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Abstract 

The interconnection of energy, water and food sectors has been globally 

recognized and supported by various research studies across the globe. The 

Water-Energy-Food (WEF) Nexus approach is essential as actions related to 

one sector can impact one or both of the remaining sectors. Research into the 

Nexus areas of water, energy, and food sectors has been evolving in terms of 

its interdisciplinary nature. Government ministries and organisations play a 

major role in activities pertaining to the WEF Nexus areas with support from 

international organisations and private bodies. During the 11th and 12th Five-

Year Plan periods (i.e. 2007-2012 and 2012–2017), the research, development, 

and implementation schemes of the Government of India have stressed more 

on sustainable and equitable growth. 
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1. INTRODUCTION 

The challenges faced by the world in general and India, specifically, in respect of 

energy, water, and food sectors are increasingly becoming interlinked. Subsequently, 

strategies for tackling one or the other aspect of this integrated challenge would 

require consideration of critical aspects of managing supply and demand for energy, 

water, and food in a manner that ensures security in each of these. Global projections 

indicate that demand for freshwater, energy, and food will increase significantly over 
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the next decades under the pressure of population growth and mobility, economic 

development, international trade, urbanisation, diversifying diets, cultural and 

technological changes, and climate change. Water is an essential input for generating 

agricultural products in the fields and along the entire agro-food supply chain. Energy 

is required to distribute water and food—to pump water from water sources, to power 

tractors and irrigation equipment, and to process and market agricultural goods. As 

actions related to one sector can impact one or both of the remaining sectors, it is 

necessary to adopt a Nexus approach. With the world population projected to reach 

8.66 billion by 2025, the demand for the three resources—water, energy, and food—is 

going to increase manifold.  Connected to this is the unit consumption of energy as 

there is a great potentiality in rationalizing set unit consumption in all consumption 

sectors, be it industry, agriculture, or domestic sector. The three resources, i.e. food, 

energy, and water are thus very critically important and their optimisation through 

efficiency and preservation would warrant sustained and innovative policy measures 

as also vigorous implementation of the same. In the pages to follow, we cover the 

current research studies in respect of the Nexus areas that include these three 

resources. A study prepared for the UK's Department of Business, Innovation and 

Skills shows that India has achieved substantial growth in overall research articles 

output, increasing from 54,000 in 2008 to 93,000 in 2012,2014-15 at an annualized 

growth rate of 14.4-17% per cent (Elsevier 2013). 

 

Publication matrix:-The publication matrix was developed based on the weighting 

assigned to following indicators of measuring and analysing research papers:  

(i) Author and institute research productivity (weighting 20 per cent). The 

volume of research papers produced by an individual or a research 

organisation is considered as an indicator of research activity.  

(ii) Citations of papers (weighting 70 per cent). Citation counts are recognised 

as a measure of impact, which can be used to index the excellence of a 

research paper.  

(iii) Journal (publication) standing (weighting 10 per cent). The databases that 

index journal/research papers follow certain criteria to ensure the quality of 

research papers indexed. Parameters like peer-review, impact factor, and 

timeliness of the publication are pointers to the publication quality A 

comprehensive search was carried out in narrow subject domains developed in 

consultation with the subject experts, considering the High Level Research 

and Innovation Objectives of the UK–India Partnership. The search output 

was reviewed in terms of WEF Nexus issue and selected for publication 

matrix.  
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In the Publication Matrix (Annexure 1), a total of 848 Indian authors/researchers 

contributed 366 papers in different capacities (primary authors and co-authors), 

originating from 272 Indian and about 30 centres of Consultative Group on 

International Agricultural Research (CGIAR) located in India and overseas 

institutions. An increasing trend of the number of research papers is noticed since 

2007 and this trend reached the peak in 2013; i.e. during the 11th and 12th Five-Year 

Plans when the Government started according due priorities in these areas .. 

 

Research priorities of funding organisations 

Research and development funding and fund allocation mechanisms are powerful 

instruments of research policy formulation in India as well as across the globe. During 

the 11th and 12th Five-Year Plan period, the Government of India has recognized the 

close interrelationship of energy-water-food sectors that is reflected in fund allocation 

trends.For conducting this study, such implementation schemes have also been 

considered. In the recent Union Budget 2015-2016, although several of the ministries 

fall in line with the WEF Nexus areas, primarily four ministries, namely Ministry of 

Agriculture, Ministry of Water Resources, Ministry of Earth Sciences, and the 

Ministry of New and Renewable Energy have fund allocation under the R&D budget 

head. Besides, out of the total R&D budget about 85 per cent is for the Ministry of 

Agriculture.  

