supply and sanitation services and 

unprecedented changes in hygiene practices. But, the above described public health impacts of 
poor WASH during such hazards depend not only on the magnitude of hazard, but also on the 
degree of exposure of the WASH system to the hazard and the extent of vulnerability of the 
communities depending on the WASH systems to the problems caused by poor water supply and 
sanitation. They (hazard, exposure and vulnerability) together determine the WASH risk. 
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Depending on the WASH risk, the public health impacts of disruptions in water supply and 
sanitation would also change. 

 
The natural factors alone determine the degree of hazards (such as droughts and floods) 

that are responsible for causing disruptions in water supply and environmental sanitation. But, a 
range of physical, socio-economic and institutional and policy factors determine the exposure of 
the WASH systems to these climate-induced hazards. Socio-economic and institutional factors 
(along with climatic factors) determine the vulnerability of the communities to health effects of 
climate induced hazards to which their WASH systems are exposed (IRAP/UNICEF, 2017). The 
effects of these factors in increasing the climate risk is evident from the fact that a large part of 
the reported cases of water borne diseases, water-based diseases, water wash diseases and 
diseases caused by water borne insect vectors are from the developing countries of South and 
South-East Asia, Sub-Saharan Africa and East Africa, though the climate hazards occur in the 
developing world too. These regions are characterised by poor water supply infrastructure, poor 
access to improved sanitation systems, high rates of poverty, poor public health infrastructure 
and inadequate infrastructure for mitigating the impacts of climate-induced hazards like floods 
and droughts, and lack of proper policies and institutions to implement them and low indicators 
of human development (Kreft et al., 2017). We will examine which are those socio-economic, 
institutional and policy factors along with natural and climatic factors and in what manner they 
influence climate induced risk in WASH. 

 
2 A Framework for Vulnerability Mapping of Climate Risks in WASH 
 
 Climate risk is a composite of hazard, exposure and vulnerability (WMO, 2014).  The 
degree of risks in water supply and sanitation induced by climate variability and change depends 
on a variety of natural, physical, social, economic, cultural, environmental and institutional 
factors. Reducing the exposure and vulnerability and also strengthening the capacity of the 
system and the communities to adapt will increase resilience to potential adverse impacts of 
climate induced risks. For climate-resilient development of WASH programmes in any region, 
understanding the various factors influencing climate risks and the local contexts in relation to 
these factors are extremely important (source: based on GWP & UNICEF, 2014; UNICEF, 2016).     
 
 The magnitude of climate induced hazards to the WASH system--such as droughts, floods, 
cyclones, water logging of low-lying areas, severe contamination of surface water bodies and 
shallow aquifers, drying up of reservoirs, groundwater depletion, etc--, is determined by a whole 
range of natural and physical factors. For instance, very low rainfall regions experience very high 
year to year variability in annual rainfall, whereas in high rainfall regions rainfall has high 
dependability. In hard rock areas of Southern and South eastern Rajasthan, monsoon failure 
results in groundwater droughts. 
 

The degree of exposure of the WASH systems to climate hazards is determined by a whole 
range of natural, physical, socio-economic and institutional factors, wherein the exposure is by 
way of reduced supply of water from the public system (for domestic water needs and proper 
personal hygiene and sanitation); breakage/damage to water supply pipelines due to heavy 
storms, droughts and floods; damage to sanitation infrastructure (toilets, sewerage systems) due 
to droughts and floods; impact on physical access to improved water sources and sanitation 
facilities due to flooding and droughts; contamination of potable water carried through pipes 
from sewage due to pipeline breakage and contamination of water in shallow drinking water 
wells; and lack of precautions taken by the water utilities and disaster mitigation agencies to 
prevent water contamination and damage to water supply infrastructure.  



14 
 

 
Likewise, the degree of community vulnerability to the climate induced risks in water 

supply and sanitation is determined by a whole range of natural, social, cultural, economic and 
institutional factors (Kabir et al., 2015). This vulnerability will be determined by presence or 
absence of alternate sources of fresh water for drinking and domestic and livestock uses; extent 
of buffer storage of water at the household level; lack of facilities available for treatment of 
contaminated water; amount of financial resources available with the communities and 
households to create temporary infrastructure for sanitation; presence or absence of information 
and communication systems available to spread warnings about incoming floods, droughts, 
potential water contamination, damage to water infrastructure, spread of water borne diseases, 
and the areas likely to be affected; extent of access to medical facilities to protect the members of 
the communities from water borne diseases; and presence or absence of social ingenuity within 
the communities to overcome crisis situations arising out of WASH hazards. 

   
The state of Rajasthan displays wide variation in its natural environment (climate, 

hydrology, geology, geo- hydrology, geo-hydrochemistry, soils, vegetation and topography) across 
regions and between years and seasons. These factors together affect the availability and quality 
of water for drinking and domestic uses. This variability in the natural environment also has 
implications for the occurrence of climate-induced hazards such as hydrological droughts, 
depletion of groundwater, groundwater quality deterioration, water logging and floods, 
manifested in the form of changes in availability and quality of water in the natural system for 
water supply purposes between years and seasons. The very low to low rainfall regions 
experience much higher variability in rainfall and therefore meteorological droughts as compared 
to the medium and high rainfall regions. The medium rainfall regions having hard rock aquifers, 
experience groundwater droughts as a result of monsoon failure, very frequently. 

 
The difference in natural environment also has differential impacts on environmental 

sanitation (exposure). For instance, shallow groundwater areas with sandy soils are more exposed 
to bacteriological contamination of drinking water wells from faecal matter due to poor sanitation 
during floods. Interestingly, some parts of the heavily drought prone region of western Rajasthan 
are also prone to flash floods. During the monsoon of 2016, very heavy rains caused floods in 
western and southern districts of the state, affecting Bhilwara, Chittorgarh, Jhalawar, Pali, 
Barmer, Jodhpur and Jalore1. Flood occurring in the sandy plains of the desert can increase the 
chances of contamination of groundwater with faecal matter, especially when we consider the 
fact that a small fraction of the population in most districts of the region has access to improved 
sanitation facilities. The natural environment also determines the vulnerability of communities to 
health problems associated with poor sanitation and hygiene, through waterlogging, flooding, 
water contamination, temperature changes, etc. For instance, vector-borne diseases spread faster 
in cold and humid climates as compared to hot and arid ones. 

 
Rajasthan displays wide variation in the physical factors governing the supply of water 

(with respect to space and time) and access to water supply and sanitation facilities. There are 
different types of water control (reservoirs for water storage), water distribution and water 
supply infrastructure in terms of size and other technical features. While groundwater is the 
major source of water for rural water supply in most areas, the characteristics of the source 
change with geo-hydrological environment--deep tube wells in alluvial and sedimentary 
formations and bore wells in hard rock areas--. In rural areas with highly saline groundwater and 
with no dependable surface water sources, desalination systems are being set up for supplying 

                                                           
1
  The precipitation received in a single day in Jodhpur was 176mm, in Pali was 290mm and in Jalore 

was 230mm. 
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potable water. Also, there are different types of sanitation systems in terms of their ecological 
soundness--from simple, single pit latrines to double pit latrines to septic tanks to household 
latrines connected to sewerage systems. The type and characteristics of water control, water 
distribution and water supply & sanitation infrastructure will determine the magnitude of climate-
induced hazards and the likelihood of WASH systems being exposed to them.  

 
 The socio-economic and cultural profiles of the people, which have implications for  
access to water sources and sanitation facilities and use of water for domestic and productive 
needs, also vary distinctly between southern and south-eastern Rajasthan and western and north-
western Rajasthan. Southern Rajasthan has a large tribal population which depends on forest 
products along with crop production for their livelihood. Western Rajasthan has very low 
population density, and rural population in most parts of this region (barring the IGNP command 
area) is more dependent on livestock rearing and less on crop production. These differences in 
socio-economic profile, to a great extent, would determine not only the exposure of the 
communities to climate induced, water-related hazards, but also their vulnerability to these 
hazards. 
  

As regards exposure, poor communities living in low-lying areas especially in cities and 
towns, generally fall victim to flooding and waterlogging problems and face the risks associated 
with water contamination and poor sanitation, owing to lack of proper drainage and sewerage 
networks. Whereas the poor communities in remote rural areas and urban fringes also bear the 
brunt of water scarcity caused by droughts in the form of poor personal hygiene and sanitation. 
The reason is that most of them do not enjoy individual household water connections and instead 
are served by local sources such as hand pumps, public wells and stand posts, which become 
dysfunctional during such natural events. Such areas also suffer from lack of adequate 
infrastructure for transportation of water through tankers etc. Apart from compromising on 
personal hygiene, members of such households show lesser willingness to adopt improved toilets 
and resort to open defecation (IRAP, 2012), as fetching large amount of water from distant 
sources for flushing toilets etc. increase their hardship. 

 
As regards the linkage between socio-economic/ cultural profiles and ‘vulnerability’, 

during natural hazards, the socially and economically backward communities often receive the 
emergency aid from the local governments, aid agencies and NGOs in the form of clean drinking 
water, medicines, water purifiers, water treatment systems, temporary shelters, food, etc. very 
late in lieu of the types of localities they live in, and hence are more vulnerable than people living 
in rich localities. On the other hand, certain cultural taboos come in the way of socio-economically 
rich communities from offering the most needed support to their counterparts from backward 
communities during emergencies in terms of providing access to water supply sources and 
sanitation facilities even.  

 
Enhanced institutional capabilities in WASH sector can greatly reduce the exposure and 

vulnerability of the communities to climate induced natural hazards through a variety of ways and 
means such as the following: i] planning, design and building of reservoirs for water security and 
flood control; ii] designing and building climate-resilient water supply and sanitation systems; 
designing and executing early warning systems for disasters (floods, droughts, intense storms, 
etc.); iii] employing an effective ‘disaster response force’; iv] promoting improved hygiene 
practices; and v] educating the masses about precautions to be exercised during disasters, with 
respect to use of water for drinking, sanitation and hygiene practices. Though there isn’t much 
variation in the institutional environment in the WASH sector across regions, the institutional 
capability would change from region to region, owing to the presence of local institutions and 
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external agencies promoting WASH activities in certain localities. This can have implications for 
both exposure to climate-induced hazards and vulnerability to those hazards.   

 

III Natural, Physical and Socio-economic Environments of 

Rajasthan 

 
 The natural environment covers hydrology, geo-hydrology, climate, topography, soils and 
drought and flood proneness. The physical environment consists of water resources systems for 
water supply, irrigation and flood control. The socio-economic profile covers the population 
density, area under cropping and irrigation, livestock holding, occupational profile and sources of 
income, urbanization, and status of drinking water supply and sanitation in rural and urban areas.   
 

1 Natural Environment 
 
1.1 Rainfall, Soils, Climate and Hydrology  
 
 Map 1 shows the rainfall in Rajasthan based on the average of mean values for different 
districts. Going by district-wise figures, the highest average mean annual rainfall is in Banswara, 
and lowest in Jaisalmer. The mean annual rainfall in the state varies from 250 mm in the north-
western parts in Jaisalmer to 1100 mm in the south-east. The coefficient of variation is the rainfall 
is also very high, particularly in the lower rainfall regions, with the values as high as 60 per cent. 
Number of rainy days decreases gradually from 31-40 days in the south-east to less than 20 days 
in the north-west (Pisharoty, 1990). 
 The Aravalli ranges lying in the NE-SW direction make a marked influence on the rainfall in 
Rajasthan. There is a sharp reduction in the amount of rainfall on the western side of Aravalli 
ranges, making western Rajasthan the most arid part of India. The average annual rainfall of 
different districts is given in Figure below. It is as high as 1278.5mm in Bhilwara. 
 The climatic variable which poses the greatest water management challenge to the state 
is the high evaporation. The annual reference evapo-transpiration values range from 1500 mm in 
the southern part of the state to 2000mm in western part in Jaisalmer (GOI, 1990). The annual 
potential evaporation is also very high as evident from the map. The spatial trend in reference 
evapo-transpiration in the state is almost opposite to the spatial trend in rainfall. But, in some 
parts of Udaipur, the reference evapo-transpiration is as low as 1400mm. 
   

Map 1: Rainfall in different districts of 
Rajasthan 
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Map 2: Distribution of soils  

 
 The different types of soils 
found in Rajasthan are desert soils 
with sand dunes extending over 
the entire western and northern 
Rajasthan; red desertic soils found 
in the south central parts covering 
most parts of Jodhpur, Pali and 
Jalore districts; red loam found in 
parts of Udaipur, the entire 
Dungarpur and parts of Banswara 
and Kota district; old alluvium 
found in most parts of Jaipur, 
Ajmer, Alwar and Tonk districts; 
recent alluvium found in the entire 
eastern side of Rajasthan covering 
most parts of Dholpur, Sawai 
Madhopur, Bundi, Kota; Yellowish 
brown soils in parts of Bhilwara, 
Chittorgarh and Udaipur; 
Sierozeme found in parts of Nagaur 
and Jaipur districts. In addition, red 
and yellow soils are found in the 
foot hills of the Aravalli ranges on 
the western side.  
 Very high soil infiltration 

rates pose another big challenge to water management. Soil infiltration rates show wide variation 
across Rajasthan from 0.63 cm/hour to 32/5 cm/hour. The infiltration rates are extremely high in 
the desert soils found in Churu, Bikaner, Jaisalmer and Ganganagar (2.04 to 32.5 cm/hour), and 
old alluvium found in Tonk, Alwar and Jaipur (0.82 to 21.0 cm/hour). It is relatively lower in the 
recent alluvium found in parts of Chittorgarh, Sawai Madhopur, Bundi, Udaipur, Dholpur and 
Bharatpur (0.63 to 12.0 cm/hour), and black soils found in parts of Jhalawar, Kota and Banswara 
(0.86 to 2.77 cm/hour).   It is high in the red desertic soils found in most parts of Jodhpur, Jhalore, 
Pali and small parts of Jhunjhunu and Sikar (11.82 cm/hour measured only at one location). 
Sierozeme found in parts of Jaipur, Nagaur and Pali have infiltration values ranging from 8.11 to 
25.2 cm/hour. 
 
Map 3: Physiography and drainage of Rajasthan 
 
 Map 3 provides the physiographic features of Rajasthan. Physiographically, Rajasthan can 
be divided into seven distinct parts, viz., western sandy plains (0-150 m) having 80-100 per cent 
sand dunes; Ghaggar plain with 40-80 per cent sand dunes (150 -300m); sandy arid plains with 
slight to 40% sand dunes; semi-arid transitional plains with slight to 40% sand dunes but at an 
elevation of 300-450 m; Aravalli range and hilly regions from 600 to 900m and above; north 
eastern hilly region; eastern plains; Vindhyan scarp land and plateau; and Deccan lava plateau.  
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Both the western sandy plains and sandy arid plains have almost no drainage. The semi-arid 
transitional plain is drained by Sukri river and Luni river. The Aravalli ranges in the southern part 
are drained by rivers flowing towards the south, viz., Banas and Sabarmati. The eastern plains, the 
Vindhyan scarp land and plateau and Deccan lava plateau are drainage by Banas river and 
Chambal river flowing towards the eastern and north eastern direction, respectively.   
 The hyper arid to arid climate, soils with very high infiltration rates, and high year to year 
variation in the rainfall makes the hydrology of Rajasthan very unique. There is remarkable 
variation in the stream-flows of 
rivers, especially those in western 
Rajasthan. 
 The state has very few 
major rivers, namely, Sabarmati, 
Banas, West Banas, Banganga, 
Chambal and Mahi (Table 1). Banas 
is part of Chambal river system. The 
total Chambal catchment is 72,032 
sq. km.  Only the upper catchments 
of these major rivers (Mahi, Banas, 
West Banas, Sabarmati and 
Chambal) are located within the 
state. As the result, the state’s 
rights to water from these basins 
are extremely limited. All the rivers 
originating from the state, including 
the major rivers, are seasonal in 
nature. Some of the west flowing 
rivers of the state are highly 
ephemeral in nature, and carry 
stream flows for very few days 
during the rainy season.  In western 
Rajasthan, most of the area (except 
that of Luni river) drainage is 
internal, and streams are lost in the desert.  
 Rajasthan has several large freshwater lakes. Some of them were major sources of water 
to some cities. The Rajsamand lake, Fateh Sagar lake and Pichola lake in Udaipur, Ana Sagar lake 
in Ajmer, Pushkar lake, and Gadsisar lake in Jaisalmer are the most important freshwater lakes in 
the state.  
 
Table 1: Description of river basins of Rajasthan 

Sr. 
No. 

Name of the Basin Description Drainage 
Area (sq. km) 

1 Ahar River Ahar River is a tributary of the Berach River. 
It originates in the hills of Udaipur District, 
and flows through the city of Udaipur before 
it joins the Berach 

3516.50* 

2 Chambal River The Chambal river remains one of North 
India’s most unpolluted rivers, home to a rich 
diversity of flora and fauna. National 
Chambal Wildlife Sanctuary is famous for the 
rare Ganges river dolphin. 

18,446.45 
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3 Banas River The Banas is a river of Rajasthan state in 
western India. It is a tributary of the Chambal 
River, which in turn flows into the Yamuna, a 
tributary of the Ganges. The Banas is 
approximately 512 km in length. 

33,760.05 

4 Banganga River River Banganga originates in the Aravali hills, 
near Arnasar and Bairath in Jaipur District. It 
flows towards the south up to the village of 
Ghat, then east through partly hilly and 
partly plain terrain. 

6742.57 

5 Sabarmati River Sabarmati River Basin is situated in the mid-
southern part of Rajasthan, between 
latitudes 23o25' and 24o55' and longitudes 
73o00' and 73o48'. 

3288.68 

6 Luni River Luni River Basin is located in south-western 
Rajasthan, between latitudes 23o41' and 
27o05' and longitudes 71o04' and 74o42'. 

34,866.4  

7 Mahi River The Mahi is a river in western India. It rises in 
Madhya Pradesh and, after flowing through 
the Vagad region of Rajasthan, enters Gujarat 
and falls into the sea by a wide estuary near 
Cambay. Its total length is 500 km and its 
drainage area is 40,000 sq. km. 

16,551.18  

8 Gomati River Gomati River is a small river. It originates in 
the hills of central Udaipur District, flowing 
south to join the Som River in the southern 
part of the district. The river was dammed in 
the 17th century to create Dhebar Lake, also 
known as Jaisamand Lake, which has an area 
of 50 km². 

Tributary of 
Mahi river 

9 West Banas River  It originates the southern Aravalli ranges in 
Sirohi District of the state of Rajasthan. It 
flows south, draining the valley between 
Mount Abu on the west and the easterly 
ridge of the Aravallis on the east. It continues 
south through the plains of Gujarat state, 
flowing through Banaskantha and Patan 
districts and finally empty into the seasonal 
wetland of Little Rann of Kachchh 

2837.81 

*Note: the drainage area is of Barah basin. 
 
 The estimates of per capita renewable water availability (m3/annum) in different river 
basins of Rajasthan are presented in Figure 1. This is based on the data on annual renewable 
water resources generated in different river basins falling partly or fully within the state plus 
water imported from outside into these river basins2 (source: Water Resources Planning 
Department, Govt of Rajasthan), and the population as per Census 2011. While the average 

                                                           
2
  The renewable water resources imported in the basins include the water transferred from Sutlej 

river through Indira Gandhi Nehar Yojna (around 6,000 MCM per annum) into Jaisalmer, Bikaner, 
Ganganagar and Churu, and the water imported from Sardar Sarovar Project through the Narmada Main 
Canal (around 660 MCM per annum) into the districts of Jalore and Balmer. 



20 
 

renewable water availability is highest in the Chambal basin, it is lowest in Shekhavati followed by 
Luni river basin. The per capita renewable water availability includes the replenishable 
groundwater resources also along with surface water.  
 

