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The 2030 Agenda includes 17 overarching Sustainable Development Goals (SDGs). These are integrated in nature,
and a principle of indivisibility should guide their implementation. Yet, the 2030 Agenda itself does not provide
guidance on what indivisibility means in practice, how the SDGs interact, or on how to assess these interactions.
The fast-emerging field of what could be referred to as SDG interaction studies seeks to provide such guidance,
but as of yet there is no general agreement on what it means to take an integrated approach to the SDGs.
Hence, navigating the diverse research landscape on SDG interactions might prove challenging. This paper
aims to decipher the literature on SDG interactions by providing an overview of the current research, based on
a sample of 70 peer-reviewed articles. The review explores four themes in SDG interaction research by mapping:
(i) policy challenges typically addressed, (ii) ways in which SDG ‘interactions’ have been conceptualized, (iii)
data sources used, and (iv) methods of analysis frequently employed. Research gaps are identified, where per-
spectives largely missing include policy innovation, and integrated monitoring and evaluation. Further, few stud-
ies consider actor interactions, account for geographic spill-overs, analyze SDG indicator interactions, employ
participatory methods, or take a whole-systems approach to the 2030 Agenda. Failing to address these gaps
could lead to inefficient SDG implementation and delay goal attainment. Another contribution of the paper is a
reading guide, proposing a way to decipher the literature along the themes emerging from the review, and offer-

ing a structure to code future papers.
© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://
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1. Introduction

The 2030 Agenda was adopted by the United Nations General Assem-
bly in September 2015, presenting an ambitious vision of transformative
change towards reaching a more sustainable future by the year 2030
(UN, 2015). The 2030 Agenda includes 17 overarching sustainable devel-
opment goals (SDGs), 169 related targets and more than 230 indicators
for monitoring their progress. Central to the 2030 Agenda, and a
distinguishing feature as compared to other sustainability initiatives, is
that it is intended to be treated as universal and indivisible. Universality
implies that the 2030 Agenda applies to all nations and actors around
the globe, regardless of current level of income or sustainability chal-
lenges. The principle of indivisibility means that the implementation of
the 2030 Agenda should be based on integrated approaches rather than
on siloed knowledge and policy-making. While both these principles are
key to the 2030 Agenda, the present paper focuses specifically on the prin-
ciple of indivisibility and the challenges linked to understanding how the
SDGs interact. This, as although the formulation of the 2030 Agenda
stresses that it should be treated as a unified whole, it does not specify
what interactions that exist between the SDGs, the nature of these inter-
actions, or what they imply for policy- and decision making. It also does
not provide guidance on how to identify or address potential spill-over ef-
fects and cross-scale interactions. (Elder et al., 2016; Nilsson et al., 2018)

Against this background, the scientific community could play a vital
role in supporting SDG implementation by strengthening the knowl-
edge base on SDG interactions, thereby enabling evidence-based
decision-making. Since the adoption of the 2030 Agenda, the number
of studies aiming to create an integrated understanding of the SDGs
has been growing rapidly. However, in the fast-emerging field of what
could be referred to as SDG interaction studies, there is no general
agreement on what defines an integrated approach, or on how science
can best approach SDG interactions in policy-relevant ways. The princi-
ple of indivisibility is understood and addressed in different ways, and
the interested reader trying to navigate the diverse research landscape
on SDG interactions will face challenges. While the recognition of the
indivisible nature of the SDGs is critical to goal attainment, supporting
integrated policy-making in practice requires clarity and overview of
what different analytical approaches bring towards this end.

Few studies have previously aimed to provide an overview of the sci-
entific literature on SDG interactions. Breuer et al. (2019) review existing
frameworks developed to conceptualize SDG interactions. Their study fo-
cuses specifically on methodological strengths and weaknesses, and on
how the identified frameworks can help form coherent policy strategies
for the SDGs. Most of the literature included in the review was collected
in an early stage of SDG implementation, encompassing in total nine stud-
ies, all published in 2017 (Breuer et al., 2019). Allen et al. (2018a) review
academic and grey literature on SDG implementation, and contrast it with
national experiences of the implementation process. They specifically
asses how approaches and advice provided by the expert literature are
translated into practice in national implementation. They find that even
though there has been progress in early planning stages, there is still a
lack of knowledge on SDG interactions, trade-offs, and synergies between
targets. The authors stress that a lack of systems thinking and integrated
assessments may hinder the effective implementation of the SDGs
(Allen et al., 2018a). In our research we have not come across additional
examples of previous studies attempting to provide a more general over-
view of the scientific literature on SDG interactions and what it offers. In
view of this, the present paper aims to decipher the literature on SDG in-
teractions, by providing an overview and structure of the current research
landscape.

