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Abstract: Understanding the linkages between multiple targets of Sustainable Development Goals
(SDGs) may help to integrate different sectoral programmes and develop coherent cross-sectoral
policy to explore synergies. Synergy is interaction among two or more actions, which will lead to
an impact greater or less than the sum of individual effects. Therefore, synergy can be positive or
negative (trade-off). This paper aims at developing an analytical framework to evaluate sectoral
linkages and examine potential synergies and trade-offs among various SDGs’ goals and targets.
Synergies and trade-offs related to energy access (SDG7), clean water and sanitation access (SDG6),
food security and sustainable agriculture (SDG2) and poverty alleviation (SDG1) have been evaluated
from the perspective of developing countries using examples from South Asia (Bangladesh, Nepal,
and Sri Lanka) and Sub-Saharan Africa (Ghana, Ethiopia and Rwanda), and historical data for the
period between 1990 and 2012. The analytical framework includes both qualitative and quantitative
methods. Network analysis technique has been used for exploring the conceptual linkage among
different indicators, and capturing the targets associated with SDGs. Advanced Sustainability
Analysis (ASA) developed under the European framework programme has been used for quantifying
the synergies and trade-offs among sustainability indicators. The analysis showed strong synergy
among various SDG targets. Interestingly, the potential synergy differs from country to country
and over time. Ghana and Sri Lanka had relatively higher potential synergy, whereas Rwanda and
Nepal had relatively lower potential synergy among the various targets. Higher synergy values
were evidenced in those cases where the policy have recognized and emphasized on linkages among
cross-sectoral targets.

Keywords: sustainable development goals; trade-off; synergies; South Asia; Sub-Saharan Africa

1. Introduction

A set of Sustainable Development Goals (SDGs) were introduced as a follow-up to the Millennium
Development Goals (MDGs) aimed at addressing complex global challenges. The SDGs encompass a
new vision of development for the world as a whole, and compensate for shortcomings attributed to
the MDGs [1]. The Sustainable Development Goals (SDGs) comprise 17 different goals with 169 targets,
which are supposed to guide and keep track of national and global efforts to achieve sustainable
development [2]. The incremental budget needed in low and lower-middle-income countries to meet
sustainable development goals may amount to at least $1.4 trillion per year [3]. Understanding the
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extent to which these multiple targets and goals are linked across different sectors may help to integrate
various sectors’ programmes and develop coherent policy across sectors to promote the SDG agenda
more effectively [4,5].

Access to clean energy, water, proper sanitation and food is essential for well-being, poverty
reduction and sustainable development [4,6,7]. It has been projected that the demand for freshwater
will increase by 30%, energy by 50% and food by 40% until 2030 in comparison to the current demand
due to cumulative effects of population growth and mobility, economic development, urbanization,
cultural and technological changes and climate change [6,8-10]. Water is needed to enhance agricultural
productivity and food production. The availability of electricity, and use of groundwater pumps for
irrigating cultivated land has transformed agro-economies which, in turn, has improved food security
in many developing countries. At the same time, dissemination of groundwater pumping practices
threatens the depletion of water resources, aquifers and ventures [6]. The agriculture sector also needs
energy from cultivation to harvesting, and for distribution of agriculture products [11]. Similarly, access
to energy plays a vital role in providing clean water in many remote locations [12]. Water/sanitation,
food and energy goals are interlinked. Thus, monitoring the nexus between these different sectors is a
key development challenge [13].

Lack of proper understanding and accounting of trade-offs and synergies across different sectors
has resulted in (i) incoherent policies; (ii) adverse impacts of development policies of one specific
sector on the other; (iii) loss of opportunity for positive synergy effects; and (iv) delayed outcomes
leading to sustainable development [14]. The term synergy is originally derived from the Greek word
synergos, meaning to “work together” or, literally, to “co-operate”. In this way, synergy measurements
are not analogous to conventional statistical correlation analyses. Synergy is very often associated with
the famous cliché coined by Aristotle “The whole is greater than the sum of its parts”. This classical
cliché is actually a rather narrow and even misleading characterization. In fact, synergy arises in many
different forms. Sometimes, wholes are not greater than the sum of their parts, just different. This
should be understood as negative synergies or trade-offs. In other words, a trade-off can be understood
as an adverse effect, that is, when the achievement of one target is implemented in such a way that it
imposes negative impacts or constraints to the achievement of another target [15].

Synergies and trade-offs among different variables have been discussed and analysed in the
literature [4,14,16-19]. Weitz et al. [4] and Blanc [14] used qualitative methods of network analysis to
identify and examine different types of interactions among sustainable development goals. Halsnaes
and Garg [16] provided a conceptual framework relating the role of energy in development and potential
synergies and trade-offs with climate change. Landuyt et al. [19] quantified the interaction among
various ecosystem services using correlation coefficients, obtained through pairwise comparison of
ecosystem service indicators. Hicks et al. [17] used blending of focus groups interaction and individual
semi-structured questionnaires for evaluating synergies and trade-offs among ecosystem services
being provided, capturing stakeholder’s preferences. However, most of these methods are qualitative
in nature and hardly provide any quantitative basis for evaluation of synergies and trade-offs.

The quantitative synergy analysis developed by Luukkanen et al. [15] has emphasized an
explorative approach. It clarifies whether there is positive or negative synergy between two variables.
Contributing to on-going efforts to develop methods for evaluating synergies and trade-offs among
the SDGs, our paper develops an analytical framework using both qualitative approaches as proposed
in Weitz et al. [4] and Blanc [14], and quantitative approaches as proposed by Luukkanen et al. [15].
The strength of this analytical framework is the integration and interpretation of qualitative analysis of
the linkages among the variables complemented with quantitative analysis.

The analytical framework developed here is applied to evaluate synergies and trade-offs among
goals for energy access (SDG7), clean water and sanitation access (SDG6), food security and sustainable
agriculture (SDG2) and poverty alleviation (SDG1) from developing countries’ point of view. Although
the analyses of synergies and trade-off can go beyond these four SDGs, we have limited our analysis
within these specific SDGs to get more deeper understanding on their linkages which have been
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identified as priority areas among developing countries from the outcome of the Rio + 20 [4].
The framework and the approach described in this research could be applied with the extended
boundary including more SDGs. The paper demonstrates reflective sustainability analyses in terms of
synergy among the SDGs in six developing countries: Bangladesh, Nepal, Sri Lanka from Southern
Asia and, Ethiopia, Ghana and Rwanda from Sub- Saharan Africa. Figure 1 shows the examined SDGs
under this study.
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Figure 1. Examined SDGs 1,2, 6 and 7.

* Ensure availability and
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all

The paper is organized as follows. After this introductory section, the methodology adopted in
the study and data sources used for the analysis are discussed in Section 2. Section 3 briefly discusses
the sustainable development goals 1, 2, 6 and 7, and their associated targets and indicators suggested
for monitoring progress. Conceptual linkages among development paths to reach these targets are
analysed, and the SDGs are then presented as a network of targets in Section 4. Quantitative analysis to
evaluate the potential synergies and trade-offs among the various development processes are presented
in Section 5, and conclusions are drawn in the Section 6.

