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N E R SCIENCE OF THE
ENVIRONMENT

The India-UK Water Centre (IUKWC) promotes cooperation and collaboration
between the complementary priorities of NERC-MOoES water security
research.
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This State of Science Brief was produced as an output of an IUKWC
supported Researcher Exchange on Understanding Water-Energy—-Food
Security Nexus to Design Technology and Policy Approaches for Enhanced
Adaptation to Climate Change in India hosted at the Institute of Developing
Studies, University of Sussex, Brighton, UK in June 2017.
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1. Background

The Researcher Exchange comprised of three main activities: interactive
discussions with identified researchers on some important aspects of the
water—energy-food (WEF) nexus; presenting seminars on current status of
research in natural resource management relating to food production and;
critical review of the research on different aspects of the water-energy-
food security nexus with the view to understand the concept. Based on
extensive consultation and literature review, this technology-policy brief
has been prepared by N. K. Tyagi (IDC) India and L. Mehta(IDS) UK.

2. Key Findings

The Researcher Exchange provided an excellent opportunity to understand
the science of water-energy-food interdependence and its implications
for developing a suite of technologies and policies for sustainable food
production in climate-constrained India.

The WEF nexus approach is going to play an important role in India
in: evolving strategies for intersectoral reallocation of water resources,
particularly reduction in freshwater supply to agriculture and bridging
the demand-supply gap by invoking the concept of circular economy in
wastewater management; co-management of groundwater and energy
in irrigated agriculture, and introduction of commercial agriculture in
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bio-industrial watersheds, etc. The nexus approach also holds promise
for agro-industries, like the sugar industry, which are energy intensive
and produce large quantities of solid and liquid wastes, which can find
application in agriculture production systems.

The WEF nexus issues in India are becoming recognized in a limited way
in scientific meetings, but it has yet to reach the levels of scientific interest
seen in the UK/Europe. There is an urgent need to evolve platforms,
where relevant WEF nexus issues concerning not only science, but also
the concerns of industry, business and farmers could be discussed to
take advantage of the potential of a nexus approach. Programmes aimed
at capacity development for integrating science across different fields of
science and science policy are important issues needing attention.

2.1. Understanding the nexus

The WEF nexus approach, a mechanism for allocating scarce resources
with minimum environmental streses, is essentially a governance system
of institutions, policies, and stakeholders. It is emerging as an instrument
for developing the research agenda and development planning; and holds
promise for India where five transitions are impacting WEF security (Table
1). The concept of the WEF nexus has been successfully implemented in
cases of wastewater management in several locations in India.

Agriculture is nature’s carbon- and water-dependent industry drawing
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Table 1. The five transitions impacting WEF security in India

Transition Iltem Value in 2010 Value in 2050
Urban population with higher 31%; per capita 55%; per capita
purchasing population income income

INR 53000 INR 53331
Nutrition transition: higher 2200 kcal; 8% from 3000 kcal, 16-20%
demand for animal products/ animal products from animal
high-value products products

Climate transition: increasing
temperature, variable rainfall,
greater crop-water demand

Impact observed - no
estimates

2°C rise; rise in
water demand by
10-15%

Energy transition: from fossil
fuels to renewable energy
resources

Per capita
consumption

725 kWh (74% FS:
26% RS)

Per capita
consumption
3000kWh (50% FS:
50% RS)

Agricultural transition: from
small-scale subsistence
farming to large-scale
commercial operations.

85% farms <2ha;
per capita income
INR 40772 (2010-11)

Farm size expected
to increase due to
urbanization, and
shift to industry &
service sectors

RS-Renewable sources

*Data taken from different GOI reports; kcal-Kilo calories, FS-Fossil sources,
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from diverse scientific knowledge base. Therefore, integration of the
developments in several scientific areas such as: science of forecasting
climate change, physiology and genetics of crops, and precision agriculture
using satellite and information communication technologies, would be of
considerable help in improving the productivity in an environmentally safe
manner by reducing energy and water demands.

