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Abstract: The Sixth Assessment Report of Inter-Governmental Panel on Climate Change (IPCC)
has highlighted the urgency of accelerated climate actions harnessing synergies and minimizing
trade-offs with various SDG. This calls for a clear understanding of linkages between climate goals
and other SDGs at national level for formulating synergistic policies and strategies and developing
different sectoral programs and coherent cross-sectoral policies. This is even more important for
least developed countries such as Nepal where these linkages are less understood and development
challenges are multifaceted. In this context, this paper aims to evaluate potential synergies and
trade-offs among selected SDGs and their associated targets in Nepal in a linear pairwise comparison.
Synergies and trade-offs related to climate action (SDG 13), access to energy (SDG 7), sustainable
consumption and production (SDG 12), and life on land (SDG 15) have been evaluated using historical
data for the period from 1990 to 2018 employing a mixed methods approach. Network analysis to
map the conceptual linkages between the SDGs and their targets was combined with the advance
sustainability analysis (ASA) to quantitatively evaluate the synergy and trade-offs between SDGs.
The results illustrate the presences of a continual trade-off between emission reductions targets of
SDG 13 with per capita energy consumption and share of renewable energy of SDG 7, land use for
agricultural production target of SDG 12, and forest area target of SDG 15. This indicates that climate
action is strongly interlinked with GHG emissions from economic activities and energy consumption.
The results of the study represent a valuable input for the policy makers, supporting coherent and
sustainable development planning as Nepal plans to graduate to a middle-income country.

Keywords: sustainable development; synergy; trade-off; climate change; energy; renewable energy;
sustainable consumption; forest; Nepal

1. Introduction

The Sustainable Development Agenda to 2030 includes 17 interlinked goals and
169 targets aiming to provide direction towards a sustainable future. Ending poverty,
protecting the planet, providing access to affordable, reliable, sustainable, modern energy,
and ensuring the universal prosperity; fostering global peace with inclusive societies and
enhancing global partnerships are key SDG agenda [1–3]. Understanding the interlinkages
and integrated nature of the SDGs is crucial to realize the targets set by the agenda 2030 [4,5].
Synergy and trade-off among different developmental goals shall be reflected in designing
coherent policies among different sectors [6,7], for the achievement of sustainable develop-
ment. However, climate change is considered as one of the eminent perils to sustainable
development worldwide [8], as it causes extensive and unprecedented effects and unduly
burdens the poorest and most highly susceptible countries [9].
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The least developed countries (LDCs) are highly vulnerable to the impacts of climate
change and are on the front lines of the climate crisis [10], despite barely contributing to
climate change. The ability of LDCs to meet the SDGs regarding poverty, hunger, health,
water, growth, infrastructure, cities, water resources, and ecosystems will be severely
hampered by climate change due to their low capacity to adapt to the changes [11]. It might
also make it harder for LDCs to achieve their goals in terms of implementation, peace,
sustainable consumption and production, gender equality, and education [12]. The Special
Report on Global warming of 1.5 ◦C [13] states limiting global warming to 1.5 ◦C rather
than 2 ◦C above the pre-industrial level would brand it evidently easier to accomplish
various features of sustainable development [14]. The two lines of defense against climate
change, i.e., climate change adaptation and climate change mitigation, have been found to
have various levels of synergy with other SDGs, such food security, poverty, equity, energy,
water, and nutrient input in agriculture [15]. As such, it becomes crucial to properly address
SDG 13, which concerns urgent action to combat climate change and its impacts through
coherent policy building as it can effectively lead to accomplishing other SDGs [16].

Like many LDCs, Nepal is particularly vulnerable to the worst impacts of climate
change due to the melting of the Himalayas, flooding of the plains, degradation of the land,
loss of biodiversity, and increased frequency of natural catastrophes due to the population’s
limited capacity for adaptation [17]. As a party to the UNFCCC, Kyoto Protocol, and
the Paris Agreement, the Government of Nepal (GoN) is active in various UN and other
regional organizations linked to the climate change issue [18]. It has made significant
progress in developing and implementing various adaptation programs and policies over
the last decade, including the National Adaptation Programme of Action (NAPA), National
Framework on Local Adaptation Plans for Action (LAPA), climate change policy, second
national communications through the UNFCCC Secretariat, and so on [19]. However, it
faces limited understanding in making such policies coherent among various sectors [20],
such as energy, consumption and production, forest, and others, hindering effective climate
action and the achievement of the SDGs. After the federalization of Nepal, the country
began the process of formulating various policy transformation across its three tiers of
governance (federal, state, and local) in order to empower the local government to achieve
sustainable development [21]. Having policy coherency across the different tiers of the
government and across different sectors requires evidentiary support. This study helps to
understand and evaluate the synergy and trade-off across different SDGs.

Well-informed policy making can help in formulating coherent sectoral and cross-
sectoral policies [22]. As unsupportive policies, instruments, and practices in one sector can
render supportive polices in another ineffective, it is crucial to understand if the policies
share the common goal or are contradictory [23,24]. There have been few studies in this di-
rection in Nepal. In this backdrop, this paper aims to evaluate synergy and tradeoff among
various SDGs in Nepal to provide evidence for climate informed development practices
and policy making which can reduce the impacts of climate change whilst remaining on
to attain the SDGs. This can help in increasing sectoral policy coherence between various
national priorities and minimizing the trade-offs between climate action and sustainable
development. Therefore, this paper has two objectives

(I) Analyze and identify the extent and direction of interlinkages between SDGs and
their targets,

(II) Evaluate the potential synergies and trade-offs among the SDGs and their targets.

The analytical framework developed here is applied to identify interlinkages and
evaluate synergies and trade-offs between four of the 17 SDGs that impact climate change
to get a deeper understanding on the linkages. Central to our analysis is climate action
(SDG 13), and its interactions with energy access (SDG7), sustainable consumption and
production (SDG 12), and life on land (SDG 15) (Figure 1) separately from the perspec-
tive of Nepal. The latter three goals have a dynamic role in combating climate change,
SDG 7; energy access has overarching benefits in addressing the various dimension of cli-
mate change, development, and poverty reduction. Along with the potential to mitigate the
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GHG emission, it has an interactive relation with climate change adaptation through lower-
ing vulnerability and building resilience to climate change and climate variability [25,26].
SDG 12 regarding sustainable consumption and production is closely linked to climate
impact as modes of consumption and production represent the main drivers of GHG emis-
sion [27], and the overall rate of consumption needs to be abridged to achieve the Paris
agreement. Lastly, SDG 15; life on land has an active role in addressing SDG 13; regulating
ecosystem, playing a fundamental part in the carbon cycle, to support livelihoods, supply
goods and services that can lead to direct to sustainable growth. It can act both as a cause of
GHG emission through deforestation and solution to GHG emissions through its potential
to sequester carbon.
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Figure 1. Examined SDGs 13 with SDG7, 12, and 15 separately.

This paper is organized as follows. After this introductory section, the methodology
adopted in the study, data sources used for the analysis, and the specific methodology
applied are discussed in Section 2. The qualitative analysis of interlinkages between the
SDGs and their target is discussed in Section 3. The quantitative analysis to evaluate the
potential synergies and trade-offs among the SDGs/targets and their related policies is
presented in Section 4. A conclusion is drawn in Section 5.

2. Materials and Methods

This study is based on the analytical framework using both qualitative and quantitative
methods as presented in Figure 2. The goals and the targets with their description analyzed
in this study are explained in the Section 2.1. The methodological framework is explained
in detail in Sections 2.2 and 2.3.

2.1. Selection of Goals, Targets, and Indicators

Table 1 presents the four SDGs and their targets as presented by GoN’s National
Planning Commission (NPC) under analysis, i.e., SDGs 7, 12, 13, and 15, representing;
access to energy, sustainable consumption and production, climate action, and life on land,
with some specific associated targets and respective descriptions [28]. We assessed the
synergy and trade-offs between the goals and their targets between 1990 to 2014 for each
five years’ time span i.e., (1990–1994, 1995–1999, 2000–2004, 2005–2009, and 2010–2014)
due to constraints on the data availability for the most recent period. In developing coun-
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tries such as Nepal, data availability and their accuracy represent a major issue [6,29–31].
Moreover, not all targets defined under SDGs are quantitative in nature and well defined
in terms of measurability and indicators. Due to data constraints, not all desired sets of
indicators (as listed in Table 1) could be included in the analysis. Here, we have sourced
data from national and international publications, databases, reports, and surveys, viz.
CAIT, World Bank database, FAO-AQUASTAT, Economic Survey Nepal 18/19.
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2.2. Network Analysis: Analysis of Extent and Direction of Interlinkages between the SDGs

This study adopts Weitz et al. and Le Blanc’s network analysis with pairwise Pear-
son’s correlation coefficient to analyze the extent and direction of interlinkages between
the SDGs [32–34]. This method enables us to identify and examine the type of interaction
among SDGs. The qualitative method focused on data collection of indicators for vari-
ous targets related to SDGs and a literature review concerning linkages between various
targets, national and sectoral policies. The description of network analysis carried out
in this research is presented in Figure 3. It is based on reflexive iteration of the analysis
of data, indication from literature, and understanding corresponding to the theoretical
framework [35,36], subjective perceptions, and intuitive field understandings of the authors
and internal review.
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Table 1. Four SDGs examined, their specific targets and indicators [28].