2. Methodology Framework and Data Sources

This research is built upon an analytical framework using both qualitative and quantitative
methods (see Figure 2), overcoming the limitation of using the methods in isolation. The methodological
framework is explained in more detail in Sections 2.1 and 2.2.

Data Collection
Qualitative method (Indicators for various Targets Quantitative method
associated with different SDGs)

Literature review
(on nexus, linkages among various
targets ; sectoral policies)

— Advance
Pairwise Pearson
Network Sustainability

Correlation -
f Analysis
Analysis Analysis

Integration, interpretation of Qualitative & Quantitative results

Figure 2. Analytical Framework for evaluating synergies and trade-offs among SDGs.
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2.1. Network Analysis

Network analysis has been applied to examine linkages among the targets associated with
four selected SDGs at the conceptual and theoretical level. The method adopted in this paper is
an extension of the approach proposed by Weitz et al. [4] and Blanc [14]. Nature of interactions
between the processes leading towards these targets could be interdependent (i.e., one process not
relying on the other) or reinforcing (i.e., the achievement of one helps to reach the target of the others).
Such interaction represents synergy among the development processes leading to the achievement
of targets. On the other hand, some actions to reach targets may impose constraints on actions to
reach other targets indicating a trade-off situation [4]. Indicators measuring these targets have been
identified and used for analytical purposes.

Network analysis is a qualitative-method based on reflexive iteration on the analysis of
data, evidences from literature and interpretation according to theoretical frameworks, subjective
perspectives, intuitive field understandings of the authors and some internal reviews. The process is
reflexive and progressive [20,21]. The identified linkages have been further validated using Pearson
correlation coefficients, and obtained through pairwise comparison of those indicators with their
statistical significance test for which data were available.

2.2. Advanced Sustainability Analysis

Quantitative evaluation of synergy and trade-off can be made using the Advanced Sustainability
Analysis (ASA) approach developed under the European framework programmes FP6 and FP7.
This approach has been used in quantitative evaluations of synergy and trade-off in several
studies [15,22-28]. A generic evaluation framework of sustainable development based on the ASA
approach is presented in Figure 3.

AES A(ES/GDP)
7

Expansive re-linking
AES >0
AGDP >0

De-growth zone 1 NG
Strong re-linking
AES>0

AGDP<0

A(ES/GDP) >0

Weak de-linking
AES>0
AGDP>0
A(ES/GDP) < 0

AGDP

De-growth zone 2 Sustainable development

Weak
i Quasi- Strong de-linking
ﬁiii‘lo Sustainable 225«1 ,
A(ES/GDP) >0 Recessive De-growth A(Ez;gDP) o
de-linking
AES <0
AGDP <0
A(ES/GDP) <0

Figure 3. Key concepts of sustainability using the ASA approach. Economic growth (GDP),
environmental stress (ES) and environmental intensity of economy (ES/GDP) [29].

The framework defines the different areas related to sustainable development in relation to
economic development (GDP), environmental stress (ES) and environmental intensity of economic
development (ES/GDP). The ASA framework helps in analysing complex sustainable development
questions in an integrated manner (see, e.g., Kaivo-oja et al. [29]).

The operationalization of the policy targets and instruments to reach sustainability goals is a
demanding challenge. In addition, the analysis of relationships (synergy or trade-off) among SDGs’
targets is a challenging scientific question. Synergy analysis using the ASA approach can provide
useful insight to relational analysis. Synergy is basically statistical interaction among two independent
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variables, say Y; and Yj, and conventionally such interactions are represented as the product of those
variables, i.e., Y; x Yj [15,30].

As defined earlier, synergy between two factors exists when their combined impact is greater
than the sum of their individual effect. Mathematically this can be expressed as:

z=Ax+By+Cxy+D

where x, y and z are variables and A, B, C and D are coefficients that determine the dependency of
“z” on inputs x and y. The synergy or interaction among the variables x and y is determined by the
component “Cyy”. If we observe change in these variables (x and y) between two points, say P (xg,yo) to

Q (x1,y1), as shown in the Figure 4, we can determine the change in the area (Az) to be represented by:
Az = AAx + BAy + CAxAy

As mentioned previously, the synergy of the inputs is determined by the third component i.e.,
AxAy which is represented by the shaded area in Figure 4. The synergy can be either positive or
negative. If the changes in y with respect to the positive changes in x are also positive, then AxAy
is positive, indicating Synergy. If the changes in y are negative, then AxAy is negative, indicating a
Trade-off situation. If no change is observed in y with changes performed in x, the change in one
variable does not have impact on the other variable—in other words, these variables are De-linked [15].

Y1

Ay A
A =y, ,__w B
Yo Yo Yosth .

20 2y

X Ax X X X Ax X, X % My X

(a) Synergy (b) Trade-off (c) De-linking

Figure 4. (a) Synergy; (b) trade-off; and (c) delinking situations between two variables x and y
determined by their changes AxAy (Adopted from Luukkanen et al. [15]).

The evaluation of synergy/trade-off proposed in this paper indicates possible (potential) causality
but does not infer a causal relationship between the variables. The potential synergy can be measured
as the ratio of the area of the real change (AxAy) to the area of the maximum change (AxAy),
where Ax = Ay;. In other words, the potential synergy can be expressed as the slope of the line
AB i.e., as the ratio of Ay/Ax [15].

Maximum synergy can be obtained when relative changes in Ax and Ay are equal. In the case
the change in y, i.e., Ay, is larger than changes in x, i.e., Ax, the quotient must be inverted to estimate
potential synergy ratio. Therefore, potential synergy/trade-off between two variables can be measured
between —1 and +1. Negative sign indicates trade-off between two variables. Datasets are normalized
to the selected base year in these calculations.

We examine synergy and trade-off situations among the goals and associated targets between
1990 and 2012. Availability of datasets and their authenticity is a major challenge in most developing
countries [31,32]. Since data for all indicators were not available for each year, we have collected the
data for the specific years (1990, 1995, 2000, 2005, 2010 and 2012) to capture the progress made over the
last two decades.

In this study, we sourced data from various national official and ministerial publications, living
standard surveys, reports and data banks of international organizations, viz. Asian Development
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Bank, World Bank, International Energy Agency, United Nations Food and Agriculture organization
and World Health Organization/UNICEE. Data on indicators related with energy targets were sourced
from World Bank database [33], IEA [34] and ADB [35]. Data related with poverty indicators were
sourced from UN database [36], Bangladesh-HIES [37], MOFED-Ethiopia [38], and GLSS-Ghana [39].
Data related to food and agriculture sectors were sourced from FAO Database [40], and water and
sanitation indicators were sourced from WHO [41].

3. Targets and Indicators to Monitor SDGs

Sustainable Development Goals address universal goals and demand the participation of both
developing and developed countries to ensure long-term humankind welfare. Table 1 presents the
four goals addressed (1, 2, 6 and 7) with some specific associated targets and respective indicators to
monitor their achievement.

Table 1. Four SDGs examined, their specific targets and indicators [45].

