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A B S T R A C T   

India is one of the most water-stressed countries in the world. With the rapidly increasing population and 
growing energy demand, the country is already facing challenges in the interaction between water, energy, and 
food systems. Water scarcity could be a significant obstacle for meeting needs in India’s growing cities, energy 
supply, and agricultural production. A key focus of this review paper is the interaction of water with energy and 
food. To provide a framework for spatial and temporal analysis of the nexus studies, we use the Global Change 
Analysis Model to identify the most water-stressed areas in India throughout 2050, as well as energy needs and 
land use. Then we review more than 100 studies to assess the evolution of competing demands for water, energy 
and food and identify research gaps in published water-energy-food (WEF) nexus studies. This review of pub
lished WEF nexus studies in India reveals that most studies are not designed to capture the interaction between 
multiple dimensions, which means they may underestimate water demands and water stress in the country. Only 
a few studies focus on future challenges and effects of climate change on water, energy, and food systems. The 
paper highlights the major gaps in the existing literature, contrasts them with large-scale, medium-resolution, 
modeled results on water scarcity, and provides recommendations for future research.   

1. Introduction 

India is the second most populous country in the world and is ex
pected to become the most populous by 2025. According to United 
Nations’ projections, India’s population will reach 1.5 billion people in 
2030 and over 1.7 billion by 2050 [88]. An additional 350 million 
people will need energy and food. In 2015, India consumed more energy 
than any other nation except China, the United States, and Russia [14], 
and the government is trying to expand electricity service to all citizens. 
The International Energy Agency (IEA) projects that India could add 
about 600 million new electricity consumers by 2040 [25]. India is one 
of the world’s largest producers of rice, vegetables, fruits, and cotton 
[17]. Clearly, the country will need to expand food production or im
ports to feed the increasing population. 

India is also one of the most water-stressed countries [22, 77] and its 
water resources are overexploited today, showing falling water tables 
[58]. This creates threats to the country’s security because it puts stress 
on agriculture, the power sector, and industry. India’s chronic water 
scarcity problems will become an even bigger challenge in the future 
[91]. 

About 600 million people in India face high to extreme water stress 
in India. NITI Aayog estimated that twenty-one major Indian cities will 
run out of groundwater by 2020. One hundred million people will be 
living in cities with no remaining groundwater [57]. The Indian gov
ernment is trying to formulate and implement suitable strategies for 
better management of water resources, but risks remain very high. Ac
cording to a report of the Intergovernmental Panel on Climate Change, 
India will be most significantly affected by climate change, given its 
huge population and levels of inequality [26]. Heat waves can seriously 
affect water availability for agriculture and the power sector. 

To analyze the complex interactions between water, energy, and 
food, researchers and policy analysts use a nexus approach. Followed by 
Albrecht et al., we define “the WEF nexus as a systems-based perspective 
that explicitly recognizes water, energy, and food systems as both 
interconnected and interdependent.” [2]. There are many studies that 
review WEF nexus importance, methodology, models, methods and 
applications [2, 15, 16, 27, 42, 63, 78, 84, 85, 89, 96], and this list is not 
exhaustive. 

Previous studies have also provided some overview of WEF nexus 
research on India. For example, a book on the water-energy-food- 
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security nexus [33] provides an excellent overview of the status of nexus 
issues in India. However, there is a need for a comprehensive review of 
existing WEF nexus studies in India to answer two key research ques
tions. First, how does the existing literature assess the evolution of 
competing demands for water, energy and food in India? Second, what 
gaps in India exist in the WEF nexus space, particularly in the areas that 
will likely experience the greatest water stresses? 

The paper is structured as follows. After this introduction, Section 2 
provides an overview of the WEF nexus components and presents the 
results from GCAM on water demand and water scarcity in India. Sec
tion 3 describes the methodology and data sources used in this paper. 
Section 4 provides a review of the literature on WEF challenges in India 
focusing on demand sides of the nexus components. Section 6 summaries 
the major research gaps we found in the literature and provides 
concluding thoughts on future research directions. 