 

2. SCOPE OF THE STUDY 

2.1 Objectives 

This study maps the research publication outputs, from 2005 to 2014, of the 

increasingly critical interface of water, energy, and food, and their intertwined 

relationship in Indian research.  

**Leading research institutions and universities based on their publication matrix  

**Leading and emerging researchers based on their publications matrix  

**Research priorities for Indian funders in Water-Energy-Food Nexus. 

 

2.2 Challenges and limitations 

The publication matrix takes into account the explicit occurrence/coverage of the 

identified nexus topics in the content of the data sources. While the study area covers 

an intersection of three major areas in the Water-Energy-Food Nexus, we have 

noticed a number of papers covering only two of the three areas. We have considered 

only those research papers which fall in the explicit intersection of WEF Nexus. There 
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were limitations to access research papers that have less circulation/are not available 

in databases as mentioned in the methodology section or published in non-English 

languages.  

 

2.3 Policy context  

In India, issues related to the WEF Nexus have been addressed through various policy 

measures and schemes across the domains of agriculture, conventional and 

nonconventional energy sources, water management, environment, and rural 

development. The Government's research and development (R&D) expenditure is 

driven by the need to support policy objectives. Several policies and schemes by the 

central and state governments like the National Policy on Biofuels, National Action 

Plan on Climate Change, National Water Policy 2002, Clean Ganga Fund, National 

Clean Energy Fund, Agriculture Demand Side Management, state renewable energy, 

and power subsidy policies have a direct or indirect impact on the Nexus areas. 

 

3. METHODOLOGY 

A systematic process was followed to extract appropriate data and resources from 

various databases and sources. A schematic representation of the methodology is 

given in Figure. 

 

3.1 Identifying subject domains 

Energy, water, and food systems are subject to a diversity of risks. They face the same 

agroeconomic and social adversities, and are determined by cross-scale 

interactions.The Nexus is where all the three systems, i.e. food, water, and energy, 

intersect. The Nexus interactions are complex and dynamic and sectoral issues cannot 

be viewed in isolation from one another. After studying relevant papers (Hoff 2011; 

RCUK India 2013-14-15; TERI 2014; Rasul 2014) and extensive consultations with 

subject domain experts from TERI, RCUK India, and Science and Innovation 

Network, the subject areas were identified and matched with the Research and 

Innovation Objectives of the UK–India Partnership. 

 

3.2  Data sources 

After deliberations with the subject domain experts, the search strategy was decided 

by arriving at search terms to be used for the retrieval of research papers on the Nexus  
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A. Research type data 

It was evident from our domain knowledge that for development of a desired 

publication matrix, one would require research paper citations and authors’ listing 

along with their affiliations. Citations of journal articles, conference proceedings, 

books, etc., can only be available if they are indexed within the database. To ensure a 

comprehensive coverage of research papers for the study, various databases 

established by businesses, or by public or private institutions, have been used to map 

the research papers on the priority theme, i.e., WEF Nexus.  

 

B. Funding type data 

Research funding and mechanisms for fund allocation are significant instruments of 

research policy in India and elsewhere. In India, most research funding comes from 

government sources, primarily from the central and state governments through 

universities and specialized government agencies such as research councils. A number 

of charitable foundations, private sector, and industry also provide significant funding 

for a wide variety of research activities. 

 

3.3 Data retrieval and collation 

As per the objective of the study, the publication matrix and the research priorities of 

funding organisations were mapped drawing inputs from the available data.  

A. Publication matrix:- 

The following search criteria have been considered while developing publication 

matrix for the time period of 2005 to 2014: --Only, the papers written by authors on 

the WEF Nexus subjects were considered. --All papers were categorized under broad 

subject disciplines based on the subject coverage of the papers. --Any paper written 

by the same author on subject areas not relevant to WEF Nexus was not considered. 

