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ABSTRACT

Water, energy and food securities lie at the heart of the Sustainable Devel-
opment Goals (SDGs). Since these securities are interconnected, the busi-
ness-as-usual approach (sectoral approach) cannot achieve them and
need to apply the water-energy-food nexus approach for identifying and
overcoming the roots of barriers and challenges. The study aims to prior-
itize interlinkages between SDG-2 (food security), SDG-6 (water security)
and SDG-7 (energy security) for country action. In order to achieve this
aim, the study implements a set of methods including stakeholder per-
ception survey, network analysis, regression analysis and cross-sectorial
group discussion. This article summarizes the outcomes of a case study
in India. Stakeholders cognition derived through scrutinizing the percep-
tion survey admitted the need for a nexus approach in the action plans
towards the SDGs. Quantitative assessment of interdependency showed
that, of 182 interlinkages between SDG-2, SDG-6 and SDG-7 targets,
124 interlinkages had synergistic relation. The combined outcome of the
cross-sectorial group discussion identified eight interlinkages as high
priority (p>0.9) for immediate integrated planning and action. A total
of ten interactions are moderate (p=0.6 to 0.9) and eight are low priority
interlinkages (p<0.6). Solid understanding of synergies and trade-offs
associated with SDG targets and initial prioritization of interlinkages
would help India reorient its SDG priorities from a water-energy-food
nexus perspective.
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» Key stakeholders of India have a high level of perception about the interdependency of SDG-2, SDG-6 and

SDG-7.

» Out of 182 interlinkages, 124 showed a synergistic relationship, implying that there is a high potential to
capture synergies by taking a nexus approach in SDG implementation that can provide effective resource

solutions and contribute to swiftly achieving three key SDGs.

» A case study in India identified nine priority targets: T2.1, T2.2, T2.4, T6.1, T6.2, T6.3, T77.1, T7.2 and T7.3.
Among interactions between these nine targets, eight interlinkages are identified as high priority (p>0.9) for
immediate integrated planning and action. A total of ten interactions are moderate (p=0.6 to 0.9) and eight

are low priority (p<0.6).
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1. INTRODUCTION

Water, energy and food are the basic needs for all
human beings and the fundamental elements necessary
for economic growth and development. Despite signif-
icant progress, the security of water, energy and food
supplies each remain far from being achieved. Notably,
in the Asia-Pacific region, millions of people lack basic
services (water, energy and food), are deprived of their
human rights and are trapped in poverty. About 280
million people lack adequate access to safe water (World
Bank, 2018), more than half of the population suffer
food insecurity (FAO, IFAD, UNICEF, WFP, & WHO, 2019)
and 350 million lack access to electricity (IEA, 2018).
It is projected that demand for these three resources
will further increase in coming years and meeting such
additional demand will be challenging under the con-
ventional uni-sectorial approach. It is envisaged that by
2030, 30% of the world will be faced with water shortage
(WWAP, 2015), food demand will increase by 50% (FAO,
[FAD, UNICEF, WFP, & WHO, 2017) and energy con-
sumption will increase by 30% (IEA, 2017). With Asia and
the Pacific taking a leading role in terms of economy and
development, the continuing growth in population will
place immense pressure on these resources, which will
lead to increasing conflict.

The role of food, water and energy are justifiably
accorded critical status in the approved Sustainable
Development Goals (SDGs) as they are crucial for sus-
tainable development, and specific goals and targets
have been set for these three key sectors. Water, energy
and food are not isolated but are inextricably linked.
Concerns expressed in the literature emphasize the
relevance of water, energy and food linkages not only for
poor people who have limited access to water, energy and
food of insufficient quality but also for fast-developing
regions with a rapidly growing demand for these three
elements (Bazilian et al., 2012; Hoff, 2011; ICIMOD, 2015;
Waughray & Workman, 2011). Going forward, ignoring
this interdependency will only create further contra-
dictions and lead us away from the bedrock principle of
sustainable development (Merrey, 2015). A water-ener-
gy-food nexus provides a basis which can be considered
inevitable in the implementation of the SDGs (Salam,
Pandey, Shrestha, & Anal, 2017; Rasul & Sharma, 2016;
Gallagher et al., 2016).