2. Framing India’s WEF challenges 

The WEF nexus focuses on complex interactions, trade-offs, and 
synergies between the water, energy, and food systems (Fig. 1). Tradi
tionally, the various dimensions of the nexus have been viewed inde
pendently. It is being increasingly realized that developments or 
challenges in one of these dimensions could have significant implica
tions for the other dimensions of the nexus. For example, a lack of energy 
would hinder the withdrawal of adequate groundwater for irrigating 
crops. Similarly, the lack of water availability has already led to shutting 
down the power plants during peak summer months in arid regions of 
India as well as many other parts of the world. Clearly, while planning of 

food, water, and energy security, it is not enough to look at these systems 
independently. The inter-dependence of the systems, the trade-offs be
tween them, and the synergistic opportunities could only be explored 
and better understood through viewing all these systems simultaneously 
within a common WEF nexus framework. 

In order to frame the discussion on the WEF in India, we use several 
open-source tools which can shed light on the potential areas and drivers 
of water scarcity in the most water-stressed areas in India. 

We use the Global Change Analysis Model (GCAM) [21, 22], devel
oped by Pacific Northwest National Laboratory’s Joint Global Change 
Research Institute to frame the challenges in the WEF nexus in India. 
GCAM is an integrated assessment model that represents the behavior of, 
and complex interactions between five systems: the energy system, 
water, agriculture and land use, the economy, and the climate. It rep
resents 283 agroecological zones and 235 water basins, including 18 in 
India. Water withdrawals and consumption are represented across six 
economic sectors, including agriculture and the power sector. GCAM is 
widely used to analyze interaction of water with other sectors [11] 
under various scenarios [87]. 

India’s population is projected to grow from 1.2 billion people in 
2015 to 1.7 billion people in 2050. To feed the additional people, 
agriculture production will have to increase significantly. India’s crop 
productivity is very low due to traditional farming practices, small 
landholdings, and limited investment in mechanization. The increase in 
agriculture production is going to be mainly on account of productivity 
enhancement through irrigation. This is reflected in the results which 
show that area under crops will grow by 6% between 2015 and 2050, 
while the water withdrawn for the same will grow by 42% during the 

Fig. 1. Components of the WEF nexus in India. (Modified from [1].  
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same period (Supplement tables S5-S7). Growth in additional land for 
agriculture would be small. 

The rest of this section focuses on water as the most important 
element of the WEF nexus in India. GCAM and its hydrological tools 
allow us to shed light on the potential areas and drivers of water scarcity 
in India. These results also provide a helpful frame to consider the 
detailed analysis of more bottom-up WEF studies in India, highlighting 
whether there are potential gaps in the geographical and sectoral 
coverage compared to the areas and drivers identified in large-scale, 
medium-resolution analysis. 

Water supply is calculated using the Xanthos model [39, 60]. Xan
thos produces outputs for various parameters including total runoff, 
average streamflow, potential evapotranspiration, and actual evapo
transpiration [90]. We use the Tethys package to downscale water 
withdrawals from national to local scale [40, 61]. Tethys produces de
mands for six different sectors: irrigation, livestock, domestic, electricity 
(generation), manufacturing, and mining. Both Xanthos and Tethys 
produce outputs on monthly time-steps and 0.5-degree grid cells. Water 
scarcity is calculated as the ratio of water demands to water supply 
(runoff). 

Fig. 2 shows the most water-stressed regions in India. Water scarcity 
grows dramatically across India through 2050 compared with today, but 
the greatest changes occur in the northwest and central-southern India. 

Water scarcity in India comes from several factors. Demand grows 
significantly because of the population increase and economic growth. 
Overall, Fig. 3 shows that water demand growth is strongest in northern 
India, while the sectors experiencing the fastest growth include irriga
tion and livestock. 

Agriculture, cities, and industry account for the largest changes in 
water withdrawals through 2050 (Fig. 4). Agriculture, as the far largest 
sector of water demand, will be specifically susceptive to climate change 
effects. 