Papers written by Indian authors and affiliated to Indian organisations were 

considered. --As per the information science domain knowledge, journal papers which 

are indexed in major databases have higher citation value. If the journal is not indexed 

in any of the databases, it will have less citation value due to low information access. 

Keeping this in mind, we have included journal papers, books, and conference 

proceedings which are indexed in databases. 

 

B.  Mapping of funding organisations with research priorities 

For identifying and mapping the funding pattern of organisations in the country and 

international collaborators, discussions were held with government officials of a few 
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nodal ministries as well as key scientists/researchers who are conducting research in 

the priority theme. This was supplemented by studying their reports that included 

Working Group Reports for 12th Five-Year Plan (FYP), Annual Plans, Outcome 

Budgets, Union Budget documents for the last two years, research reports, policy 

briefs, and books published by these ministries. The references of these sources are 

cited both within the text wherever necessary and also listed as References at the end. 

 

4. RESULTS  

4.1 Publication matrix 

WEF Nexus is an important and complex area of research at the global level. While 

conducting the mapping exercise, it has been observed that from the Indian 

perspective, not many studies have been carried out so far. Most of the studies revolve 

around interlinkages between two sectors of the Nexus, i.e., water and food, or food 

and energy, or water and energy.Once all the major subject themes were identified, an 

intensive search strategy was framed and query formulation done using permutations 

and combination for the last 10 years (2005–2014) for 10 national and international 

databases as majority of these papers are listed in these databases (as indicated in the 

Methodology chapter).  

 

Ministry of Water Resources, River Development and Ganga Rejuvenation, 

Government of India- 

This ministry is responsible for laying down policy guidelines and programmes for 

the development and regulation of country’s water resources. As the ministry 

responsible for overall policy formulation, planning and guidance in respect of minor 

irrigation, command area development and development of ground water resources, it 

plays a vital role in the funding of the relevant programmes and projects relevant to 

Nexus theme. Recognizing the scarcity of water, the Government has taken steps 

towards ensuring water security through formulation of policies, considering water as 

commodity, etc. The National Water Policy (NWP) of India was first introduced in 

1987. The prioritisation was as follows: Drinking. Water, Irrigation, Hydropower, 

Navigation. Industrial’ and other uses The research priorities in India are evolving as 

per the policy prioritisation of the Government. The NWP 2002 gave emphasis for the 

first time to ecological and environmental aspects of water allocation. However, the 

new NWP 2012 calls for a common integrated perspective to govern the planning and 

management of water resources. Such perspective should consider local, regional, 

national contexts and be environmentally sound. The policy states that water needs to 

be managed as a common pool community resource to ensure equitable and 

sustainable development for all. NWP 2012 has done away with water allocation 
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prioritisation mentioned in 1987 and 2002, but has emphasized on treating water for 

safe drinking and sanitation and considered water as an economic good. Consideration 

of irrigation comes next (TERI, 2014). The R&D criteria were defined accordingly. 

displays expenditure made in recent years for development of water sector. 

 

5. CONCLUSIONS 

Research in the Nexus areas of water, energy and food sectors has been evolving in 

terms of its interdisciplinary nature. The mapping exercise reveals that Indian research 

in the Nexus areas shows an increasing trend from 2007. This could be attributed to 

the Government of India’s priorities during the 11th and 12th Five-Year Plans (2007-

2012 and 2012-2017) that stresses sustainable and equitable growth. Within the Nexus 

areas, agriculture receives most government funding and, therefore, research and 

development in the Nexus areas is revolving mostly around agriculture, irrigation, and 

allied activities. Water, a crucial part in the Nexus, is receiving major attention in 

recent times due to its scarce nature and increasing future demand. As nearly 85 per 

cent of the country’s fresh water resources is being utilized in agriculture, this aspect 

used to get due focus in the earlier National Water Policies (NWPs). However, 

presently water is considered as a scarce commodity, and the Government focus has 

therefore shifted towards making drinking water available to all, followed by 

community participation for water conservation, sanitation and then irrigation, as 

evident from the NWP 2012. In the publication matrix, it was observed that a total of 

1152 researchers contributed in the papers in different capacities (primary author and 

co-authors) representing 272 Indian and about 30 CGIAR research centres located in 