SDGs Sym Targets Description Measuring/Tracking Indicators
T-1.1 By 2030, eradicate extreme poverty for Numbers of people living on less than $1.25 a day
all people
X . By 2030, reduce the poverty by half in all its S . .
End poverty on all its 1.2 dimensions according to national definitions Population living below national poverty line
form everywhere
Implement nationally appropriate social L1 . . .
T-1.3 protection systems and achieve substantial Mulhdlmenmopal poveFty index, Populatlon
covered by national social protection programs
coverage by 2030
By 2030, end hunger and ensure universal Population below minimum level of dietary
T-2.1 ., L. . .
access to nutritious and sufficient food energy consumption (undernourished)
By 2030, end all forms of malnutrition, Per cent of women of reproductive age (15-49)
T22 including achieving, by 2025, the internationally ~ with anaemia
’ agreed targets on stunting and wasting in Prevalence of stunting and wasting in children
children under 5 years of age under 5 years of age
End hunger, achieve . - Crop yield or livestock yield
food security and T-2.3 By dZQSO, doublfe the ﬁgrlc;xltfureg proiuctwlty Number of agricultural extension workers per
improved nutrition and and incomes of small-scale food producers 1000 farmers
promote sustainable - -
agriculture By 2030, ensure sustainable food production
T4 systems and implement resilient agricultural Losses from natural disasters, by climate and
’ practices that increase productivity non-climate-related events (in US$ and lives lost)
and production
By 2020, maintain the genetic diversity of seeds, . s S .
T-2.5 cultivated plants, farmed and domesticated Sntd lcitgr‘?ri gen;tlc diversity in agriculture)—
animals, and their related wild species otyet develope
T6.1 By 2030, achieve universal and equitable access Household or percentage of population using
. to safe and affordable drinking water for all safely managed drinking water services
By 2030, achieve access to adequate and Percentage of population using safely managed
T-6.2 X o . - .
equitable sanitation and hygiene for all sanitation services
Ensure availability By 2030, improve water quality by reducing .
and sustainable T63 pollution, halving the proportion of untreated Percerclltage of wastemcfl?ter sl.afely ‘;reated,dr atio of
management of water -6. wastewater and increasing substantially by treated waste water,' _1rect y used treated water to
and sanitation for all recycling and safe reuse total produced municipal waste water
By 2030, substantially increase water-use b Renewablg internal
L X freshwater resources (internal river flows and
T-6.4 efficiency across all sectors and substantially . p
. groundwater from rainfall) in the country
reduce the water scarcity 3 .
m” per capita
By 2030, ensure universal access to affordable, Sharelof t}?e Popu lation using; (1.) rehable‘ .
T-7.1 . - electricity; and (ii) modern cooking solutions in
reliable, and modern energy services
Ensure access to per cent
ff le, reliabl
a orcllab e, reliable, Increase substantially the share of renewable Share of renewable energy in total primary energy
sustainable and modern  T-7.2 in the elobal ix by 2030 lectricit "
energy for all energy in the global energy mix by or electricity consumption
T-7.3 Double the global rate of improvement in Rate of primary energy intensity improvement

energy efficiency by 2030

SDGI1 aims at alleviating poverty in all its forms. Definitions of poverty may vary from country
to country. However, poverty in all forms refers to various poverty dimensions including nutrition,
education and health not least decent work, freedom from violence etc. [42]. In this aspect, goal 1 is
a cross cutting goal which is also addressed by targets in other SDGs. Targets 1.1 and 1.2 focus on
income poverty. Targets 1.3 to 1.5 focus on reducing vulnerability by introducing social protection
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systems. The most common method used to measure income poverty is level of income or expenditure,
whereby a minimum value of income is set to identify the poverty line (global or national).

SDG2 aims at ending hunger, achieve food security, improve nutrition and promote sustainable
agriculture. Targets 2.1 and 2.2 directly address food security and nutrition issues. Whereas 2.3 to
2.5 aim at improving agriculture practices. The latter is directly linked to the goals of ending hunger
and achieving food and nutrition security [43,44].

SDG6 is basically an expansion of MDG?7, focusing on access to water and basic sanitation,
and ensuring availability and sustainable management of water and sanitation for all. It comes with
the ambitious target of providing universal access to safe drinking water (Target 6.1) and sanitation and
hygiene (Target 6.2). The other targets of SDG6, from 6.3 to 6.6, are associated with various dimensions
of sustainable water resources management.

SDG7 aims at ensuring access to affordable, reliable, sustainable, and modern energy for all.
This goal enables other sustainable development goals. Among the three targets associated with
this goal, 7.1 aims at providing universal access to energy by 2030. Target 7.2 emphasizes
enhancement in the share of renewable energy sources in national energy mixes, but does not quantify.
Target 7.3 appeals for acceleration in improving energy efficiency.

4. Analysing Linkages among SDGs

Using network analysis, the four SDGs have been analysed observing how the targets associated
with each one of them impact targets of other SDGs (Sections 4.1-4.4). Based on these analyses,
a network of various targets within the four SDGs was plotted illustrating the linkages among key
targets related to economic security, energy security, water security and food security (see Section 4.5).

4.1. SDG1 in Focus—Poverty Eradication

Most of the world’s extreme poor are deprived of access to electricity, clean water and sanitation
and rely on traditional farming for their income. Alleviating poverty in all its forms everywhere (SDG1)
demands universal and inclusive access to basic resources and access to social protection systems
addressing inequalities among social groups [46]. Ending poverty can only be achieved if progress on
the targets associated with access to clean energy (SDG7), access to clean water and sanitation (SDG6)
and food security and nutrition (SDG2) are achieved [43,46]. Since the indicators for monitoring
social protection systems are still not well defined, we have not considered aspects of social protection
systems in this paper.

|
Access to modern and sustainable energy and increase energy efficiency
is fundamental for eliminating poverty
(7.1 with SDG 1 targets mainly 1.1,1.2, 1.3 and 7.3 with 1.2)

Figure 5. Linkages of SDG 1 with other three SDGs.
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Figure 5 illustrates how the targets associated with SDGI are conceptually linked with the targets
associated with the other three SDGs considered in the analysis. Access to modern and sustainable
energy and increased energy efficiency are fundamental for eliminating poverty [43]. Some studies
have examined the causal relationship between electrification and human wellbeing [47-50] revealing
evidence of the positive relationship between access to electricity (17.1) and household income
(T1.1 and T1.3) in Bangladesh, Nepal, Brazilian Amazon and Rwanda, respectively. Improved efficiency
in the use of biomass (T7.3) in developing countries could help to meet a growing energy demand
with renewable sources, reducing energy poverty (T1.1 and T1.2) [51].

The targets associated with SDG 6 i.e., access to clean and safe water and sanitation (T6.1 and
T6.2) are important for breaking the poverty cycle (T1.1 and T1.2) [43,52]. The Human Development
Report [53] argues that limited access to clean water is not simply an issue of water crisis or scarcity,
but also a result of poverty, power concentration and inequality. Open defecation is a distinct indicator
of extreme poverty which persists in many rural parts of South Asia and Sub-Saharan Africa [52].
Often, the access to clean water and sanitation is viewed as “consummative and income dependent”
and resulting advantages are only projected in terms of health and social benefits. However, after
examining the economic gains of the reallocation of time formerly dedicated to water collection,
and the avoided health risks that followed in a case study in India, Pories [54] argues that access to
clean water and sanitation serves as income enabler. The same study highlights that the micro-loans
provided to the poor in 10 countries including Bangladesh, Ghana and Ethiopia for access to water
and sanitation had an average repayment rate of 99%, demonstrating the linkages between the access
of water and sanitation and poverty alleviation.