GCAM also provides projections on power generation in India and 
associated water withdrawal and consumption. The previously 

published GCAM results show that between 2010 and 2050 power 
generation and water withdrawal in India will increase by a factor of 9, 
while water consumption will grow by a factor of 5 [83]. We provided 
GCAM projections of electricity generation by technology in Supplement 
Table S4. 

As this section shows, the GCAM ecosystem tools are very helpful to 
analyze future water, energy and land demands in India. However, while 
helpful, no single tool can shed light on all aspects of the WEF nexus in 
India and the results highlight the critical importance of bottom up WEF 
studies in India. There is a need for more robust assessment of the 
changes in the WEF nexus. Bottom-up studies and more detailed models 
can help clarify local trends and impacts, as well as options for miti
gating water shortages. 

3. Methodology and data 

We compiled peer-reviewed publications in academic journals and 
book chapters. We searched the Scopus database for “India,” “water,” 
“energy,” “food,” and “nexus” in titles, abstracts, and keywords. The 
Scopus search resulted in 50 articles, conference papers, and book 
chapters. This low result could be explained by the fact that many nexus 
papers in India focus on dual-sector interactions, for example, water for 
energy, water for food, energy for water, and energy for food. A sig
nificant discussion on the WEF nexus in India is taking place in reports 
and other non-peer-reviewed publications. We also used Google Scholar 
to search for other studies on the WEF nexus in India, which resulted in 
over 19,000 items published between 2010 and 2021. We selected only 
full-text papers, which focus primarily on India; many other studies use 
India as an example in the text or references. 

We also included studies from several prominent think tanks in India, 
such as the Center for Study of Science, Technology, and Policy (CSTEP), 
Integrated Research and Action for Development (IRADe), The Energy 
and Resources Institute (TERI), Council on Energy, Environment, and 
Water (CEEW), the Institute for Resource Analysis and Policy (IRAP). We 

Fig. 2. Water scarcity in India, 2030 and 2050.  
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also analyzed studies from international research centers and organi
zations such as the International Water Management Institute (IWMI), 
the World Resources Institute (WRI), and the Columbia Water Center. 

Finally, some studies do not use the nexus concept in the text thought 
they indeed focus on the WEF nexus. These papers are more difficult to 
identify because they do not show up in keyword searches, so we located 
some of them using by systematically reviewing references in the sour
ces we considered (i.e., the snowball method). We should note, however, 
that the number of WEF nexus studies on India has been increasing very 
rapidly. More than half (57%) of all articles on the WEF nexus in India 
were published during the past five years; 43% of the studies were 
published during the past three years. 

In total, we reviewed over 100 studies in this paper. All studies 
selected were analyzed regarding geographic coverage and timeframe 
(Section 4), and the nexus elements covered (Section 5). The Supple
ment provides additional data on the analyzed studies. 

4. A review of the literature on WEF challenges in India 

This section provides an overview of key WEF nexus studies in India. 
We try to answer the two research questions. First, how the existing 
literature assesses the evolution of competing demands for water, energy 
and food in the WEF nexus. More specifically, we will review what 
linkages between water, energy, and food (land use) exist and what the 
implications of this linkages are today and in the future. Second, what 
gaps exist in the water-energy-food nexus space, particularly in the areas 
that will likely experience the greatest water stresses? The supplement 
provides additional detail on methods, geographical focus, and time
frames of the published data. 

The rest of the paper focuses on sectors and locations with the 
highest water scarcity to determine the areas of the focus in India. 

This also allows us to highlight gaps in the knowledge of the WEF 
nexus impacts in the country. 

a) Water demand by sector, 2030. 

b) Water demand by sector, 2050. 

Fig. 3. Growth in water demand by sector, 2030 and 2050.Note the different scales of the spatial distribution of different demand types.  
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4.1. Water-for-energy 

The power sector uses water in thermal power plants as a coolant. 
Hydropower plants directly depend on water to run turbines. Two terms 
are used to describe water-for-power demand. Water withdrawal means 
water removed from the ground or diverted to a power plant from a 
surface-water source, while water consumption is the portion of with
drawn water not returned to the immediate water environment. Ther
mal power plants, which produce about 85% of all electricity in India, 
consume the largest share of water in the power sector. 