SDGs Symbol Target Description

Ensure access to affordable, reliable, sustainable,
and modern energy for all

T-7.1.1 Proportion of population with access to electricity

T 7.1.1.1 per capita energy (final) consumption

T 7.1.2 Proportion of population with primary reliance on clean
fuels and technology

T-7.2.1 Renewable energy share in the total final
energy consumption

T-7.3.3 Higher efficiency appliance (in residential and commercial)

T-7.3.1.4 EVs in public transport system

T-12.2.1.1 Proportion to total water resources used

T-12.2.2.1 Use of fossil fuel energy consumption (% of total)

T-12.2.2.3 Land use for agricultural production (cereal as % of
cultivated land)

Take urgent action to combat climate change and its impacts

T-13.1 Strengthen resilience and adaptive capacity to
climate-related hazard and natural disasters

T-13.1.3.1 GHG emission from Transport Sector

T-13.1.3.2 GHG emission from Industrial Sector

T-13.1.3.3 GHG emission from Commercial Sector

T-13.1.3.4 GHG emission (CH4) from Agricultural sector

T-13.1.3.5 GHG emission (N2O) from Agricultural sector

T-13.1.3.8 GHG emission (CO2) from Energy Sector

T 13.2 Integrate climate change measures into
national policies

Protech, restore and promote sustainable use of terrestrial ecosystems,
sustainably manage forests, combat desertification and halt and
reverse land degradation and halt biodiversity loss

T-15.1.1 Forest area as a proportion of total land area

T-15.2.1 Progress towards sustainable forest management
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The nature of interaction is categorized according to reinforcing, dependent, and
lastly, trade-off condition. The interaction between two targets that enables or creates
additional resources for the achievement of other targets is categorized as reinforcing.
Dependent interactions are those where the process taken to reach one target relies on
other targets. However, if the interactions between two targets or actions taken to achieve
any target create a constraining situation for the achievement of another target or for
other developmental action, it is referred to as a trade-off [34]. The linkage identified was
then validated with Pearson correlation coefficient, which was attained through pairwise
comparison of the indicator data with their statistical significance. This indicates the extent
to which the targets among the goal are linearly linked. The extent of correlation coefficient
ranges from −1 to +1, where − and + indicate the direction and the number indicates the
scope of interaction. The historical datasets for the indicator of the targets between 1990 to
2014 are listed in Appendix A.

2.3. Advance Sustainability Analysis: Evaluation of Synergy and Trade-Offs between SDGs

This study analyzes the synergy and trade-offs between the SDGs and their associ-
ated targets with the application of advance sustainability analysis (ASA) approach. The
ASA approach was developed under the European framework programmes (FP6 and
FP&) [6] and has been used in various studies for the quantification of synergy and trade-
offs [6,37–39]. ASA emphasizes the application of an explorative approach that explains
the presence of synergy (positive or negative) between two variables. The description
of evaluating the synergy and trade-off between SDGs applying ASA is presented in
Figure 4. The estimate here is obtained by calculating the ratio between the changes in these
trends. This method estimates the possible synergy among the accomplished trends that
depicts patterns of development which are in different dimensions of sustainable develop-
ment [6,38,40]. Here, targets under observation are analyzed to evaluate synergy/trade-off
between the two variables representing statistical interaction and is measured by the ratio
of relative changes between the two variables in each specific time-period. The variables
are normalized in the calculation and the synergy is expressed as an index range from +1
to −1. Minus (−) sign represents a trade-off situation. Synergies have been evaluated for
each five-year time span (1990–1994, 1995–1999, 2000–2004, 2005–2009, and 2010–2014).
The historical datasets for the indicator of the targets between 1990 to 2014 are listed in
Appendix A.
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3. Analysis of Interlinkages between the SDGs

Using network analysis with pair-wise Pearson’s correlation coefficient, the four SDGs
have been analyzed observing how the targets associated with each of them impact targets
of other SDGs (Sections 3.1–3.3). Based on these analyses, a network of various targets
within the four SDGs was plotted, illustrating the linkages (see Section 3.4).

3.1. Linkage between SDG 13 and SDG 7

Our findings show that SDG 7 has an important dimensional linkage with the tar-
gets associated to reduction of GHG emission under SDG 13.1; T 13.1.3.2, T 13.1.3.3, and
T 13.1.3.8 viz. GHG emission from industrial, commercial, and energy sectors by comple-
menting the growing energy demand with renewable and clean sources of energy (Figure 5).
The pair-wise Pearson’s correlation coefficient (presented in Appendix B) among the targets
of the goals 13 and 7 was found to be both positive and negative. The emission targets
of SDG 13, i.e., T 13.1.3.1 and T 13.1.3.8, were. positively and strongly correlated to the
per capita energy consumption target of SDG 7, i.e., T 7.1.1.1, meaning that the use of
traditional biomass to meet the primary energy needs and heavy dependence on (imported)
fossil fuel for operationalizing the Nepalese transport sector during the time period un-
der analysis contributed significantly to the sectoral emission rate. Thus, as the mode of
consumption moves towards renewable energy sources, this presents great potential to
reduce the emissions substantially. However, the emission targets of SDG 13 were found
to be negatively and strongly correlated to the renewable energy share target of SDG 7,
i.e., T 7.2.1, meaning that the input of renewable energy share is not enough to affect the
reduction in GHG emission from energy sector.
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As Nepal graduates from its LDC status to become a middle-income developing
country, approvable by the United Nations General Assembly in 2026, the energy demand
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in all sectors (e.g., industrial, commercial, residential, transportation, and agricultural) is
projected to significantly increase to meet the demand of economic activities [41–43]. The
GoN in recent years has adopted sustainable energy targets in its nationally determined
contributions and other policies as well as strategies emphasizing the importance of access
to affordable, reliable, and renewable energy for the overall low carbon development of its
economy [44].

Nepal’s target to reach 99% of population with access to electricity (T 7.1.1) by 2030
when put into productive end use can significantly improve the opportunities for income
generation, uplifting the livelihood of the people. This can enable vulnerable populations
to respond to and recover from stress and shock, thus enhancing the adaptive capacity of
the people. The access to electricity if achieved through harvesting clean energy technology
can contribute to limiting the rate of GHG emission [45]. As the primary energy need
was met through traditional biomass during the time under analysis [46–49], infiltration
of non-emission energy source, such as acceleration of hydropower and other renewable
energy sources, such as solar and wind, can aid in limiting the emission from the Nepalese
energy sector. Hence, this can have a reinforcing linkage with increasing the ability to
adapt to climate change impacts (T 13.2). As electricity is a clean source of energy via
hydropower in context of Nepal [46], per capita energy consumption (T 7.1.1.1) is seen to
also have a reinforcing linkage with the emission reduction target from energy (T 13.1.3.8).
As energy consumption can cause an increase in GHG emission (in short term), an increase
in energy consumption can lead to an increase of emissions (in the long run). Furthermore,
as Nepalese economic activities start to grow to meets its goal of becoming a middle-
income country, the reinforcing linkage can be seen in the long run due to the acceleration
of economic activities and demand to increase energy consumption related to the rise in
emission [50].

During the time-period of analysis under the study (1990–2018), traditional biomass,
such as firewood and agricultural residue, was heavily used in the rural areas to meet the
energy demand [47,48]. Even though biomass is considered a renewable source of energy,
its usage through low efficient technology, such as traditional biomass-fired stoves, led
to substantial GHG emissions due to the formation of biproducts of incomplete combus-
tion [49]. The traditional biomass accounted for 49% of energy consumption for cooking
where only 6% of the cooking service demand was met by modern fuel, e.g., electricity,
LPG, and biogas, in 2017 [51]. The extensive use of traditional biomass fuels also adds daily
financial burden in rural areas and contributes to deforestation (which makes it harder
to find firewood and raises the cost and collection time) and increases GHG emissions in
poor and developing nations such as Nepal where access to clean energy is limited and
unreliable [52]. Further, 90% of primary energy consumption of Nepal was delivered by
biomass resources, making forests the major source. The sustainable fuelwood yield of
Nepal’s forest was found to be far less than the total consumption, which has caused severe
forest degradation [48,49]. Therefore, target to increase the proportion of population with
primary reliance on clean fuels and technology (T 7.1.2) can be seen to have a reinforcing
linkage with the reduction of GHG emission from the energy sector (T 13.1.3.8). Similarly,
the target to increase the share of renewable energy in the total final energy consumption
(T 7.2.1) to 50% by 2030 has reinforcing linkages with the target associated to emission
reduction from the energy sector (T 13.1.3.8). It has been widely accepted that the increase
in economic activities though the usage of traditional energy sources, e.g., fossil fuel con-
sumption, biomass, and subsequent deforestation represent the major factor increasing
GHG emissions from the energy sector [53]. Substituting the emission intensive energy
sources with renewable technology can thus aid in reducing the sectoral emission.