India and overseas organisations. The top organisations comprising research 

institutions and universities were based on the methodology of scientometric 

assessment of research papers. Analytically, we have derived the leading institutions 

based on the indicators that include total number of papers and average citations per 

research paper. The leading institutions were derived based on sectoral focus of the 

WEF Nexus theme. Several of the leading institutions in the three sectors are common 

depicting an integrated approach of research in the WEF Nexus areas. Agricultural 

universities and agricultural research institutions are producing impactful research in 

the Nexus areas as the Indian agricultural research system has a long and 

distinguished history that advanced from a decentralized, imperial system into a 

centralized one created to respond to the food crisis in the 1960s. The significance of 

the challenges faced in the WEF Nexus can be judged from the fact that institutes that 

were established in the beginning of the century (like Indian Institute of Science) as 

well as those established in recent decade (like Institute for Resource Analysis and 

Policy) feature in the lists of leading institutions. While majority of the impactful 

research in the Nexus areas are being conducted in universities (56 per cent) 

comprising agricultural and multidisciplinary universities, research institutions (31 
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per cent), and IITs (13 per cent) also enhance the country’s research impact. The 

identification of leading researchers was derived based on scientometric indicators 

that include total citations received, author’s productivity, and journal (publication) 

standing. An in-depth analysis of the research papers and subsequent authors’ analysis 

revealed that out of a total of 848 researchers/authors from different organisations in 

the country, only 18 researchers/authors have published three or more papers 

exclusively in the WEF Nexus areas over the period of last 10 years. Emerging 

researchers were assessed based on the research papers being published after 2009. 

The research dispersion of the leading researchers shows a greater inclination towards 

research in topics related to agricultural productivity, water use efficiency, and water 

security (Figure 4.8). Although there has been a steady growth of climate change 

literature in the recent years in India, the research dispersion of leading Nexus 

researchers depicts a need for research into aspects of climate change that focus on the 

WEF Nexus issues. Research and development of resource-use efficient technologies 

like Organic Rankine Cycle requires consideration of scarcity of interlinked natural 

resources. Capacity development of the Indian research fraternity is, therefore, 

required on solutions-oriented research to facilitate technologies and approaches that 

support increased resource efficiency in an integrated way. There are several research 

institutes in the country like TERI; Council on Energy, Environment, and Water; 

Centers for International Projects Trust; Centre for Development Studies, etc., that are 

carrying out extensive research and policy analysis on the Nexus issues. These 

institutes publish technical reports and other such grey literature on the subject. 

However, as there is no standard publication metric to measure the impact of the grey 

literature, it is outside the scope of this study to assess such literature. The issues 

concerning WEF Nexus have been addressed through various policy measures and 

schemes across the domains of agriculture, conventional and non-conventional energy 

sources, water management, environment and rural development. Research in WEF 

Nexus areas is still in primary stage in the country due to the absence of an umbrella 

policy framework and also these sectors are primarily considered as state subjects. 

Hence, research priorities are also localized, scattered, and are difficult to assess. In 

general, the Government provides most of the funding in the Nexus areas. The 

funding pattern shows that government research based organisations like IARI and 

select universities carry out most of the research in the Nexus areas. The 

Government's research and development outlay are driven by the need to support 

policy objectives. Despite the interrelationship of energy, water and food sectors, 

separate government bodies typically perform the funding and policymaking of these 

resources. We have, therefore, assessed the research priorities of these individual 

ministries and government organisations and identified a consolidated list of research 

priorities. As indicated earlier, in India, most research funding comes from 

government sources, hence funding under different schemes could be considered as an 

indication of research priorities of the sector. The schemes and programmes of 
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government ministries as well as the annual budget allocation in the three sectors of 

water, agriculture and energy underline the fact that research in the country is 

predominantly centred on issues related to agriculture as this sector plays the most 

decisive role in the socio-economic development of the country. It was also noted that 

not all sectoral ministries have dedicated research fund, rather they are part of 

different implementation schemes. Corporate endeavours in social responsibility have 

led to the private sector involvement in research and development on the Nexus 

theme. Such research projects actively engage civil society and community 

participation. International funding organisations from different parts of the world are 

actively collaborating with the research and academic institutions in India as well as 

nongovernment organisations in India on various sustainable development topics. 

Besides, several WEF Nexus schemes have received supports from international 

organisations.  
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