Most of the papers on water-for-electricity in India focuses on India- 
wide problems in the power sector without geospatial detail. Some 
important topics are the reduction of water use for cooling, development 
of India-specific water withdrawal and water consumption coefficients 
and the analysis on policy measures. Several papers analyze future water 
demands in the power sector. For example, for the power sector, that has 
been the focus of many published papers, researchers have been using 
global average values in absence of India specific data. Chaturvedi et al. 
[12], on the other hand, presents a good example of research with India 
specific data points. 

However, the issue of water availability by geographic location and 
increasing water scarcity in some areas remains an area of significant 
need in terms of the future research agenda. Some states with large 
power generation capacity and high-water stress are not sufficiently 
analyzed in the literature (e.g., Maharashtra). A good example of a paper 
that addresses this question is Luo et al. [41], although more are needed 
to cover the breadth of the topic. However, the world could shape in 
different ways, and these alternative development pathways could have 
significant implications for India’s electricity generation and associated 
water demands. 

One of the first papers that specifically focused on the water-for- 
electricity nexus is an intermodel comparison of water withdrawal and 
consumption for power generation by 2050 [83]. This study uses global 
median values for water withdrawals and consumption to estimate 
water demand by the power sector in India. 

India operates older generation thermal power plants with open- 
loop, or once-through, cooling technologies. These cooling systems 
have an average water use intensity of about 80–160 m3/MWh or 
around 40 to 80 times higher than the average modern close-loop, or 
recirculating, system [94]. To assess India’s long-term electricity 

generation [12] developed India-specific dataset of water consumption 
withdrawal intensities by cooling technology and type of water (fresh
water/seawater). They present a dataset of India-specific power plant 
distribution by cooling technology based on information from 185 
power plant units, and technology-specific water withdrawals co
efficients based on data of 41 power plant units [12].Many other studies 
[13, 41, 59, 82, 86, 93] use water consumption and water withdrawals 
coefficients to explore different future scenarios. 

In recent years, researchers use more sophisticated tools to survey 
thermal power plants in India. For example, Luo et al. [41] use Google 
Maps to locate 358 power plants, which account for almost 99% of In
dia’s total thermal power capacity and analyze satellite images for all 
geolocated utilities to identify them by water source and cooling type. 
They found that 39% of the capacity is installed in high water-stress 
regions. Between 2012 and 2016, the 14 largest Indian thermal power 
companies could have earned over $1.4 billion of additional revenues 
from the sale of power but they did not due to water shortages. 

For water consumption in 2010, the estimates range between 4 bcm 
[24], 3.7 bcm [83], 1.6 bcm [12], and 1.1 bcm in 2011 [41]. [41]. For 
water withdrawals in 2010, the estimates range from 49 bcm [49], 40 
bcm [24] and 34 bcm [83] to 22 bcm [12], 18.0 bcm in 2014 [92], 18.8 
bcm in 2015 [41]. Different assumptions on the distribution of cooling 
technologies and water intensity by India’s power plants explain the 
difference of these results. 

India has significant untapped hydro potential and several studies 
discuss water for hydropower plants and analyze the potential of large 
and small hydro projects [10, 23, 43, 56, 68, 70]. 

While many studies account for possible changes in the distribution 
of cooling technologies and decreasing intensities of water use, the issue 
of water availability for cooling by geographic location remains an 
important direction for future research. A study by [41] is a good 
example. The impact of climate change on future water availability is 
another important issue to consider in future studies. Another important 
direction of research is to further develop the database of India-specific 
water demand coefficient not only for fuel and cooling technologies but 
also for coal burning technologies as water requirements for subcritical, 
supercritical, and ultra-supercritical coal vary. With the emission miti
gation challenges, nexus research focused on this sector becomes an 
important emerging area of research. 