`  
Figure 1: Per capita renewable water availability in different river basins of Rajasthan 
   
1.2 Geo-hydrology 
 
 The geo-hydrological map of Rajasthan shows that the state is characterized by 
heterogeneity in groundwater conditions (Map 4). The state has all formations, viz., 
unconsolidated, semi consolidated fully consolidated, with varying groundwater potential.  
 The unconsolidated formations include: 1] recent alluvium, brown sand, clay, silt and 
gravel, pebble, calcareous concretion, which are fairly thick and regionally extensive, confined to 
semi-confined aquifers ; and 2] older alluvium, laterite, silt, sand , ferruginous concretion and 
cobbles, confined to semi confined aquifers to a depth of 39-300 metre below the ground.  They 
are porous formations. The aquifer potential varies widely between (40-100 litres per second) for 
the very good ones, to 10-40 litres per second for moderately good ones to less than 10 lps for 
low potential ones.  
 The semi-consolidated formations include:  clay-stone, sandstone, grit, silt stone, 
conglomerate, and limestone.  They also form porous aquifers, and have groundwater potential 
varying from less than 10 lps to 100 lps.   
 The consolidated formations are classified into four categories: 1] “effusives” comprising 
basalt with inter-trappean clay; 2] “sedimentaries” comprising sandstone, limestone, dolomite 
and shale; 3] “meta-sedimentaries & meta volcanics” comprising slate, quartzite, schist, gneiss 
and marble; and 4] “basal crystallines” comprising phyllite and granite. All these are fissured 
rocks.  The yield of the aquifers varies widely between 5-10 litres per second (good for fissured 
rocks) to below one litre per second. The hilly aquifers are found in very small pockets in south 
Rajasthan.  
 Geographically, unconsolidated porous regionally extensive formations, with low 
groundwater potential cover the northern and north eastern and southern parts the state, 
comprising the entire Ganganagar, most parts of Churu, Pali, Balmer, Jaipur and Alwar districts. 
But, there are some pockets within these unconsolidated formations which have high yields. 
These patches are in Jhunjhunu, Sikar and Sirohi districts (see map 4). But, the groundwater 
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underlying the entire Ganganagar and Churu districts is saline, and therefore unfit for irrigation 
and drinking.  
 Unconsolidated discontinuous aquifers with poor yield potential cover the western parts 
covering the Thar Desert in Jaisalmer.  Most of it is saline, except some patches in the extreme 
west.  
 Semi consolidated aquifers of low yield potential are found in parts of Jaisalmer, Bikaner 
and Churu districts. There are patches of semi consolidated aquifers with moderate yield 
potential in Balmer and Sirohi districts, and high yield potential in the lower north western parts, 
covering parts of Bikaner and Churu districts. These aquifers are inherently saline. But, over the 
years, the quality of groundwater in this region has improved, reasons for which would be 
discussed in the next section. 

 

 Consolidated fissured formations of sandstone and shale with low yield are found in 
Nagaur and Jodhpur districts, and that 
with moderate yield potential are 
found in other parts of Nagaur, 
Jodhpur and Jaisalmer districts. 
Consolidated limestone and dolomite 
formations in small patches are found 
in Nagaur, Jodhpur and Jaisalmer 
districts.  
 Consolidated fissured 
formations of meta-sedimentary and 
meta- volcanic origin with low yield 
potential (1-5 lps) are found in the 
southern parts extending up to the 
central part of Rajasthan. They cover 
the entire Udaipur and Dungarpur, and 
parts of Bhilwara, Jhalore, Chittorgarh 
and Tonk districts, and also in some 
pockets in Jaipur and Alwar district. 
Consolidated fissured sedimentaries 
with low yield potential are found in 
parts of Jhalore, Bhilwara, Chittorgarh 
and the entire Sawai Madhopur, 
Dholpur and Kota districts. Basalts with 
inter-trappean clay is found in southern 
part of Jhalawar, and eastern part of 
Dungarpur and Banswara districts. 

 
Map 4: Geo-hydrological map of Rajasthan 
 

 

1.3 Groundwater Quality 
 
 As evident from the groundwater atlas, groundwater in Rajasthan shows widespread 
problems of contamination with very high levels of salinity in groundwater affecting large areas, 
especially in the north-western and northern parts of Aravalli mountain ranges. Salinity in 
groundwater in the south eastern and southern parts of Rajasthan is generally low. Map 5 shows 
groundwater salinity affected areas in the state. As evident from Map 5, in western and north 
western, there are very few pockets where the salinity level is less than 1340 ppm (i.e., 2000 
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S/cm). The fluoride affected areas in Rajasthan are shown in Map 6 (source: Geohydrological Atlas 
of Rajasthan, 2013). There are many districts in Rajasthan where more than 50 per cent of the 
blocks are affected by excessive fluoride content in groundwater. Groundwater in several districts 
of the state also show excess levels of chloride and nitrates in groundwater.  
 
Map 5: Groundwater salinity affected areas in Rajasthan  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Map 6:  Fluoride affected areas in Rajasthan 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Table 2 shows the names of districts affected by salinity, chlorides, fluorides and nitrates 
in groundwater in the state. 
 
Table 2: Number and names of districts affected by chemical contamination of groundwater in 
Rajasthan 

Sr 
No 

Name of 
Chemical 
Contaminant 

Permissible 
Limit  

No. of 
Districts 
Affected 

 
Name of Districts Affected 

1 Salinity 3000 S/cm 28 Ajmer, Alwar, Barmer, Bharatpur, Bhilwara, 
Bundi, Bikaner, Churu, Chittorgarh, Dhaulpur, 
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Dausa, Ganganagar, Hanumangarh, Jaipur, 
Jaisalmer, Jalore, Jhunjhunu, Jodhpur, Karoli, 
Nagaur, Neemuch, Pali, RajaSamand, Sirohi, 
Sikar, Sawai Madhopur, Tonk, Udaipur 

2 Fluoride 1.5 ppm 30 Ajmer, Alwar, Banswara, Barmer, Bharatpur, 
Bhilwara, Bikaner, Bundi, Chittorgarh, Churu, 
Dausa, Dhaulpur, Dungarpur, Ganganagar, 
Hanumangarh, Jaipur, Jaisalmer, Jalore, 
Jhunjhunu, Jodhpur, Karauli, Kota, Nagaur, Pali, 
Rajsamand, Sirohi, Sikar, Sawai Madhopur, Tonk, 
Udaipur 

3 Nitrate 45 ppm 33 Ajmer, Alwar, Banswara, Baran, Barmer, Bundi, 
Bharatpur, Bhilwara, Bikaner, Chittorgarh, Churu, 
Dausa, Dhaulpur, Dungarpur, Ganganagar, 
Hanumangarh, Jaipur, Jaisalmer, Jalore, 
Jhalawar, Jhunjhunu, Jodhpur, Karauli, Kota, 
Nagaur, Pali, Pratapgarh, Rajsamand, Sirohi, 
Sikar, Sawai Madhopur, Tonk, Udaipur 

4 Chloride 1000 ppm 23 Barmer, Bharatpur, Bikaner, Bundi*, Churu, 
Chittorgarh, Dausa, Ganganagar, Hanumangarh, 
Jaipur, Jaisalmer, Jalore, Jhunjhunu, Jodhpur, 
Karauli, Nagaur, Pali, Sirohi, Sawai Madhopur, 
Nagaur, Sikar, Tonk, Udaipur 

Source: GOI, 2010 
 
1.4 Droughts and Floods  
 
 Given the high inter-annual variability in rainfall resulting in extremely dry and excessively 
wet years, the region experience droughts and floods. In many districts of north-western and 
western Rajasthan, the average frequency of occurrence of meteorological droughts is once in 
three years. Occurrence of excessively high rainfall results in flash floods in western Rajasthan 
plains as the rivers do not have high much carrying capacity owing to shallow embankments. 
Many districts of Rajasthan were affected by flash floods during the monsoon of 2016 and 2017. 
Map 7 shows the frequency of occurrence of droughts in different districts of Rajasthan.  

The eastern districts of Bharatpur and Dhaulpur have the lowest frequency of occurrence 
of droughts, i.e., once in 8 years. The five western districts of Jaisalmer, Sirohi, Jodhpur, Barmer 
and Jalore experience drought most frequently, i.e., once in three years. The districts of Bikaner, 
Ganganagar, Churu, Nagaur, Hanumangarh, Bundi, Ajmer and Dungarpur experience droughts 
slightly less frequently, i.e., once in four years.  
 Map 8 shows the area prone to floods in the state. As it shows clearly, a large proportion 
of the flood-prone areas of the state are in western Rajasthan, which is characterized by flat 
terrain and the rest of it in the Chambal river basin.  
 
Map 7: Frequency of occurrence of droughts in different districts of Rajasthan 
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Map 8: Flood prone areas in Rajasthan (Source: Flood Manual,  Disaster  
Management  and Relief Department)  
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2 Physical Environment 
 
2.1 Irrigation Systems 
 
a) Surface Irrigation Systems 
 
 The important surface irrigation schemes in terms of irrigable command area in the state 
are IGNP, Chambal, Ganganagar and Bhankhara. IGNP covers large parts of Bikaner, Ganganagar, 
Hanumangarh and Jaisalmer and a small area in Churu. Chambal scheme covers areas in the 
districts of Baran, Bundi and Kota. Ganganagar scheme covers parts of Ganganagar district.  
Bhankhara scheme covers areas in Ganganagar and Hanumangarh. 
 Data on area irrigated by canals in Rajasthan shows that Ganganagar has the largest area 
under surface irrigation (8.0385 lac ha), fully contributed by canals. This is fully contributed by the 
Indira Gandhi Nehar Yojna, which brings in water from Sutlej River to the western arid districts of 
the state. Ganganagar is followed by Hanumangarh district with a total area of 6.11 lac ha and 
Bikaner with 2.188 lac ha. It is important to remember here that groundwater in the entire 
Ganganagar district is saline, and not usable for irrigation. None of the districts have area irrigated 
by tanks, which is the second largest contributor to surface irrigation in the state. Figure 2 shows 
the total area irrigated by surface sources in different districts of Rajasthan. The figure only shows 
the names of districts which have some area under irrigation, and excludes those which have no 
surface irrigation, viz., Dausa, Nagaur, Jhunjhunu, Jodhpur and Sikka.  The total surface irrigated 
area in the state, including area irrigated by tanks (0.137 m. ha), is 2.507 m. ha. 
 

 
  
 The total surface water irrigated area in the state is only 2.507 million hectares. But, a 
large share of the surface irrigation (80 per cent) is concentrated in northern and north-western 
Rajasthan in the six districts of Ganganagar, Hanumangarh, Bikaner, Bundi, Kota and Jaisalmer. 
Three of these districts (Ganganagar, Jaisalmer, Bikaner and Hanumangarh) have saline 
groundwater and this is not suitable for irrigation.  
 
b) Groundwater Irrigation 
 
 Rajasthan stands first in terms of degree and extent of over-exploitation of groundwater 
resources in the country. One reason for this phenomenon is the absence of sufficient number of 
large-scale surface irrigation facilities, geographically well-spread. The low to medium rainfall in 
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most parts, high evapo-transpirative demands for water, high frequency of occurrence of 
droughts resulting from the departure of rainfall from mean values, and the high per capita arable 
land (0.18 ha) increases the demand for irrigation water. This is being met through mining of 
groundwater resources. The free power in agriculture continued for many years, and the existing 
pump horse power based pricing of electricity encourage over-pumping and inefficient and often 
wasteful use of groundwater.   
 The estimates provided by the Central Ground Water Board shows that Alwar districts has 
the largest amount of renewable groundwater resources (79,036 ha m), followed by Jaipur 
(60,695 ha m). The resource availability is poorest in Rajsamand, Jaisalmer and Churu are 9,415 ha 
m, 6,009 ha m and 12,898 ha m, respectively (Figure 3). The groundwater resources per unit of 
arable land, which is reflective of the relative availability of the resource to use for irrigation, 
shows that groundwater is most plenty in Karauli and S. Madhopur. Alwar has a groundwater 
richness of 0.157 m, where it is 0.098 for Jaipur. But the very fact that resource is available in 
plenty might have driven agricultural growth in some districts, leading to expansion of net sown 
area, thereby reducing the relative availability of the resource. In fact the net cultivated area as a 
percentage of the geographical area is very high in Jaipur and Alwar. 
 The total utilizable groundwater in the state was estimated to be 8034.7 MCM, against 
which the total groundwater draft for various uses was estimated to be 11,599 MCM. Mining of 
groundwater is possible because of large amount of static groundwater resources available in the 
state mostly in western and north-western Rajasthan, which include both saline groundwater and 
fresh groundwater. In several districts of western Rajasthan, marginal quality groundwater (with 
salinity in the range of 2000-2500 ppm) is also used for irrigating crops. Hence, even at the 
aggregate level, groundwater is over-developed. The gross groundwater irrigated area in the state 
is 2.962 m. ha. This accounts for 54.2 per cent of the total irrigated area in the state. Out of the 32 
districts in the state, groundwater is over-exploited in 21 districts, with the level of average 
annual abstraction exceeding the average annual recharge.    
 In western and north-western Rajasthan, mostly tube wells are used for groundwater 
abstraction. In Southern and South-eastern Rajasthan, mainly open wells and bore wells are used.  
 

 
 
2.2 Water supply systems for rural areas 
  
 The rural water supply systems in Rajasthan include hand pumps, tube wells and bore 
wells, and reservoir based multi village and regional water supply schemes. Handpumps are used 
in all geological environments, including consolidated formations, sedimentary formations and 
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alluvial formations. Tube wells are drilled in sedimentary and alluvial formations for individual 
village based water supply. Bore wells are drilled in hard rock formations. Multi village schemes 
are designed and built around surface water sources such as water imported through canals, and 
large surface reservoirs wherever feasibility exists. Recently, the government of Rajasthan has 
also started setting up Reverse Osmosis plants in villages that do not have freshwater sources, 
and these plants treat saline groundwater (with TDS more than 2000 ppm) to supply for domestic 
uses. 
 

3 Socio-economic Environment 
 
3.1  Population, Population Density and Urbanization 
 

Rajasthan ranks eighth among the Indian states in terms of population with 68 million 
people (as per 2011 Census), which is roughly 5.6% of the country’s total population. The state is 
spread over 342,000 sq. km, making it the largest state in India in terms of geographical area. The 
density of population is about 200 per square kilometre, which is much below the national 
average of 382 per sq. km. These average figures hide the inter-regional variation with the state. 
Population density is lowest in Jaisalmer district (17 persons per sq. km), which falls in the Thar 
Desert, followed by Bikaner district (68 persons per sq. km) and is highest in Jaipur district (595 
persons per sq. km). Map 9 shows the variation in population density in the state across districts. 
The decadal population growth rate is 21%, the 11th highest in the country. The low literacy rate 
of 67% and low sex ratio of 926 are causes of concern (2011 census). While 92.4% of urban men 
and 82.6% of rural men were literate as per 2011 census, the corresponding figures for women 
were only 75.8% and 49.8%. Only a quarter of the women in the state had 10 or more years of 
schooling (NFHS, 2015-16). Low literacy and education have implications for the status of WASH in 
the state. 
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Map 9: Variation in population density across Rajasthan districts 
 
  Rajasthan falls in the lower range of urbanisation among the states in India and below the 
national average (Figure 4). Only about 25% of the state’s population is urban; there are thirty 
cities or towns with a population of one lakh or above. The capital city of Jaipur has a population 
of 30,73,350 while Jodhpur and Kota have populations of 11,37,815 and 10,01,694 respectively. 
While the five major districts of Kota, Jaipur, Ajmer, Jodhpur and Bikaner have a level of 
urbanisation which is higher than the national average, the other 28 districts have below national 
average level of urbanisation. 
 

 
Source: http://www.censusindia.gov.in/2011 

 
There were 185 statutory towns and 112 census towns in 2011 in Rajasthan, there being 

an increase of just one statutory town against an increase of 74 census towns from 2001. It is thus 
evident that the number of smaller urban centres or urbanizing villages in Rajasthan which satisfy 
the basic criteria for being classified as urban is on a constant rise. However, the growth of urban 
areas is skewed towards the eastern part of Rajasthan with no increase of census towns in the 
western districts of Hanumangarh, Churu and Jaisalmer 
 

Interestingly the urban population in Rajasthan has been growing at a higher rate than 
the national average. The rate of urbanization is set to increase further due to various 
developmental initiatives in the state including initiatives in the tourism sector, the Mumbai 
Industrial Corridor project, Dedicated Freight Corridor initiative, the refinery at Barmer and the 
Metro & BRTS initiatives at Jaipur which are expected to boost the urban economy and lead to 
greater overall economic growth). The Rajasthan Urban Development policy will contribute 
significantly to preparing for the economic growth and ensuing urban development expected in 
the future.  
 
a)  Rajasthan Urban Development Policy 
 

The Urban Development Policy for Rajasthan is expected to “steer the increasing 
investments and resources allocated by the Central and State government towards urban 
development through the centrally sponsored schemes, and ensure that investments have 
maximum intended impact “(RUIDP, 2015). 
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Jaipur, Udaipur, Ajmer and Kota have been included in the initial shortlist of smart cities. Thirty 
cities from Rajasthan are eligible for funding under the Atal Mission for Rejuvenation and Urban 
Transformation (AMRUT). The goal of AMRUT is to ensure basic infrastructure and service delivery 
to every household in urban areas and to achieve the benchmarks set by the Ministry of Urban 
Development. Other projects envisaged include Housing for All, Heritage City Development and 
Augmentation Yojana (HRIDAY) and the National Urban Livelihood Mission (NLUM). The policy is 
expected to help integrate national and state policies and legislations on urbanisation including 
housing, transport, water supply, sanitation and disaster management, and provide a singular 
direction to the efforts of multiple agencies involved in urban development which have varied 
functions and responsibilities. The four guiding principles of the Rajasthan Urban Development 
Policy are inclusion, transparency, sustainability and innovation. 
 
3.2 Agriculture and Animal Husbandry  
 
 Rajasthan state has the largest cropped area amongst all the Indian states, i.e., 25.1m. ha. 
However, productivity is quite poor for most crops. Field crops, especially course cereals occupy a 
very major proportion of the total cropped area. In 2011-12, cereals occupied 42%; pulses 
occupied 18%; oil seeds occupied 21% and fodder crops occupied 15% of the gross cropped area 
(Swain et al., 2012). The total area under cash crops in the state is 0.741 m. ha. It has 0.38 m. ha 
under spices, 0.10 m. ha under vegetables and a small area under fruit crops (24,000 ha). The 
state has 1.56 million medium and large farmers, the largest being in Bikaner, Balmer, Jodhpur 
and Churu. Nearly 71.5 per cent of the operational holdings is with the medium and large farmers, 
and marginal farmers and small farmers account for only 4.2 per cent and 8.2 per cent of the 
operational holdings, respectively (source: authors’ own analysis based on socio-economic data of 
Rajasthan, 2010). 
 The area under irrigation in the state is a little over 21 per cent (5.48 m. ha) of the total 
cropped area, with irrigation systems based on both groundwater and surface water. The Indira 
Gandhi Nehar Paryojana (IGNP) is the large surface irrigation scheme in the state covering the 
districts of Hanumangarh, Bikaner, Churu and Ganganagar, irrigating nearly 1.0 m. ha of land in 
the desert region (Source: authors’ own analysis based on socio-economic data of Rajasthan, 
2010). Recently, nearly 660 MCM of water from the Sardar Sarovar Project is annually being 
supplied to two districts of Rajasthan, viz., Jalore and Barmer, and irrigating nearly 1,00,000 ha in 
these two districts. 
 Livestock farming is the backbone of rural economy in the dry regions of Rajasthan. It 
accounts for nearly 15% of the net state domestic product. The livestock holding include cows, 
bullocks, small ruminants and camel (Table 3). Camels are used for transportation in the desert 
region of the state. Crop residues constitute the major input for livestock, complimented by green 
fodder raised in the farms and leafy biomass from trees from the wild and raised on the farm 
borders. Sheep are reared for milk and meat, and sheep for milk, meat and wool. Large animal 
holding also means that the households have to make provision for watering of animals along 
with that for meeting various domestic needs.  
 