The targets associated with SDG2, viz. increasing access to sufficient food for the poor
(food security), ending malnutrition, improving agricultural productivity, and boosting up the
economy of small scale farmers (T2.1, T2.2, and T2.3), are crucial for poverty alleviation (T1.1, T1.2,
and T1.3) [4,43,55-57]. Food security and poverty reduction go hand in hand. The food produced
by many small-scale farmers and poor households may not be sufficient to meet their own demand,
neither in quantitative nor in nutritional terms. These households are very vulnerable to food price
rises, which can also push them into long-term poverty traps [58]. A study by the Asian Development
Bank has shown that change in the food price has offsetting effect on poverty reduction. For example,
in recent years, poverty due to higher food prices increased annually by 7.8% in Bangladesh, 6.2% in
Nepal, and 15.6% in Sri Lanka. Meanwhile, a rise in the income level has a positive impact on poverty
reduction, apparently stronger than the impact of increased food price on poverty. Conceigao et al. [59]
highlighted that increase in agriculture productivity in Sub-Saharan Africa region can unleash the
virtuous cycle of poverty reduction by increasing food security and generating farm employment
opportunities while also avoiding the depletion of land and water resources.

4.2. SDG2 in Focus—Ending Hunger and Guaranteeing Food Security

SDG2 addresses food insecurity and malnutrition while promoting sustainable agriculture to
achieve zero hunger and sustainable development. Per capita agricultural land has decreased sharply
over the years due to high population growth and industrial development. This threatens food security
in both Southern Asia and Sub-Saharan Africa region [60]. Between 1990 and 2012, per capita arable
land fell from 0.089 to 0.049 ha in Bangladesh, 0.1124 to 0.08 ha in Nepal, 0.224 to 0.166 ha in Ethiopia
and 0.121 to 0.106 in Rwanda. The risk of food insecurity and malnutrition (T2.1 and T2.2) could
be minimized by (i) enhancing agricultural productivity (T2.3) with modern agriculture practices
and (ii) bringing additional arable area under irrigation, which will again increase yields. However,
the percentage of arable land supplied with irrigation has not improved so much in the Sub-Saharan
African countries in comparison with South Asian countries in the period between 1990 and 2012.
The arable land served by irrigation has increased from 0.2% to 0.7% in Ghana, remained approximately
at 0.8% in Rwanda, and decreased from 2.9% to 1.9% in Ethiopia. In the case of South Asian countries,
it went up from 32.8% to 69.8% in Bangladesh, and from 37% to 62.7% in Nepal [40]. The staple crops in
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these two countries are rice and wheat which demand lots of water. Therefore, expansion of irrigated
land has been quite important [60].

Similarly, the target associated with SDG6, viz. access to safe drinking water and sanitation and
hygiene (T6.1 and T6.2), is essential for securing food and nutrition (T2.1 and T2.2) [4,43,44]. However,
the historical trend shows that water is becoming a scarce commodity. The available total renewable
water resource per capita has decreased from 1008 to 676 m3/capita/year in Bangladesh; 10,686 to
7207 m3/capita/year in Nepal, and 3122 to 2585 m> /capita/year in Sri Lanka in the period of 1990 to
2012. Whereas in the case of Sub-Saharan Africa, it has decreased from 2004 to 1323 m®/capita/year
in Ethiopia, 2103 to 1186 m3/capita/year in Ghana, and 1412 to 878 m?/capita/year in Rwanda in
the same period [61]. Proper planning is required to guarantee water for both drinking purpose and
agriculture (T6.1 and T6.4).

Access to clean and affordable energy (SDG7, T.7.1) is a key enabler in achieving food security
and better nutrition (SDG2, T2.1 and T2.2). The use of energy in agriculture has increased significantly
in Bangladesh (from 2.9 to 10 Kgeeq/capita/year) and in Nepal (from 1.7 to 4.4 Kgoeq/capita/year)
from 1990 to 2010. This could also be related with the increment in the demand for energy for water
pumping. Meanwhile, the per capita energy uses in the agriculture sector over the same period has
not changed so much in the case of in Sri Lanka and Ghana [62]. Energy prices influence food prices
and therefore, types of energy uses may also impact the food security and nutrition. Minimizing
the dependencies of agriculture sector on fossil fuel by providing access to local renewable energy
resources (SDG7, T7.2) could help to improve food security and decrease environmental impacts.

Eradicating extreme poverty for all people in all its forms (SDG1, T1.1 and T1.2) helps in achieving
universal targets associated with SDG2 i.e., ending hunger and all forms of malnutrition (T2.1 and
T2.2) [42,63]. These linkages are bilateral. The linkages of SDG2 with the targets associated with other
SDGs 1, 6 and 7 are illustrated in Figure 6.

|
Access to modern and sustainable energy is crucial for assuring food
security, nutrition and agriculture productivity
(7.1,7.2 with2.1&2.3)

NO
POVERTY

it

Figure 6. Linkages of SDG2 with other three SDGs.

4.3. SDG6 in Focus—Water and Sanitation for All

Goal 6 sets comprehensive and ambitious targets for water and sanitation sector to be achieved
by 2030. With reduced poverty (T1.1 and T1.2), affordability shall increase which may speed up the
transition towards universal access to safe drinking water and sanitation (T6.1 and T6.2) [43,63,64].
Increase in agriculture productivity (T2.3) and sustainable food production practices (T2.4), which
are targeted under SDG2, can help to meet water efficiency in agriculture (T6.4) and vice-versa [65].
Economies in Sub-Saharan Africa and in Southern Asia are largely dependent on the agriculture
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sector which contributes a significant share to the national GDP, viz. Ethiopia (42%), Ghana (22%),
Rwanda (33%), Bangladesh (16%), and Nepal (32%), in 2014 [33]. However, these countries rely
mostly on rain-fed farming practices [65]. The small poor farmers and their farming practices are
vulnerable due to their high reliance on rain-fed agriculture. The extremity and unreliability on the
climatic conditions because of climate change could further deteriorate the livelihood of poor and
least resilient farmers [65-68]. The natural distribution of water is uneven due to geographical and
seasonal variation [68]. Effective management of water is crucial to maintain water use efficiency (T6.4),
increase agricultural productivity (T2.3) due to reduced risk of rainfall variability, and opportunity for
harvesting multi-cropping and more remunerative cash crops [69].

Access to modern energy (T7.1) is crucial in the development of a supply chain for water (viz.,
pumping the ground water, water treatment or desalination plant, and also its distribution) (T6.1).
As discussed previously, energy use is equally important for irrigation purposes. The application
of off-grid renewable energy (17.2) across various segments of the water supply chain can enhance
water security especially in the remote isolated areas [70]. Studies carried out in Bangladesh have
highlighted the importance of renewable energy technology, viz. solar and biogas, for pumping
water and for treating the water in rural areas without access to electricity which suffer from arsenic
contaminated water [12,71]. The linkages of SDG6 with the targets associated with other SDGs 1, 2
and 7 are illustrated in Figure 7.

Modern energy is required in pumping the ground
water, for water treatment and its distribution (7.1,7.2
with 6.1, 6.3)

Figure 7. Linkages of SDG6 with other three SDGs.