Fig. 4. Evolution of water withdrawals by sector of demand in India, billion m3 (using GCAM output).  
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4.2. Energy-for-water 

The energy-for-water nexus is one of the most debated issues in 
India. Researchers have discussed this type of nexus in the framework of 
the wider topic of water and energy management in India. Key study 
areas include energy subsidies, excessive energy consumption, renew
able sources of energy for water. Most of the papers on this nexus link 
use qualitative methods. 

Irrigation in India is the biggest source of water withdrawals, and 
inefficiencies in irrigation water use and the resultant lowering 
groundwater tables in many agricultural districts of India have often 
been attributed to the energy pricing policies. Energy pricing policies for 
irrigation has been an important area of nexus research in India for more 
than two decades. Indian utilities provide electricity for water pumps 
used by farmers at very low prices or even for free; diesel was also 
heavily subsidized. This almost-free energy for water has led to over- 
exploitation of groundwater and wasteful use of energy. Many papers 
discuss the economic problems created by subsidized energy for water 
pumping, namely overirrigation and excess water consumption. 

Subsidized energy for water pumping created many economic 
problems, in particular, overirrigation and excess water consumption. 
Many researchers discuss policies and implications of energy subsidies 
on water use in agriculture on the national levels [4, 6, 9, 30, 31, 36–38, 
44, 71, 74]. 

The cost of irrigation water withdrawals has been a big political issue 
for India, resulting in significant energy subsidies for irrigation water. 
Many papers examine policies and implications of decisions on power 
demand in agricultural and implications for groundwater at the state 
level, namely in West Bengal [35, 51, 54, 55], Gujarat [20, 34, 72] 
Andhra Pradesh [30], Karnataka and Punjab [52]. In some cases, re
searchers study the impact of energy prices on water use at the water 
basin level [64, 69]. Clean drinking water is a rising concern in India 
because of significant energy use [29]. 

The practice of providing heavily subsidized energy for farmers, 
which led to overexploitation of water resources, have simulated de
bates about equity issues, for example, unequal access to water resources 
(Wagle et al., 2012 [6]) and trust in government [3]. Several researchers 
have noted that energy prices are very often are used in the political 
process before elections [4, 73, 74, 76, 80]. 

Researchers also analyzed options for providing power for water 
pumps from renewable sources [62], especially focusing on whether 
solar-powered pumps are viable [19, 75] or not [7, 8, 67]. Another 
important question is whether it will actually lead to more groundwater 
depletion because there will no longer be a surrogate price for water 
consumption. Other aspects of the energy-for-water nexus have received 
less attention. Some examples include energy requirements for waste
water treatments [79] and wastewater use [48], and desalinization of 
water [47]. 

The link between energy and water is underrepresented in some 
states that will experience severe water stress. For example, Rajasthan, 
Haryana, and Karnataka are among the largest agricultural producers 
with severe water scarcity, but the link between energy and water is not 
sufficiently analyzed in the academic literature. Another significant gap 
in the energy-for-water studies is the limited number of publications on 
future impacts of economic development and the expansion of irrigated 
agriculture on groundwater and surface water levels. Some good ex
amples of studies that address these issues are [43, 80, 81]. 

4.3. Water-for-food 

Agriculture consumes about 80% of water withdrawals in India 
(Fig. 4). With its fast-growing population, India is experiencing growth 
in demand for irrigation water to produce food. The importance of the 
water-for-food or, in other words, water use in agriculture, is extremely 
important in the Indian context because of the need to feed a growing 
population particularly in regions with significant water constraints. 

Previous studies show that the growth in food production has been 
achieved through the intensification of irrigation, often through the use 
of finite groundwater. Another way of looking at this is that since the 
Green Revolution in the 1960s, the increase in food production has been 
associated with a decline in groundwater availability ([5]. 

Many of the papers on water use in agriculture analyze the effects of 
climate change [28, 32, 45, 95]. To develop adaptation strategies, many 
researchers use dynamic crop simulation models to simulate yield im
pacts under different climate change scenarios. This portion of the nexus 
is one of the most well studied overall. However, scholars usually do not 
use the word “nexus” when they analyze water-for-food issues. As a 
result, we did not find many papers with keywords “nexus”, “water”, and 
“food.” 