Table 3: Population of different types of livestock in Rajasthan 

Sr. No. Type of Livestock No. of Animals 

1 Buffaloes (combined male and female) 12976095 

2 Cattle (cows and bulls)  13324462 

3 Goat 21665939 

4 Sheep   9008979 

5 Camels     325713 
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Source: 19th Livestock Census 2012, All India Report, 2014 
 
3.3 Status of Drinking Water Supply 
 

Historically, the rural communities in the state primarily depended on traditional water 
harnessing bodies such as Nadis, tankas, tanks and lakes, shallow open wells and Johads for 
meeting various water needs, particularly for human consumption and livestock drinking. These 
were by and large under the control of the community and were treated as community assets 
(Agarwal and Narain, 1997). Though failed during prolonged droughts, for several millennia, these 
structures were able to meet the needs and expectations of the people. But this was at a time 
when the population density was very low; farming was subsistence based with rain-fed crops and 
livestock rearing and irrigation needs were extremely limited. Therefore, the pressure on water 
systems to cater to these needs was also low. 
  However, with changing socio-economic and cultural milieu and with the advent of 
modern water technologies and the government assuming greater responsibility for provision of 
drinking water supply as a public duty, the expectations of the communities vis-à-vis the amount 
of water to be supplied, the quality of water, the reliability of water supply and ‘affordability’ has 
gone up remarkably. Responding to these growing needs, the governments also plan to cover 
maximum households in rural and urban areas with formal water supply, of ‘tap water’, i.e., 
treated water, which free from physical, chemical and biological contamination, supplied through 
pipes. Drinking water supply is being viewed as a free ‘public good’ by most people. 
 On the other hand, with the expansion of agriculture and growing preference for high-
yielding water-intensive crops, the pressure on water resources for irrigation has grown 
excessively high even in the driest regions of Rajasthan. The natural catchments of rivers and 
streams, which provided fresh water inflows into ponds, tanks and lakes that once supplies water 
for cities and villages, are now heavily degraded (Calder et al., 2008). The institutions, which once 
protected these traditional water bodies from pollution and other threats, no longer exist. 

Groundwater resources are increasingly being exploited in agriculture with large parts of 
the state facing problems of aquifer mining (GOI, 2012; SWRPD, 2013). At the aggregate level, the 
total groundwater abstraction is 14,519 MCM per annum, against a renewable water availability 
of 10,821 MCM (SWRPD, 2013). While groundwater resources are the major source of water for 
meeting domestic water needs in rural and urban areas of the state, depletion has significant 
implications for the sustainability of water supply sources such as tube wells, bore wells and 
handpumps. The problem of drying up of drinking water wells is more rampant in hard rock 
regions having limited groundwater potential, and in alluvial areas, the failure of drinking water 
wells due to depletion is not common. However, the phenomenon scheme becoming 
dysfunctional due to groundwater contamination from fluoride or salinity etc. is quite common.  

Extremely low population density in vast areas of the state, comprising the western, 
northern and north-western parts that are naturally water-scarce, poses new challenges, as 
modern, regional water supply systems would be prohibitively expensive.   
 
Table 4: No. of villages covered by different types of water supply schemes (as on 2011) 

Sr 
No 

District Name No. of Villages Covered by Different Type of Water Supply Schemes 

Piped and 
Pump 
and Tank 
Schemes 

Hand 
Pump 
Schemes 

Regional 
Schemes 

TSS Diggi and 
Others 

Total 

1 Ajmer 95 524 358 13 35 1025 

2 Alwar 270 1389 110 38 147 1954 

3 Banswara 47 1264 32 32 0 1375 
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4 Baran 120 949 20 0 0 1089 

5 Barmer 339 0 1567 27 0 1933 

6 Bharatpur 262 735 367 0 0 1364 

7 Bhilwara 253 1091 280 36 33 1693 

8 Bikaner 355 9 279 23 138 804 

9 Bundi 71 730 38 0 0 839 

10 Chittorgarh 148 1378 26 0 0 1552 

11 Churu 126 0 655 27 46 854 

12 Dausa 111 805 109 0 0 1025 

13 Dholpur 51 694 41 0 0 786 

14 Dungarpur 97 648 98 11 0 854 

15 Ganganagar 71 177 2322 0 260 2830 

16 Hanumangarh 175 420 1014 0 164 1773 

17 Jaipur 628 974 273 2 200 2077 

18 Jaisalmer 86 105 396 0 13 600 

19 Jalore 114 16 567 0 0 697 

20 Jhalawar 135 858 484 0 0 1477 

21 Jhunjhunu 118 38 35 665 0 856 

22 Jodhpur 474 9 566 9 0 1058 

23 Karauli 201 445 109 0 0 755 

24 Kota 60 566 186 0 0 812 

25 Nagaur 572 48 559 63 238 1480 

26 Pali 168 236 352 29 151 936 

27 Pratapgarh 50 835 26 0 0 911 

28 Rajsamand 140 764 69 0 0 973 

29 S. Madhopur 116 531 72 0 0 719 

30 Sikar 101 204 24 656 0 985 

31 Sirohi 65 223 85 70 12 455 

32 Tonk 57 677 292 5 1 1032 

33 Udaipur 202 1872 99 5 0 2178 

 Total 5878 19214 11510 1711 1438 39751 

Source: PHED, Govt of Rajasthan, 2013 
 

Along with concerned relating to quantity, there are serious concerns about deteriorating 
quality of water. The groundwater quality monitoring undertaken by PHED of Rajasthan showed 
high levels of fluorides, nitrates, chlorides and TDS in 42,352 out of 75,266 observation wells. 
Groundwater contamination--with increasing levels of TDS, chlorides, nitrates, sulphates and 
fluorides associated with lowering water levels, tapping water from contaminated geological 
formations and pollution of groundwater and lakes from industrial and urban effluents are major 
problems in many districts (SWRPD, 2013: p 40)3. 

The Gang and Bhakra canal system, the Indira Gandhi Nahar Pariyojna (IGNP) in the 
northwest, and the Narmada canal system in the south are the only reliable drinking water 
sources in the region that are also free from chemical contaminants. But the schemes built 
around these sources are regional schemes, catering to several villages and sometimes towns and 
cities. They pose new management challenges. The high population growth rate (one of the 
highest in the country at 21.44 per cent decadal growth), along with its geographical problems, 

                                                           
3
  This was also shown by the monitoring of Central Pollution Control Board and State Pollution 

Control Board in Pali and Jodhpur districts to analyze the impact of wastewater on groundwater quality 
during 1994-2002.  
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and the distribution over sparsely populated pockets has aggravated the problem of providing 
safe drinking water. The population density in the state has increased from 129 per sq. km in 
1991, to 165 in 2001 and 201 by 2011. Around 70 per cent of habitations in the state face 
problems getting potable drinking water.  

During the 11th five-year plan (2007-12), 24 major water supply projects amounting to 
USD 404.5 million were completed in the State. Further, USD 2.67 billion was allocated for water 
supply in the twelfth five-year plan (2012-17). Out of this, USD 372.8 million was proposed for 
urban and rural water supply schemes in 2013-14. These schemes include 21 major water supply 
schemes and nine new projects to help meet the growing drinking water needs of the state.  

Table 4 provides census of number of villages covered by different types of water supply 
schemes in different districts of Rajasthan. It shows that handpumps cover a little over 48% of the 
villages; piped and pump and tank schemes (mostly groundwater based schemes) cover nearly 8 
per cent of the villages; regional water supply schemes cover nearly 29% of the villages; and 4.3 
per cent of the villages are covered by traditional water systems such as ponds and tanks. 
Interestingly, the hottest and acutely (naturally) water-scarce districts of Ganganagar, Barmer, 
Churu, Jalore, Jodhpur and Nagaur have highest number of villages covered by regional schemes. 
Given the fact that most regional water supply schemes are based on surface water, it can be 
inferred that these schemes are based on imported water from IGNP (in the case of Ganganagar, 
Churu, Jodhpur and Nagaur) and SSP (in the case of Jalore and Barmer) as these districts do not 
have any large surface water sources.  

Further, looking at the situation at the household level, only 29% of the rural households 
have access to tap water (treated water supplied through pipes); 14% of the households have 
access to well water; a little over 31% have access to handpumps; 14.4% have access to tube 
wells/bore wells and 7.2% of the households depend on tanks/ponds as the primary source of 
water supply (see Table 5). This is in sharp contrast to urban areas where nearly 83% of the 
households have access to tap water, and the rest depend on handpumps (6.1%) and wells and 
tube wells. 
 
Table 5: Type of household access to water supply in rural and urban areas (as on 2011) 

 Source of Water 
Supply 

Number of Households Having Access to Water Supply 

Rural  % in 
total 

Urban % in 
total 

Total % in total 

1 Tap Water 2554095 26.9 2551782 82.6 5105877 40.6 

2 Well 1314715 13.9 46975 1.5 1361690 10.8 

3 Hand pump 2988588 31.5 189499 6.1 3178087 25.3 

4 Tube well/Bore 
hole 

1365468 14.4 172418 5.6 1537886 12.2 

5 Spring 7982 0.1 1231 0 9213 0.1 

6 River/Canal 102026 1.1 3612 0.1 105638 0.8 

7 Tank/Pond/Lake 687267 7.2 50321 1.6 737588 5.9 

8 Other Sources 470222 5 75102 2.4 545324 4.3 

 Total 9490363 100.1 3090940 99.9 1258130
3 

100 

Source: PHED, Govt of Rajasthan, 2013 
 
 According to the National Family Health Survey 2015-16, the percentage of households 
with an improved source of drinking water in Rajasthan was 85.5; 91.7 for urban areas and 83.3 
for rural areas. In 2006, 81.8% of households in Rajasthan had access to an improved source of 
drinking water.   
 



33 
 

a) Spatial Variation in Access to Drinking Water Facilities in Rural Rajasthan 
 
 A division wise analysis shows that there is significant regional variation in access to 
drinking water sources, vis-à-vis the types of sources. Bikaner division has the highest proportion 
of households having access to tap water, followed by Jaipur and Jodhpur divisions. Kota, Udaipur 
and Bharatpur divisions have the highest proportion of households having access to handpumps. 
Jaipur has the highest proportion of households having access to tube wells (Figure 5). The 
variation is even sharper when we look at eastern and western Rajasthan. The proportion of 
households depending on handpumps is very high in eastern Rajasthan (46%), where as it is only 6 
per cent in Western Rajasthan.  The proportion of households depending on tap water is very high 
in western Rajasthan (41.1%) against nearly 20% in eastern Rajasthan (Figure 6). Significant 
variation also exists between divisions in terms of physical access. The proportion of households 
having access to water within the dwelling premises is considerable in Bikaner and Jaipur 
divisions. It is very low in Bharatpur, Ajmer, Udaipur and Kota divisions (Figure 7). Between 
eastern Rajasthan and western Rajasthan, the physical access is slightly better in western 
Rajasthan, with nearly 18% of the households having access to water supply within the dwelling 
premises, against a mere 12.9% in the case of eastern Rajasthan (Figure 8). 
 

 
 
Source: Census India, 2011 
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Source: Census India, 2011 
 

Source: Census India, 2011 
 

Source: Census of India, 2011 
 
3.4 Sanitation in Rural and Urban Areas 
 

In 2015-16, as per the National Family Health Survey (NFHS), the households using an 
improved sanitation facility is 45% at the aggregate level-72.5 % for urban and 35.6% for rural 
areas. As per NFHS, in 2006, only 19.3% of households in Rajasthan used an improved sanitation 
facility. Thus, there has been a 25.7% increase in the number of households using an improved 
sanitation facility over the decade from 2006 and 2016. But, the Census 2011 reported a much 
lower figure with regard to adoption of improved toilets in the state (Table 6). If we take the 
statistics available from NFHS seriously, it means that the state has made significant progress in 
promoting improved sanitation in rural areas (from 19.1% to 35%) during the five-year period 
ending 2016.  
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Table 6: Percentage of house-hold by availability of toilet connectivity in Rajasthan (Source: 
Census 2011) 

Type of Latrine Total no. of households (excluding institutional 
households) 

12581303 

 Latrine facility available within premises 35.0 

Flush/pour flush 
latrine connected 
to  

Piped sewer system 7.2 

Septic tank 18.6 

Other system 1.9 

Pit latrine With slab/ventilated improved pit 4.0 

Without slab/open pit 2.5 

Other latrine Night soil disposed into open drain 0.8 

Night soil removed by human 0.0 

Night soil serviced by animal 0.1 

Latrine not 
available within 
premises 

Total 65.0 

Public latrine 0.7 

Open 64.3 

 
The overall adoption of toilets in rural areas was only 19.1 per cent and that for urban 

areas was 74.5 per cent. Here again, when it comes to rural sanitation, the differences are very 
sharp amongst divisions. Bikaner has the highest level of adoption of improved toilets (flush or 
pour flush and pit type latrines) with a percentage adoption of 60. Most other divisions are far 
behind. Jaipur has the second highest level of adoption of improved toilets, with 26.2 per cent of 
the households covered (Figure 9). Between regions, adoption is 33.6 per cent in western 
Rajasthan against a mere 12.8 per cent in the case of eastern Rajasthan (Figure 10). One reason 
for this discrepancy could be that many households might have gone for constructing toilets in 
rural areas with the increase in government subsidy for constructing toilets under the Nirmal 
Bharat Abhiyan.   

Source: Census, 2011 
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Source: Census, 2011 

In 2012, 60.1% of the rural households and 14.1% of the urban households lived in 
dwellings that had no drainage arrangements. Around 78 per cent of rural households and 84.6% 
of urban households got enough water throughout the year for all household activities. Nearly 99 
per cent of the urban households and 89.3% of rural households having individual toilets got 
enough water throughout the year for use in the toilet (Swachhta Status Report, 2016). 
 Rural Water Supply and Sanitation in Rajasthan is under the umbrella of Rajeev Gandhi 
Water Resources Development & Conservation Mission which includes the Apex Committee of 
State Water and Sanitation Mission (SWSM), Executive Committee of Sanitation, Programme 
Monitoring Unit & Sanitation Support Organisation (PMUSSO) and Capacity and Communication 
Development Unit (CCDU). The Panchayati Raj institutions involved in rural sanitation are the 
District Water and Sanitation Mission (DWSM) supported by District Support Unit, Block Water 
and Sanitation Mission, and the Village Health & Sanitation Committee (GoR, 2011). 
 According to the draft Rural Sanitation and Hygiene Strategy (2012–2022) of the 
government of Rajasthan, coverage figures for individual latrines do not reflect actual latrine 
functionality and use. District Level Household and facility Survey (DLHS) for 2007-08 indicated 
that toilet usage during that year was only 12.9%. There is also wide variation in coverage and 
usage between districts. Individual Household Latrine coverage and usage are as high as 98% and 
77% in Hanumangarh; at the same time coverage is only 8.03% in Dhaulpur and usage only 1.2% 
in Barmer. The greatest difference between coverage and usage are found in Rajsamand with 
about 46% coverage and 6% usage, respectively. Variations in terrain and soil type, accessibility, 
population density, cultural factors and water availability are the factors that are responsible for 
this disparity between different districts.  
 In class I towns the treatment capacity for sewage is only 4% of the sewage generated 
while the available capacity is zero for class II towns.  Solid and liquid waste management (SLWM) 
has received very little attention in rural areas. At present, funding for SLWM can form 10% of the 
funds for the Total Sanitation Campaign. Achievement of Nirmal Gram Puraskar (NGP) status also 
requires that all solid and liquid waste is properly managed and disposed. 
 Though there has been considerable progress in Rajasthan in terms of sanitation 
coverage, the impact is reduced due to slippage as well as an increase in the number of 
households.  While there has been a lot of focus on making the state Open Defecation Free, focus 
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on Solid and Liquid Waste Management has been minimal.  Another problem in Rajasthan that 
needs to be addressed is provision of sanitation facilities for nomadic communities. Thus, 
Rajasthan still has a long way to go in terms of achieving total sanitation, including increasing 
toilet coverage, ensuring usage of the constructed toilets, ensuring functional toilets in schools 
and other institutions, solid and liquid waste management including septage and faecal sludge 
management as well as increasing awareness on the importance of sanitation and hygiene for 
healthy living free from water related diseases.  
 
3.5 Impacts of Droughts 

 
Review of available literature on drought assessment in Rajasthan shows the following. 

There is not much difference in the total number of drought years between regions (i.e., Western 
Rajasthan, NE Rajasthan and Southern Rajasthan). Nevertheless, the frequency of occurrence of 
‘severe’ and ‘very severe’ droughts was higher in western and southern Rajasthan. While western 
Rajasthan received severe and very severe droughts in 24 out of 102 years, NE Rajasthan received 
it in 20 years, and Southern Rajasthan received it in 22 years (Rathore, 2005). 
 While vulnerability to drought is higher among the small & marginal farmers, in the desert 
regions of western Rajasthan, it is also high among the large farmers, who have inferior quality 
land and do not have access to irrigation facilities. The landless are less vulnerable. Among 
livestock categories, cows and sheep are the most affected animals of drought conditions 
(Rathore, 2005). 

Failure of rains at the end of September is recorded and sent to the Collector or 
Commissioner and such records forms the basis for drought declaration, and there is hardly any 
link with the actual situation in terms of crop production losses (Rathore, 2005). One of the 
reasons was that the access to water from surface water reservoirs and groundwater sources is 
hardly taken into account while assessing the severity of drought situation.  
 Rathore (2005) notes that the impact of drought on crop yield is higher during kharif 
season as compared to Rabi. But, such observations should be interpreted carefully. The reason is 
that in the wake of droughts, many farmers are not able to save the monsoon crops due to lack of 
water in their wells. Whereas, only those farmers, who continue to access water in their wells 
decide to take up winter cropping. As a result, the impact of drought is not reflected in crop 
yields, but only in crop outputs. Rathore (2005) further noted that loss of agriculture production 
did not have any significant impact on wage rates. There is also no correlation between total 
annual rainfall in the state and the intensity of droughts in terms of number of villages affected. 
This can be explained by the large variation in rainfall in the state. There is also no correlation 
between the drought in terms of failure of rains and the amount of crop loss.  

Even within regions, the drought impact is not uniform across space, and the degree of 
impact appears to change with time. The vegetation health index (VHI) maps developed by 
Bhuiyan and Kogan (2010) of Luni river basin in western Rajasthan for the six drought years during 
the period from 1984 to 2003 showed that the impact of droughts was not felt uniformly across 
the basin4. Both the frequency and impacts of vegetative droughts was higher in the western and 
south western parts of the basin. The severity of the drought was less in the eastern and north 
eastern parts. Further, the severity of the drought seems to have reduced over the years in terms 
of vegetation impacts, for the same degree of meteorological drought, as is evident from the VHI 
for the year 1987 and 2002. While the mean value of vegetative health index was 9.0 for the 
monsoon of 1987, it was 28.0 for the same season during 2002. One reason for this could be that 

                                                           
4
  They divided the basin into 222 pixels, and assessed each pixel in terms of their VHI for all the 20 

years. A pixel in the basin with a VHI of 40 and above was called ‘no drought’, a value of 30-40 as ‘mild 
drought’, a value of 20-30 as ‘moderate drought’, a value of 10-20 as ‘severe drought’ and less than 10 as 
‘extreme drought’. 
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Figure 11: Drought impacts in Luni river basin: 1984-2003
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the drought of 1987 was preceded by two consecutive years of less severe droughts in 1985 and 
1986. But, 2001 was a normal rainfall year. 