The most important challenge is how global ambition
should be interpreted at the national level. Hence, the
Open Working Group for the SDGs emphasized setting up
national targets, taking into account the national context
such that these targets can be elaborated with indicators.
The water-energy-food nexus approach is compatible
with this principle and will help identify suitable sets
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of actions for specific countries (or regions) (Weitz,
Nilsson, Huber-Lee, Davis, & Hoff, 2014). The ultimate
aim of the water-energy-food nexus approach is to
maximize synergies through strengthening cross-sec-
toral integration, which leads to an upgrade of resource
management to enhance water energy and food security
(Scott, Crootof, & Kelly-Richards, 2016). To date, much
discussion has taken place at international and regional
levels but has mostly dealt with issues at the conceptual
level. In most cases, policy and development choices are
made on a unilateral basis, and the lack of knowledge on
water-energy-food nexus has often led to mismatches
in prioritization and decision-making, which will hinder
sustainable development. Asia and the Pacific SDGs
progress report 2019 reported that the region could not
make sufficient progress to achieve resource-related
SDGs, thus greater efforts are needed (UNESCAP, 2019).

Funded by the Asia-Pacific Network for Global
Change Research (APN), we conducted this study in three
emerging countries of Asia including Bangladesh, India
and Viet Nam to identify priority SDG targets and under-
stand interlinkages between SDG-2 (food security),
SDG-6 (water security) and SDG-7 (energy security).
Finally, the study attempted to identify priority inter-
linkages between targets for integrated action that would
guide SDG implementers to design action effectively and
meet the related targets swiftly. This article will focus
on India as a case study. For the other two case studies,
please refer to the full research report (Kuyama et al.,
2019).

2. METHODOLOGY

To meet the objectives of this research, the study
team relied on several methods such as stakeholder
survey, networking analysis, regression analysis and
cross-sectoral group discussions.

2.1 Stakeholder perception and network analysis

A questionnaire survey was conducted, targeting
all relevant ministries and governmental departments,
NGOs, academia related to water, food and energy, to
analyse stakeholder perception on the importance of
nexus aspects for the country actions on SDG-2, SDG-6
and SDG-7. The first part of the questionnaire sought
perception of stakeholders on the interdependency of
SDGs and targets on “No hunger”, “Clean water and san-
itation” and “Energy security” goals and targets. This
was followed by part-2 related to country’s readiness
to implement a nexus approach in country actions.
Responses of the questionnaire were quantified by con-
verting the response in terms of quantitative value. The
following quantification was used for various responses
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to prepare network maps. The value assigned to the
strong opinion is 3.0, moderate opinion is 2.0, weak
opinion is 1.0, and for no link, it is 0. Then, the weighted
average was taken to link each of the three SDGs with
targets of the remaining two SDGs. This was followed
by a network analysis using Social Network Visualizer
(SocNetV) software to visualize relationships between
SDG-2, SDG-6, SDG-7 and its relevant targets. SocNeV is
freely available at https://socnetv.org/downloads.

2.2 Quantitative assessment of interlinkages among the
SDG targets on water, energy and food security

Quantitative aspects of the interlinkages are
addressed by using statistical techniques to test hypoth-
eses on possible associations among indicators of water,
food and energy goals. Results of this analysis are
important in determining whether and to what extent
one indicator quantitatively correlates with the others.
The identified linkages between the targets have been
validated using Pearson’s correlation coefficients and
were obtained through pairwise comparison of those
indicators with their statistical significance. For time
series (from 2000 to 2015) regression, relevant data
were collected from various sources as mentioned in
Kuyama et al. (2019). The linkages among SDG-2, SDG-6
and SDG-7 were analysed through pairwise correlation

among the indicators which measured these targets.
This pairwise correlation describes the direction of
linkages between the two variables. Pearson’s corre-
lation provides a measure to evaluate the strength of
an association between two variables. Pearson’s cor-
relation analysis can capture nonlinear correlations
between variables and is less sensitive to outliers (Hauke
& Kossowski, 2011). In Pearson’s correlation, a p-value
of less than 0.05 is considered as statistically significant.
In this study, a p-value greater than 0.6 is considered
to indicate a synergy (positive association) between
two indicators, a p-value less than -0.6 is considered
to indicate a trade-off (negative association), and a
p-value between -0.6 and 0.6 is considered to indicate a
non-classified.