4.4. SDG7 in Focus—Energy for All

Goal 7 aims at sustainable energy production, providing equitable access and consumption of
energy. Energy and poverty are linked to each other. Eradication of poverty of all kind (T1.1, T1.2)
could increase affordability and could be instrumental in minimizing the clean energy access gap
(T7.1). However, understanding the hierarchy of needs and prioritizing targets may be necessary in
specific cases. Electrification is not the first priority compared to other more important basic needs
such as food and water. Cases has been observed in Nepal and Peru where people have sold PV panels
that they received under heavily subsidized schemes to afford other more basic needs such as food.
Apparently, the energy programmes wrongly targeted poor villages where there was a prior agenda to
address hunger before energy [72,73].
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Globally, 15% of freshwater withdrawal is related with energy production which is around
580 billion cubic metres/year (bcm/year) [70]. Out of this water withdrawal, 66 bcm/year is
consummative and not returning to the source [74]. Water footprint in the production of energy could
be an indicator to show the dependency between energy and water. The total water withdrawal for
the energy production may vary from country to country depending upon the energy mix. The water
footprint of renewable energy sources such as solar PV and wind is significantly lower than in
conventional energy production from fossil-based fuels [70]. Thus, increasing electricity production
from renewable energy (T7.2) will help to increase water use efficiency (T6.4). On the other hand,
countries with hilly and mountainous landscapes, viz. Nepal and Ethiopia, have large potential to
harness water for energy generation. The estimated theoretical hydropower potential is around 84 GW
in Nepal and 45 GW in Ethiopia. In both countries, only a small fraction of the total potential (753 MW
in Nepal and 2552 MW in Ethiopia till 2015) has been harnessed so far [75].

Meeting the target of ensuring universal access to nutritious and sufficient food and increasing
agriculture productivity (T2.1, T2.2, and T2.3) could increase energy demand along the food supply
chain, and this could stress the energy system. There could be some trade-offs among the target of
ending hunger (T2.1) and energy production, especially in countries that rely on biofuel to expand
energy access (17.1, T7.2). However, with holistic thinking and careful planning, agriculture residues
and animal dung can be used for energy production, viz. biogas, which can help in promoting
renewable energy (T7.2) and increasing the energy efficiency of traditional biomass utilization (17.3).
This would create synergetic impact [4]. Innovative and sustainable agriculture practices could help
to increase agriculture productivity (T2.3) as well as produce renewable energy resources (17.2).
For example, in Sri Lanka, practices of intercropping Gliricidia (a fast-growing, nitrogen-fixing
leguminous tree) with coconut is substantially improving agricultural yields as well as providing
sustainable bioenergy feedstock. The linkages of SDG7 with the targets associated with other SDGs 1,
2 and 6 discussed above are illustrated in Figure 8.

6 oo sawtatn

L)

Water is crucial for most forms of energy production. Water-use
efficiency across all sectors; the way water resource is management
could impact on the energy production
(6.4 is linked with 7.2)

!

Figure 8. Linkages of SDG7 with other three SDGs.



Sustainability 2018, 10, 815 12 of 25

4.5. Network of Various Targets within SDGs

Our analysis in Sections 4.1-4.4 shows the interaction among the targets within and/or across
the SDGs. Some of these linkages are reinforcing and interdependent (indicating potential synergies),
some are independent (i.e., achievement of one target does not rely on the others, de-linking), or impose
conditions or constraints (indicating trade-off). Summarising the discussion from the above sections,
the interaction among various targets of SDGs could be presented in an integrated form as a network
of targets. Figure 9 represents such a network, where the green lines represent interdependency,
the blue lines represent the possible synergy and the red lines represent possible trade-offs. The large
and small circles with different colours, viz. purple, orange, sky blue and golden yellow, represent
SDGs 1, 2, 6 and 7 and their targets, respectively. Figure 9 illustrates the nexus approach because it
integrates key issues of economic security, energy security, water security and food security.

Linkages

No Poverty e “—> Reinforcing
Dependent

I

Clean water and

Sanitation

y

| g )

Affordable and
Clean Energy

@ No Hunger

Figure 9. Linkages among targets associated with SDGs 1, 2, 6 and 7. Sources: [4,6,14,43,44,46,51,
52,58,63-65,70] and Authors’ elaboration. Short descriptions on targets (by 2030) are given below.
For respective measuring indicator see Table 1.

T-1.1 Eradicate extreme poverty

T-1.2 Reduce the poverty by half in all its dimensions as per national definitions

T-1.3 Implement nationally appropriate social protection systems

T-2.1 End hunger and ensure universal access to nutritious and sufficient food

T-2.2 End all forms of malnutrition

T-2.3 Double the agricultural productivity and incomes of small-scale food producers

T-2.4 Ensure sustainable food production systems and increase productivity and production

T-2.5 Maintain the genetic diversity of seeds, cultivated plants, and farmed and domesticated animals

T-6.1 Achieve universal and equitable access to safe and affordable drinking water for all

T-6.2 Achieve access to adequate and equitable sanitation and hygiene for all

T-6.3 Improve water quality, halving the proportion of untreated wastewater, promote recycling and
safe reuse

T-6.4 Substantially increase water-use efficiency across all sectors and substantially reduce the
water scarcity
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T-7.1 Ensure universal access to affordable, reliable, and modern energy services
T-7.2 Increase substantially the share of renewable energy in the global energy mix
T-7.3 Double the global rate of improvement in energy efficiency

The network analysis shows three reinforcing and one dependent linkage between SDG1 and
SDG7, and nine reinforcing linkages between SDG1 and SDG2. There are six reinforcing linkages
between SDG1 and SDG6, and four dependent linkages between SDG7 and SDG2. There are three
dependent linkages between SDG7 and SDG6. Moreover, there are two reinforcing linkages, two
dependent linkages and one linkage requiring trade-offs between SDG2 and SDG6. These conceptual
linkages could also be verified looking at the pairwise correlation among the indicators measuring these
targets. This pairwise correlation describes the size and direction of linkages between two variables.

The targets associated with different goals and respective indicators are listed in Table 1. However,
not all targets defined under SDGs are well defined in terms of measurability and indicators. There is
also a major challenge on availability of historical datasets and their authenticity in most developing
countries [31,32,76]. Due to data constraints, not all desired sets of indicators (as listed in Table 1) could
be included in the analysis. The sets of indicators measuring /tracking the progress on the targets
T1.1, T2.1,T2.3,T6.1, T6.2, T6.4 and T7.1 associated with SDG 1, 2, 6 and 7, respectively, have been
analysed under this study. The performance of the countries under this study, viz. Southern Asian
countries (Bangladesh, Nepal and Sri Lanka) and Sub-Saharan African countries (Ethiopia, Ghana and
Rwanda), according to those indicators, were tabulated for 1990, 2000, 2005, 2010 and 2012 (Table A1).
The countries’ population in the respective years is tabulated in Table A2. The pairwise correlation
coefficient with their statistical significance level are tabulated in Table 2.

Table 2. Pairwise Pearson Correlation among various targets (1990-2012).