The expansion of renewable energy share in total final consumption (T 7.2.1) for the
electrification of transport sector can be beneficial in reducing the GHG emission from
transport sector (T 13.1.3.1), as bridging the gap between transport and energy is crucial
for low GHG emission, sustainable electric mobility. The deployment of other renewable
energy technologies (RETs) besides hydropower, such as solar and biofuels, holds vast
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potential through the expansion of the energy mix. The diffusion of electric vehicles (EVs)
in the current transport system (T 7.3.1.4) can play a crucial role in the realization of target
T 13.1.3.1 [52] as EVs can offer environmentally friendly, emission-free urban mobility.
When it comes to energy, EVs can provide a clean, sustainable, and balanced energy
alternative that is economic and environmentally beneficial, significantly more so with the
use of renewable energy sources [54]. Therefore, T 7.2.1 is seen to have reinforcing link
with T 13.1.3.1 as it can aid in reducing the sectoral emissions, whereas T 7.3.1.4 that aims
to increase the share of EVs in public transport is seen to have a dependent linkage with
T 13.1.3.1 as EVs in public transport can aid in reducing the emissions from the transport
system and emission reduction relies on the attainment of the T 7.3.1.4.

In regard to residential and commercial energy use, GoN’s energy policies, strategies,
and action plans are supply side oriented and fail to incorporate the loss in terms of
distribution, transmission, and equipment on the demand side [55]. This has resulted in
the loss of unaccounted energy, especially electricity through a lack of prioritization based
on efficiency. Therefore, energy conservation through efficiency and fossil fuel switching
can further enhance the track change of emission rate from the business-as-usual scenario,
which is based on consuming an emission intensive energy source. Hence, the target to
increase the energy efficiency in both residential and commercial sectors (T 7.3.1.3) can
benefit the achievement of GHG emission reduction targets from industrial, commercial,
and energy sector, i.e., T 13.1.3.3 and T 13.1.3.8. Therefore, the linkage between these targets
is dependent in nature as the achievement of the energy efficiency target can complement
the emission reduction targets.

3.2. Linkage between SDG 13 and SDG 12

Our findings show that SDG 12 which stresses the reduction of ecological footprint in
the current way of consumption and production of resources [55] has a crucial linkage with
SDG 13 via two pillars of addressing climate change, mitigation, and adaptation, through
changing patterns of consumption and production (Figure 6). The pair-wise Pearson’s
correlation coefficients (presented in Appendix B) among the targets of the goals 13 and
12 were found to be mainly positive and strongly correlated to each other. The emission
reduction targets of SDG 13, i.e., T 13.1.3.1, and T 13.1.3.8, were positively and strongly
correlated to the fossil fuel consumption target, i.e., T 12.2.2.1, meaning that an increase in
one can cause an increase in other. Therefore, to achieve climate action, the use of fossil
fuel energy consumption must decrease. The land use for agricultural (cereal) production
target i.e., T 12.2.2.3 was strongly and positive linked to T 13.1.3.4, T 13.1.3.5, meaning
that despite limiting the land use for cereal production, there has been an increase in the
emission of CH4 and N2O from the agricultural sector.

With the 13th Periodic Plan (2013/2014–2015/2016), GoN targets to graduate from
LDC status. This implies maintaining a threshold level of gross national income (GNI) per
capita, thus creating enormous pressure in sustaining the balance between environmental
conservation and socio-economic development [56]. Nepal has doubled its domestic
material consumption in the past two decades [57], which positions Nepal in a challenging
situation where achieving economic objectives might endanger SDGs, including a reduction
in consumption [57–59].

Despite high annual rainfall, Nepal faces challenges in ensuring water security [60]
as it uses 98.2% of all freshwater withdrawal just for agricultural purposes [61]. Water
security has been one of the major problems in Nepal to meet the requirement of access to
safe drinking water, irrigation, and generating energy without compromising the water-
dependent ecosystem [60]. With advancing impacts of climate change, it can increase
uncertainties, complexities, stress, and the potential for conflicts within water management
in countries such as Nepal [11,12]. Water security in the context of climate change and the
threats posed by climate change to water security call for the concept and implications
of adaptive governance as a possible solution [62]. Therefore, the target set for T 12.2.1.1,
i.e., water resource use has reinforcing linkage with strengthening resilience and adaptive
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capacity to climate change (T 13.1). Furthermore, T 12.2.1.1 has a dependent linkage
with GHG emission reduction targets from agriculture and the energy sector (T 13.1.3.4,
T 13.1.3.5 and T 13.1.3.8) as the excessive use of water pumping for energy production
contributes to an increase in GHG emission and wastewater which can hinder the health,
agricultural production, and the overall adaptive capacity of people [59,63]. As Nepal
plans to accelerate its economic activities, it requires a higher supply of water, for which
energy is consumed, and a higher supply of energy, which is produced through water. The
interconnected between the water and energy with the economic development should be
well addressed to allow for a systematic policy simulation in the economic system [64].
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The agricultural production, especially cereal productions, are major contributors to
the emission of CH4 and N2O [65,66]. Hence, the target on GHG emission reduction targets
under SDG 13 from agricultural sector (T 13.1.3.4 and T 13.1.3.5) could be benefited by the
decrease in the land use for the cereal cultivation (i.e., T 12.2.2.3). However, limiting the
land area used for cereal production but intensifying its production through amplified use
of fertilizers can cause an increase in emissions from the agriculture sector [67]. Therefore,
dependent linkage can be seen between the targets.

The target set for the use of fossil fuel energy consumption (T 12.2.2.1) can be seen to
have a trade-off linkage with the GHG emission reduction target from transport, industrial
and energy sector (T 13.1.3.1, T 13.1.3.2 and T 13.1.3.8). Despite having large hydroelectricity
potential, Nepal presently meets its energy demands using fossil fuels, accounting for 82%
of the total consumption in 2018 [68]. Petroleum usages is ranked as the second largest
source of energy after firewood. The Nepalese transport sector depends on fossil fuel and
significantly lacks alternative modes of transports. Hence, the consequential transportation
related emission accounts for a major share in country’s national emission scenario. As
Nepal does not have any sources of fossil fuel, petroleum products are imported from
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India. Out of all the imported petroleum products, 63% of total imported petroleum fuels
is used by the transport sector and the rest by the industrial sector [69–72]. According to a
statistical review of world energy, 44% of Nepal’s annual energy consumption is imported
from India, which produces electricity from fossil fuel [54]. This has made the transport
sector to be most GHG emission intensive. Furthermore, as Nepal plans to accelerate its
economic activities, with a rise in urbanization and related increase in transportation needs
and industrial operation, Nepal will see an increase in the GHG emission which does not
relate to its commitment to a nationally determined contribution and second nationally
determined contribution [73] to reduce the GHG emission. The rise in the domestic demand
for petroleum products imported in a rising international market price can take a toll on
the Nepal’s foreign currency reserve. This can have major implication on the potential
trade deficit seen due to the low efficiency of the transport sector and high rate of import
of fossil fuel. This can further hamper the economic growth of Nepal. This is in direct
conflict with the national ambition to graduate from LDC. There are various sectors that
contribute to the emissions from and demand for high fossil fuel energy, such as residential
buildings, commercial and public services, manufacturing industries and construction, and
transportation. They are also some of the major sources of CO2 emissions, with average
shares of 34%, 31%, and 27% of total fuel combustion during 2000–2008, respectively [70].
With escalating urbanization and increased use of transportation, the figures are expected
to rise in future [74]. The exploration of other sustainable and affordable alternatives
beside the fossil imbedded technology and lock-in infrastructure can benefit the emission
reduction from this sector. The condition between the two targets can be benefited. Hence,
T 12.2.2.1 can be seen to have a trade-off linkage with T 13.1.3.8; GHG emission (CO2) from
energy sector as well.

3.3. Linkage between SDG 13 and SDG 15

Our findings show that SDG 15 which focuses on halting forest loss, land degrada-
tion, and biodiversity loss has immense potential in mitigating and adapting to climate
change, hence addressing SDG 13 (Figure 7). The pair-wise Pearson’s correlation coefficient
(presented in Appendix B) among the targets of goals 13 and 15 was found to be negative.
The emission targets of SDG 13, i.e., T 13.1.3.1, T 13.1.3.4, T 13.1.3.5, and T 13.1.3.8, were
negatively and strongly correlated to forest area target of SDG 15, i.e., T 15.1.1, meaning
that the forest area is insufficient to provide its carbon sequestration capacity to affect the
emission rate.

Forests are critical components of conservation and sustainable development and
forest-dependent communities have always played an important role in environmental
stability and economic progress [75]. Similarly, forest resources support rural livelihood,
income generation and poverty reduction, food and fiber production, carbon sequestra-
tion, water management, climate regulation, biodiversity protection, and other diverse
ecosystem services. As a result, forests could contribute to the SDGs’ vision of sustainable
development [76–79]. During the time period under analysis, Nepal was highly dependent
on biomass for to fulfill its basic energy demand (as mentioned in Section 3.1). Its primary
source of energy at the time for the purpose of cooking, heating, and lighting was firewood
and due to overuse of the raw material, there was depletion in the forest area, making it
difficult to access the resource [80]. As the demand had been met through unsustainable
practices, it contributed to a rise in GHG emissions and led to degradation and loss of forest
area [81].