An analysis of the average vegetation health index for the basin in different years and the 
number of pixels for which the  VHI value was less than or equal to 40 showed the following 
patterns. First: the way droughts impact on the basin is not uniform. Even when the average VHI 
for the whole of the basin is close to 40 or even above 40 (in the neighbourhood of 50), significant 
parts of the basin experience droughts with some intensity. Second: in eight out of the twenty 
years, no part of the basin experienced droughts, or the proportion of the basin area which 
experienced mild drought was less than 3 per cent. The number of years becomes 10 if we 
consider those years in which less than 10 per cent of the basin area was affected by droughts. 
Third: there is an inverse relationship between the mean value of VHI and the proportion of the 
basin area affected by some form of drought (Figure 11).  

Drought monitoring includes measurement of rainfall, reservoir water levels and 
monitoring of crop growth. Among this, the approach used for crop growth monitoring appears to 
be unscientific. It should be actually based on ‘vulnerability assessment’ taking into account the 
resource endowment and the access to it. Disaster management Centre has a standard set of 
recommendations and do not reveal a specific understanding of the local problems in drought 
prone areas.  
 State responses to droughts are in the form of IWDP, DPAP, DDP, employment generation 
programme and Rural Poverty Alleviation programme. But, these programmes have not taken 
into account the local specific conditions of drought prone areas. Drought mitigation measures 
can be planned on the basis of the existing resource endowment and the potential for 
improvement in resource use efficiency. Instead, these measures are ‘relief-oriented’. 
 

3.6 Social Ingenuity in 
Dealing with Droughts 

 
 Rajasthan is historically 
known for droughts. For 
centuries, people of this region 
lived under extreme climatic 
conditions of cold wave and 
scorching heat. It is more so 
for the western Rajasthan, the 
part of Rajasthan on the north-

western side of the Aravalli mountain ranges.  There is not a single year in which no parts of the 
state did not face drought situation. Over centuries, the people of the region have devised coping 
strategies against droughts. These strategies cover the following: restriction of water 
consumption for some of the human needs such as washing and bathing; limited use of water for 
cleaning utensils; a farming system dominated by livestock rearing, with selection of livestock 
such as camel and goat that depend largely on open grazing; selection of low water-consuming, 
short duration and drought-tolerant cereal crops such as bajra, sorghum and other traditional 
course cereals; traditional runoff harvesting systems that enable the use of soil moisture for crop 
production, with very little area under irrigated production (khadin is one example of traditional 
runoff farming); grain banks and fodder banks that help store the surplus cereals and dry biomass 
from the bumper crop production during wet years; and use of leafy biomass from trees raised on 
farm borders as fodder for animals. 
 When faced with acute scarcity of water at the household level, it is quite common 
among villagers to compromise on their personal hygiene needs by reducing the frequency of 
activities such as bathing and washing clothes to reduce the demand for water, rather than 
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travelling long distances to fetch water from unconventional sources. Practices such as the use of 
ash and sand for cleaning utensils that reduce the requirement of water is extensive among 
village women.   

 
3.7 Overall Human Development Status of Rajasthan Districts 

 
 The human development index captures three indices, one for the health status (life 
expectancy), one for education and the third for per capita income. They basically determine the 
human capabilities. Among the three factors considered for estimating HDI, education and health 
also influence the earning potential of people, which in turn determines the third index, i.e., per 
capita income, to a great extent. Factors such as access to water and sanitation and food & 
nutritional supplies along with access to public health facilities can greatly influence the health 
status of families, and to a great extent, the ability to use the opportunities available for 
education. In rural areas the overall situation in terms of access to land and water resources 
influences the income from farming (crops, dairying etc.). Enhanced income from agriculture can 
in turn increase the ability of the rural families to access better education facilities (in towns and 
cities), nutritious food and medical care.   

The official data for the year 2008 shows a wide variation in HDI values across districts. 
Dungarpur in South Rajasthan has the lowest HDI value, 0.357, and Ganganagar in the north west 
has the highest HDI (0.763), followed by Kota (0.74), Jaipur (0.734) and Bikaner (0.729). 
Intriguingly, many of the southern and south-eastern districts that are dominated by tribal 
population such as Chittorgarh (0.503), Udaipur (0.537), Pratapgarh (0.538) and Dhaulpur (0.445) 
have relatively lower HDI values. The HDI values for the 31 districts of Rajasthan are presented in 
Figure 12. In spite of high aridity and drought proneness, the increased availability of water for 
cultivation, better access to arable land for cultivation, improved drinking water supplies and the 
social ingenuity of people (to cope with extreme conditions) might have helped people in some of 

the north-western districts to improve their health, educational status and income. Even the 
adoption of improved toilets might have been influenced to a great degree by the availability of 
water from several of the regional water supply schemes built around imported water from IGNP. 
Map 10 shows the spatial variation in HDI values across the state. 
 
Map 10: Human Development Index values for Rajasthan (2008) 
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IV Climate Risk and Resilience: Review of Literature  
 

1 Vulnerability and Risk Induced by Climate Hazards in WASH 
 

A review of available literature was undertaken to: i] identify the factors that influence 
climate-induced hazards in water, sanitation and hygiene (WASH), exposure of water and 
sanitation systems to the hazards, and vulnerability of communities to the problems associated 
with poor water supply and sanitation resulting from such exposure; and ii] understand how these 
factors influence the magnitude of hazards, and degree of HHs exposure and vulnerability. The 
review is grouped under two themes: 1) regional studies on impact of climate risks for WASH 
sector; and, 2) development and application of various indices to assess climate related hazards 
and risks. 
 
1.1 Studies on Climate Risk in WASH 

 
Sisto et al. (2016) in their study evaluate the risk during sudden reduction in water supply 

in the Monterrey Metropolitan Area posed by climate threats and the vulnerability of its water 
supply system. The authors use long-term precipitation, water supply, and water availability data 
to show that the region has been subject to recurring period of exceptionally low precipitation 
and scarce surface water availability. The study identifies that during 1998-2013 the water supply 
system almost collapsed as reservoirs have deficient water due to abnormal dry weather 
condition. Precipitation data for the region was used to compute the Standardized Precipitation 
Index (SPI) to detect exceptionally dry or wet periods in the history. The Net Volume Index (NVI) 
was used to analyze vulnerability of the water supply systems by measuring the utilization rate of 
the system’s effective storage capacity at a particular point in time.  

The authors argue that increased reliance on surface sources may have enhanced the 
water supply system’s exposure to climate hazard. It is argued that surface water is more 
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sensitive to climate variability than groundwater, especially in the short term, as low precipitation 
often results in scarce surface runoff and reservoir inflows. The study points to the existence of 
substantial water crisis risk in the region due to climate variability and its water supply system 
vulnerability. Climate change is expected to intensify this risk, while continued growth activity will 
amplify the consequences of a future water crisis. The authors argue that the risk associated with 
water shortages would increase in future due to climate change. 

Gallina et al. (2016) review existing assessment methodologies for different types of risks 
used by different organizations for development of a single multi-risk methodology for climate 
change. This study reviews different research studies relating to multiple natural hazards 
assessment (e.g. flood, storms, droughts etc.) affecting the same region in different time periods. 
This study mainly focuses on the identification of multiple hazard types using different qualitative 
and quantitative approaches. The study reveals different assessment methodologies that capture 
vulnerability of multiple targets to natural hazards through vulnerability functions and indicators 
at the regional and local scale. The overall conclusion from the study is that multi-risk approaches 
do not capture the effects of climate change. They mostly rely on the analysis of static 
vulnerability. The main challenge is to develop a comprehensive list of indicators that is dynamic 
enough to account for different climate induced hazards and risks. 

Satta et al. (2016) have developed an index based methodology for assessing climate 
related hazards. This regional coastal risk index was applied to a coastal area in Mediterranean 
Morocco at a regional scale. It provides a useful tool for local coastal planning and management. 
The tool explores the effects and extensions of the climate related and combining hazard, 
vulnerability, and exposure variables to identify areas where the likelihood of risk is relatively 
high. A panel of scientific experts and local policy makers were involved for assigning weights to 
each of coastal risk index indicators. The experts were asked to assign a score between 1 and 5 
(5= high risk, 1= low risk) which described the relative contribution of each variable to the hazard, 
exposure and vulnerability. The results were presented on a GIS (geographical information 
system) platform. The study provided a set of maps that allowed identification of areas having 
higher risk from climate related hazards. 

A handbook prepared by WaterAid and NIRAPAD (2012) focuses on safe water supply, 
sanitation and hygiene practices for rural areas in the wake of climate change. It highlights the 
basic concepts of the disaster risks in relation to climate change. Further, it discusses about the 
existing national policy structures and institutional systems for ensuring safe water, sanitation and 
hygiene practices as well the strategies to cope with the climate change disaster induced 
uncertainty. The strategies to manage climate change and disaster induced uncertainties are as 
follows: 

 
a) Use of appropriate and effective technologies to ensure water supply, sanitation services 

and hygiene practices in the changing circumstances. The current and the traditional 
sources of water, and traditional technologies should be assessed to understand whether 
and to what extent they could serve the purposes. 

b) Cost sharing through economic services. Disaster risk and climate risk will increase the 
cost of safe water supply and sanitation services. Therefore, service pricing should follow 
economic principles and make the consumers share a part of the cost. 

c) Create cost-benefit awareness, as rising costs of the services may negatively influence the 
demand for water at household and personal levels. 

d) Subsidise the poor and disadvantaged HHs as they may find it difficult to bear the 
increasing cost of the services. Therefore, affordability should be carefully assessed in 
promoting new technologies. It is important to ensure that the economic pricing doesn’t 
deprive the disadvantaged and the poor HHs. 

e) Accountability and community participation should be involved in both planning and 
implementation process. They should be built in at national level planning process. 
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f) There is a need for the local government bodies to take part in supply and distribution of 
water and sanitation programme. Private and voluntary agencies could also participate in 
their efforts. 
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1.2 Various Indices on Climate Vulnerability and Resilience  
 
Table 7:  Review of work on various indices for assessing climate vulnerability and resilience 

Study Study Region Type of Index Indicators Methodology and Outcome 

A) An index based 
methods to assess 
the risks of climate 
related hazards in 
coastal zones: The 
case of Tetouan 
(Satta et al., 2016) 
 

Coastal zone of 
Tetouan 
Mediterranean 
Moroccan 
Coast 

Multi-Scale Coastal 
Risk Index for Local 
Scale (CRI-LS)  

Nineteen variables were categorized under three sub-indices: 
A. Coastal Hazards (Sea level rise, storms, Mean annual max 
daily precipitation, Droughts, population growth, Tourism 
arrivals),  
B. Coastal Vulnerability (Landforms, Coastal slope, Historical 
shoreline change, Elevation, distance from the shoreline, River 
flow regulation, Ecosystem health, Education level, Age of 
population, Coastal protection structures),  
C. Coastal Exposure (Land cover, Population density) 

A panel of scientific experts and local 
policy makers were involved for 
assigning weights to each identified 
indicator for developing a coastal risk 
index. The experts assigned a score 
between 1 and 5 (5= high risk, 1= low 
risk) which described the relative 
contribution of each variable to 
hazard, vulnerability and exposure. 
The index values were used to 
prepare maps for identification of 
coastal areas with relative higher risk 
from climate related hazards.  

B) The Socio-
Economic 
Vulnerability Index: A 
pragmatic approach 
for assessing climate 
change led risks-A 
case study in the 
south western 
coastal Bangladesh 
(Ahsan and Warener, 
2014) 

Seven unions 
of Koyra 
Upazilla, South-
Western 
Coastal 
Bangladesh 

Socio-Economic 
Vulnerability Index 
(SeVI) 

Five domains consisting of 27 indicators: 
A. Demographic (Population density, Percentage of old and 
children in sample, Male-Female ratio in sample, etc.), 
B. Social (Percentage of illiterate HHs in sample, Percentage of 
HHs not having brick built house in sample, etc.),  
C. Economic (Percentage of HHs depends on natural source for 
their income (fisheries, agriculture etc.) in sample, Percentage 
of consumption expenditure on food in sample, etc.), 
D. Physical (Percentage of HHs not getting electricity, 
Percentage of HHs not having sanitary latrine, Percentage of 
HHs using ponds, etc.),  
E. Exposure to Natural Hazards(Percentage of HHs not willing 
to go flood shelter, Percentage of HHs not having shelter in 
flood shelter or with neighbours, etc.) 

The SeVI was developed using five 
domains which include physical, 
economic, social, demographic and 
exposure to natural hazards. Both 
primary and secondary data were 
used for development of the index. 
Indicators were identified based on 
the Focus Group Discussions (FGD) 
and through administering a 
questionnaire on 60 HHs from each 
region. The experts gave a relative 
weightage to each indicator, between 
1 and 5 on the basis of importance of 
each indicator. 
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Study Study Region Type of Index Indicators Methodology and Outcome 

 

C) Climate Change 
and rural 
communities in 
Ghana: Social 
vulnerability, 
impacts, adaptations 
and policy 
implications. 
(Dumenu and Obeng, 
2016) 

Four ecological 
zones of Ghana 

Social Vulnerability 
Index (SVI) 

Six indicators are grouped under three domains: 
A. Demographic (Household size, Literacy),  
B. Economic (Diversified sources of income, Climate sensitive 
occupation)  
and  

A. C. Social (Access to climate change information, Dependence 
on forest resources)  

Authors use six demographic, social 
and economic indicators in assessing 
social vulnerability to climate change. 
Indicators were identified through 
expert judgment. Primary data was 
collected through questionnaire and 
interviews of 196 HHs in 14 rural 
communities. Qualitative and 
quantitative tools were used for data 
analysis. 

D) Multiple Use 
Water Services to 
Reduce Poverty and 
Vulnerability to 
Climate Variability 
and Change: A 
Collaborative Action 
Research Project in 
Maharashtra, India 
(IRAP, GSDA & 
UNICEF, 2013) 

Maharashtra  Multiple Use Water 
Systems (MUWS) 
Vulnerability Index 

Twenty parameters were identified and grouped under six 
sub- indices: 

A) Multiple Use Water Services to 
Reduce Poverty and Vulnerability to 
Climate Variability and Change: A 
Collaborative Action Research Project 
in Maharashtra, India (IRAP, GSDA & 
UNICEF, 2013) 

E) Measuring 
household 
vulnerability to 
climate-induced 
stresses in pastoral 
rangelands in Kenya; 
implications for 

Turkana 
County, North-
Western 
rangelands of 
Kenya.   

Household 
Vulnerability Index 
(HVI) matrix 
(Vulnerability= 
Adaptive capacity – 
(Sensitivity+Exposu
re)  

Twenty-seven indicators have been identified under three 
major domains  
A. Social Vulnerability variables (Sex of HH head: female 
headed, Age of HH head: 50+ years, Experiences in the area: 
less than five years, HH size: more than 5 persons etc.),  
B. Economic variables (Non-firm income: HH with no firm 
income, Herd size in TLU: own less than 2 TLUs, Herd 

The study uses various statistical and 
economic tools to measure 
vulnerability in the region. Twenty-
seven socio-economic and 
biophysical indicators were 
considered which were identified 
through questionnaire survey of 302 
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Study Study Region Type of Index Indicators Methodology and Outcome 

resilience 
programming (Opiyo 
et al., 2014) 
 

structure: no milking herd, Distance to Market: more than 10 
km away, etc.), 
C. Environmental variables (Climate change: experiencing 
change, Temperature: experiencing increase, Drought: noticed 
increasing events, Flood: notice change, etc.)     

HHs. Principal Component Analysis 
(PCA) method was used for assigning 
weightage to each identified indicator 
and compute HVI to classify HH 
according to their level of 
vulnerability.  

F) Climate Disaster 
Resilience of Dhaka 
City Corporation: An 
Empirical assessment 
at Zone Level (Parvin 
and Shaw, 2011) 

Dhaka city, 
Bangladesh 

Climate Disaster 
Resilience Index 
(CDRI) 

The authors have identified 125 variables under 25 
parameters in five main domains.  
A. Physical (Electricity, Water, Sanitation and solid waste 
disposal,  Accessibility to roads, Housing and Land use) 
B. Social (Population, Health, Education and Awareness , 
Social Capital , Community preparedness during a disaster) 
C. Economic (Income , Employment , Household assets , 
Finance and saving , Budget and subsidy ,  
D.  Institutional (Mainstreaming of DRR and CCA , 
Effectiveness of cities crisis management framework , 
Knowledge dissemination and management , Institutional 
collaboration  with other organizations and stakeholders , 
during disasters , Good Governance.  
E. Natural and related Parameters (Intensity/severity of 
natural hazards ,Frequency of natural hazards , Ecosystem 
services , Land use in natural terms , Environmental policies 

Authors use Climate Disaster 
Resilience Index (CDRI) for analyzing 
risk for 10 zones of Bangladesh. The 
data was collected by administering 
questionnaire on the planners 
involved in preparation of Detailed 
Area Plan (2009) in Dhaka city.  

G) Mapping 
Vulnerability to 
Climate Change 
(Heltberg and 
Osmolovskiy, 2010) 

Tajikistan Climate Change 
Vulnerability Index 
(CCVI = Adaptation 
+ Exposure 
+Sensitivity /3)  

Three determinants (Adaptive capacity, Sensitivity and 
Exposure) consists of 23 indicators 
A. Adaptive Capacity  (HH consumption per capita, Share of 
population with higher education, Negative Herfindahl index 
of income diversification, Share of HH having trust in people 
etc.),  
B. Sensitivity (Negative of the amount of irrigated land per 
capita, Herfindahl index of agricultural land use diversification, 

Authors map areas which are most 
vulnerable to the impacts of climate 
change and variability.  Vulnerability 
index has been derived as a function 
of the exposure to climate change 
variability and natural disasters; 
sensitive to impacts of that exposure 
and capacity to adapt to ongoing and 



46 
 

Study Study Region Type of Index Indicators Methodology and Outcome 

share of HHs depending on agriculture, Share of population 
under age 5etc),  
C. Exposure (Variability of average temperature in month, 
Variability of average precipitation in month, Range between 
maximum and minimum average temperature in month, 
Frequency of extremely hot months, when average 
temperature higher than 300C, Frequency of extremely cold 
months etc.)    

future climate changes. The index can 
be used for decision making about 
adaptation responses that might 
benefit from an assessment of how 
and why vulnerability to climate 
change varies regionally. 

H) Global 
assessment, 
covering 170 
countries 

Climate Change 
Vulnerability Index  

The Climate Change Vulnerability Index (CCVI) includes: 1] 
exposure to climate-related natural disasters and sea-level 
rise; 2] human sensitivity, in terms of population patterns, 
development, natural resources, agricultural dependency and 
conflicts; and, 3] the adaptive capacity of a country's 
government to combat climate change. 

It evaluates CCVI based on 42 social, 
economic, and environmental factors 
to assess national vulnerabilities to 
climate change. The index was 
applied for 170 countries to evaluate 
the vulnerability to climate change 
over the next 30 years.   

I) Water and Poverty 
in Rural China: 
Developing an 
Instrument to assess 
Multi dimensions of 
Water and Poverty 
(Cohen and Sullivan, 
2010) 

Rural areas of 
China 

Water, Economy, 
Investment and 
Learning 
Assessment 
Indicator (WEILAI) 

Twenty-three sub-components identified under nine 
components  
A. Water Resources (Primary HH water source for HH use and 
limited HH agricultural use, etc.), 
B. Water Access (Is water affordable if HH were required to 
pay, Distance travelled to collect water, Time needed to 
collect water etc.),  
C. Water resource management capacity (Existence of a water 
user group in AV and awareness of it, HH’s participation in any 
type of water management/use etc.),  
D. Sanitation (Type of sanitation facilities, HH perceptions of 
their sanitation etc.),  
E. Education (Children access to education, Student/teacher 
ratio, Teachers level of training),  
F. Health and Hygiene (Access to healthcare, Affordability of 

The paper describes the theoretical 
developmental of a multidimensional, 
water-focused, thematic indicator of 
rural poverty. It is based on the 
identification of indicators, assigning 
weightage to indicators, 
methodology, field studies and 
statistical analysis. For the purpose, 
534 HHs across 71 villages in China 
were surveyed. PCA was used for 
assigning weightage to each 
indicator. Based on the assigned 
weightage, the vulnerability index 
was developed. 
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Study Study Region Type of Index Indicators Methodology and Outcome 

healthcare etc.),  
G. Food Security (Area of arable land HH uses/had access to, 
HH is a net food consumer or exporter, etc.),   
H. Environment (Degree of erosion due to environmental 
deterioration, Secondary measures of deteriorating 
environment around HHs: insects etc.)     