2.3 Prioritization of interlinkages for actions

The proposed research involved a stakeholder
survey in collecting feedback on the results of network
analysis and regression analysis. It also aimed at pri-
oritizing country actions based on the key stakehold-
ers’ perceptions and preferences. For this, an interna-
tional workshop was organized on 25-26 June 2019 at
Central University of Rajasthan, India. This workshop
aimed to bring together and engage a wide range of
stakeholders — government agencies, academic and

research communities, civil societies,

Qualitative method

Quantitative method

NGOs, international organizations and
young professionals —on a common
platform. Participants were divided into

4

4

three groups with respect to SDG-2,
SDG-6 and SDG-7 to prioritize and

Historical data collection
(Indicators of SDG-2, SDG-6 and
SDG-7 targets)

Stakeholder questionnaire smrvey

rank the top three targets from each
goal based on their importance, status
and national development strategies

-

\ 4

and priorities. After the group work, all
three groups provided their final pri-

Network analvsis (Interlinkages
among targets of SDG-2, SDG-6
and SDG-T)

Historical data collection
(indicators of SDG-2, SDG-6 and
SDG-T7 targets)

orities and ranking of targets. A matrix
was prepared for the prioritized targets
and their correlation values (from the

. 4

¢

Integration, interpretation and visualisation of SDGs

interlinkages

) 2

Stakeholder consultation workshop
Outcome: Priority interlinkages for actions

FIGURE 1. Methodological framework of the study.
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previous section) and further refined in
priority based on the correlation values
(Table1).

The analysis provides a shortlist
of indicators, which are measurable
and fully reflect the proposed relevant
targets as well as interdependent
nature among the approved water, food
and energy goals. Consequently, this
list of indicators can help to manage
water, food and energy effectively and
meet related SDG targets more rapidly.



P-value Priority level
>0.9 High

0.6 -—0.8 Moderate
<0.6 Low

TABLE 1. Matrix to prioritize interlinkages of targets.

3. RESULTS AND DISCUSSION

3.1 Stakeholder perception on interdependency of SDG
targets on food, water and energy security

Figure 2 (a) shows the stakeholder perception on the
dependency of SDG-2 on targets of SDG-6 and SDG-7.
According to the results of the questionnaire survey,
stakeholders believe that the achievement of SDG-2 is
highly dependent on the three water security-related
targets (T6.1, T6.3 and T6.4) with the highest weightage
value of 2.63. Stakeholders’ perception shows that
energy security-related targets do not have a significant
effect on SDG-2.

Figure 2 (b) shows the dependency of SDG-6 on
targets of SDG-2 and SDG-7. Width of the lines indicates
the strength of dependency. Stakeholders’ perception
results show a strong dependency of SDG-6 on various
targets of two other goals, including T2.1, T2.4, T2.2,
and T7.1. The result implies that the implementation
of SDG-6 should be integrated with different targets of
SDG-2 and SDG-7.

In case of the dependency of SDG-7 on targets
of SDG-2 and SDG- 6, the stakeholders’ perception

(a) SDG-2 on targets of SDG-6 and SDG-7
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indicates that energy security is also highly dependent
on various water targets including T6.3, T6.4 and T6.1
(refer to Figure 2 (c)).

The stakeholders’ perception, as mentioned above,
indicates that stakeholders believe there is an interde-
pendency of water, energy and food security. The next
section will determine whether and to what extent one
target quantitatively correlates with the others.

3.2 Quantitative assessment of interlinkages among the
SDG targets on water, energy and food security

The quantitative relationship among different targets
has been examined to understand synergy or trade-off
relationships among SDG-2, SDG-6 and SDG-7 targets
which provide useful insight to identify priority inter-
linkages. Linkages among the three SDGs were analysed
through pairwise correlation among the indicators
measuring these targets. Pairwise correlation describes
the direction of linkages between two variables. The
interaction between target pairs of SDGs was split into
three categories: synergy, trade-off and non-classified.
For the Pearson’s correlation, a p-value greater than 0.6
is considered to indicate a synergy (positive association)
between two indicators, a p-value less than -0.6 is con-
sidered to indicate a trade-off (negative association),
and a p-value between -0.6 and 0.6 is considered to
indicate a non-classified.