Therefore, the target set to increase the proportion of forest area (T 15.1.1) can have
a two-fold reinforcing linkage with the emission reduction target from the energy sec-
tor (T 13.1.3.8), namely by increasing the forest area and sustainable harvesting of fuel
wood, which is considered carbon neutral, and thus does not add to the emission rate,
and with the increase in the forest area, which contributes to the potential of the forest to
sequester carbon, thus reducing the overall emission of the country. Hence, recognizing
the importance of forest under SDG 15, Nepal has also prepared the National Adaptation
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Program of Action (NAPA) and Local Adaptation Plans of Action (LAPAs) to address the
requirements of the UNFCCC. The strategies and actions of the NAPA seek to increase
community adaptive capacity through livelihood support, improved environmental re-
source governance, collective responses, improved service delivery, and access to green
technology and finance [76].
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The forest sector contributes significantly to the accumulation of GHG emission in
the earth’s atmosphere and has the potential to contribute even more by reducing GHG
emissions and/or boosting carbon dioxide (CO2) sequestration in vegetation, detritus,
soils, and biomass-based products [82]. As Nepal plans to graduate from its LDC status,
economic activities are expected to accelerate, which can increase the demand of the forest
products and cause over consumption. However, forests can also play a major role in
absorbing atmospheric carbon. There is a large capacity for forest ecosystems to sequester
carbon by increasing biomass density in existing forest lands through natural and enhanced
regeneration, as well as expanding carbon stocks by the conversion of non-forest land.
Therefore, understanding climate change adaptation and forest management is critical in
mitigating and minimizing the effects of climate change [83]. Forests and forest products
have been a source of income for Nepal’s growing population. With forest degradation
and deforestation increasing, it has become even more necessary to have a reliable climate
resilient forest management system [83,84].

In recent years, GoN has signed agreement with World Bank’s Forest carbon partner-
ship facility that provides up to $45 million to support Nepal to decrease carbon emissions
from deforestation and forest degradation through 2025. The program aims to cut rates
of deforestation and forest degradation across 2.4 million hectares of land rich in natural
resources, including 20% of the country’s forest cover. This effort will also work to improve
community-based forest management, transfer user rights for national forests to local peo-
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ple, improve integrated land use planning, promote alternative energy sources, and boost
protected area management competence. GoN has also employed a climate resilient forest
management system to enhance decision-making by providing more precise and scientific
information on climate change vulnerability and the degradation of forest ecosystems. This
can help Nepal to increase its forest area through proper management and tackle climate
change. Therefore, the achievement of T 15.2.1 is reinforcing in nature with respect to the
T 13.2 as target 15.2.1 deals with the progress towards sustainable forest management which
can help in mitigating the emission from over exploitation of fuel wood. At the same time,
it can enhance the adaptive capacity of vulnerable people under T 13.2; integrate climate
change measures into national policies, strategies, and planning.

3.4. Network of Targets Showing Interlinkages between SDGs

The analysis in Sections 3.1–3.3 shows the interaction among the targets within the
SDGs under investigation. Some of the linkages are reinforcing (achievement of one target
helps on other), some are dependent (achievement of one target rely on others), and others
present a trade-off (achievement of one target imposes constraints on other). Below, a
network of targets is summarized in light of the discussion above. Figure 8 represents an
integrated form of network within the targets.
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Figure 8 shows the overall interlinkages between the climate goal and other SDGs,
namely energy access (SDG 7), responsible consumption and production (SDG 12), and life
on land (SDG 15). Network analysis showed five reinforcing linkages and three dependent
linkages between SDG 13 and SDG 7: one reinforcing, five dependent, and three trade-off
linkages between SDG 13 and SDG 12. Lastly, it showed two reinforcing linkages between
SDG 13 and 15.

4. Evaluation of Synergies and Trade-Offs between SDGs

Using the ASA approach, the quantitative analysis of synergy and trade-offs among
the four goals and their targets is carried out for comparative purposes. The variables
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are normalized to the previous year in the calculation and the synergy is expressed as
an index range from +1 to −1 using the method as described previously in methodology
section. Minus (−) sign represents trade-off situation. Synergies have been evaluated for
each five-year time span (1990–1994, 1995–1999, 2000–2004, 2005–2009, and 2010–2014)
due to constraints on the data availability for the most recent period. The degree of the
potential synergy and trade-off are dependent and vary depending on geographical settings,
resources that are available, development stage, and the policy instruments and measures
implemented by the nations or state.

4.1. Synergy between SDG 13 and SDG 7

Figure 9 shows the share of GHG emission (CO2) from the energy sector (Industrial,
transport and others) (left) and the per capita energy consumption in Nepal (right) from
1990 to 2014.
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The GHG (CO2) emission from the energy sector gradually increased from 0.8 MtCO2e
in 1990 to 5.9 MtCO2e in 2014. Similarly, the per capita energy consumption also progres-
sively increased from 0.033 Gj in 1990 to 0.24 Gj in 2014. Comparing Figure 9 above, the
increase in the GHG (CO2) emission from energy sector in the year 2000 is simultaneous to
the increase in the per capita energy use the same year. Likewise, in the year 2006, there is a
synchronized drop in both GHG (CO2) emission from energy sector and per capita energy
consumption. This signifies that there is a positive relation between the two variables.

Figure 10 shows the strength of explorative analysis in synergy evaluation among
GHG emission (CO2) from the energy sector (industrial, transport, others) and per capita
energy consumption. Bars above the axis represents positive synergy while the bars below
the axis represents negative synergy (trade-off) condition. Figure 10 shows that there exists
a positive synergy between the two variables observed over the time span (1990–2014) in
the five-year gap. Therefore, the two variables are interdependent and any increment in
one variable has a synergetic impact on the others.

In regard to achievement of the SDGs targets; the target 13.1.3.8 is to reduce in GHG
emissions from the energy sector and target 7.1.1.1 is to increase in the per capita energy
uses (in Nepal). Thus, this scale in terms of the target could be read as negative, showing a
tradeoff between these emission reduction and per capita energy consumption. This can
be attributed to the primary energy sources of Nepal; with high dependency on biomass
and petroleum products to meet its energy demand. In this mix, hydroelectricity and
renewable sources of energy are much less (during the time-period of study 1990–2014). All
the primary source of energy are polluting factors that emit CO2; with the limited access of
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electricity, low per capita consumption of electricity, and lack of modern energy playing a
crucial role. As mentioned earlier (see Section 3.1), biomass was one of the most important
primary sources of energy and has maximum coverage. In the context of Nepal, biomass in
the form of firewood, agricultural residue, and dung harvested unsustainably represent
high GHGs emitting products [51,85]. More than 80% of Nepal’s population reside in rural
communities heavily depend on traditional sources of energy [86] and in most cases lack
the access to improved or clean technology. As energy use and pollution emission are
interconnected, the significance of the under-consumption of energy extends to addressing
climate change and sustainable development [82,86].
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The GoN initiated Rural Energy Policy, 2006 aims at increasing the installation of
improved biomass technologies, off-grid, micro-hydro systems for rural electrification,
and PV-based solar lights to reduce emission from the energy sector and aid in building
resilience to impacts of climate change. Among several other RETs, biogas has been proven
viable and emerged as a promising technology, especially for rural households, primarily
due to low cost and easy adaptability of the technology [87]. However, the infiltration
of RETs in energy production and consumption was insufficient to aid the decrease of
emission from energy sector (during the period of analysis). GoN has formulated and
implemented several strategies and policies to derail emission intensive development, such
as the low carbon emission development strategy, to envision Nepal’s future, to promote
economic development through low carbon emission. It has paid focus to: (a) energy, (b)
agriculture and livestock, (c) forests, (d) industry, (e) human settlements and wastes, (f)
transport, and (g) commercial sectors.

Nepal’s energy policy prioritizes on meeting the domestic demand of energy through
maximum application of hydropower potential. Along with that, Nepal’s climate policy
focuses on the reduction of GHG emission by promoting the use of renewable energy. To
improve access to power, the GoN, in collaboration with donors and the private sector,
have actively promoted off-grid solar photovoltaic (PV) technologies. So far, stand-alone
solar PV systems in Nepal’s rural areas have provided energy to over 900,000 families [88].
However, enhancing the efficiency of solar PV technology in rural Nepal requires the use
of adaptable financial instruments, financial innovations, the bundling of PV systems for
concentrating energy loads, adoption of standards processes, building local capacity, and
combining technological, financial, and institutional aspects [88]. The low carbon emission
development strategy in Nepal also promotes the use of renewable energy and emphases
the cross-sectoral approaches for the minimization of GHG emission. The full potential of
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these policies and harmonization between them could help in the reduction of the emissions
from this sector.

Figure 11 shows the share of GHG emission (CO2) from the energy sector (industrial,
transport, and others) and the renewable energy share in the total final energy consumption
of Nepal from 1990 to 2014.

Energies 2023, 16, x FOR PEER REVIEW 17 of 33 
 

 

 
Figure 11. GHG emission (CO2) from energy sector (% change) (left) and Renewable energy share 
in total final energy consumption (right). 