2.2. Nexus governance

Governance, which refers to structures and processes required to ensure
accountability, transparency, and responsiveness, is the first step for
action onthe WEF nexus. In most countries, including India, the historically
entrenched and vertically structured government departments and sector
based policies act as barriers to the application of the nexus concept.
There is a need to acknowledge the role of power and politics in decision
making processes and make them more transparent. The competitive
politics of subsidized energy and water in agriculture, and the lack of
required interdepartmental coordination are the major constraints to
good governance.

2.3 Policies for WEF nexus

Policy coherence and cross sectoral coordination are essential for
reducing trade-offs and increasing synergy. The policies to manage across
the WEF nexus should ensure: extensive engagement with stakeholders,
coordination and harmonization across sectors to influence investment in
natural resources management and climate, resource pricing, incentives
for technology adoption, and effective waste management.
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2.4 Circular economy and WEF nexus

The WEF nexus approach advocates reduction in resource use through
increase in use efficiency. The circular economy, which also involves
keeping resources in use as long as possible, and then recovering and
regenerating products and materials at the end of each service life, best
meets the nexus objective and can be successfully introduced in the
WEF sector (e.g., recovery and use of recycled phosphorous; municipal
wastewater treatment and use).

2.5 Modelling for scenario development

Nexus tools with varying analytical approaches and data requirements
are available. Some of the currently available preferred tools,which are
useful in making quantitative assessments of the WEF nexus are:

o Water Evaluation and Planning (WEAP),

¢ Long-Range Energy Alternatives Planning (LEAP),
¢ Nexus Tool 2.0,

6 Water-Energy—-Food Nexus Index (WEFNI), and the
6 FAO tool.

Different scenarios with clearly identified trade-offs and synergies
provide flexibility in decision making. But very often models are based on
simplifying assumptions, and require huge amounts of data, which is often
unavailable in India at the required spatial grids. Also, they are unable to
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deal with issues of downscaling and uncertainties. These limitations have
to be kept in view, while analysing the model outputs.

2.6 Technology foresight

Technologies can help the goals of WEF security, though research has
demonstrated that these can have unintended social consequences.
Agricultural intensification (through efficient technologies including micro-
irrigation, conservation tillage, precision agriculture, heat, drought and
flood tolerant crop varieties), would minimize the use of natural resources
and put less stress on the environment but would have to be developed,
refined and employed on a large scale. Remote sensing, geospatial and
information communication technologies (ICT) will be increasingly needed
to promote agro-hydro technologies on a large scale.

3. Specific Knowledge and Data Gaps/Specific
Recommendations

The WEF nexus approach is not fully developed and in most countries
including the UK and India, the Integrated Water Resource Management
(IWRM) approach still holds fort even though it has been difficult to
implement. The application of a WEF nexus approach on a large scale is
limited due to the lack of quantitative assessment of interdependencies
and the complexity of multi-sector governance. Other specific gaps and
recommendations are listed in Table 2.
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Table 2: Knowledge and data gaps

Category Knowledge/Data Gaps

Analytical The nexus accounting of WEF needs is not fully understood in terms of resource intensity, price and
comprehension cost dynamics and implications of social allocations.
Modelling WEF security is impacted by climate change. Models need to be developed incorporating climate

variability. The data inadequacy can be reduced through use of satellite, geospatial and ICT
technologies for large scale applications.
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Frameworks for
implementing nexus

The livelihood perspectives and nature (ecosystems), are not explicitly/ adequately incorporated
and ecosystems are often left out of investments made in infrastructure development for WEF.

Smart technologies—
agriculture

Due to climate change, heat, drought, water logging and disease-resistant crops are required as
well as mechanized production system with low water, energy and carbon.

Impact of climate
change

Data on impacts of climate change on crops, livestock and fisheries in different agro-climatic zones
of India, needs strengthening.