Indicators SDG_T1.2 SDG_T2.1 SDG_T23 SDG_T6.1 SDG_Te6.2 SDG_T64 SDG_T7.1

SDG_T1.2 1 (0.94 *** 0.58 ** 0.971 *** 0.89 *** —-032* 0.92 ***
SDG_T2.1 0.94 *** 1 0.59 ** 0.99 *** (0.95 *** —0.27 1 0.93 ***
SDG_T2.3 0.58 ** 0.59 ** 1 0.64 *** 0.75 *** 0.02 s 0.74 ***
SDG_Té6.1 0.91 **= 0.99 *** 0.64 *** 1 0.97 *** —0.271s 0.94 ***
SDG_T6.2 0.89 **= 0.95 *** 0.75 *** 0.97 **= 1 —-0.3* 0.97 **=
SDG_T6.4 -0.32* —0.27 718 0.02 s —0.27 18 -03* 1 —0.251M
SDG_T7.1 0.92 *** 0.93 *** 0.74 *** 0.94 **= 0.97 *** —0.25™ 1

Note: Statistical significance level of correlation coefficients have been presented in stars: p > 0.05 (ns —not significant);
p <0.05%p <0.01*;p <0.001 ** (highly significant).

Notably, the correlation coefficients are mainly positive and strongly correlated between different
SDGs with the only exception of SDG_T6.4 (Level of water stress: freshwater withdrawal in percentage
of available freshwater resources), which has negative correlation with all other SDGs. The correlation
of SDG_T2.3 (Crop yield gap and livestock yield gap, meaning actual yield as per cent of attainable
yield) seems to be lower than with the other variables.

Pairwise Pearson’s correlation (calculated above by dividing the covariance of the two variables
by the product of their standard deviations) describes the size and direction of linkages between two
variables (targets) and only reflects the linear relationship. However, neither the slope nor any other
aspects of non-linear relationships could be described [15,77]. The correlation does not measure or
track the synergy among these targets. The potential synergies or trade-off among various targets can
be examined using the quantitative method, see Section 5.

5. Evaluation of Synergy and Trade-Off

The degree of potential synergy, trade-off and de-linking among the targets may vary depending
upon the geographical conditions, available resources, the stage of development and the policy
measures adopted by the states [28]. The quantitative analyses on synergy/trade-off presented here
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indicate the potential synergies or trade-offs among the various targets for comparative purposes.
As described in the Section 2.2, the synergy among two variables represent statistical interaction and is
measured by the ratio of relative changes among these two variables in a given specific time period.
The variables are normalized to the previous year in the calculation and the synergy is expressed as
an index ranges from +1 to —1, minus (—) sign representing the trade-off situation. Synergies have
been evaluated for each five-year time span (1990-1995, 1995-2000, 2000-2005, and 2005-2010) and the
two-year 2010-2012 due to constraints on the data availability for the most recent period.

5.1. Synergy among SDG7 and SDG1

Figure 10 shows the share of the population with access to electricity (Figure 10, left) and the
share of the population leaving on less than 1.25 USD (PPP) a day (Figure 10, right) in Bangladesh,
Ethiopia, Ghana, Nepal, Rwanda and Sri Lanka for 1990-2012.
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Figure 10. Population share: with access to electricity (left); and living below 1.25 USD/day PPP (right).

The share of population with access to electricity has increased in Sri-Lanka from 74% (1990) to
94% (2012). However, the population living under 1.25 USD/day (PPP) has gone down from 15%
(1990) to 3.7% (2012). In Rwanda, the access to electricity has gone from 2% to 18% and population
under poverty line has gone down from 94% to 62% in the same period. While evaluating the synergy
among these two targets, data on population above the poverty line of 1.25 USD/ day (PPP) and the
people with access to electricity were used.

Figure 11 shows the power of explorative analysis in synergy evaluation among access to electricity
and population above poverty line. Bars above the axis will represent positive synergy while the bars
below the axis represent negative synergy (trade-off) conditions. Figure 11 shows that there exists
positive synergy between these two targets, viz. number of people with access to electricity (T7.1) and
people living above the poverty line of 1.25 USD/ day (PPP) (T1.1), for all the country cases over the
observed time spans (1990-2012). These two variables are interdependent and any increment in one
variable will have synergetic impact on the others. As aforementioned the aim shall be maximizing
the potential synergy. The average synergistic effect of Ghana was relatively higher in comparison to
others followed by Bangladesh and Rwanda.

Ghana has launched several strategies/policies (viz., Ghana Poverty Reduction Strategy
(2003-2005) and the Growth and Poverty Reduction Strategy (2006-2009)); Ghana Vision 2020 which
were effectively executed between 1990 and 2012. The common goal of all these strategies was to
accelerate economic growth and reduce poverty. Ghana’s Energy Sector Strategy and Development
Plan, 2010 aimed at providing universal energy access, poverty reduction and improved living
standards [78]. Policies have well recognized the reinforcing linkages of energy and poverty reduction.
Considerable progress has been made towards macro-economic stability and achieving poverty
reduction goals [79]. These could reflect the possible reasoning behind higher synergistic value
between electricity access and the poverty alleviation in the case of Ghana.
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Figure 11. Synergy: Population with access to electricity and population above poverty line of
1.25 USD/day PPP.

Sri-Lanka is reaching the last mile of the targets both in terms of poverty reduction and in
providing access to electricity. The lower synergy between energy access and poverty reduction in the
last decade in Sri Lanka could be viewed as last mile problem. The last mile challenges of developing
countries are normally associated with reaching the poorest of the poor living in the remotest location,
for which providing electricity access and alleviating poverty is more challenging [80].

In the case of Nepal, the low synergy values could be attributed to the definition and pathways
adopted for electrification. The household is considered electrified, even when electricity access
is achieved with a small solar home system of 5 Wp. This may not really reinforce the poverty
alleviation goal despite the other social benefits it can bring [81,82]. The poverty reduction in Nepal is
largely impacted by the remittance from abroad and such remittance contributes 30% of the average
household income [83,84]. The increase in remittances does have positive impact in increasing the
equity investment in expanding access to electricity [85]. However, an integrated policy supporting
rural electrification and productive end uses in rural industries could help in increase the synergy
effect [86,87].

Figure 12 shows the share of population with access to clean energy (i.e., uses of non-solid fuels
for cooking) (Figure 12, left) and the share of the population living on less than 1.25 USD (PPP) a
day (Figure 12, right) in the countries Bangladesh, Ethiopia, Ghana, Nepal, Rwanda and Sri Lanka
1990-2012. Though there has been significant progress in the access to electricity in these countries,
little progress has been achieved when it comes to meet clean energy access for cooking. The access
situation has in fact worsened in Nepal and Ethiopia in the recent years.
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Figure 12. Population share: with access to clean energy for cooking (left); and living below
1.25 USD/day PPP (right).
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Explorative analysis shown in Figure 13 reveals interesting results of the synergy between the
number of people with access to clean energy (T7.1) and people living above the poverty line of
1.25 USD/day (PPP) (T1.1) for all the country cases in the observed time spans. The synergistic effect
among the two targets was relatively higher in the case of Ghana in comparison to others and increased
over time. The economic growth of Ghana has helped in poverty reduction and affordability of clean
energy. With the aim of clean energy transition, Ghana’s Energy Sector Strategy and Development
Plan 2010 has prioritized the investment on Liquid Petroleum Gas (LPG) infrastructure and promoted
pricing incentives to encourage distributors to expand services in the rural areas. As a result, a strong
synergy can be observed between the target associated with poverty reduction and clean energy access.
However, in the case Nepal and Ethiopia, negative synergy (trade-off) has been observed in recent
years. Due to high upfront cost and unreliable supply of LPG causing frequent fuel shortage in Nepal
and poor market infrastructure for the supply of clean energy, rural communities are reluctant to
switch from biomass/solid fuel [88,89].
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Figure 13. Synergy for population that: (i) has access to clean energy; and (ii) is above poverty line of
1.25 USD/day PPP.