The GHG (CO2) emission from energy sector has gradually increased from 0.8 
MtCO2e in 1990 to 5.9 MtCO2e in 2014. There can be seen a sudden drop in the emission 
from 3.4 MtCO2e in 2001 to 2.6 MtCO2e in 2002, but after that it continued to increase 
steadily, whereas the share of renewable energy in total final energy consumption was 
seen to slowly decrease. The renewable energy share in total final energy consumption 
can be seen to gradually decrease from 95.11% in 1990 to 84.38% in 2014. There was an 
increase in the share of renewable energy in total final energy consumption between the 
years 2003 and 2007 from 89.44% to 91.31%, however it continued to decline after that. The 
GHG emission (CO2) from energy sector and the share of renewable energy in total final 
energy consumption show a negative correlation (from pair-wise Pearson’s correlation in 
Appendix B).  

The strength of the explorative analysis in synergy evaluation among the two varia-
bles can be seen in Figure 12. Here, a trade-off was found to exist between the two varia-
bles over the years under observation. 

  
Figure 12. Synergy: GHG emission (CO2) from energy sector (Industrial, Transport and Others) and 
renewable energy share in total final energy consumption. 

The trade-offs between GHG emission (CO2) from the energy sector and renewable 
energy share target was attributed to insufficient infiltration of renewable energy and 
RETs in Nepal’s energy production and inability to tap into the full potential of hydroe-
lectricity power generation along with substantial dependence on traditional sources of 

Figure 11. GHG emission (CO2) from energy sector (% change) (left) and Renewable energy share in
total final energy consumption (right).

The GHG (CO2) emission from energy sector has gradually increased from 0.8 MtCO2e
in 1990 to 5.9 MtCO2e in 2014. There can be seen a sudden drop in the emission from
3.4 MtCO2e in 2001 to 2.6 MtCO2e in 2002, but after that it continued to increase steadily,
whereas the share of renewable energy in total final energy consumption was seen to
slowly decrease. The renewable energy share in total final energy consumption can be
seen to gradually decrease from 95.11% in 1990 to 84.38% in 2014. There was an increase
in the share of renewable energy in total final energy consumption between the years
2003 and 2007 from 89.44% to 91.31%, however it continued to decline after that. The
GHG emission (CO2) from energy sector and the share of renewable energy in total final
energy consumption show a negative correlation (from pair-wise Pearson’s correlation in
Appendix B).

The strength of the explorative analysis in synergy evaluation among the two variables
can be seen in Figure 12. Here, a trade-off was found to exist between the two variables
over the years under observation.

The trade-offs between GHG emission (CO2) from the energy sector and renewable
energy share target was attributed to insufficient infiltration of renewable energy and RETs
in Nepal’s energy production and inability to tap into the full potential of hydroelectricity
power generation along with substantial dependence on traditional sources of energy and
petroleum import consumption of the nation (during the year under observation). SDGs
target 13.1.3.8 is to reduce the GHG emission from energy sector and target 7.2.1 is to
increase the renewable energy share in the total final energy consumption (in Nepal). Thus,
in terms of targets, there is also a tradeoff condition between emissions reduction and
renewable energy share in the context of the final energy consumption targets.

In the year 2013, only 15.5% of the population had access to electricity through renew-
able energy source [30]. Recognizing the need of share of renewable energy in final energy
consumption, Nepal implemented Renewable energy subsidy policy, 2013 that aimed at
the delivery of better-quality renewable energy services using various technologies. Hy-
dropower Development Policy 1992 and 2001, Ten Years Hydropower Development Plan
2009 was also formulated for the advancement of the energy sector. It positioned speci-
fied governing rules for the hydropower sector along with generation, transmission, and
distribution function for the conception of an independent power system operation (also



Energies 2023, 16, 566 17 of 32

see Section 3.1). Along with that, to fulfill the household as well as industrial demand for
energy, various policies were formulated, e.g., Water Resource Act 1992, Electricity Act 1992,
Forest Sector Policies and Forest Act 1993, Water Resources Strategy 2002, National Water
Plan 2005, Rural Energy Policy 2006, and National Electricity Crisis Resolution Action Plan
2008. The main objective of these policies is to reduce the reliance on the imported energy
and to encourage renewable, alternative energy sources which can also aid in reducing the
emissions from the energy sector.
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Micro and mini hydropower, solar, wind, and biomass are some examples of RETs
that are not only economically sound solutions, but also ideal energy source alternatives
for rural and isolated places in developing nations such as Nepal as 33% of homes in
Nepal’s rural areas lack access to electricity [89]. Although Nepal could employ numerous
renewable energies beyond hydroelectricity, several barriers, including technological, social,
regulatory, and political, economic, and institutional issues, make it difficult to do so [7] and
development in this aspect is not possible if these barriers are not effectively removed. Such
barriers and limitations are important to address for developing economies to use renewable
energy more extensively and to improve energy access and security [90]. Moreover, this
presents the potential to reduce the tradeoff condition between the targets.

Figure 13 shows the share of GHG emission from transport sector and renewable
energy share in the final energy consumption of Nepal from 1990 to 2014.
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The GHG emission from transport sector progressively increased from 0.3 MtCO2e
in 1990 to 2.7 MtCO2e in 2014. There is a sharp rise in the emission between 2007 and
2009 from 0.9 MtCO2e to 1.8 MtCO2e, respectively, after which there is a steady increase.
While the share of renewable energy in total final energy consumption is seen to decrease
over time from 95.11% in 1990 to 84.37% in 2014, there was a small increase in the share of
renewable energy in total final energy consumption between the years 2003 and 2007 from
89.44% to 91.31%. However, it continued to decline after that. Figure 13 shows the indirect
relationship between the two variables, i.e., GHG emission from transport sector shows an
exponential growth over time, whereas the share of renewable energy in the final energy
consumption can be seen to decline with some cases of increment over time.

The explorative analysis shown in Figure 14 reveals the existence of negative synergy,
i.e., trade-offs between the GHG emissions from the transport sector and renewable energy
share in the final energy consumption. SDGs target 13.1.3.1 is to reduce the GHG emission
from transport sector and target 7.2.1 is to increase the renewable energy share in the total
final energy consumption (in Nepal). Thus, in terms of target, there is also a trade-off
condition between emission reduction and renewable energy share in terms of final energy
consumption. Due to the lack of authentic data for 2000–2004, the analysis was carried out
for the four time slots.
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The trade-off observed can be attributed to Nepal’s heavy dependence on imported
petroleum products for transportation and lack of renewable energy use in the transport
sector [91]. As explained above in Sections 3.1 and 3.2, Nepal’s transport sector is predomi-
nantly fossil fuel intensive, making the ensuing emissions one of the major contributors in
its emission scenario [92]. GoN proposed a plan for promoting and accelerating alternative
means of transportation to reduce the dependency on fossil fuel in its 6th five-year plan,
which conducted a feasibility study to electricity its transport sector. In 1993, battery-
powered Safa tempos (clean three-wheeler) were in the public transport domain, with
seven tempo manufacturing plants and 38 charging station installed and running [70].
However, myriad reasons, such as crippling power shortage, lack of institutional capacity,
created major impediments for the intervention. Hence, the transport sector still relies on
emission intensive fuels which can be understood in light of the trade-off observed between
the two targets.

In recent years, Nepal has launched several policies with the aim of reducing emission
from transportation sector, such as the environment friendly transport policy 2015 and
national action plan for electric mobility which focuses on the reduction of emission from
transport sector and subsequent increase in the share of electric vehicles. Nepal has aimed
to increase the share of electric vehicles in public transport sector by up to 20%. Along with
that, a subsidy has been provided for the promotion of electric and non-motorizes vehicles.
Fossil fuel powered vehicles incur up to 261%, while private EV vehicles are taxed only
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23% (10% import tax and 13% VAT). Moreover, there is a provision that the public EVs with
the capacity to seat more than 14 passengers are levied only 14% (1% import tax and 13%
VAT). This can encourage the conversion of regular vehicles to electric vehicle. In recent
years, Nepal has controlled the use of vehicles which are more than 20 years old as they
produce more GHGs [69]. This has caused the electric transport landscape of Nepal to
change dramatically. For instance, in the year 2017, there were 21,000 EVs, including both
private vehicles and public vehicles as per Electric vehicles association of Nepal (EVAN).

As Nepal plans to graduate from its LDC status, Nepal is going to observe an accel-
erated economic growth that can lead to overall demand in the vehicles. To achieve the
required rate of economic growth of 9.2%, NPC has pointed some new policy options, such
as change in resource allocation pattern, increase in the absorption capacity of economy,
ensuring development friendly policy, and so forth. NPC has also estimated the need
for investment to achieve this goal. The estimated growth rate of investment is 19% per
annum [93]. The transport sector is identified as a major sector for the investment [28].
GoN has also identified transport development as one of its core strategies. However, due
to Nepal’s geographical complexity, current settlement pattern, and slower development
process, people from some parts of the country are still struggling to achieve the minimum
access to the services and economic activities. Furthermore, looking at the past policies
previous national periodic plans, we find that some effective policies were introduced but
not implemented. For instance, in the first national plan (1956–61) the concept of ‘value
capture’ was introduced for “the land whose value is increased due to construction of road
should be taxed”, but never implemented [85]. This can be detrimental if it continues to
follow the same trend. With a lack of renewable energy to meet Nepal’s growing transport
need, emissions from the sector can be expected to grow exponentially.