J) Quantitative 
Assessment of 
Vulnerability to Flood 
Hazards in 
Downstream Area of 
Mono Basin, South-
Eastern Togo: Yoto 
District (Kissi et al., 
2015) 

North-East 
Maritime 
Region, Yoto 
District  

Flood Vulnerability 
Index (FVI) 

Twenty-four indicators identified in three sub domain: 
A. Exposure (Flood frequency, Flood Duration, Flood water 
level, Closeness to river body, Altitude),  
B. Susceptibility (Percentage of Education: no schooling, 
Household size(more than 10%), Female headed, Farmers, 
Poor building material, HH with affected land, Community 
Awareness, HH coping mechanisms, Emergency services, HH 
past experience, HH preparedness),  
C. Resilience (Percentage of Warning systems, HH perception 
on flood risk, HH evacuation capability, HH flood training, 
Recovery capacity, Recovery time, Long term resident 10 year 
+, Environmental recovery) 

Focus is on development of 
vulnerability framework and 
distinguishing three main 
components (exposure, susceptibility 
and resilience), to allow an in depth 
analysis and interpolation of 
indicators. For normalization, the 
actual data was transformed to a 
standardized score (between 0 and 
1). 

K) Identifying and 
Visualizing Resilience 
to Flooding via a 
Composite Flooding 
Disaster Resilience 
Index (Perfrement 
and Lloyd, nd) 

Sixteen 
municipalities 
in the Greater 
Amsterdam 

Flood Disaster 
Resilience Index 
(FDRI) 

The FDRI has developed 11 indicators in four domains: 
A. Social Environment (Age, Transportation Access, Net 
Migration),  
B. Built Environment (Medical Capacity, Transportation 
network),  
C. Natural Environment (Runoff, Soil Permeability, Elevation 
(water level)),  
D. Economic Environment (Employment, Wealth, Economic 
damage for flood volumes) 

Study developed a composite 
flooding disaster resilience index 
(FDRI) by aggregating individual 
resilience indicators under social, 
natural, built and economic 
categories. Sixteen municipalities 
across the Greater Amsterdam region 
were surveyed. The FDRI is a single 
figure summarizing a region’s status 
on 11 indicators that influence the 
resilience of a region to natural 
hazards. A panel of 18 flood experts 
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were asked to rate each indicator 
based on its correlation to the 
resilience level. Each indicator was 
ranked between 1 and 4. 

L) Climate Change 
Vulnerability of 
Drinking Water 
Supply Infrastructure 
in Coastal Areas of 
Bangladesh (Sarker 
and Ahmed, 2015) 

Bangladesh Climate Risk Index 
for drinking water 
supply 

Natural Hazard Index and Social Vulnerability Index, 
integrated into one index  

The study carried out for IUCN 
considered the degree of natural 
hazard and social vulnerability and 
integrated them to assess the climate 
risk in water supply in that country 

M) Development of 
an index for assessing 
climate-induced risk 
in WASH 
(UNICEF/IRAP, 2017) 

Two divisions 
of Maharashtra 
state, India 

Climate risk index 
in WASH 

Natural hazard, exposure and vulnerability, and included a 
total of 28 variables covering those which are natural, 
physical, climatic, socio-economic, social, institutional and 
policy related. 

The study carried out by IRAP in 
partnership with UNICEF-Mumbai 
developed a composite index for 
assessing climate induced risk in 
WASH, and computed the risk for 20 
districts from two divisions of 
Maharashtra  

N) Global Climate 
Risk Index (2017) by 
Kreft et al. (2017) 

Globe Nation’s risk in 
terms of exposure 
and vulnerability to 
climate induced 
hazards 

Death toll (number of people per 100,000 inhabitants) and 
economic losses (measured as % of GDP) and human 
development index. The countries having low ranks values of 
CRI have more exposure and vulnerability to climate hazards. 
Map 11 shows the estimates global climate risk index for 
various countries across the world in ranges. 

The Global Climate Risk Index (CRI) 
analyses the quantified impacts of 
extreme weather events – both in 
terms of fatalities as well as economic 
losses that occurred. The CRI 
examines both absolute and relative 
impacts to create an average ranking 
of countries in four indicating 
categories, with a stronger emphasis 
on the relative indicators. The 
countries ranking highest (low CRI 
values) are the ones most impacted 
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and should see the CRI as a warning 
sign that they are at risk of either 
frequent events or rare, but 
extraordinary catastrophes, or a 
combination of both 
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A quick review of the various indices on climate change vulnerability and risk available 
across the world show the following: a] the parameters considered for developing these indices 
are too broad, compatible for national level assessment; b] the indices deal with overall 
vulnerability of the socio-economic system to climate change impacts or overall risk induced by 
climate, and are not specific to water supply and sanitation; and, c] they are incapable of factoring 
in certain special conditions existing in certain regions. The two exceptions are the indices 
developed by UNICEF-IRAP collaboration for the state of Maharashtra in India, one for assessing 
the vulnerability of the households to problems associated with lack of water for domestic and 
productive uses, under climate variability and change, and the other for assessing the WASH risk 
induced by climate for small geographical units (such as districts).  

 
Map 11: Global Climate Risk Index (Source: Kreft, Eckstein and Melchior, 2017) 

 
 

V Assessing Climate Induced Risk in Water and Sanitation 
 

1 Index Development for Assessing Climate Induced Risk in WASH 
 

For index development to assess climate induced risk in WASH, the factors influencing the 
three different dimensions in rural water and sanitation were identified and grouped as natural, 
physical, socio-economic, and institutional factors. These factors and relevant variables were 
identified based on the literature review, expert knowledge, and understanding of the study 
regions. Various factors and the ways in which they can influence climate-induced hazard, and 
exposure and vulnerability of the communities to these hazards are discussed in the subsequent 
sub-sections. A summary of discussion is also presented in Table 8. 
 
1.1 Factors Influencing Climate-induced Hazard in WASH 
 
 Occurrence of hazards, droughts, and floods are mainly influenced by natural factors. 
These include rainfall and its variability, flood proneness, aridity, and overall renewable water 
availability. Above the normal rainfall usually reduces the probability of drought occurrence and 
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helps in relieving water scarcity, and vice versa. As pointed out by Maliva & Missimer (2012), 
areas which receive low annual rainfall are at greater risk of having frequent droughts. In India, 
inter-annual variability in rainfall is found to be higher in regions of lower magnitude of (mean) 
annual rainfall (Sharma, 2012). Hence, such regions are likely to experience droughts more 
frequently as compared to those with lower variability (Kumar et al, 2006 & 2008). 

Further, given the nature of relationship between rainfall and runoff in semi-arid and arid 
tropics, the impact of meteorological droughts in terms of hydrological stress in areas 
experiencing low (mean) annual rainfall is greater as compared to their counterparts receiving 
higher (mean) annual rainfall, for the same intensity of drought (in terms of SPI) (Source: based on 
Deshpande et al., 2016; James et al., 2015). 

Flood prone areas are at a greater risk of recurring floods due to excessively high rainfall 
(Brouwer et al., 2007). Heavy rainfalls in the area can have adverse effect on surface water quality 
and groundwater which can contaminate water supply (Zimmerman et al., 2008; Brouwer et al, 
2007). Another factor that influences water scarcity (during droughts) is the overall availability of 
annual renewable water in a region (Rijsberman, 2006). Renewable water availability of more 
than 1700 cum/capita/year is considered as secure (Falkenmark et al., 1989).  

High levels of salinity with TDS (salinity) renders groundwater unfit for drinking. As per 
ISO standards, the permissible level is 1000 ppm for potable water, though some Indian states 
have adopted more liberal standards, with water sources of higher salinity (up to 1500 ppm) often 
used for drinking water supply in situation where no alternatives are available. There are other 
sources of chemical contamination of groundwater in India. They are: fluoride, nitrates and 
arsenic. The permissible level of fluoride for drinking water supply is 1.5 ppm. The permissible 
level of nitrate is 45 ppm. The permissible level of arsenic is 0.05 ppm or 50 parts per billion 
(Kumar, 2017). For other purposes, in addition to freshwater, marginal quality water, especially 
marginal quality groundwater (with salinity in the range of 1,000-2,000 ppm) tapped from wells is 
often used by communities to meet various domestic needs other than direct consumption.  

In alluvial areas with low to medium rainfall and high aridity such as western and north- 
western India, there is large amount of marginal quality groundwater with salinity in the range of 
1,000-2,000 ppm (GOI, 2010), and such practices are predominant there. High inter-annual 
variability in rainfall (with severe drought years and abnormally wet years) is characteristic of such 
regions (Kumar, 2017). In such cases, where excessively high rainfall occurs (like the flood causing 
rainfall events of 2017), the groundwater gets heavily replenished due to high infiltration and the 
mineral concentration reduces often making it fit for drinking and cooking. The marginal quality 
groundwater also turns potable due to recharge from canal irrigation and canal seepage. Such 
phenomena can have a negative impact on the hazards caused by droughts on renewable 
freshwater availability for drinking water supplies.  
 
1.2 Factors Influencing Community’s Exposure to Hazards 
 
 Community exposure to any hazard is influenced by several factors. Natural factors 
include depth to water table, climate, and groundwater stock. Groundwater at shallow depth will 
be susceptible to biological contamination during floods. High groundwater stock can play a vital 
role in buffering the effects of the risks posed during droughts (Calow et al., 2010). In areas with 
cold climate, exposure of community to the risks posed during a bad rainfall year will be low as 
overall water requirements will be less (Kabir et al., 2016a, 2016b).  Areas with humid climate 
have a greater chance of outbreak of water borne diseases during floods (Githeko et al., 2016).  

There are several physical factors influencing community exposure to hazards and they 
include characteristics of the water source, age of the water supply system, provision of buffer 
storage of water in reservoirs per capita, proportion of HHs covered by tap water supply, 
proportion of HHs having access to modern toilets, flood control measures such as dams and 
water pumping facilities. A perennial water source would significantly reduce community 
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exposure to droughts. Further, an ageing water supply system is at a greater risk of damage and 
disruption during natural calamities such as floods and droughts. Adequate provision of buffer 
water storage in reservoirs is one other important factor that can reduce exposure to water 
scarcity conditions during droughts (Kumar, 2010, 2016; McCartney & Smakhtin, 2010).  

In areas where saline groundwater or groundwater contaminated with harmful minerals 
and compounds (arsenic, fluorides and nitrates) is available, during droughts, absence of 
alternative sources of water might force the community to use poor quality water for drinking and 
cooking and other domestic uses including livestock use (Udmale et al., 2016), thereby increasing 
their exposure to the problems associated with consumption of poor quality water. While the 
prevalence of such practices would depend a lot on the frequency of occurrence and intensity of 
droughts, it is a coincidence that the areas affected by high groundwater salinity in India 
(particularly Rajasthan) are also having high drought proneness and vice versa.  

Similarly, HHs’ access to tap water supply and modern toilets will help in counteracting 
prolonged exposure to climate induced risks (Hunter et al., 2010; Montgomery & Elimelech, 2007; 
WHO, 2002). Further, flood control measures such as embankments, dykes, dams and water 
pumping infrastructure will help in reducing severity of floods.  

Socio-economic factors in the context include the proportion of people living in low-lying 
areas, and the proportion of people having access to water supply source within the dwelling 
premise. Low lying areas, due to its topographical disadvantage, will be more prone to floods 
(Patz and Kovats, 2002). Nevertheless, people having access to water supply within their premises 
will have less exposure to risk posed by droughts or floods, owing to the fact that there will be 
lesser chance of water contamination that normally happens during collection, conveyance and 
storage, if the source is available (WHO, 2002). Also, people who follow good hygiene will also be 
less exposed to risks such as food contamination.   

Institutional and policy factors also play an important role in regulating community 
exposure to climate induced risks. Policy to hire private tankers for emergency water supply in 
rural areas and number of such tankers being made available will help community to face water 
stress induced by droughts. Further, provision of disaster risk reduction measures such as flood 
and cyclone warning, drought prediction, and evacuation measures will help community to 
prepare better for any adverse eventuality (Pollner et al., 2010).  
 
1.3 Factors Influencing Community Vulnerability to Hazards 
 

Community vulnerability factors to hazards are mainly natural, socio-economic and 
institutional in nature. Climate is the single most important natural factor that influence in the 
context. For instance, cold climate and humidity increase flood related health risks such as 
diarrhoea caused by bacteriological contamination of water and food.  (Haines et al, 2006; 
Githeko et al., 2016).Inadequate personal and community hygiene resulting from water shortages 
can result in diseases such as diarrhoea (Esrey et al., 1985; Howard, 2005). But in hot, arid, and 
semi-arid climates breeding of water-related insect vectors that can cause such diseases would be 
less (Hunter, 2003). Hot and arid areas are more prone to drought related health risks such as 
dehydration (Haines et al., 2006). 

Population density is a key socio-economic variable that affect community vulnerability to 
the health risks associated with climate related hazards. More densely populated areas have 
greater faecal loadings within the environment, and these are associated with greater 
vulnerability to infectious disease (Woodward et al., 2000). 

Burden of waterborne diseases is often closely linked to poverty (Fass, 1993; Stephens et 
al., 1997) and malnutrition. The poor tend to be more vulnerable to diseases and have least 
access to basic services(WHO & UNICEF, 2000).This could be due to high proportion of them living 
under poverty, lack the wherewithal to have access to alternate sources of water, and are also 
generally unhealthy. There is greater prevalence of undernourishment in general and 
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malnourishment among children. Nevertheless, better access to primary health services will make 
them less vulnerable. People with malnutrition are more vulnerable to water borne diseases. 
 Institutional and policy factors such as availability of greater number of institutions with 
ability to provide relief and rehabilitation measures to people affected during floods and droughts 
(including Government, private and NGOs) improve community adaptive capacity against climate 
induced vulnerabilities. Similarly, presence of adequate number of public health infrastructure 
decreases population vulnerability to the severity of diseases caused during hazards (Haines et al., 
2006). Finally, social ingenuity also matters in its adapting to natural disasters and reducing the 
vulnerability.  Social cohesion, which is characteristic of homogeneous communities, also helps in 
adaptation and vulnerability reduction (IRAP, GSDA & UNICEF, 2013).  
 
Table 8: Identified factors influencing climate induced risk in rural water and sanitation  

Sub-Indices 
(Factor) 

Variable (Indicators) Rationale Impact on 
severity of Risk 

(Negative or 
Positive) 

Hazard Sub-index 

Natural Rainfall 
 

In high rainfall areas, the drought 
impacts on hydrology will be less 
as compared to low rainfall areas 
and vice versa in low rainfall 
areas.  

Negative 
 
 
 
 

Rainfall variability In areas of high rainfall variability, 
the frequency of occurrence of 
severe droughts will be higher 

Positive 

Flood proneness ‘Flood prone’ areas are more 
susceptible to hazards associated 
with high rainfall 

Positive 

Aridity Impact of droughts in areas 
having high aridity in terms of 
hydrological changes will be more 
as compared to areas of low 
aridity 

Positive 

Annual Renewable Water 
Availability   

Renewable water availability of 
more than 1700 cum/capita/year 
is considered as secure 

Negative 

Availability of static, 
marginal quality 
groundwater that can 
turn potable during very 
wet years 

The probability of marginal 
quality groundwater turning 
potable increases with increase 
with increase in probability of 
occurrence of abnormally wet 
years and proportion of the area 
under canal irrigation 

 

Exposure Sub-Index 

Natural Depth to groundwater 
table 

Groundwater at shallow depth 
will be susceptible to biological 
contamination during floods 

Negative 

Temperature and 
humidity 

In areas with cold and humid 
climate there is high chance of 

Positive 
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water and food contamination 
due to unhygienic conditions and 
spreading of insect vectors 

Groundwater stock Act as buffer during droughts. 
Normally available in the alluvial 
areas, and as valley fills along 
rivers 

 
Negative 
 

 Presence of saline 
groundwater in plenty 

In areas with high drought 
proneness, widespread 
occurrence of saline groundwater 
will force rural communities to 
use the poor quality water for 
drinking & domestic uses 
increasing their exposure, 
whenever there is drought 

Positive 

Physical Characteristics of water 
resources   

Perennial water source would 
significantly reduce community 
exposure to droughts 

Negative 

Condition of water supply 
system 

Old water supply systems are 
more susceptible to disruption 
and damage during floods and 
droughts 

Negative 

Provision of buffer 
storage of water in 
reservoirs per capita 

Reduces exposure to water 
scarcity conditions during 
droughts 

Negative 

Proportion of HHs 
covered by tap water 
supply 

Reduces chances of 
contamination of water during 
collection & storage 

Negative 

Proportion of HHs having 
access to modern toilets 

Reduces chances of vector borne 
diseases through food 
contamination etc. 

Negative 

Flood control measures 
such as embankments, 
dykes, dams and water 
pumping facilities 

Reduces severity of floods 
 

Negative 

Socio-
Economic 

Proportion of people 
living in low-lying areas  

Relatively more exposed to flood 
hazards 

Positive 

Proportion of people 
having access to water 
supply source within the 
dwelling premise 

Less exposure to risk posed by 
droughts or floods  
 

Negative 

Hand washing before and 
after food and after toilet 
use 

Hand washing before and after 
food intake and after toilet use 
will help reduce chances of food 
contamination with faecal 
matter. 

Negative 

Institutional 
& Policy 

Existence of policy to hire 
private tankers for 
emergency water supply  

Help community to face water 
stress induced by droughts 
 

Negative 
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Provision for tanker 
water supply in rural 
areas in terms of number 
of tankers 

Increases community’s ability to 
tide over the crisis caused by 
reduced water supply from public 
systems 

Negative 

Disaster risk reduction 
measures available 

Helps community to prepare 
better for any adverse 
eventuality 

Negative 

Vulnerability Sub-Index 

Natural Climate In cold and humid areas, 
communities will be more prone 
to flood and water scarcity 
related health risks 

Positive 
 
 
 

In hot and arid areas, 
communities are more prone to 
heat stroke, dehydration 

Positive 

Socio-
Economic 

Population density High population density increases 
vulnerability 

Positive 

Proportion of people 
living under poverty  

Vulnerability will be high for 
those who lack wherewithal to 
have access to alternate sources 
of water including purchased 
water 
 

Positive 

Proportion of people who 
are unhealthy 

Undernourishment in general and 
malnourishment, especially 
among children, make 
community more vulnerable 

Positive 

Access to primary health 
services 

Good access to primary health 
facilities make community less 
vulnerable 

Negative 

Percentage of children 
under the age of 5 with 
stunting (Height-for-age) 

Physical growth of children 
(under the age 5), an indicator of 
the nutritional well-being of the 
population, influences 
vulnerability to diseases 

Negative 

Institutional 
& Policy 

Ability to provide relief 
and rehabilitation 
measures for floods 
(number of agencies, 
including Government, 
private and NGOs) 

Improve community adaptive 
capacity  
 
 

Negative 

Social ingenuity and 
cohesion 

Improves community adaptive 
capacity 

Negative  

Adequate number of 
primary and other health 
infrastructure 

Decreases community 
vulnerability to diseases 

Negative 
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The matrix in Table 9 suggests the quantitative criteria for assigning values to various sub-indices for computing the climate risk index for 
different types of areas. 
 