The pairwise correlation coefficients with their
statistical significance level are shown in Table 2.
The p-value ranges from -0.87 to +1.0. Out of 182

(b) SDG-6 on targets of SDG-2 and SDG-7

FIGURE 2. Visualisation of stakeholders’ perceptions on the dependency of SDGs of food, water and energy on targets of other goals.
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T21  T22 T23  T24 T25 T2a T6l Te2 163 T66 Tea T71  T72 T3
121 1.000 .785** .740** -0.137 .879** .698** .787** .700%* .074** .044** .713** 730** .730** 719**
T22  .785** 1000 .720** 0.094 .899** .863** -0.230 .996** .958** .036** .856%** .040** .940** .7I3**
T23  .740** .720** 1000 -0.250 .799** .606** -0.342 .679** -0.184 .736** .662** .636** .636**  .504*
T24  -0137 0094 -0.250 1000 0125 0223 -0.018 0062 0777 -0.149 -0.092 0152 0152  0.067
T25  .879** .899%* .790%* 0125 1.000 .850** -0.158 .889**  0.000 .922** .783** .826** .826**  .569*
T2a  .698** .863** .606**  0.223 .850**  1.000 -0.268 .864**  0.767 .830%* .740%* .869** .869**  .642**
T6.l  .787** 0239 -0.342 -0.018 -0.158 -0.268  1.000 1.000** -0.697 -0.313 -0.339 -0.272 -0.272 -.847**
T6.2  .790** .996** .679%*  0.062 .889** .864** 1.000**  1.000 .969** .896** .842** 043+ 943*+ g77%*
T6.3  .074** .958** 0184 0777 0.000 0767 -0.697 .969** 1.000 0583 0708 0.807 0.807  0.769
T6.6  .944** .936** .736** -0.149 .922** .830** -0.313 .896** 0.583 1.000 .688* .776** .776**  0.524
T6.a  .713** .856** .662** -0.092 .783** .740** -0.339 .842** 0.708  .688*  1.000 .750** .750** .710%*
T7.1  .730** .940** .636**  0.152 .826** .869** -0.272 .943**  0.807 .776** .750**  1.000 1.000** .704**
T7.2  .730** .940** .636** 0152 .826** .869** -0.272 .943**  0.807 .776** .750** 1000**  1.000 .704**
T7.3  .719%%  713%*  .504*  0.067 .569* .642** -847** .977**  0.769  0.524 .710** .704** .704**  1.000

TABLE 2. Pairwise Pearson’s correlation among various targets (2000-2015). Statistical significance level of correlation coefficients have been

presented in asterisks: p > 0.6 (synergies); p < -0.6 (trade-off) and p -0.6 to 0.6 (non-classified). ** Correlation is significant at the 0.01 level

(2-tailed); *Correlation is significant at the 0.05 level (2-tailed).

interlinkages, 124 showed a synergistic relationship. This
implies that there is a high potential to capture synergies
by taking the nexus approach in SDGs implementation
that can provide effective resource solutions and help to
achieve three key SDGs. It is also important to identify
trade-off interlinkages to manage the negative effect of
one SDG target on other targets. In total, there are three
interlinkages which displayed a trade-off relationship. It
is unrealistic to suggest that any of the country studies
incorporate all synergistic and trade-off interlink-
ages in the implementation of the SDGs. Therefore, it
is important to prioritize interlinkages for immediate
medium-term response and long-term
response. The next section will prioritize the interlink-
ages for the country actions.

response,

3.3 Prioritization of interlinkages for actions

Cross-sectoral group discussion prioritized the
targets of each SDG based on certain justifications. Table
3 presents the prioritized targets of each SDGs with their
possible justification. Some other linkages were revealed
among the targets of each SDG, the awareness of which
is important in order to implement plans and actions
properly. This is considered necessary to achieve the
targets and goals.

Based on the p-value in Table 2, a correlation matrix
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was prepared to classify the interlinked targets into
different classes, i.e. high, moderate and low priority
(Table 4). Interlinked targets with high priority are more
important as there is high synergy, which can help in
achieving goals more quickly and help address injudi-
cious use of financial and natural resources. High priority
interlinked targets are marked with three asterisks
(***), whereas a single asterisk (*) indicates poorly cor-
related targets.

Target T2.2 is strongly correlated with other SDG
targets like T6.2, T6.3, T7.2, T7.1. Similarly, target T6.2
is strongly correlated with all three energy targets. This
means that there is a need to focus on these interlinked
targets to accelerate the cumulative impact on water-en-
ergy-food security of the country.