4.2. Synergy between SDG 13 and SDG 12

Figure 15 shows the share of GHG emission (CH4, N2O) from agricultural sector and
the land use for agricultural production (cereal as % of cultivated land) in Nepal from the
year 1990 to 2014.

Energies 2023, 16, x FOR PEER REVIEW 20 of 33 
 

 

years old as they produce more GHGs [69]. This has caused the electric transport land-
scape of Nepal to change dramatically. For instance, in the year 2017, there were 21,000 
EVs, including both private vehicles and public vehicles as per Electric vehicles associa-
tion of Nepal (EVAN). 

As Nepal plans to graduate from its LDC status, Nepal is going to observe an accel-
erated economic growth that can lead to overall demand in the vehicles. To achieve the 
required rate of economic growth of 9.2%, NPC has pointed some new policy options, 
such as change in resource allocation pattern, increase in the absorption capacity of econ-
omy, ensuring development friendly policy, and so forth. NPC has also estimated the 
need for investment to achieve this goal. The estimated growth rate of investment is 19% 
per annum [93]. The transport sector is identified as a major sector for the investment [28]. 
GoN has also identified transport development as one of its core strategies. However, due 
to Nepal’s geographical complexity, current settlement pattern, and slower development 
process, people from some parts of the country are still struggling to achieve the minimum 
access to the services and economic activities. Furthermore, looking at the past policies 
previous national periodic plans, we find that some effective policies were introduced but 
not implemented. For instance, in the first national plan (1956–61) the concept of ‘value 
capture’ was introduced for “the land whose value is increased due to construction of 
road should be taxed”, but never implemented [85]. This can be detrimental if it continues 
to follow the same trend. With a lack of renewable energy to meet Nepal’s growing 
transport need, emissions from the sector can be expected to grow exponentially.  

4.2. Synergy between SDG 13 and SDG 12 
Figure 15 shows the share of GHG emission (CH4, N2O) from agricultural sector and 

the land use for agricultural production (cereal as % of cultivated land) in Nepal from the 
year 1990 to 2014. 

 
Figure 15. GHG emission (CH4, N2O) from agriculture sector (left) and land use for agricultural 
production (cereal as of % of cultivated land) (right). 

The share of N2O is less than that of CH4, however, there is a steady increase in the 
GHG emission from agriculture sector. In the year 1990, 14.35 MtCO2e and 3.58 MtCO2e 
can be compared to the year 2014, where 19.33 MtCO2e and 5.47 MtCO2e of CH4 and N2O 
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emission of N2O rather than in the emission of CH4 production from agricultural produc-
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hance the agricultural production over the years. Due to this fluctuation, even though 
there has not been a significant rise in the land area used for cereal production as shown 
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production (cereal as of % of cultivated land) (right).

The share of N2O is less than that of CH4, however, there is a steady increase in the
GHG emission from agriculture sector. In the year 1990, 14.35 MtCO2e and 3.58 MtCO2e can
be compared to the year 2014, where 19.33 MtCO2e and 5.47 MtCO2e of CH4 and N2O were
emitted, respectively, from agricultural production. There has been a variation in emission
of N2O rather than in the emission of CH4 production from agricultural production. This
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stipulates that there has been a substantial rise in the usage of fertilizer to enhance the
agricultural production over the years. Due to this fluctuation, even though there has
not been a significant rise in the land area used for cereal production as shown in the
Figure 15, a rise and fall in the emission are seen. The two variables under observation,
GHG emission (CH4, N2O) from agricultural sector and land use for agricultural production,
show positive correlation (from pair-wise Pearson’s correlation in Appendix B) over the
years in observation.

The strength of the explorative analysis in synergy analysis between the two variables
can be seen in Figure 16.
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The SDGs targets 13.1.3.4, 13.1.3.5 aim to reduce in GHG emissions from agricultural
sector and target 12.2.2.3 to decrease the land use for agricultural production (cereal culti-
vation) (in Nepal). Thus, this scale in terms of the target could be read as negative, showing
a tradeoff between emission reduction and land use for agriculture production. This can be
attributed to the intensification of agricultural practice through the application of fertilizer
to increase the yield while maintaining the land use under agriculture production post 1994.
In Nepal, 75% of the population mostly residing in the rural areas depend on agriculture
which is heavily impacted by climate change. On the contrary, agriculture related emission
accounts for more than half of Nepal’s GHG emission scenario (50.1%) [94,95]. The effects
of climate change related externalities, such as rise in temperature and erratic rainfall, have
caused several impacts on the agriculture sector, such as loss of useful growing land to
drought or flood, but also has some positive impacts, such as warming previously unusable
lands, allowing farmers to plant crops that would not have survived [96]. However, the
impact varies depending on the locality and geographical positioning of the area.

Given the population rise, the population’s engagement, and economic implication of
agriculture in Nepalese economy (28% to its GDP) [70], the corresponding food demand are
surging in tandem. Hence, it is essential for Nepal to enhance its level of crop productivity.
Rice, wheat, and maize are the most important staple food crops in Nepal. However,
they are also very emission intensive. Flooded rice is one of the major biogenic methane
sources [93] and methane in the paddy soil is directly released to the atmosphere through
rice plants. To meet the food demand, Nepal’s agricultural practices has been dependent
on the excessive use of fertilizers [97]. However, the use of fertilizers has resulted in the
increased emission of nitrous oxide. In Nepal, cereal cultivation was the second largest
source of agriculture emission following the emissions from enteric fermentation, manure
left on pasture, and manure management [93,98]. With the GoN’s aim to limit the land
use for agricultural production (cereal), the use of fertilizer to increase the yield can be
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detrimental in terms of the other goal to limit the emission from agricultural sector. A
decline in the land area used for crop production purposes could trigger higher emissions
of GHG both in the short and long run [99].

The Agriculture Perspective Plan (1995–2015) focused on agriculture development
through increased factor productivity and emphasized the technology-based green revolu-
tion in agriculture, ensuring regional balance [96]. Similarly, the National Agriculture Policy,
2004 also emphasized enabling an environment for agriculture led rural development. The
policy aimed at achieving high and sustainable economic growth through a commercial
agriculture system contributing to food security and poverty reduction. However, despite
the effort, we find that policies have not been effective as the emission from the agriculture
sector is still rising even with efforts to maintain the land area under cultivation.

In recent years, Nepal has placed several policies to reduce the emission from agricul-
ture and to enhance the productivity. For example, the Agricultural Development Strategy
(2015–2035) includes a 10-year action plan and roadmap that aims for lower carbon emis-
sion. Its 14th plan of Nepal (2016/17–2018/19) which falls in the time frame under analysis
has further given high priority for the entire agricultural and rural development spectrum
as well as related rural development topics, including the environment [100]. The full
potential of these policies along with the adoption of modern agricultural technologies and
practices could help in the reduction of the emission from this sector while meeting the
agricultural demand and securing food security.

4.3. Synergy between SDG 13 and SDG 15

Figure 17 shows the share of overall GHG emission (Agricultural, Energy Sector)
representing three targets under SDG 13 and forest area (% of Land Area) from SDG 15.
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The GHG emission from transport sector has progressively increased from 0.3 MtCO2e
in 1990 to 2.7 MtCO2e in 2014, where there was a sharp rise in the emissions between
2007 to 2009 from 0.9 MtCO2e to 1.8 MtCO2e, after which it increases steadily as shown in
Figure 17. The GHG (CO2) emission from energy sector was found to gradually increase
from 0.8 MtCO2e in 1990 to 5.6 MtCO2e in 2015. Moreover, a certain drop can be seen in
the emission from 3.4 MtCO2e in 2001 to 2.6 MtCO2e in 2002, but after that it continued to
increase steadily. Lastly, there is a steady increase in the GHG emission from agriculture
sector. In the year 1990, 14.35 MtCo2e and 3.58 MtCO2e can be compared to the year 2014,
where 19.33 MtCO2e and 5.47 MtCO2e of CH4 and N2O were emitted respectively from
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cereal cultivation. The rapid decline in the forest area over time can also be seen, from
covering 33.69% of total land area in 1990 to 25.37% of total land area in 2005. Comparing
Figure 17 for the time span of 1990–2005, the emission from various sector is seen to be
increasing whereas the rate of forest area is declining, indicating a negative relation between
the variables.