Table 9:  Matrix for computing the values of various indices for assessing the climate-induced risk in water and sanitation in Rajasthan 

Sub-Index 
(Factors) 

Variable 
(Indicators) 

Impact on 
severity of 

Risk 
(Negative or 

Positive) 

Score Score 
given 

Remarks 

1 = Low  2 = Moderate  3 = High  

A. Hazard Sub-Index 

Natural Rainfall Negative Average annual 
rainfall greater 
than or equal to 
1000 mm 

Average annual 
rainfall between 
500-1000 mm. 

Average annual 
rainfall less than 
equal to 500 mm. 

 The hazard is drought 

Rainfall Variability Positive Coefficient of 
variation in 
rainfall is less 
than 17%  

Coefficient of 
variation in 
rainfall is equal 
to/between 17 
and 40%  

Coefficient of 
variation in rainfall 
is greater than 40%  

 As per guidelines of 
IMD 

Flood Proneness Positive Probability of 
occurrence of 
flood less than 
10% 

Probability of 
occurrence of 
flood is 
between 10-
33% 

Probability of 
occurrence of flood 
more than 33%  

  

Aridity Positive Humid-sub-
humid 

Semi-arid Arid to Hyper-arid  As per guidelines of 
IMD 

Annual Renewable 
Water Availability   

Negative Renewable 
water 
availability of 
more than equal 
to 1700 

Renewable 
water 
availability of 
between 1000-
1700 

Renewable water 
availability of less 
than equal to 1000 
cum/capita/year 
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Sub-Index 
(Factors) 

Variable 
(Indicators) 

Impact on 
severity of 

Risk 
(Negative or 

Positive) 

Score Score 
given 

Remarks 

1 = Low  2 = Moderate  3 = High  

cum/capita/year 
 
 
 

cum/capita/year 

 Presence of 
marginal quality 
groundwater that 
can turn potable 

Negative Extra renewable 
water 
availability of 
more than equal 
to 1700 
cum/capita/year 

Extra renewable 
water 
availability of 
between 1000-
1700 
cum/capita/year 

Extra renewable 
water availability of 
less than equal to 
1000 
cum/capita/year 

 Total marginal quality 
groundwater per 
capita X (fraction of 
area under canal 
irrigation + 
probability of 
occurrence of 
abnormally high 
rainfall in fraction) 

B. Exposure Sub-Index 

Natural Depth to ground 
water table 

Negative Depth to ground 
water table is 
greater than or 
equal to 30 m 

Depth to ground 
water table is 
between to 5-30 
m 

Depth to ground 
water table is less 
than equal to 5 m 

 The exposure is in 
the form of 
bacteriological 
contamination 

Temperature and 
Humidity 

Positive Temperature 
ranging 
between 30 and 
350C; Humidity 
ranging from 
30±5% to 
50±3%. 

Temperature 
ranging 
between 27 and 
300C and 
Humidity 
ranging 30±5% 
to 50±3%  

Temperature 
ranging between 23 
and 270C;  Humidity 
ranging from 
60±8% to 80±6% 
most favorable 
condition for 
unhygienic 
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Sub-Index 
(Factors) 

Variable 
(Indicators) 

Impact on 
severity of 

Risk 
(Negative or 

Positive) 

Score Score 
given 

Remarks 

1 = Low  2 = Moderate  3 = High  

conditions  

Groundwater 
stock 

Negative Groundwater 
stock is five 
times more than 
annual recharge  

Groundwater 
Stock is two 
times more than 
the annual 
recharge 

Groundwater stock 
is equal to or less 
than the annual 
recharge 

 As per guidelines of 
CGWB  

Presence of 
contaminated 
groundwater in 
shallow aquifers ( 

Positive Less than 10% 
of the 
geographical 
area is affected 
by groundwater 
with high 
salinity (>2000 
ppm) & drought 
occurrence is 
once in 5 years 

10-25 of the 
geographical 
area is affected 
by groundwater 
with high 
salinity; drought 
occurrence is 
once in 3-5 
years 

More than 25% of 
the geographical 
area is affected by 
groundwater with 
high salinity; 
drought occurrence 
is once in 2 years 

 If the area has access 
to imported water 
for domestic water 
supply (like in IGNP), 
the value should be 
1.0, even if the 
assessment unit has 
large area under 
saline groundwater 

Physical Characteristics of 
natural water 
sources being 
tapped 

Negative Perennial Water 
source with low 
inter-annual 
variability 
(Example. river) 

Perennial 
source with high 
inter-annual 
variability 

Seasonal water 
sources (ephemeral 
rivers, lakes, ponds 
etc.) 

  

Condition of the 
water supply 
system 
 

Negative New water 
supply pipeline 
systems (Less 
than 5 years) 

Medium aged 
water supply 
pipeline systems  
(between 5 and 
15 years ) 

Old aged water 
supply pipelines 
systems ( more 
than 15 years) 
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Sub-Index 
(Factors) 

Variable 
(Indicators) 

Impact on 
severity of 

Risk 
(Negative or 

Positive) 

Score Score 
given 

Remarks 

1 = Low  2 = Moderate  3 = High  

Provision of buffer 
storage of water 
in reservoirs per 
capita 

Negative Provision of 
buffer storage in 
a reservoir 
minimum 36 
m3/capita/year 

Provision of 
buffer storage in 
a reservoir 
between 15m3 
cum/capita/year 

Provision of buffer 
storage in a 
reservoir less than 
9m3 m/capita/year 

  

 Proportion of HHs 
covered by tap 
water supply 

Negative More than 75% 
of HHs are 
covered by tap 
water supply 

40-60% of HHs 
are covered by 
tap water 
supply  

Less than equal to 
40% of HHs are 
covered by tap 
water supply 

  

Proportion of HHs 
having access to 
modern toilets 

Negative More than 90% 
of HHs having 
access to 
improved 
sanitation and 
usage is more 
than 90% 

60%-80% of HHs 
having access to 
improved  
sanitation and 
usage is 
between 70%-
90% 

Less than equal to 
60% of HHs having 
access to improved 
sanitation and 
usage is more than 
70% 
 

  

Flood control 
measures such as 
embankments, 
dykes, dams and 
water pumping 
facilities 

Negative Flood control 
measures 
available 

 No Flood control 
measures available 

  

Socio-
Economic 

Proportion of 
people living in 
low-lying areas  

Positive Less than or 
equal to 25% of 
people living in 
low-lying areas 

25-50% of 
people living in 
low-lying areas 

Greater than or 
equal to 50% of 
people living in low-
lying areas 
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Sub-Index 
(Factors) 

Variable 
(Indicators) 

Impact on 
severity of 

Risk 
(Negative or 

Positive) 

Score Score 
given 

Remarks 

1 = Low  2 = Moderate  3 = High  

Proportion of 
people having 
access to water 
supply source 
within the 
dwelling premise 

Negative More than 75% 
of people 
Access to water 
supply source 
within the 
dwelling 
premise 

40-75% of 
people having 
Access to water 
supply source 
within the 
dwelling 
premise 

Less than 25% of 
people having 
Access to water 
supply source 
within the dwelling 
premise 

  

Hand-washing 
before eating or 
preparing  food 
and after toilet 
use 

Negative Hand-washing 
before eating or 
preparing  food 
and after toilet 
use 

Hand-washing 
after toilet use 
only 

No hand washing 
after food/no hand 
washing after toilet 
usage 

  

Institutional 
& Policy 

Existence of policy 
to hire private 
tankers for 
emergency water 
supply  

Negative Policy exist to 
hire private 
tankers for 
emergency 
water supply 

 No Policy exist to 
hire private tankers 
for emergency 
water supply 

  

Provision for 
tanker water 
supply in rural 
areas in terms of 
no. of tankers 

Negative More than 1 
tanker for 20 
HHs 

1 tanker for 20-
50-HHs 

Less than one 
tanker for 50 HHs 

 1 tanker capacity of 
7000 liters meet 
requirement of 20 
HHs (70 
liters/capita/day) 

Disaster risk 
reduction 
measures 
available 

Negative Disaster risk 
reduction force 
available within 
a radius of 100 
km 

Disaster 
reduction force 
available within 
a radius of 100-
500 km radius 

Disaster risk 
reduction force 
available outside 
500 km radius 
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Sub-Index 
(Factors) 

Variable 
(Indicators) 

Impact on 
severity of 

Risk 
(Negative or 

Positive) 

Score Score 
given 

Remarks 

1 = Low  2 = Moderate  3 = High  

C. Vulnerability Sub-Index 

Natural Climate Positive Temperature 
ranging 
between 30 and 
350C;  Humidity 
ranging  from 
30±5% to 
50±3% ./ Mean 
annual 
temperature 
less than 330C 
and humidity 
above 90% 

Temperature 
ranging 
between 27 and 
300C;  Humidity 
ranging from  
30±5% to 
50±3% / Mean 
annual 
temperature 
between 33 and 
400C and 
Humidity 
between 50 and 
65% 

Temperature 
ranging between 
23-270C and 
Humidity ranging 
60±8% to 80±6% /  
Temperature less 
than 40-460C and 
Humidity less than 
50% 

  

Socio-
Economic 

Population density Positive Population 
Density less 
than 200 
persons/sq. km 

Population 
Density in the 
range of 200-
500 person/sq. 
km 

More than 500 
persons/sq. km 

  

Proportion of 
people living 
under poverty  

Positive Less than equal 
to 25% of 
people living 
under poverty 

25-60% of 
people living 
under poverty 

Greater than 60% 
of people living 
under poverty 

  

Proportion of 
people who are 

Positive Infant mortality 
rate less than 

Infant mortality 
rate between 

Infant Mortality 
rate greater than 
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Sub-Index 
(Factors) 

Variable 
(Indicators) 

Impact on 
severity of 

Risk 
(Negative or 

Positive) 

Score Score 
given 

Remarks 

1 = Low  2 = Moderate  3 = High  

unhealthy equal to 12.0  
(per 1000 
people) 

12.0 to 60.0 (per 
1000 people) 

60.0 (per 1000 
people) 

Access to primary 
health services 

Negative More than 60% 
people having 
access to 
primary health 
services 

25-60% of 
people having 
access to 
primary health 
services 

Less than 25% of 
people having 
access to primary 
health services 

  

 Percentage of   
children under the 
age of 5 with 
stunting (low 
height-for-age 
ratio) 

Negative Average height 
of children 
below the age 
of 5 as a % of 
the median is 95 
to 110 

Average height 
of children 
below the age 
of five as a % of 
the median is 85 
to 89 

Average height of 
children below the 
age of five as a % of 
the median is less 
than 85 

 For the median, we 
would consider the 
State as a whole 

Institutional 
& Policy 

Ability to provide 
relief and 
rehabilitation 
measures for 
floods (no. of 
agencies, 
including 
Government, 
private and NGOs) 

Negative More than one 
NGO for 1,000 
people  

One NGO for 
1,000-2000 
people 

Less than one NGO 
for 2000 people 

 As per NGO 
regulations one NGO 
covered 600 peoples 

Social ingenuity 
and cohesion 

Negative Settled and 
homogenous 
communities, 
exposed to 

Settled, but 
heterogeneous 
communities 
exposed to 

Settled, but 
heterogeneous 
communities not 
exposed to natural 
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Sub-Index 
(Factors) 

Variable 
(Indicators) 

Impact on 
severity of 

Risk 
(Negative or 

Positive) 

Score Score 
given 

Remarks 

1 = Low  2 = Moderate  3 = High  

natural disasters natural disasters  disasters 

Adequate number 
of primary and 
other health 
infrastructure 

Negative One Sub Health 
Centre covered 
3000 to 5000 of 
rural population  

One Sub Health 
Centre covered 
6000 to 8000 of 
rural population 

One Sub Health 
Centre covered 
more than 8000 of 
rural population 

 As per Ministry of 
FHW guidelines one 
Sub health centre 
covers 3000-5000 
rural population 
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2 Computation of the Composite Index 
 

The composite index has three sub-indices (one for hazard, one for exposure, and one for 
vulnerability). Each sub-index has several variables (indicators) whose numerical values (scores) 
together characterize the attribute represented by the sub-index (say, climate hazard) in 
quantitative terms. To begin with, a maximum score of ‘3’ (three) will be assigned to any variable 
in the case of highest risk situation, and the minimum score of ‘1’ (one) will be assigned to the 
variable for the lowest risk situation. For obtaining numerical value of each sub-index, score for 
each indicator will be added up. It can be represented as: 

 

Sub Index value=  …………………………… (1) 

 
Where, S is the product of score and weightage obtained by each variable under the sub-

index and  is the total number of variables (indicators) considered for assessing the value of each 

sub-index.  
Values computed for each sub-index will be normalized by dividing it by the highest 

possible value possible for that sub-index. For instance, a sub-index which has five independent 
variables (indicators) will have a maximum computed value of 15 (i.e., 5 X 3). This means the 
highest normalized value possible for any sub-index will be 1.0. 

The composite climate risk index for water and sanitation ( ) will be computed by 

multiplying the values of the three sub-indices viz., hazard (HWASH-SI), exposure (EWASH-SI) and 
vulnerability (VWASH-SI). It can be mathematically represented as: 
 

………………………………… (2) 
  

VI Calculation of WASH Risk Index for Rajasthan Districts 
 
An analysis of various physical, socio-economic variables that were identified to have 

bearing on climate induced hazard in WASH, exposure of the WASH system to the hazard and the 
vulnerability of the communities to the hazard is presented in Annexure 1. Out of the total 31 
variables required for computing the index, a total of 30 were used for actual computation. The 
only variable which was not included in the calculation was the ‘percentage of low lying areas’, 
which is being used in the computation of ‘exposure; as such database is not being compiled by 
any agency.  

The values of these variables ascertained for the 33 districts, using the criteria defined in 
Table 9, are presented in Annexure 2. Along with the computed values, the Annexure (2) also 
mentions the sources from which these data were derived. Of these 30 variables, data for 28 are 
secondary in nature and were obtained from a variety of public sources, mainly government 
agencies. Rainfall data for different districts were obtained from IMD. Temperature data were 
obtained from global climate atlas. The water resource related data were obtained from the state 
Water Resources Department of Rajasthan and Ground Water Department (GWD) of Rajasthan. 
Data relating to drinking water supply were obtained from Public Health Engineering Department 
of Rajasthan and that relating to sanitation from the state’s Swachh Bharat Mission. The data 
relating to drought relief work (tanker water supply policies, number of tankers available for 
supply, etc.) were obtained from the Disaster Reduction and Relief Department.  

The computed values of the climate risk index and the three sub-indices are given in Table 
10. The value of climate risk index ranges from a lowest of 0.20 in the case of Jaisalmer to 0.40 in 
the case of Sirohi. The climate risk index is higher than 0.30 for 12 districts (these districts are 
highlighted in Table 10). It is in the range of 0.25 and 0.30 for 13 districts, and the value is below 
0.25 for seven districts. Interestingly, some of the southern districts have relatively high value of 
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climate risk index, indicating higher WASH related risk induced by climate hazards, whereas the 
districts in the west, especially Jaisalmer, Hanumangarh, Ganganagar have low value of climate 
risk index. One reason for the low value of the risk index for these districts is the relatively low 
values of hazard index (0.61 for Jaisalmer, 0.67 for Ganganagar and 0.72 for Hanumangarh) and 
vulnerability index (0.48 for Jaisalmer, and 0.59 for Ganganagar and Hanumangarh). 

But the districts viz., Pali, Nagaur and Barmer which are part of the western Thar desert 
region display high climate risk, with a computed value of 0.35, 0.35 and 0.33, respectively. Sirohi, 
which again is a western district, has the highest climate risk value of 0.40. The high values of 
hazard index obtained for these districts are due to the excessively high values of hazard sub-
index of these districts, with low rainfall, high variability in rainfall with frequent drought 
occurrence, and low per capita renewable water availability. Karauli district, located on the 
eastern part of the state, also has very high climate risk index of 0.35, in spite of experiencing low 
degree of climate hazard. This is due to the high vulnerability of the district. 
 As regards the three sub-indices, the value of hazard index ranges from a lowest of 0.61 
for Jaisalmer to the highest of 0.89 for Barmer. For six Districts, the value of hazard index is higher 
than 0.80. For eight districts, the value is in the range of 0.70 and 0.80. For the remaining 19 
districts, the value is lower than 0.70. Overall, the state experience high degree of water-related 
hazard from climate extremes. In spite of having the lowest rainfall (in the entire country) and 
high degree of drought proneness, the hazard index for Jaisalmer is relatively low. An important 
factor which has reduced the degree of climate hazard is the surface water imported into the 
region through IGNP. The water has been meeting not only the irrigation needs but also the 
domestic water requirements of people in six districts in western Rajasthan. Population density is 
one critical factor which, along with effective water resource availability, determines whether 
water becomes a constraint to socio-economic development, but often ignored in water 
resources planning decisions. In this regard, the lowest population density (16 persons per sq. km) 
of the district keeps the per capita renewable water availability quite remarkably high.  
 As regards exposure of WASH system to climate hazards, the value of the sub-index varies 
from the lowest of 0.53 for Hanumangarh to the highest of 0.73 for Bharatpur. It is only in one 
district (Bharatpur), the sub-index for exposure is higher than 0.70. For 31 districts, the sub-index 
is in the range of 0.60 and 0.70, and in only district, the value of the index is less than 0.60. Access 
to tap water (treated water supplied through pipes and tap) from regional water supply schemes, 
access to improved toilets and very high average temperature are among the many factors that 
reduce exposure of Hanumangarh which has the lowest degree of WASH system exposure. 
 As regards the vulnerability of the communities to climate induced hazards in WASH, the 
value ranges from a lowest of 0.48 in the case of Jaisalmer to 0.78 in the case of Karoli and Sirohi. 
It is only in the case of Jaisalmer, the value is less than 0.50. For 17 districts, the value is in the 
range of 0.50 and 0.60. For 13 districts, the value is in the range of 0.60 and 0.70. For the 
remaining two districts, the value is above 0.70 (0.78 each for Karoli and Sirohi). Unlike in the case 
of ‘hazard’ and ‘exposure’ (where the difference between the lowest and highest value is only 
0.20), the variation across districts is much higher (0.30) in the case of vulnerability.  

The factors like improved economic conditions and social development indicators (health 
and education) reduce the vulnerability of the communities to WASH hazards. Here again, 
population density is a crucial factor which can influence the economic conditions by changing the 
level of access to production factors (such as cultivable land and grazing land). Low population 
density also positively influences the access to basic health facilities. It is worth noting here that 
Jaisalmer has a relatively high value of HDI. The influence of population density on vulnerability of 
communities to climate stresses was well demonstrated by the work of Kaly et al. (2004), who 
development an Environmental Vulnerability Index, with a sub-index for climate change.  
 The district-wise values of the sub-indices for hazards, exposure and vulnerability indices 
are provided in Figure 13, 14 and 15, respectively. The values of climate risk index of WASH are 
provided in Figure 16 and 17. Map 12, 13, 14 and 15 show the variation in (WASH related) climate 
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hazard, climate exposure of WASH systems and vulnerability of communities and climate risk in 
WASH across districts of Rajasthan. 