Pricing Policy Water and energy are not effectively priced and the costs of polluting and misusing them are not
accounted for. Governments must strengthen price signals to ensure productive and efficient use of
resources.

Governance The institutional structure for providing governance concerning elements of the WEF nexus in

structure India is fragmented leading to sub-optimal use of resources, giving rise to pollution and resource

degradation

gferegur TA-Soll-aTe T JRefm STerarg uRad= J gHIfad 81 Serarg URad-=iddT o [Mfid w1 & forg
Tisd fAwRd B B MaRudHdl g1 98 THM IR ST & ot I, Y-S qul egict
MNIH & ITANT  3fihe! BT HH DI gR o o ThaT |

e rafaad & TSI & EHI0N 3R Ui (URFRUfAS o), T/ Agfad ©U 3 2iid 781 8| uiRfufa®

fog et o B IRR STd-Soll-aTg T & e gt o= & o & frg 7 faw § a1eR ar g

W MASH-HN | Sraarg uRad= & SR TH, J@T, STAsHTd Td INT UiRIY, S8 Ut arg-arel ol T & it
3R ol ATgAaTa AifAE IadTe YUTelt BY TaadHhd & |

A URaqH &1 | YR & fafNd Hi-sraarg & & wae, TeH 3R Jod e WR Sfadrg gRad= & THTd IR

quTa B S! B ASTgd T DI T2 g

e fyRor ifa S TS St b YHTA &1 q Heg FuRor 781 g3 8, 3R 37 UGHUT T gOUTNT R & ANTd bl
feare 161 81 A1l ) SdTedhdl iR HRIA STANT AT HA & [ IRBRI & Ged Hobdl Bl
Tolgd AT A1

TR TR YR & T-3ol-QTg Wi & deal & Faifdd 2 UgH B & ol g fadfed 8, 39 dRuT

I BT IU-ZTAH ITANT BIell &, For) Uguon SR wwnet & fiRrae gidht g1

15



4. Capacity Development Requirements ¥. &1 {[dhT Bl STIGH Y

The multi-task-holders’ platforms which are being evolved would require Sl §g-BTd-URS W fIbRyd fbd o @ 8, I SuanT & fog e dm |
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capacity building include the following: it %
o Development, customization and application of WEF nexus decision
tools; o S-Sl -are WY ol Juesron &1 fdsm, srga & SuanT;
o Data requirement, acquisition and management; o m I Tl m GﬁTEIH‘éFT
6 Methodology for co-designing research agendas involving ' 3 B 1 i o 5 .
practitioners, academics, farmers and industry; ¢ ! fr g th q \_{1% & WY FSLIR]
g o Development of competence in inter-sector dialogue and conflict PTUEPH ST,
: S i resolution; o 3fR-&F ITat 3R Juy & JHYH H gl BT faBr;
NGRS & 7 A R - ¢ Analysis of science-policy-society linkages to develop pathways o FogA-Hifa-gurs & Jdof &1 fazayor, 5= qifed aeg uiftd & Jmf &
which could lead to desired goals; AR 1%1? ST YT ST I
¢ Training of farmers who manage 80-85 % of water in the food value . . . o
e ? ’ ¢ WY 4Gl H 80-85% UTHI b1 Ut b a1 GRTBIdT &, 3fct: b

Ufreror &1 ydy;
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5. Future

18

There are significant opportunities for Indian and UK researchers to learn
from each other through research exchanges, training and workshops.
The major strength of UK-based institutions lies in: methodology
development for analysing the WEF nexus involving different stakeholders,
development of foresight initiatives, and customization of different nexus
platforms and macro-economic modelling. Indian researchers/land &
water professionals would benefit from placement in the relevant UK
institutions.

Conversely, India has very extensive research programmes on technology
development where placement of researchers and professionals from
the UK would expose them to real-world problems; and assist them
in developing better perceptions on how WEF security can be better
addressed in developing countries’ food and water sectors under
different agro-climatic and socio-economic situations. The watershed
and irrigation command area projects could serve as field laboratories.
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