Here, explorative analysis in Figure 18 was carried out between the 1990 to 2005 due to
unavailability of the data and the interpretation of the results was carried out considering
that time frame. SDG targets 13.1.3.1, 13.1.3.4, 13.1.3.5, and 13.1.3.8 aim to reduce the GHG
emission and target 15.1.1 to increase the forest area as a proportion of total land area (in
Nepal). Thus, in terms of targets, there is also a majority trade-off condition with exception
in the later time slot.
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The tradeoff observed can be attributed to the significant loss of forest in Nepal
due to the expansion of farmlands, government revenue, as well as uncontrolled and
unsustainable use of forests and forest products. Forest area, quality, quantity, and density
have decreased considerably as a result of the uncontrolled and unsustainable use of forests
and forest products to meet the demand for timber, pole, fuel wood, fodder, grass, leaf
litter, other non-timber forest products, and biomass for a growing population with huge
demand from growing urban centers [20,82,83]. The tradeoff observed from 1990 to 2000 in
Figure 18 can be attributed to such practices as 75% of Nepal’s energy requirement was
met by fuelwood in 1997 and approximately 80% by fuelwood, fodder, and small timber
requirements of the people living in the rural areas was met from forestry sources, resulting
in a deficit in national biomass balance [101]. The extensive use of traditional biomass fuels
also adds a daily financial burden in rural areas and contributes to deforestation (which
makes it harder to find firewood and raises the cost and collection time) and increases
greenhouse gas (GHG) emissions in poor and developing nations such as Nepal where
access to clean energy is limited and unreliable [82–85]. Further, 90% of primary energy
consumption of Nepal was delivered by biomass resources, making forests the major source.
The sustainable fuelwood yield of Nepal’s forest was found to be far less than the total
consumption, which caused severe forest degradation [49] in Nepal during the time-period
under examination (i.e., 1990–2018) [48,49].

To tackle this issue, GoN first revised its forest act, overturned the nationalization of
its forests, and handed over the forest to community for a community forest program. It
implemented a nationwide program of decentralized forest management which resulted in
significant long-term, permanent enhancement of forest biomass, particularly managed
by community forest users’ groups and similar local level bodies. This has helped in
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reducing the GHG emission through deforestation and upon maturing of the forest has
acted a pool to sequester carbon. This is signified in Figure 18 as in 2000 onwards synergy
is seen between the two targets. As mentioned earlier, agriculture is one of the major
contributors to Nepalese economic, employing nearly two third of its population. Nepal
plans to increase its agricultural productively to meet its growing demand for food. Hence,
agricultural land expansion and intensification are eminent. This can further degrade
and reduce the forest area if good governance is not practiced as it is closely linked [102]
and could hamper the attainment of both targets, with a reduction in emission from the
agricultural sector and increase in forest area.

In recent years, to combat the issue growing of deforestation and forest degradation,
GoN has adopted strategies centered around 1976 National Forest Plan, which promotes
community participation in a sustainable forest management approach. This approach has
been successful in both ecological restoration and sustainable livelihood enhancement [103].
Nepal has made significant improvements in forest management with the launch of second
national workshop on community forests that focused on issues related to the organiza-
tional structure of the Department of Forests, bottom-up planning, and involvement of
NGOs as a key to the success of community forestry program. The 9th five-year plan fur-
ther emphasized the appropriate management and utilization of forest resources through
maintaining a balance between the environment and development. Moreover, it has also
implemented landscape programs, such as Tarai Arc Landscape (TAL), Kailash Sacred
Landscape Conservation and Development Initiative (KSLCDI), Kangchenjunga Landscape
Conservation and Development Initiative (KLCDI), and Chitwan Annapurna Landscape
(CHAL), in line with its SDG 15 commitment [104–106]. As a result, there can be seen
synergy among the targets in the later time slot (2000–2004) with the increase in forest area.
Furthermore, forest sector policy and the forest decade program 2015–2025 have also been
implemented to prescribe a handover of the barren and isolated forestlands as a commu-
nity forest, with the harvesting of forest products regulated and sectoral strategies which
aim for sustainable production and supply of forest products and increased contribution
to national economic development. However, despite the mentioned policies and effort
by the GoN, we find that the anticipated outcome of an increase in forest area has not
been achieved and the forests of Nepal are still exposed to threats from different drivers,
such as population growth, unsustainable harvesting of forest products, and unsystematic
development activities.

5. Conclusions and Way Forward

This study applied a mixed methodology framework to analyze and evaluate the
synergies and trade-offs among SDGs related to climate action, energy share, consumption
and production, and forest management. We find that the GHG emission, economic
activities and energy consumption are strongly interlinked. Hence, the achievement of
SDGs calls for a synergistic approach to tackle the constant trade-offs observed between
the SDGs. We find that even though Nepal has introduced some effective policies, their
implementation has not been carried out, which has resulted in a continual trade-off
condition between its sustainable development aspirations.

This is particularly important for Nepal to become a middle-income country in the
near future. The constant trade-off observed through the years between climate action
and energy uses and GHG emission from energy and transport sectors with the per capita
energy consumption; the increased emissions in comparison to the renewable energy share
in total final consumption are some prime challenges that need to be addressed. These
challenges will be accelerated further with the increase in economic activities with the
continued usage of traditional energy sources such as fossil fuel (for transport), inefficient
use of biomass, and subsequent deforestation for fuel woods. These are major factors
increasing GHG emissions from the energy sector in Nepal. Thus, substituting the emission
intensive energy sources with renewable technology can aid in reducing the emission from
the energy sector. This implies that Nepal should build policies relating to a reduction of



Energies 2023, 16, 566 24 of 32

energy consumption, through the integration of more renewable energy in its energy mix,
along with an improvement in energy efficiency, followed by investigating new possible
energy sources, specifically how they could reduce the level of GHG emissions without
affecting the country’s economic growth [54].

Furthermore, this study found a continual trade-off condition between climate ac-
tion; reduction of GHG emission from energy and agricultural sectors with land use for
agricultural production and forest area over the years under observation. As, the GHG
emission induced climate can further depress the prospects of ensuring the sustainability of
the Nepalese agricultural sector and its whole economy. Forests and forest products have
been a source of income for Nepal’s growing population and represent a major contributor
to its economy. Consequently, with forest degradation and deforestation increasing due to
agricultural expansion and reliance on traditional sources of energy such as biomass and
fuel wood [48], it has become even more necessary to have a reliable climate resilient forest
management system [84]. Therefore, it becomes crucial for Nepal to understand forest
management as it is critical in mitigating and minimizing the effects of climate change
and enhancing the adaptive capacity of its people. Furthermore, the agriculture sector is
a major contributor to Nepal’s employment and economic growth levels. However, this
study finds that it is associated with rising GHG emissions in Nepal’s emission scenario.
So, considering the trade-off condition between climate action and rising emission from
Nepal’s agricultural sector, this study recommends an adoption of policies that can enhance
its agricultural productivity via stimulating green agricultural practices that minimize the
use of chemical fertilizers to reduce the possible emissions from this sector [97].

Limitations and Future Research Direction

The framework applied in this study has some limitations, as synergy/trade-off
analysis is limited to a linear relation between the sustainable development goals (i.e., SDG
13 to SDG 7, SDG 12, and SDG 15 separately) due to data unavailability and to reduce
complexity. However, the framework can be applied with extended boundaries, including
more SDGs, and interpreted to analyze the dual interaction, e.g., making the analysis in
three dimensions. Synergy between the three variables can be calculated as a ratio of the
volume of the cube ∆x∆y∆z (z being the third dimension) to the maximum volume as
explained by Luukkanen et al. [37]. However, the interpretation of the three-dimensional
calculation results is a bit complex, especially when working with limited sets of data.
Thus, our analysis within this study is limited to the synergy/trade-off analysis of pairwise
targets. Still, the method proposed here may be used to illustrate the connections between
the SDGs and track sustainable development in a more integrated way. The evaluation
of synergy/trade-off proposed in this paper indicates possible (potential) causality rather
than inferring a causal relationship between the variables, and the precision of synergy
analysis increases with improved and long-term data. The framework used in this study
can be useful in strategic nexus analyses. These evaluations could help to analyze if
applied sectoral and cross-sectoral policies result in synergetic development of the different
sustainability goals. The lessons learnt can be reflected in policy improvements and
greater coherency.
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Appendix A

Table A1. Historical dataset for SDG13 and percent change calculation.

Years

T 13.1.3.1
GHG

Emission from
Transport

Sector
MtCO2e

Source: CAIT

%
Change in

GHG
Emission

from
Transport

Sector

T 13.1.3.4
GHG

Emission
(CH4)

from Agri.
Sector

MtCO2e
Source:
CAIT

%
Change in

GHG
Emission

(CH4)
from Agri.

Sector

T 13.1.3.5
GHG

Emission
(N2O)

from Agri.
Sector

MtCO2e
Source:
CAIT

%
Change in

GHG
Emission

(N2O)
from Agri.