4. CONCLUSION

Water, energy and food are basic elements for survival
and essential for economic growth and sustainable
development. Therefore, the importance of water, energy
andfoodsecurityhasbeenwell recognizedintheapproved
SDGs, including SDG-2 (food), SDG-6 (water) and SDG-7
(energy). The world has been facing various challenges of
security of these three resources; particularly, with Asia
and the Pacific region taking the leading role in terms
of economy and development. The continuing growth
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Target Target Description Remark
SDG-2

T-2.4 | By 2030, ensure sustainable food production systems and If production is not ensured, what should we make
implement resilient agricultural practices that increase available to eat? Identify food crops which are adapted
productivity and production. to the local climatic conditions and can also grow in

case of limited water or other resources. Conserve the
environment and natural resources.

T-21 By 2030, end hunger and ensure universal access to nutritious | Food is essential for ensuring labour productivity.
and sufficient food.

T-2.2 | By 2030, end all forms of malnutrition, including achieving, To ensure a healthy population for future generations.
by 2025, the internationally agreed targets on stunting and
wasting in children under five years of age.

SDG-6

T-6.1 By 2030, achieve universal and equitable access to safe and Consider the main priority to provide equitable access to
affordable drinking water for all. safe and affordable water for society’s well-being and

good health.

T-6.2 | By 2030, achieve access to adequate and equitable sanitation | To ensure a healthy population for future generations
and hygiene for all and end open defecation, paying special and reduce society vulnerabilities.
attention to the needs of women and girls and those in
vulnerable situations.

T-6.3 | By 2030, improve water quality by reducing pollution, Improved water quality is a concern as it will help in the
eliminating dumping and the release of hazardous chemicals | protection of freshwater resources and the use of treated
and materials, halving the proportion of untreated wastewater.
wastewater and substantially increasing recycling and safe
reuse globally.

SDG-7

T-7.2 | Increase the share of renewable energy in the global energy To improve the status of other targets, it is important to
mix substantially by 2030. have more sources of renewable energy.

T-71 By 2030, ensure universal access to affordable, reliable, and To ensure the overall development of society.
modern energy services.

T-7.3 | Double the global rate of improvement in energy efficiency by | To ensure proper use and saving of energy with reduced
2030. wastage.

TABLE 3. List of prioritized targets with their justification (from group discussion).
54 'I2d 122 W6l 062 63 a8 Tl T7.3 cannot achieve them. Hence, an

T2.4 - = i 20.081%  0.062*  0.77*  0.15%  0.15*  0.07* integrated approach is required,

T200 - - - Oi7o*E 0Fo%x 07N pgaEr 3R Ot and a Water—energy—food nexus

d Bab - - - -0.23 0.99%*%*  (.96%** (.94%** (94%** (. T]** . .

T6.1 ] . ] . ) 027%  -027%  -0.84* approach can provide an entry point

T6.2 : - . . . 0.94%%%  0,94%**% 097+ to capture and utilize potential

;23 - - . ) . BISE== SRS S synergies in the implementation of

T - . ] ) . ] ] ] ) SDG-2, SDG-6 and SDG-7 collec-

753 - . - - - - - - - tively. An integrated strategic

TABLE 4. Pairwise Pearson’s correlation among prioritised targets. *** High priority (>0.9); planmrilg process  for .Ca_ptl_lr%ng
** Moderate priority (0.6-0.8); * Low priority (<0.6). synergiles and minimizing

in population will place immense pressures on these
resources, which will lead to increasing conflicts unless
integrated planning and decision-making framework are
incorporated in development pathways. Stakeholders’
cognition derived through scrutinizing the perception
survey revealed essential aspects to incorporate nexus
aspects in the action plans towards the SDGs. In the case
of India, quantitative assessment of interdependency
showed that, out of 182 interlinkages between targets
of SDG-2, SDG-6 and SDG-7, 124 interlinkages have
synergistic relation. Since the SDGs are interdependent,
under the business-as-usual approach, the country
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trade-offs in priority interlinkages
among the goals and associated targets would help India
to achieve co-benefits and strengthen institutional
coordination for mainstreaming coordinated actions on
SDGs (e.g. NITI-Aayog and Ministry of Finance of India
can lead the process). In order to create a foundation for
integrated strategic planning on SDGs, a capacity building
programme for policy- and decision-makers is needed
to provide a better understanding of interlinkages across
the SDG goals and targets. Introducing incentive-based
budget allocation mechanisms will recognize and
emphasize cross-sectoral planning and coordinated




APN Science Bulletin, Volume 10, Issue 1 (2020): 34—40

actions on priority interlinkages.
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