 
Table 10: Computed values of WASH Risk Index and Sub-indices  

District Name 
Hazard Sub-

Index 
Exposure Sub-

Index 
Vulnerability 

Sub-Index 
Total Risk 

Ajmer 0.61 0.67 0.59 0.24 

Alwar 0.67 0.69 0.63 0.29 

Banswara 0.67 0.64 0.67 0.29 

Baran 0.78 0.67 0.56 0.29 

Barmer 0.89 0.67 0.56 0.33 

Bharatpur 0.67 0.73 0.67 0.33 

Bhilwara 0.67 0.62 0.63 0.26 

Bikaner 0.83 0.62 0.56 0.29 

Bundi 0.61 0.62 0.63 0.24 

Chittorgarh 0.67 0.67 0.59 0.26 

Churu 0.83 0.67 0.52 0.29 

Dausa 0.72 0.64 0.67 0.31 

Dholpur 0.67 0.67 0.67 0.30 

Dungarpur 0.67 0.69 0.70 0.32 

Ganganagar 0.67 0.64 0.59 0.25 

Hanumangarh 0.72 0.53 0.59 0.23 

Jaipur 0.72 0.67 0.67 0.32 

Jaisalmer 0.61 0.69 0.48 0.20 

Jalore 0.78 0.69 0.59 0.32 

Jhalawar 0.67 0.64 0.59 0.25 

Jhunjhunu 0.72 0.60 0.56 0.24 

Jodhpur 0.83 0.67 0.56 0.31 

Karoli 0.67 0.67 0.78 0.35 

Kota 0.67 0.69 0.63 0.29 

Nagaur 0.89 0.67 0.59 0.35 

Pali 0.89 0.67 0.59 0.35 

Pratapgarh 0.67 0.62 0.59 0.25 

Rajsamand 0.67 0.67 0.63 0.28 

Sawai Madhopur 0.61 0.67 0.70 0.29 

Sikar 0.67 0.64 0.56 0.24 

Sirohi 0.78 0.67 0.78 0.40 

Tonk 0.67 0.64 0.56 0.24 

Udaipur 0.72 0.64 0.67 0.31 

Source: authors’ own computation based on primary and secondary data 

Note: Where for the sub-indices (Hazard, Exposure and Vulnerability) less than 0.33 is Less 
Hazard/exposure/vulnerability; between 0.33 and 0.67 is moderate 
Hazard/exposure/vulnerability; and greater than 0.67 is high Hazard/exposure/vulnerability. For 
the overall Risk, score less than 0.04 signify low risk; score between 0.05 and 0.30 signifies 
moderate risk and a total risk greater than 0.30 signifies high risk. 



67 
 

 

 

 

 



68 
 

 

 

 



69 
 

  
Map 12: Variation in Climate Hazards (having implications for wash) across districts of 
Rajasthan 
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Map 13: Variation in Exposure of the WASH systems to climate hazards across districts of 
Rajasthan 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Map 14: Variation in Vulnerability to climate hazards 
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Map 
15: 

Variation in Climate Risk in WASH across districts of Rajasthan 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VII Public Health Impacts of Recent Droughts and Floods in 

Rajasthan 
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 In order to assess the public health impacts of climate-induced risk in WASH, district level 
data were obtained from the Public Health department of Rajasthan on water borne diseases and 
vector borne diseases, whose incidence is expected to increase with droughts and floods which 
directly affect the availability of and access to water for domestic use and sanitation, in terms of 
quality and quantity. The data were available for 10 years in the case of vector borne diseases and 
3 years in the case of water borne diseases, and the estimated annual average are presented in 
Table 11. The normalized figures (i.e., number of cases of water related diseases per 1000 people 
are provided in the last column of Table 11. The value ranges from a lowest of 2.0 for Jhunjhunu 
to the highest of 74 for Dholpur. 
 
Table 11: Public health impacts of disruptions in WASH caused by climate extremes in Rajasthan 

District Total people 
affected by 
Vector Borne 
Disease 

Total people 
affected to 
Water Borne 
Disease 

Total Water 
Related Disease 

Number of cases 
of Water related 
diseases per 
1000 people 

AJMER 889 31698 32587 13 

ALWAR 1548 68535 70083 19 

BANSWARA 937 39728 40664 23 

BARAN 916 28964 29880 24 

BARMER 3287 20504 23791 9 

BHARATPUR 1904 101859 103763 41 

BHILWARA 1110 55257 56367 23 

BIKANER 2522 13652 16174 7 

BUNDI 975 68535 69510 63 

CHITTORGARH 964 13090 14055 9 

CHURU 737 8269 9006 4 

DAUSA 484 32624 33107 20 

DHOLPUR 1180 88229 89409 74 

DUNGARPUR 679 34702 35381 25 

GANGANAGAR 691 18979 19670 10 

HANUMANGARH 1103 25730 26833 15 

JAIPUR 1990 45844 47834 7 

JAISELMER 1572 8912 10484 16 

JALORE 511 29321 29833 16 

JHALAWAR 306 24067 24373 17 

JHUNJHUNU 367 4875 5242 2 

JODHPUR 1311 47709 49020 13 

KARAULI 674 38849 39523 27 

KOTA 1430 59942 61372 31 

NAGAUR 1329 23988 25317 8 

PALI 694 36251 36945 18 

PRATAPGARH 946 15076 16022 18 

RAJSAMAND 717 18894 19611 17 

S. MADHOPUR 859 28723 29583 22 

SIKAR 381 45830 46211 17 

SIROHI 499 7625 8124 8 

TONK 353 34701 35054 25 

UDAIPUR 1952 54747 56699 18 
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(Source: Authors’ own estimates based on secondary data provided by Public health department, 
Govt. of Rajasthan) 
 

VIII Analyzing the Link between Climate Induced WASH Risk 

and Public Health Impacts of Disruptions in WASH Services 
 
If the WASH risk index, computed here is robust, the public health impacts of disruptions 

in WASH services caused by extreme climate events such as droughts and floods should capture 
these impacts. This means that if we take long term data on public health consequences of 
disruptions in WASH services, which captures normal and extreme events (dry years and wet 
years) adequately in the sense that the spatial variation in climate induced water related hazards 
are well captured, then the variation in magnitude of public health impacts should be in the same 
pattern as that of the variations in the computed values of climate risk in WASH. Empirically this 
means, the district showing the highest value of WASH risk should have the highest value of public 
health hazards (reported cases of water related diseases), if the time series data we collected is 
representative of the reality on the ground with respect to climate hazards.  
 A regression analysis was carried out with number of incidence of water related diseases 
per 1000 people against the climate risk in WASH computed for the 33 districts. While doing the 
regression, figures of water related diseases for seven districts which appeared to be abnormal, 
were removed and the regression was run with 26 data points5. The relationship between 
computed values of WASH risk and public health impacts (in terms of number of people affected 
by water-related diseases) was found to be linear. The R2 value was 0.15. Greater the value of 
climate risk, higher was the average number of reported incidence of diseases.   

But a unique feature of Rajasthan is the sharp variation in population density across 
districts. While the effect of population is captured in the normalization done for the analysis (by 
dividing the number of water-related diseases by population), the effect of geographical area, 
which remarkably changes the population density, needs to be factored in too. The reason being 
that for the same degree of climate risk, people living in a larger geographical area are less likely 
to be affected by diseases. This means, a certain number of people living in a larger geographical 
area being affected by diseases caused by disruptions in WASH will be indicative of a much severe 
public health hazard than equal number of people living in a smaller geographical area being 
affected. Therefore, in order to factor in the effect of both population and geographical area, the 
figures of number of people affected by water-related diseases was divided by population density 
and regression analysis was performed again with 27 data points (the data for the district of 
Dholpur was added). The best fit model was a logarithmic curve and the model showed an R2 

                                                           
5
  The districts which were not considered are: Bundi, Bhilwara, Sirohi, Nagaur, Dholpur, Jaisalmer 

and Tonk. 
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value of 0.28. Figure 18 shows the graphical representation of the relationship between number 
of cases of water-related diseases and the climate risk index. 

The value obtained for regression coefficient does not suggest a very robust statistical 
model. However, we need to consider the following facts. The public health related data for water 
borne diseases were available only for three years, against 10 years for vector borne diseases and 
hence are not truly representative of the ground realities vis a vis what of disruptions in WASH 
services can happen as a result of climate hazards. Further, as per the official data, the number of 
people affected by water-borne diseases constitute a major proportion of the total number of 
people affected by water-related diseases, and since their dependability is questionable, it would 
have severely hampered the accuracy of the estimates of number of people affected by water-
related diseases. Third: systematic collection of data pertaining to public health started in 
Rajasthan only in 2011, and the scientific accuracy of the data so obtained can also be open to 
question. Finally, in many situations, the occurrence of some of the water-borne diseases may not 
get reported, especially in the socio-economically backward regions owing to the fact that people 
do not go to public health centres (PHCs) or hospitals for cure. 

As the next step in order to examine the practical utility of such indices for broad 
classification of districts according to the degree of climate induced WASH risk they face, we 
carried out simple frequency analysis by dividing the entire state into three categories based on 
the computed values of climate risk in WASH. Sirohi and Jaisalmer districts were not considered 
for this analysis as their data on water related diseases was found to be irregular. The analysis 
shows that on an average, the districts falling in the low WASH risk category (CRI in the range of 
0.24-0.27) have lowest reported incidence of water related diseases and those falling in the 
higher WASH risk category have higher incidence of water related diseases (see Table 12). The 
above sets of analyses validate the composite index for climate risk in WASH. 
 
Table 12: Frequency analysis of climate risk in WASH and occurrence of water-related diseases 

 Risk Index 
Categories 

Composite Estimate 
of WRD* 

Composite WRD Index = Composite 
WRD/Population Density 

1 0.24-0.27 29971 142 

2 0.28-0.31 42371 153 

3 0.32-0.35 42798 166 

*WRD: Water Related Diseases 
 

IX Conclusions 
 
The development of vulnerability and risk indices for climate needs to balance the partly 

competing goals of simplicity, robustness, and comprehensiveness (Hans-Martin Füssel, 2009). 
The WASH risk index (risk in WASH induced by climatic extremes) developed for Rajasthan has 31 
variables of which data on 30 were used for computation. As per our computation, Jaisalmer has 
the lowest climate induced WASH risk (0.20) and Sirohi has the highest (0.40).  

The climate risk index is higher than 0.30 for 12 districts. It is in the range of 0.25 and 0.30 
for 13 districts, and the value is below 0.25 for seven districts. Some of the southern districts of 
the state have relatively high value of climate risk index, indicating higher WASH related risk 
induced by climate hazards, whereas many districts in the west, especially Jaisalmer, 
Hanumangarh, Ganganagar have low value of climate risk index. One reason for the low value of 
the risk index for the latter category is the relatively low values of hazard index and vulnerability 
index. But the districts viz., Pali, Nagaur and Barmer which are part of the western Thar desert 
region display high climate risk, with a computed value of 0.35, 0.35 and 0.33, respectively. 

The computed values of climate risk in WASH for different districts were compared with 
the reported number of incidence of water related diseases after normalizing them by dividing 



75 
 

the figures by population density of the respective districts. The results show that the climate risk 
index in WASH developed here is strong enough to assess the risk associated with poor water 
supply, sanitation and hygiene resulting from climate extremes at the district level, as indicated by 
the good correlation between public health hazards in terms of occurrence of water borne 
diseases and vector borne diseases and the computed values of the WASH risk index. Much 
greater is the practical utility of this index in broad categorization of districts according to the 
degree of climate risk faced by their WASH systems. 
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ANNEXURE 1 

A1.1 Analysis of Climate Parameters of Rajasthan 

The rainfall characteristics of the districts of Rajasthan, in terms of mean annual rainfall 
and coefficient of variation (CV), are presented in Figure A1. It is observed that the rainfall 
variability in the districts of Rajasthan varies largely from year to year and from district to district. 
The reason for the large variation in the rainfall pattern of Rajasthan is due to its topography. The 
annual average rainfall varies from 214 mm in Jaisalmer district to 920 mm in Banswara district of 
Rajasthan. The districts of Western Rajasthan receive less rainfall due to the highly arid desert 
climate, where in the districts in Eastern Rajasthan the rainfall in much higher. The Average 
annual rainfall is high in the districts of: Banswara - 920 mm, Pratapgarh 917 mm, Jhalawar- 901 
mm and Baran- 896 mm. The districts of Jaisalmer, Ganganagar, Bikaner, Hanumangarh and 
Jodhpur receive less rainfall; i.e. 214 mm, 266 mm, 289 mm, 326 mm and 335 mm respectively. 
The yearly variability in rainfall varies from 24% in Bundi district in Eastern Rajasthan to 50% in 
Jalore district of Western Rajasthan. It signifies that the districts of Rajasthan pose moderate to 
high risk for extreme weather conditions.  

The mean temperature of the districts of Rajasthan varies from 80 to 280C during winter 
season, while in summer the temperature ranges from 250 to 460C. The agro-climatic conditions 
of the districts vary between humid to semi-arid in the eastern Rajasthan and arid to hyper arid in 
western Rajasthan. It indicates that the districts of Rajasthan are exposed to moderate to high risk 
in terms of climate. 
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A1.2 Surface and Groundwater resources of Districts of Rajasthan 

The characteristics of the natural water resources vary between perennial to seasonal 
water availability in both the regions. The Rajasthan State comprises of 15 defined river basins 
and the remaining area of Rajasthan has been defined as Outside Basin. It consists of 59 sub-
basins with total surface runoff 21.71 BCM.  In addition, Rajasthan receives water from other 
states on the basis of interstate agreements. Total water resources available in the state are 44.72 
BCM. The Sukhli river basin is the smallest river basin within Rajasthan with a basin area of 990.44 
sq.km, and the Luni basin with an area of 69,302.11 sq.km. is the largest. The 15 major basins are 
Shekhawati, Banganga, Gambhir, Parbati, Sabi, Banas, Chambal, Mahi, Sabarmati, Luni, West 
Banas, Sukli, Other Nallahs of Jalore, and Ghaggar. The outside basin is a large part of Western 
Rajasthan not covered by any river valley. It can be observed from Table A1 that the annual 
renewable water resources (ARWR) are very low in the State. The annual renewable water 
resources (ARWR) varies between 83 cum/capita/annum in Churu to 52,437 cum/capita/annum in 
Jalore. Out of 33 districts of Rajasthan the four districts Ajmer, Ganganagar, Jaisalmer and Jalore 
have surplus water resources, four districts Bundi, Bikaner, Sawai Madhopur and Tonk have 
normal water resources and the remaining districts have deficit water resources conditions. It is 
observed from the data that the districts in Western Rajasthan have normal and surplus water 
resources, which can be due to water from IGNP canal. Therefore, a low to moderate score has 
been given to these districts.    

Table A1: Annual renewable surface water availability and marginal quality ground water that 

can turn to potable water after heavy rainfall 

District Name Annual Renewable 
Water Resources (cum/ 

capita/ annum) 

Categorization Presence of marginal quality 
groundwater that can turn 

potable (cum/capita/annum) 

Ajmer                                2,297  Surplus                        0.40  

Alwar                                   392  Deficit                        2.71  

Banswara                                   656  Deficit                            -    

Baran                                   537  Deficit                            -    

Barmer                                   596  Deficit                      96.69  

Bharatpur                                   199  Deficit                      10.85  

Bhilwara                                   458  Deficit                        0.04  

Bikaner                                   262  Deficit                    569.78  

Bundi                                1,348  Normal                            -    

Chittorgarh                                   301  Deficit                            -    

Churu                                      83  Deficit                    103.08  

Dausa                                   282  Deficit                        0.27  

Dholpur                                   429  Deficit                            -    

Dungarpur                                   327  Deficit                            -    

Ganganagar                                2,822  Surplus                 1,046.55  

Hanumangarh                                1,477  Normal                 1,407.26  

Jaipur                                   163  Deficit                        0.74  

Jaisalmer                                2,327  Surplus                 3,057.34  

Jalore                             52,437  Surplus                      22.29  

Jhalawar                                   761  Deficit                            -    

Jhunjhunu                                   265  Deficit                        0.76  
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Jodhpur                                   132  Deficit                        5.99  

Karoli                                   226  Deficit                        2.71  

Kota                                   299  Deficit                            -    

Nagaur                                   157  Deficit                        5.69  

Pali                                   398  Deficit                        1.59  

Pratapgarh                                   515  Deficit                            -    

Rajsamand                                   195  Deficit                        0.18  

Sawai Madhopur                                1,014  Normal                        1.05  

Sikar                                   119  Deficit                        0.31  

Sirohi                                   827  Deficit                        0.07  

Tonk                                1,520  Normal                        0.99  

Udaipur                                   426  Deficit                        0.17  

 

Ground water condition is quite alarming in the state. The condition as deteriorated 
during the last two decades. The stage of ground water exploitation which was just 35 % in the 
year 1984, has reached 139% as on 2013. Out of 243 blocks in the state, 164 blocks are in over-
exploited category, 9 blocks are critical, 28 blocks are semi-critical and 44 blocks are in safe 
category. In terms of salinity in ground water aquifers it is observed that the percentage of area 
under salinity (EC>4000 mhos/cm) varied from 0 (Banswara, Baran, Bundi, Dungarpur, Kota, 
Pratapgarh district) to 76% (Churu). The districts of Western Rajasthan (Churu 76%, Ganganagar 
52%, Jaisalmer 45%, Jalore 48%, Barmer 61%, Bikaner 38%) have a higher percentage area of 
salinity compared to districts in Eastern Rajasthan. Therefore, for the computation of risk, higher 
score has been given to these districts (Churu, Ganganagar, Jaisalmer, Jalore, Barmer, Bikaner).  

For the computation of the climate risk index, an indicator identified under ‘exposure’ is 
the presence of marginal quality groundwater that can turn potable. The static saline ground 
water resources for the districts has been computed based on the fraction of area under irrigation 
and the fraction of years having extreme rainfall. It is observed this parameter varied from 0 to 
3,057 cum/capita/annum (Table A1). In the western part of Rajasthan, the parameter is higher 
due to water availability from the IGNP canal. A low score is given to Jaisalmer district moderate 
scores given to Hanumangarh and Ganganagar districts and a high score is given to the remaining 
districts.  

Rajasthan has a total of 229 medium and major reservoirs/dams. About 5% of the   gross 
capacity of the reservoir has been taken as reservoir buffer storage. The districts of Jalore and 
Barmer of Rajasthan get a share of 616.74 MCM from the Narmada Canal and 9,362 MCM of 
water is transferred through IGNP canal to seven districts of Rajasthan (namely Ganganagar, 
Hanumangarh, Bikaner, Churu, Jaisalmer, Jodhpur and Barmer of Western Rajasthan). This 
additional water transfer has been added to the buffer storage indicator. It is observed from the 
analysis that out of the 33 districts of Rajasthan, 18 districts are given low scores due to high 
buffer storage, 9 districts given moderate score and 6 districts are given low scores as the buffer 
storage is less than 9 cum/capita/annum. 

Rajasthan has a heterogeneous geology. It ranges from the oldest Archaean rocks to sub 
alluvium and wind-blown sand.  55 % of the area of Rajasthan is unconsolidated/ semi 
consolidated formations. The ground water levels fluctuate based on the formations of the 
groundwater aquifer systems mainly in South-western Rajasthan where 45% of the area of the 
aquifer is consolidated formations (igneous/ metamorphic rock). The ground water level in 
Rajasthan ranges between 4 m to 55 m below ground level. Therefore, low to high exposure 
scores are given to the districts based on the ground water levels. 
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A1.3 Socio-economic conditions in Districts of Rajasthan 
 

As per Census of India, 2011 the population of Rajasthan is 6.86 crore, which is 5.67 
percent of the total population of India. It is observed that the increase in population is about 
21.44 from 2001 to 11.  The population density of the state varies from 17/sq.km. in Jaisalmer to 
595 sq.km. Jaipur. It varies according to geographical location. In the districts of western 
Rajasthan, population density is much lower in comparison to eastern Rajasthan. Therefore, the 
risk score given low to high. The percentage of people living in below poverty line ranges between 
3.3% in Jaisalmer district to 50.1% in Banswara district (See table A2). Therefore, a low to high risk 
score has been given for this indicator. The infant mortality rate has been considered as an 
indicator of health for climate risk analysis for all the districts. It is observed that the IMR is 
‘medium’ to ‘high’ for all the districts. The IMR ranges between 44 in Kota to 76 in Jalore district 
of Rajasthan. Therefore, moderate to high risk scores have been given to the districts of Rajasthan 
depending on the IMR values for the districts.   
 
Table A2: District-wise socio-economic parameters considered for the Climate Risk Analysis 
 

District Name Population 
Density 

(population/ 
sq.km.) 