Sector

T 13.1.3.8 GHG
Emission

(CO2)from
Energy Sector

(Industrial,
Transport and

Others)
MtCO2e Source:

CAIT

%
Change
in GHG

Emission
(CO2)
from

Energy
Sector

1990 0.3 - 14.38 - 3.58 - 0.8 -

1991 0.4 0.33333 14.3 −0.0056 3.61 0.00838 1.1 0.375

1992 0.4 0 13.93 −0.0259 3.59 −0.0055 0.9 −0.1818

1993 0.5 0.25 14.45 0.03733 3.63 0.01114 1.4 0.55556

1994 0.6 0.2 14.65 0.01384 3.75 0.03306 1.7 0.21429

1995 0.6 0 15.4 0.05119 3.9 0.04 1.8 0.05882

1996 0.6 0 15.63 0.01494 3.99 0.02308 1.8 0

1997 0.7 0.16667 15.77 0.00896 4.05 0.01504 2.1 0.16667

1998 0.8 0.14286 15.92 0.00951 4.16 0.02716 2.2 0.04762

1999 0.8 0 16.11 0.01193 4.06 −0.024 3 0.36364

2000 0.8 0 16.24 0.00807 4.05 −0.0025 3 0

2001 0.8 0 16.28 0.00246 4.07 0.00494 3.4 0.13333

2002 0.8 0 16.47 0.01167 3.96 -0.027 2.6 −0.2353

2003 0.8 0 16.7 0.01396 3.93 −0.0076 2.9 0.11538

2004 0.8 0 16.96 0.01557 4.02 0.0229 2.7 −0.069

2005 0.8 0 17.15 0.0112 4.04 0.00498 3 0.11111

2006 0.9 0.125 17.39 0.01399 4.13 0.02228 2.5 −0.1667

2007 0.9 0 17.44 0.00288 4.16 0.00726 2.6 −0.04

2008 1.3 0.44444 18 0.03211 4.29 0.03125 3 0.15385

2009 1.8 0.38462 18.42 0.02333 4.55 0.06061 3.5 0.16667

2010 1.9 0.05556 18.53 0.00597 4.71 0.03516 4 0.14286

2011 2 0.05263 18.89 0.01943 4.96 0.05308 4.4 0.1

2012 2.2 0.1 19.27 0.02012 5.04 0.01613 5 0.13636

2013 2.4 0.09091 19.22 −0.0026 5.27 0.04563 5.9 0.18

2014 2.7 0.125 19.33 0.00572 5.47 0.03795 5.9 0
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Table A2. Historical dataset for SDG 7 and percent change calculation.

Years

T 7.1.1.1
per Capita Energy (Final)

Consumption (Gj) Source: World
Bank Database

% of Change in
Energy Use per

Capita

T 7.2.1
Renewable Energy Consumption
(% of Final Energy Consumption)

Source: World BankDatabase

% Change in Renewable
energy Consumption (%

of Final Energy
Consumption)

1990 0.03349 - 95.11971 -

1991 0.04605 0.375 94.18865 0.02208

1992 0.03768 −0.1818 94.16105 0.02131

1993 0.05862 0.55556 93.54555 0.02168

1994 0.07118 0.21429 92.38024 0.02253

1995 0.07536 0.05882 91.7324 0.02311

1996 0.07536 0 91.51546 0.02246

1997 0.08792 0.16667 90.70866 0.02187

1998 0.09211 0.04762 90.49118 0.02245

1999 0.1256 0.36364 88.05243 0.02396

2000 0.1256 0 88.28455 0.06062

2001 0.14235 0.13333 87.75651 0.02746

2002 0.10886 −0.2353 89.9433 0.03617

2003 0.12142 0.11538 89.44288 0.02326

2004 0.11304 −0.069 90.29701 0.02354

2005 0.1256 0.11111 89.51738 0.02256

2006 0.10467 −0.1667 91.25326 0.01932

2007 0.10886 0.04 91.31227 0.02172

2008 0.1256 0.15385 90.46893 0.02025

2009 0.14654 0.16667 88.92709 0.01472

2010 0.16747 0.14286 87.29245 0.01133

2011 0.18422 0.1 86.94551 0.03075

2012 0.20934 0.13636 84.69734 −0.0688

2013 0.24702 0.18 86.2531 0.13245

2014 0.24702 0 84.37479 0.01502

Table A3. Historical dataset for SDG 12 and percent change calculation.

Years

T 12.2.2.1
(%) Use of Fossil Fuel Energy

Consumption Source: World Bank
Database

% Change in Use of
Fossil Fuel Energy

Consumption

T 12.2.2.3
Land Use for Agricultural
Production (Cereal as % of

Cultivated Land)
Source: World Bank Database

% of Change in Land Use
for Agricultural

Production (Cereal as %
of Cultivated Land)

1990 5.05114 - 3,045,230 -

1991 6.00983 0.22816 2,986,490 −0.01929

1992 6.28724 0.0687 2,840,020 −0.04904

1993 6.70178 0.09628 3,105,510 0.093482

1994 7.85394 0.21341 3,031,239 −0.02392

1995 8.55869 0.12282 3,213,580 0.060154
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Table A3. Cont.

Years

T 12.2.2.1
(%) Use of Fossil Fuel Energy

Consumption Source: World Bank
Database

% Change in Use of
Fossil Fuel Energy

Consumption

T 12.2.2.3
Land Use for Agricultural
Production (Cereal as % of

Cultivated Land)
Source: World Bank Database

% of Change in Land Use
for Agricultural

Production (Cereal as %
of Cultivated Land)

1996 8.66871 0.03805 3,257,790 0.013757

1997 9.65592 0.14833 3,262,340 0.001397

1998 9.93047 0.054 3,259,770 −0.00079

1999 12.5062 0.32531 32,89,875 0.009235

2000 11.9737 0.01282 3,330,740 0.012421

2001 12.3525 0.06628 3,270,617 −0.01805

2002 10.1577 −0.1686 3,334,259 0.019459

2003 10.61 0.07476 3,347,199 0.003881

2004 9.70524 −0.0726 3,355,024 0.002338

2005 10.6468 0.13159 3,363,295 0.002465

2006 8.83105 −0.1706 3,370,934 0.002271

2007 8.61563 −0.0038 3,314,830 −0.01664

2008 9.88606 0.18154 3,428,011 0.034144

2009 11.0391 0.15271 3,428,424 0.00012

2010 12.5969 0.17568 3,393,553 −0.01017

2011 12.9868 0.06689 3,478,813 0.025124

2012 15.1916 0.11821 3,484,532 0.001644

2013 13.678 0.0012 3,339,077 −0.04174

2014 15.4827 0.17453 3,480,052 0.04222

Table A4. Historical dataset for SDG 15 and percent change calculation.

Year
T 15.1.1

Forest Area (% of Land Area)
Source: FAO Database

% Change in Forest Area (% of Land Area)

1990 33.685 -

1991 33.044 −0.01903

1992 32.403 −0.0194

1993 31.762 −0.01978

1994 31.12 −0.02021

1995 30.479 −0.0206

1996 29.838 −0.02103

1997 29.197 −0.02148

1998 28.555 −0.02199

1999 27.914 −0.02245

2000 27.206 −0.02536

2001 26.838 −0.01353

2002 26.469 −0.01375

2003 26.101 −0.0139

2004 25.733 −0.0141

2005 25.364 −0.01434
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Appendix B. Pairwise Pearson’s Correlation Coefficient Calculation

Pairwise Pearson’s correlation was calculated by dividing the covariance of the two variables
by the product of their standard deviation. It defines the extent and the direction of the linkages
between two variables i.e., targets. This only reflects the linear relationship.

Table A5. Pairwise Pearson’s Correlation Between SDG 13 and SDG 7.

SDG_13.1.3.1 SDG_13.1.3.8 SDG_7.1.1.1 SDG_7.2.1

SDG_13.1.3.1 1 0.93 * 0.93 * −0.84 *
SDG_13.1.3.8 0.93 * 1 1 −0.95 *
SDG_7.1.1.1 0.93 * 1 1 −0.95 *
SDG_7.2.1 −0.84 * −0.95 * −0.95 * 1

Note: Statistical level of correlation coefficient have been presented in stars: p ≤ 0.01 * (highly significant).

Table A6. Pairwise Pearson’s Correlation Between SDG 13 and SDG 12.

SDG_13.1.3.4 SDG_13.1.3.5 SDG_13.1.3.8 SDG_12.2.2.1 SDG_12.2.2.3

SDG_13.1.3.1 1 0.92 0.95 0.93 0.82 * 0.86
SDG_13.1.3.4 0.92 1 0.91 0.92 0.90 0.89 *
SDG_13.1.3.5 0.95 0.91 1 0.95 0.92 0.74 *
SDG_13.1.3.8 0.93 0.92 0.95 1 0.93 * 0.90
SDG_12.2.2.1 0.82 * 0.90 0.92 0.93* 1 0.90 *
SDG_12.2.2.3 0.86 0.89 * 0.74 * 0.90 0.90 1

Note: Statistical level of correlation coefficient have been presented in stars: p ≤ 0.01 * (highly significant).

Table A7. Pairwise Pearson’s Correlation Between SDG 13 and SDG 15.

SDG_13.1.3.4 SDG_13.1.3.5 SDG_13.1.3.8 SDG_15.1.1

SDG_13.1.3.1 1 0.92 0.91 0.93 −0.94 *
SDG_13.1.3.4 0.92 1 0.91 0.92 −0.97 *
SDG_13.1.3.5 0.90 0.91 1 0.95 −0.82 *
SDG_13.1.3.8 0.93 0.92 0.95 1 −0.94 *
SDG_15.1.1 −0.94 * −0.97 * −0.82 * −0.94 * 1

Note: Statistical level of correlation coefficient have been presented in stars: p ≤ 0.01 * (highly significant).
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