Further, the rural energy policy of Nepal focuses on improved cooking stoves rather than fuel
transition to cleaner commercial fuels [90]. This imposes negative constraints to efforts aimed at
alleviating energy poverty. In the case of Ethiopia, high upfront cost and poor market infrastructure
for the supply of clean energy technology are the key factors increasing the uses of conventional
solid fuel [91]. Although Ethiopia’s national energy policy objective is to ensure and encourage a
gradual transition to clean energy sources, there is no national programme aimed at meeting this target,
and efforts are fragmented or rely on development partners and their programmes for improved
cooking stoves [92].

In the case of Bangladesh, although positive synergy has been observed throughout the studied
period, the synergy trend has decreased in the last 15 years. Behera et al. [93] also reveals that,
in Bangladesh, switching from traditional firewood to modern energy is not happening as anticipated
even after the rise in household income. The abundant availability of solid fuels in the country, poor
market infrastructure for the clean energy supply and lack of awareness about health risks associated
with traditional solid fuels could explain this delay.

5.2. Synergy among SDG7 and SDG2

Figure 14 shows the share of the population with access to electricity (T7.1) (Figure 14, left) and the
share of undernourished population (12.1) (Figure 14, right) in Bangladesh, Ethiopia, Ghana, Nepal,
Rwanda and Sri Lanka 1990-2012.
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Figure 14. Population share: (i) with access to electricity (left); and (ii) living undernourished (right).

Ethiopia (from 83.4% to 34.7%) and Ghana (from 48.5% to 5.5%) have been successful in reducing
undernourishment significantly. Similarly, undernourishment in Rwanda (from 53.7% to 37%);
Bangladesh (from 34% to 17.5%), Nepal (from 22.4% to 8.5%) and Sri (from 31.5% to 25.5%) has
been reduced in the same period.

In the synergy analysis, we used the number of population free from undernourishment and
number of population with access to electricity in order to indicate positive development. All country
cases show positive synergy between these two targets (access to electricity and free from
undernourishment). However, the level of synergy is different over time and across countries
(see Figure 15).
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Figure 15. Synergy for population that: (i) has access to electricity (T7.1); and (ii) is free from
undernourishment (T2.1).

Average synergy effect between these two targets was higher in the case of Sri-Lanka and Ghana
whereas the synergy was relatively lower in Ethiopia, Bangladesh, Nepal and Rwanda. In the case
of Ghana, annual average agricultural production growth rate was 5% in the last two decades which
has increased food security in Ghana and brought down the undernourishment to 5% [94]. Ghana’s
agriculture policy stresses improving productivity, mechanization, irrigation and water management
where the role of electricity is crucial [95,96]. However, the price of energy is important in determining
the food sufficiency. High energy prices have a significant adverse impact on food availability. A study
in Ghana has shown that 1% increment in the energy price could reduce the food sufficiency by
0.047 percent [97].

In Rwanda, the synergy was very low across the period of 1990-1995 and even negative between
1995 and 2000. In the 1990s, the undernourished population increased due to conflict/civil war.
This is an unusual case. Despite some progress in electrification since then, Rwanda has not been able
to reduce undernourishment significantly even after the end of national conflicts [98].
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5.3. Synergy between SDG7 and SDG6

Figure 16 shows the share of population with access to electricity (T7.1) (Figure 16, left) and
the share of population with access to improved water (i.e., drinking water source piped to housing
premises viz. dwelling, plot or yard; and other sources, viz. public taps or standpipes, tube wells or
boreholes, protected dug wells, protected springs and rainwater collection) (T6.1) (Figure 16, right) in
the studied countries for 1990-2012.
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Figure 16. Population share with access: (i) to electricity (left); and (ii) to improved water (right).

Most of the countries have done significant progress in providing access to improved water in the
last 2 decades (Bangladesh from 68.1% to 84.6%, Ethiopia from 13.2% to 51.6%, Ghana from 68.1% to
84.8%, Nepal from 65.9% to 88.9%, Rwanda from 58.5% to 74.3% and Sri-Lanka from 68.3% to 93.3%).
Figure 17 illustrates the synergy between targets on access to electricity and access to improved water.
All country cases show a clear positive synergy among the targets associated with access to electricity
and access to water.
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Figure 17. Synergy: Population with access to electricity (T7.1) and improved water (T6.1).

Among them, Ghana has relatively strong synergy followed by Sri-Lanka. Ghana National
Water Policy [99] focuses on integrated water resources management, encouraging public and private
partnerships. Over 95% of domestic water supplies for the villages and small towns are extracted
from the ground sources, and electricity access enables water pumping and purification. Water Sector
Strategic Development Plan has recognized the importance of reliable electricity access in providing
improved water in urban areas and small towns. Coordination among Community Water and
Sanitation Agency (CWSA), Ghana Water Company Limited (GWCL), Water Resources Commission
(WRC) with energy ministry and its line agencies have been emphasized [100].

Sri Lanka’s national drinking water policy also recognizes access to safe drinking water as basic
citizen right, and emphasizes collaboration and coordination among agencies for maximizing synergies
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in the sustainable provision of water services [101]. Increase in the electricity access has also helped in
the expansion of the water supply provision in different parts of the country. However, the price of
electricity significantly influences the cost of water delivery. The electricity cost for providing drinking
water was around 24% of the total operational cost in Sri-Lanka [55]. Reducing the electricity cost
is key for assuring affordable water supply. This could be achieved by energy management and
energy efficiency improvement. Thus, understanding symbiotic relations among various sectors, and
exploring them in the cross sectoral policies is important to achieve the sustainable development goals.

6. Conclusions and Way Forward

This study proposed a framework for evaluating the synergies and trade-offs among SDGs
applying both qualitative and quantitative approaches. The framework developed under this article
applied network analysis on multiple linkages and key challenges including economy, water, food
and energy security. The network analysis shows the strong linkages among various targets. There
are three reinforcing linkages and one dependent linkage among the targets associated with poverty
alleviation (SDG1) and energy access (SDG7), nine reinforcing linkages among the targets associated
with poverty alleviation (SDG1) and sustainable agriculture (SDG2), and six reinforcing linkages
between poverty alleviation (SDG1) and clean water and sanitation access (SDG6). Similarly, four
dependent linkages between SDG7 and SDG2 and three dependent linkages were observed between
SDG7 and SDG6. Moreover, there exist two reinforcing linkages, two dependent linkages and one
linkage imposing constraint among the targets associated with SDG2 and SDG6.