Percentage of 
population living 

below poverty 
line 

Infant Mortality 
Rate (per 
thousand) 

Under age 5 
Children with 
Stunt in Height 
for Age (%) 

Ajmer 305 7.4 60                      36.1  

Alwar 438 9.9 58                      43.7  

Banswara 397 50.1 58                      51.1  

Baran 175 6.5 56                      43.5  

Barmer 92 13.3 70                      36.9  

Bharatpur 503 16.6 54                      46.8  

Bhilwara 230 18.5 71                      39.6  

Bikaner 78 35.4 60                      35.6  

Bundi 192 3.5 70                      38.9  

Chittorgarh 197 15.5 66                      40.7  

Churu 147 13.6 56                      32.1  

Dausa 476 19.6 56                      33.9  

Dholpur 398 8.7 64                      56.5  

Dungarpur 368 25.2 63                      47.8  

Ganganagar 179 22.8 62                      28.1  

Hanumangarh 184 27.2 53                      35.3  

Jaipur 595 12.5 63                      35.6  

Jaisalmer 17 3.3 57                      38.5  

Jalore 172 13.4 76                      46.4  

Jhalawar 227 18.2 67                      38.6  

Jhunjhunu 361 3.6 55                      33.7  

Jodhpur 161 23.9 57                      40.9  

Karoli 264 6.4 66                      45.6  

Kota 374 3.9 44                      33.8  

Nagaur 187 31.8 59                      39.6  

Pali 164 27.2 58                      46.3  

Pratapgarh 195 15.5 66 47.0 
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Rajsamand 248 24.9 65                      39.6  

Sawai Madhopur 297 18.5 70                      39.4  

Sikar 346 10.5 57                      28.4  

Sirohi 202 27.0 66                      43.7  

Tonk 198 24.8 62                      34.7  

Udaipur 262 20.9 64                      49.5  

 
For access to drinking water sources within the premises the index value ranges from 

moderate to high. The districts in western Rajasthan have better drinking water access than 
eastern part of Rajasthan due to the water supply through IGNP canal. The access to drinking 
water sources ranges from 4% in Jaisalmer to 42% in Jhunjhunu (Figure A2). 
 

 
 

The value of the index corresponding to the percentage of habitations covered by treated 
tap water ranges from low to high. The habitations in the districts of eastern Rajasthan like 
Hanumangarh, Ganganagar, Churu have the highest percentage of treated tap water due to the 
IGNP canal. The habitations covered with treated tap water supply ranges between 4 % and 66% 
(Figure A3).  
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In terms of the access of rural households to improved latrines, the value of the 
corresponding index varies from low to high. It is observed that an average of 19% of rural 
households in Rajasthan have access to improved latrines. The districts of Hanumangarh and 
Ganganagar have the highest access to improved latrines - about 82% and 81%. The access to 
improved latrines ranges from 5% to 82% (Figure A4).  
 

 
 
A1.4 Analysis of primary data from Field survey 

A field survey was conducted for seven districts namely Ajmer, Sirohi, Bundi, Udaipur, 
Hanumangarh, Karauli and Alwar, representing seven divisions of the State of Rajasthan. It is 
observed that most of the households in the rural areas are mostly dependent on the household 
tap connection in the dwelling premises, and private wells as compared to the other water supply 
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sources. For rural households in Ajmer and Bundi, the common stand post is the main water 
supply source (Figure A5). 
 

 
 

Based on the analysis of the primary data for the latrines constructed by the individual 
rural households (HHs), it is observed that most of the HHs have constructed pour flush latrines in 
six districts of Rajasthan (Udaipur, Ajmer, Bundi, Hanumangarh, Karauli and Alwar), while in the 
HHs of Sirohi district Soak-pit latrines are mostly used (Figure A6). The latrines are basically 
constructed using the HHs’ own savings and the grant obtained from the sanitation campaigns of 
the government and NGOs. 
 

 
 

The handwashing indicator was computed based on the primary data from field survey. It 
is observed that the rural HHs in the districts of Rajasthan are aware of hygiene practices. Most of 
the households practice handwashing before and after consuming food and after toilet use, using 
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soap and water. Therefore, low exposure score on this indicator has been given to all the districts 
of Rajasthan.
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Annexure 2: Computed Values of Various Sub-Indices of Climate Risk Index in WASH 

 Risk Interface-1, Composite Index for Assessing the Climate-Induced Risk in Water, Sanitation and Hygiene 
(WASH) in Rajasthan 
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1 Rainfall WRD, 
Rajasthan 

2 2 2 2 3 2 2 3 2 2 3 

2 Rainfall Variability WRD, 
Rajasthan 

2 2 2 2 3 2 2 2 2 2 2 

3 Flood Proneness  1 1 1 1 1 1 1 1 1 1 1 

4 Aridity DPAP, 
Department of 
Agriculture & 
Cooperation 

2 1 1 3 3 1 1 3 1 1 3 

5 Annual Renewable 
Water Resources 

PMKSY 1 3 3 3 3 3 3 3 2 3 3 

6 Presence of 
marginal quality of 
groundwater that 
can turn potable 

Tahal 
Consultant 
Report, WRD, 
Rajasthan 

3 3 3 3 3 3 3 3 3 3 3 

Total Hazard  0.61 0.67 0.67 0.78 0.89 0.67 0.67 0.83 0.61 0.67 0.83 
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7 Depth to ground 
water table 

Ground Water 
Department 

Rajasthan 

2 2 1 1 2 2 2 3 1 2 3 

8 Temperature and 
Humidity 

Climate Atlas, 
IWMI 

2 2 2 2 2 2 2 2 2 2 2 

9 Presence of 
contaminated 
groundwater in 
shallow aquifers 

Groundwater 
Atlas, GWD, 
Rajasthan 

2 1 1 1 3 2 1 1 1 3 3 
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10 Groundwater 
stock 

Tahal 
Consultant 

Report, WRD, 
Rajasthan 

3 3 3 3 1 3 3 1 3 3 1 

P
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11 Characteristics of 
natural water 
resources   

WRD, 
Rajasthan 

2 2 2 2 3 2 2 1 2 2 1 

12 Provision of buffer 
storage of water in 
reservoirs per 
capita 

WRIS, CWC & 
PMKSY 

1 3 2 2 1 3 1 1 1 1 1 

13 Condition of 
Water Supply 
System  

PHED, 
Rajasthan 

2 2 2 1 2 2 2 2 2 2 2 

So
ci

o
-e

co
n

o
m

ic
 

14 Proportion of HHs 
covered by tap 
water supply 

Census, 2011 3 3 3 3 3 3 3 3 3 3 2 

15 Proportion of HHs 
having access to 
modern toilets 

Census, 2011 3 3 3 3 3 3 3 2 3 3 2 

16 Flood control 
measures such as 
embankments, 
dykes, dams and 
water pumping 
facilities 

DMRD, 
Rajasthan 

1 1 1 1 1 1 1 3 1 1 3 

17 Proportion of 
people having 
access to water 
supply source 
within the 
dwelling premise 

Census, 2011 3 3 3 3 3 3 3 3 3 3 3 

18 Hand-washing 
before and after 
food and after 
toilet use 

Primary 
Survey 

1 1 1 3 1 1 1 1 1 1 1 
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19 Existence of policy 
to hire private 
tankers for 
emergency water 
supply  

PHED, 
Rajasthan 

1 1 1 1 1 1 1 1 1 1 1 

20 Provision for 
tanker water 
supply in rural 
areas in terms of 
no. of tankers 

PHED, 
Rajasthan 

3 3 3 3 3 3 2 3 3 2 3 

21 Disaster risk 
reduction 
measures 
available 

DMRD, 
Rajasthan 

1 1 1 1 1 2 1 1 1 1 2 

Total Exposure  0.67 0.69 0.64 0.67 0.67 0.73 0.62 0.62 0.62 0.67 0.67 

V
U

LN
ER

A
B

IL
IT

Y
 

Natural 22 Climate Climate Atlas, 
IWMI 

2 2 2 2 2 2 2 2 2 2 2 

So
ci

o
-e

co
n

o
m

ic
 

23 Population density Census, 2011 2 2 2 1 1 3 2 1 1 1 1 

24 Proportion of 
people living 
under poverty  

Census, 2011 1 1 2 1 1 1 1 2 1 1 1 

25 Proportion of 
people who are 
unhealthy 

Census, 2011 2 2 2 2 3 2 3 2 3 3 2 

26 Access to primary 
health services 

MoFHW 2 2 2 1 1 2 1 1 2 1 1 

27 Percentage of   
children under the 
age of 5 with 
stunting (low 
height-for-age 
ratio) 

NFHS (2015-
16) 

2 3 3 3 2 3 3 2 2 3 2 
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28 Ability to provide 
relief and 
rehabilitation 
measures for 
floods (no. of 
agencies, including 
government, 
private and NGOs) 

DMRD, 
Rajasthan 

3 3 3 3 3 3 3 3 3 3 3 

29 Social ingenuity 
and cohesion 

Census, 2011 1 1 1 2 1 1 1 1 2 1 1 

30 Adequate no. of 
primary and other 
health 
infrastructure 

MoFHW 1 1 1 1 1 1 1 1 1 1 1 

Total Vulnerability  0.59 0.63 0.67 0.59 0.56 0.67 0.63 0.56 0.63 0.59 0.52 

Risk Index  0.24 0.29 0.29 0.31 0.33 0.33 0.26 0.29 0.24 0.26 0.29 
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Risk Interface-2, Composite Index for Assessing the Climate-Induced Risk in Water, Sanitation and Hygiene (WASH) 
in Rajasthan 
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1 Rainfall WRD, 
Rajasthan 

2 2 2 3 3 2 3 3 2 3 3 

2 Rainfall Variability WRD, 
Rajasthan 

2 2 2 2 2 2 2 3 2 2 2 

3 Flood Proneness  1 1 1 1 1 1 1 1 1 1 1 

4 Aridity DPAP, 
Department 
of Agriculture 
& Cooperation 

2 1 1 3 3 2 3 3 1 1 3 

5 Annual Renewable 
Water Availability   

PMKSY 3 3 3 1 2 3 1 1 3 3 3 

6 Presence of 
marginal quality of 
groundwater that 
can turn potable 

Tahal 
Consultant 
Report, WRD, 
Rajasthan 

3 3 3 2 2 3 1 3 3 3 3 

Total Hazard   0.72 0.67 0.67 0.67 0.72 0.72 0.61 0.78 0.67 0.72 0.83 

EX
P

O
SU

R
E 

N
at

u
ra

l 

7 
Depth to ground 
water table 

Ground Water 
Department 

Rajasthan 

2 2 2 2 2 3 3 3 2 3 2 

8 
Temperature and 
Humidity 

Climate Atlas, 
IWMI 

2 2 2 2 2 2 2 2 2 2 2 

9 

Presence of 
contaminated 
groundwater in 
shallow aquifers 

Groundwater 
Atlas, GWD, 
Rajasthan 

1 1 1 3 2 1 3 3 1 1 3 
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10 

Groundwater stock Tahal 
Consultant 

Report, WRD, 
Rajasthan 

3 3 3 2 2 2 1 1 3 2 1 

P
h

ys
ic

al
 

11 
Characteristics of 
natural water 
resources   

WRD, 
Rajasthan 

2 2 2 1 1 2 3 1 2 1 3 

12 

Provision of buffer 
storage of water in 
reservoirs per 
capita 

WRIS, CWC & 
PMKSY 

1 2 3 1 1 3 1 3 1 1 1 

13 
Condition of Water 
Supply System 

PHED, 
Rajasthan 

2 2 2 2 2 2 2 2 2 2 2 

So
ci

o
-e

co
n

o
m

ic
 

14 
Proportion of HHs 
covered by tap 
water supply 

Census, 2011 3 3 3 2 1 3 3 3 3 3 3 

15 
Proportion of HHs 
having access to 
modern toilets 

Census, 2011 3 3 3 1 1 3 3 3 3 2 3 

16 

Flood control 
measures such as 
embankments, 
dykes, dams and 
water pumping 
facilities 

DMRD, 
Rajasthan 

1 1 1 1 3 1 1 1 1 1 1 

17 

Proportion of 
people having 
access to water 
supply source 
within the dwelling 
premise 

Census, 2011 3 3 3 3 3 3 3 3 3 2 3 

18 

Hand-washing 
before and after 
food and after 
toilet use 

Primary 
Survey 

1 1 1 1 1 1 1 1 1 1 1 
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19 

Existence of policy 
to hire private 
tankers for 
emergency water 
supply  

PHED, 
Rajasthan 

1 1 1 3 1 1 1 1 1 1 1 

20 

Provision for 
tanker water 
supply in rural 
areas in terms of 
no. of tankers 

PHED, 
Rajasthan 

3 3 3 3 3 2 3 3 3 3 3 

21 
Disaster risk 
reduction 
measures available 

DMRD, 
Rajasthan 

1 1 1 2 1 1 1 1 1 2 1 

Total Exposure   0.64 0.67 0.69 0.64 0.58 0.67 0.69 0.69 0.64 0.60 0.67 

V
U

LN
ER

A
B

IL
IT

Y
 

Natural 22 
Climate Climate Atlas, 

IWMI 
2 2 2 2 2 2 2 2 2 2 2 

So
ci

o
-e

co
n

o
m

ic
 

23 
Population density Census, 2011 2 2 2 1 1 3 1 1 2 2 1 

24 
Proportion of 
people living under 
poverty  

Census, 2011 1 1 2 1 2 1 1 1 1 1 1 

25 
Proportion of 
people who are 
unhealthy 

Census, 2011 2 3 3 3 2 3 2 3 3 2 2 

26 
Access to primary 
health services 

MoFHW 2 2 2 1 2 2 1 1 1 1 1 

27 

Percentage of   
children under the 
age of 5 with 
stunting (low 
height-for-age 
ratio) 

NFHS (2015-
16) 

2 3 3 2 2 2 2 3 2 2 3 
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Ability to provide 
relief and 
rehabilitation 
measures for 
floods (no. of 
agencies, including 
government, 
private and NGOs) 

DMRD, 
Rajasthan 

3 3 3 3 3 3 3 3 3 3 3 

29 
Social ingenuity 
and cohesion 

Census, 2011 3 1 1 2 1 1 1 1 1 1 1 

30 

Adequate no. of 
primary and other 
health 
infrastructure 

MoFHW 1 1 1 1 1 1 1 1 1 1 1 

Total Vulnerability   0.67 0.67 0.70 0.59 0.59 0.67 0.52 0.59 0.59 0.56 0.56 

Risk Index   0.31 0.30 0.32 0.25 0.25 0.32 0.22 0.32 0.25 0.24 0.31 
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Risk Interface-3, Composite Index for Assessing the Climate-Induced Risk in Water, Sanitation and Hygiene 
(WASH) in Rajasthan 
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1 Rainfall WRD, Rajasthan 2 2 3 3 2 2 2 3 2 2 2 

2 Rainfall 
Variability 

WRD, Rajasthan 2 2 3 3 2 2 2 2 3 2 3 

3 Flood Proneness  1 1 1 1 1 1 1 1 1 1 1 

4 Aridity DPAP, 
Department of 
Agriculture & 
Cooperation 

1 1 3 3 1 1 1 3 3 3 1 

5 Annual 
Renewable 
Water 
Availability   

PMKSY 3 3 3 3 3 3 2 3 2 1 3 

6 Presence of 
marginal quality 
of groundwater 
that can turn 
potable 

Tahal 
Consultant 
Report, WRD, 
Rajasthan 

3 3 3 3 3 3 3 3 3 3 3 

Total Hazard   0.67 0.67 0.89 0.89 0.67 0.67 0.61 0.67 0.78 0.67 0.72 

EX
P

O
SU

R
E 

N
at

u
ra

l 7 
Depth to ground 
water table 

Ground Water 
Department 

Rajasthan 

2 2 3 2 2 2 2 3 2 2 2 

8 
Temperature 
and Humidity 

Climate Atlas, 
IWMI 

2 2 2 2 3 2 2 2 2 2 2 
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9 

Presence of 
contaminated 
groundwater in 
shallow aquifers 

Groundwater 
Atlas, GWD, 
Rajasthan 

1 1 3 2 1 1 1 1 1 1 1 

10 

Groundwater 
stock 

Tahal 
Consultant 

Report, WRD, 
Rajasthan 

3 3 1 3 3 3 3 2 3 3 3 
P

h
ys

ic
al

 

11 
Characteristics 
of natural water 
resources   

WRD, Rajasthan 2 2 2 1 2 2 2 1 2 2 2 

12 

Provision of 
buffer storage of 
water in 
reservoirs per 
capita 

WRIS, CWC & 
PMKSY 

2 2 1 2 1 2 2 3 2 1 1 

13 
Condition of 
Water Supply 
System 

PHED, Rajasthan 2 2 2 2 1 2 2 2 2 2 2 

So
ci

o
-e

co
n

o
m

ic
 

14 
Proportion of 
HHs covered by 
tap water supply 

Census, 2011 3 3 3 3 3 3 3 3 3 3 3 

15 

Proportion of 
HHs having 
access to 
modern toilets 

Census, 2011 3 3 3 3 3 3 3 2 3 3 3 

16 

Flood control 
measures such 
as 
embankments, 
dykes, dams and 
water pumping 
facilities 

DMRD, 
Rajasthan 

1 1 1 1 1 1 1 1 1 1 1 
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17 

Proportion of 
people having 
access to water 
supply source 
within the 
dwelling 
premise 

Census, 2011 3 3 3 3 3 3 3 3 3 3 3 

18 

Hand-washing 
before and after 
food and after 
toilet use 

Primary Survey 1 1 1 1 1 1 1 1 1 1 1 

In
st

it
u

ti
o

n
al

 &
 P

o
lic

y 

19 

Existence of 
policy to hire 
private tankers 
for emergency 
water supply  

PHED, Rajasthan 1 1 1 1 1 1 1 1 1 1 1 

20 

Provision for 
tanker water 
supply in rural 
areas in terms of 
no. of tankers 

PHED, Rajasthan 3 3 3 3 2 2 3 3 3 3 3 

21 

Disaster risk 
reduction 
measures 
available 

DMRD, 
Rajasthan 

1 2 1 1 1 2 1 1 1 1 1 

Total Exposure   0.67 0.69 0.67 0.67 0.62 0.67 0.67 0.64 0.67 0.64 0.64 

V
U

LN
ER

A
B

IL
IT

Y
 Natural 22 

Climate Climate Atlas, 
IWMI 

2 2 2 2 2 2 2 2 2 2 2 

So
ci

o
-

e
co

n
o

m
ic

 23 
Population 
density 

Census, 2011 2 2 1 1 1 2 2 2 2 1 2 

24 
Proportion of 
people living 
under poverty  

Census, 2011 1 1 2 2 1 1 1 1 2 1 1 
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25 
Proportion of 
people who are 
unhealthy 

Census, 2011 3 2 2 2 3 3 3 2 3 3 3 

26 
Access to 
primary health 
services 

MoFHW 3 2 1 1 1 1 3 1 2 1 1 

27 

Percentage of   
children under 
the age of 5 with 
stunting (low 
height-for-age 
ratio) 

NFHS (2015-16) 3 2 3 3 3 3 2 2 3 2 3 

In
st

it
u

ti
o

n
al

 &
 P

o
lic

y 28 

Ability to 
provide relief 
and 
rehabilitation 
measures for 
floods (no. of 
agencies, 
including 
government, 
private and 
NGOs) 

DMRD, 
Rajasthan 

3 3 3 3 3 3 3 3 3 3 3 

29 
Social ingenuity 
and cohesion 

Census, 2011 3 2 1 1 1 1 2 1 3 1 2 

30 

Adequate no. of 
primary and 
other health 
infrastructure 

MoFHW 1 1 1 1 1 1 1 1 1 1 1 

Total Vulnerability   0.78 0.63 0.59 0.59 0.59 0.63 0.70 0.56 0.78 0.56 0.67 

Risk Index   0.35 0.29 0.35 0.35 0.25 0.28 0.29 0.24 0.40 0.24 0.31 

 

 