This isolated focus on water demand in agriculture limits our un
derstanding of the interactions with other sectors. One of the important 
directions of research is to look at competition for water from agricul
ture, the power sector and cities. The growing demand for water in 
agriculture will exacerbate water shortages in other sectors. A recent 
paper by Mukherji concludes that solutions to India’s groundwater 
problems need to be embedded within the current context of its water- 
energy-food nexus [53]. 

4.4. Energy and land use 

Similarly to many other nexus areas, we located only a few papers, 
which specifically focus on the energy-food nexus. One possible expla
nation is that most of the papers that analyze energy-for-food issues 
focus on water issues. Some examples of papers on the interaction be
tween energy and land use in the nexus framework include studies on 
the land-use competition for the production of biofuels [18], or pro
duction of renewable energy without hurting agriculture [46]. This is a 
potentially important gap given the growth in policies to promote the 
use of biomass in India since bio-energy will play a growing role in India 
in the next decades. Deep decarbonization scenarios in the power sector 
often rely heavily on bioenergy, particularly with bio-energy carbon 
capture and storage (CCS) to achieve negative emissions. This implies 
large-scale plantations of dedicated bioenergy crops. The linkages be
tween bio-energy crops, agricultural crops, and land use have not been 
explored significantly in India. With the growing recognition of the 
importance of climate change in India, the impact of the bio-energy 
debate on various nexus dimensions will only increase. It is critical to 
understand these interlinkages, given that dedicated bio-energy crops 
have a significant water footprint. 

4.5. Water-energy-food 

There is a growing body of academic literature with an analysis of all 
three dimensions of the WEF nexus. For example, [65] analyze the 
growing demand for water for energy and food in South Asia, and look 
for possible integrated solutions that support multiple uses of water. 
[50] use a systems modeling approach to explore global change impacts 
on the nexus in a complex Himalayan water resource system to uncovers 
existing synergies and trade-offs to identify general strategies for water 
management adaptation. 

Researchers only recently have started analyzing the nexus using 
integrated assessment tools. The first example of this kind of study is [5], 
which analyzes three nexus sectors (water, food, and energy) from the 
perspective of the agricultural sector. This study includes the assessment 
of water resources, water consumption by agriculture, crop production 
and energy use for irrigation. This study covers data for several decades 
and provides insights into sub-regional issues. [81] analyze future 
groundwater availability and associated surface flows to formulate 
policy approaches for o improving water sustainability. The authors 
combine measurements with integrated modeling to evaluate the effects 
of climate change on water availability, the efficiency of irrigation and 
the effect of energy subsidies on water demand in some water-stressed 
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areas of India. 
As Momblanch et al. show, socioeconomic impacts on nexus com

ponents are greater than climate change [50]. Thus, the results from 
integrated assessment models could be complemented with the analysis 
of social-economic and political implications using qualitative methods, 
which are well-developed and accepted in India. J. Rising argues that 
integrated assessment models can provide insights that can support the 
development of hydroeconomic optimization models using inter
temporal decision-making and economic valuation [66]. 

The critical need for India is to develop comprehensive studies of 
various special and temporal resolutions focusing on all components of 
the WEF nexus. Integrated assessment studies should be tested and 
supported by detailed studies which are critical to providing downscaled 
information on impacts and challenges. 

5. Discussion and conclusion 

The analysis of the interactions between water, energy, and food is a 
fast-growing area of scientific research in India. The importance of the 
WEF nexus is rapidly increasing because of the many effects that one 
element of the nexus may have on two others. In looking at the com
posite scarcity results from Xanthos and Tethys, as described earlier, 
water scarcity is likely to grow dramatically across India across multiple 
dimensions: including geography and the extent of use across different 
sectors. 