The study demonstrates sustainability analyses in terms of synergy among the SDGs in six
developing countries: Bangladesh, Nepal and Sri Lanka from Southern Asia and Ethiopia, Ghana
and Rwanda from Sub-Saharan Africa for the period of 1990-2012 using the Advanced Sustainability
Analysis (ASA). The analysis has showed strong synergy among various SDGs targets. However,
the synergies differ from country to country and over time. Ghana has relatively higher, and Rwanda
lower potential synergy in the Sub-Saharan Africa, whereas Sri Lanka has relatively higher and Nepal
has lower potential synergy in the South Asia among various targets associated with energy and
other goals. Higher synergy values were evidenced where countries’ policy have recognized the
importance of linkages among the cross-sectoral targets. For example, Ghana’s Energy Sector Strategy
and Development Plan have well recognized the reinforcing linkages of energy and poverty reduction.
Based on the emphasis given by individual countries on specific targets, and the level of previous
achievements, the synergy might differ over time. Sri-Lanka is already at the last mile when it comes
to access to electricity and ending poverty, thus achieving higher potential synergy among the targets
becomes more difficult at this stage.

An advantage of the framework developed here is that the Advanced Sustainability Analysis
helped in the quantitative evaluation of synergies and/or trade-offs among various targets, which is
also useful in the strategic Nexus analyses. These evaluations could help to analyse if applied
sectoral and cross-sectoral policies result in synergetic development of the different sustainability goals.
The lessons learnt can be reflected in the used for policy improvements and coherency.

This framework has some limitations, as synergy/trade-off analysis is limited to pairwise
targets. The precision of synergy analysis increases along with improved data. Since data for all
the indicators/targets were not available on an annual basis, analyses have been made using five-year
timeframes. Availability of annual data can help to track the synergy at regular intervals. This will
enhance the relevance and applicability of such analysis. Thus, redefining the indicators to capture
the objective of the SDGs targets better reflects the sustainability analysis. Nevertheless, the method
suggested here serves as a point of departure for envisaging the linkages among the SDGs and
tracking sustainable development in a more integrated way. Such an approach can help to develop
coherent sustainability polices. Transition paths towards better sustainability can be analysed by such
synergy analysis.
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Table Al. Assessed values of the indicators associated with different targets (1990-2012).

Country_Year Tl T2 23 Te1lv Te2lV Te4 T71al T7AbLE
Bangladesh_1990  31.7 70.0 2490.6 72.2 365 10079 233 7.19
Bangladesh_1995  42.3 74.3 2593.2 85.5 475 849.7 32.0 10.73
Bangladesh_2000  54.3 103.6 33844 99.8 59.6 810.2 420 14.84
Bangladesh 2005  70.1 1185  3681.6  114.1 72.5 716.3 61.5 15.98
Bangladesh_2010  86.0 125.6 42883 1266 84.6 696.3 83.4 16.78
Bangladesh_2012  92.8 1285 43941 1317 94.1 676.3 93.2 16.93

Ethiopia_1990 13.3 8.0 1238.1 6.3 1.3 0.0 4.8 2.16

Ethiopia_1995 209 16.6 1033.5 11.2 1.7 2003.5 6.6 3.01

Ethiopia_2000 30.2 29.1 1116.3 19.2 5.7 1868.3 8.6 4.01

Ethiopia_2005 416 418 1361.4 29.4 11.7  1508.2 11.5 3.38

Ethiopia_2010 55.3 54.8 1832.8 419 19.0  1415.8 20.1 2.44

Ethiopia_2012 61.5 60.2 2046.8 47.6 258 13233 24.9 2.02

Ghana_1990 7.2 75 989.2 8.1 1.0 2103.1 4.5 0.29
Ghana_1995 9.2 12.6 1354.1 10.6 1.4 1724.7 6.4 0.88
Ghana_2000 11.5 15.7 1309.2 13.3 1.9 1627.9 8.5 1.60
Ghana_2005 15.3 18.9 1432.3 16.5 2.6 1345.0 10.5 2.56
Ghana_2010 19.9 227 1814.3 20.2 3.3 1265.6 14.8 3.76
Ghana_2012 22.0 24.1 1768.1 21.8 3.8 1186.2 16.3 4.29
Nepal_1990 4.1 14.5 1920.1 12.3 0.8  10685.7 2.8 417
Nepal_1995 5.7 16.1 1891.3 15.2 2.8 8850.1 5.1 4.92
Nepal_2000 7.6 18.5 2136.3 18.3 5.2 8467.1 7.8 5.71
Nepal_2005 12.0 212 2311.6 21.0 7.6 7604.5 9.9 5.77
Nepal_2010 205 24.1 2289.9 23.4 102 7405.8 13.2 5.68
Nepal_2012 24.2 252 2714.2 24.4 126 7207.1 20.9 5.62

Rwanda_1990 0.4 34 1042.6 4.2 24 1412.1 0.1 0.15

Rwanda_1991 1.0 4.1 1145.3 4.8 3.1 1460.2 0.3 0.15

Rwanda_2000 1.7 33 848.3 5.3 3.7 1286.4 0.5 0.16

Rwanda_2005 25 4.6 1183.6 6.3 4.7 1002.0 0.7 0.18

Rwanda_2010 3.8 6.2 1930.1 75 5.9 940.1 1.1 0.21

Rwanda_2012 4.4 6.8 2169.5 8.0 6.7 878.2 1.9 0.22

Sri Lanka_1990 14.5 11.7 2965.0 11.7 121 31223 13.3 2.06

Sri Lanka_1995 15.0 12.2 3052.6 13.2 13.6  2881.6 14.2 2.95

Sri Lanka_2000 16.0 13.1 3338.2 14.9 151  2834.8 15.1 3.91

Sri Lanka_2005 18.0 13.5 3467.2 16.5 16.7  2684.6 16.1 4.47

Sri Lanka_2010 19.3 14.7 3974.3 18.3 185 26349 17.7 5.07

Sri Lanka_2012 19.8 15.2 3582.9 19.0 194 25852 19.2 5.29

Source: | World Bank Database [33]; IEA [34], ADB [35] i UN database [36]; Bangladesh-HIES [37]; MOFED-Ethiopia [38];
GLSS-Ghana [39] ™ FAO Database [40]; 'Y WHO [41].

Indicators and units used to major various targets are listed below.

T-1.1 Total number of people living on less than $1.25 a day (in millions)

T-2.1 Total number of people free from undernourishment (in millions)
T-2.3 Cereal yield (kg per Hectare)
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T-6.1
T-6.2

Population using safely managed drinking water services (in millions)
Population using safely managed sanitation services (in millions)

T-64 Renewable internal freshwater resources (internal river flows and groundwater from rainfall)

in the country (m3 per capita)

T-7.1 Population using: (i) reliable electricity; and (ii) clean cooking solutions in millions
Table A2. Populations in selected Countries, 1990-2012 (in millions).

Region 1990 1995 2000 2005 2010 2012
Bangladesh 105.98 118.63 131.28 142.93 151.62 155.26

Ethiopia 48.1 57.27 66.44 76.66 87.56 92.19

Ghana 14.63 16.725 18.82 21.39 24.3 25.54

Nepal 18.74 21.24 23.74 25.5 26.87 27.50

Rwanda 7.26 7.64 8.02 9 10.29 10.82

Sri Lanka 17.1 17.875 18.65 19.37 20.12 20.40

Source: World Bank Database [33].
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