The analysis of the published studies revealed that the evolution of 
some critical WEF nexus linkages have been intensively researched in 
India. Several most advanced areas include the exploration of available 
water resources, water demands in the power sector, and energy use to 
provide water in several sectors, especially in agriculture. The water 
component of the nexus has been intensively explored for decades and 
India has one of the most developed hydrology schools in the world. As a 
result of this success, many papers tend to analyze the WEF nexus issues 
from the position of water. The analysis showed that in most cases 
studies do not use comparable scales and do not show comparable data. 
As a result, it is difficult or impossible to compare these studies. The gaps 
are so large in the existing studies that it is not possible to do a meta- 
analysis comparing results as the studies cover different sectors and 
scales. Ultimately, understanding the energy-water-food nexus in India 
requires a matrixed approach that includes:  

• Multiple nexus dimensions, preferably at once;  
• Drivers behind the growth in water demand and scarcity, including 

climate change and population and economic growth, as well as 
changing patterns of consumption;  

• Geographic differences;  
• Differences over time;  
• Technologies and policies that can help reduce the impact of water 

scarcity. 

The review of published papers on the WEF nexus in India has 
revealed some major gaps in the analysis of WEF nexus issues in India. 
The four most important issues are: 

Comprehensiveness of nexus analysis: Despite the growing number of 
the nexus papers, the complexity of the nexus is not adequately analyzed 
in published studies. Most researchers focus only on one or two elements 
in the nexus rather than having a holistic view of the nexus challenge. 
The nature of the nexus should be explored from a wider perspective and 
should include all interactions between water, energy, and land use. A 
more comprehensive methodological approach is needed to analyze the 
full nexus. 

Future drivers: Most studies to date look at historical data. The few 
that do look at the future do not typically look at the major drivers of 
change in demand for water and energy. For example, climate change is 
an important driver regarding changing precipitation patterns and 
snowpack. The impacts of climate change and their interactions with 

various elements of the nexus framework have received little attention 
in the literature. With climate change expected to put pressure on water 
resources, as well as the way energy is produced and used, this aspect 
needs to be better represented in India-specific analysis. Static analysis, 
as currently dominating the literature, is a useful starting point. But 
analyzing scenarios related to regional impacts of development and 
climate change, both on demand and supply side, will be important to 
better understand the future uncertainties related to various dimensions 
of WEF nexus. 

Focus on water-stressed regions: Finally, strategically, it is important to 
focus on the water-stressed regions. We highlight that researchers have 
looked at various levels - national, state, as well as basin level in the 
nexus research in India. But understanding the nexus challenges in 
water-stressed regions has not been a focus for most of the research. This 
is true looking at existing scarcity, and even more true regarding where 
scarcity will be greatest in the future. Though it is critical to view the 
nexus related challenges across all basins and states in India, we argue 
that the WEF nexus in water-stressed regions is an important research 
gap and should be accorded a higher priority at least in the near future. 

Need for robust India-specific data: The WEF nexus plays out at various 
levels and in various contexts. For a better understanding of nexus ele
ments across levels and contexts, robust India-specific data is critical. 
Very few papers in the literature we assessed use India-specific water 
data. India-specific data would be important for deriving robust con
clusions and insights for many different contexts and policy questions 
that India needs to answer and should ideally be collected and shared by 
researchers for their specific research context. 

In other words, we know already that major pinch points are 
emerging in India related to the WEF nexus. Some cities are running out 
of water for household use because of all the other demands placed on 
water in the region coupled with drought. Thermal power plants in some 
regions are needing to curtail their production because of a lack of 
cooling water. The implications of solar water pumps and increased bio- 
energy production are not well understood today, but still are pro
ceeding to grow rapidly because of policy and pricing incentives. These 
near-term pinch points are an indication of the future, but mitigation 
future scarcity requires a more comprehensive analysis of all dimensions 
of the EWF nexus and its underlying drivers. It is critical to consider how 
things may change with time and geography in order to provide 
decision-makers with clear evidence for adaptation strategies. 

Our research aims at summarizing the key insights from India- 
specific WEF nexus research, as well as highlighting the gaps that 
need to be addressed in future research. We hope that a strategic 
approach on WEF nexus research in the water-scarce country will be 
able to better inform policymakers to address the myriad challenges of 
India’s water, energy, and food systems at various levels of governance. 
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