The study departed from the following overarching questions:

- How has the indivisible nature of the 2030 Agenda been approached?
- How do the different approaches to SDG interactions co-occur, com-
plement each other, or leave analytical gaps?

The remaining part of the paper is structured as follows. First, we
provide an overview of our research design and process. Second, we
present the findings along four themes of specific importance that
emerged from the literature review, illustrating typical (i) Policy chal-
lenges, (ii) Interaction conceptualizations, (iii) Data sources, and (iv)
Methods of analysis employed in the field, as well as how these relate
to each other. Finally, we discuss implications of these findings, present
areading guide for SDG interaction studies and comment on its hoped-
for contribution, and highlight research gaps and potential future re-
search avenues.
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Fig. 1. Overview of the research process.

2. Methods

The present paper is based on a scoping review of the literature ad-
dressing SDG interactions. The SDG interactions field is relatively young
but rapidly growing, starting to form in relation to the adoption of the
2030 Agenda in 2015. The research process consisted of six steps,
where iterative rounds of literature sampling, coding, and analysis
were carried out, as described in Fig. 1. The review may serve as a
basis for meta-analysis or as input to a systematic review.

2.1. Review of the scientific literature

The first step of the research process consisted of a literature search
and initial screening, using the SCOPUS electronic database. Also, key
experts and researchers in the field of SDG interactions were consulted.
The search strings for the scientific article database were: “Sustainable
Development Goals” AND “systems analysis”/“interactions”/“system
dynamics”/“network analysis”/“interlinkages.” The keywords were cho-
sen on the basis that they are broad enough to capture a diverse set of
approaches to SDG interactions. However, the initial search strings
could bias the sample towards specific methods (e.g., network analysis)
or exclude studies using closely related terms such as interconnected or
integrated. To address this, we employed a snowballing approach, made
a scanning of reference lists, and conducted additional searches in the
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Fig. 2. Number of articles published per year. *The cut-off date for the sampling of
literature was at the beginning of April 2019.

scientific article databases, to ensure wider coverage. However, our
sample is not aiming to be exhaustive. Last, a screening of grey literature
(i.e., scientific information published in sources other than scientific
journals, including reports, manuscripts, and online tools databases
and guidelines) was carried out. This screening was primarily intended
to enhance our understanding of the field. Only peer-reviewed scientific
articles were included in the coding and network analysis.
The inclusion criteria for the scientific articles were:

a) The application or approach presented in the article must address the
SDGs. This criterion was understood in a broad sense, including

g

‘ Articles per journal type

@ Broad Multi/Interdisciplinary Scope

Politics, Law, Economics, International Development
® Natural Resources @ Social Indicators
@ Climate and Energy @ Health

® Engineering and Technology
@ Agriculture and Food

Fig. 3. Articles per journal type (thematic focus).
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studies with the stated objective to better understand, interpret, criti-
cally examine, or support the implementation of the SDGs.

o
-

The article needed to take an integrated approach to the SDGs. This
could be stated explicitly in the paper, or be inferred by the use of
terms such as “trade-offs,” “synergies,” or “policy coherence across
interconnected goals.” Thus, the included articles present a mapping
or analysis of SDG interactions of some sort.

Throughout the research process the literature sample list was refined
and some articles excluded, resulting in a final sample of 70 articles. All ar-
ticles included in the review were published between 2015 and early
2019 (Fig. 2). The articles are found in 46 different journals, a majority
out of which has a broad multi/interdisciplinary scope (Fig. 3). For a com-
plete overview of the sampled literature, see Appendix A.

2.2. Data analysis

The subsequent five steps of data analysis were carried out in iterative
rounds. The initial thematic coding was based on a number of guiding
questions (Table 1). The guiding questions represent overarching themes
relevant to creating a better understanding of the field of SDG interaction
studies, such as what aims (research or policy-related), audience, scales,
contexts, and methods that are commonly found in the SDG interactions
literature. From the initial list of questions in Table 1, four themes were

Table 1
Guiding questions for coding.

Guiding question Explanation

1. What approach to SDG interactions is  Brief description of the study.
presented in the study?

2. What is the overarching knowledge
gap the study is aiming to address?

Specification of the general question,
challenge, or knowledge gap the approach
is trying to address, based on the problem
formulation/research question(s).
3. What is the policy challenge the study Specification of the policy-relevant

is aiming to address? questions that may be addressed using the
approach presented in the study, and to
what policy needs the approach responds.
Specification of where in the policy
cycle the approach may be used, for
example in the policy design,
implementation, or follow-up stage?
Identification of the method or
combination of methods used, and
whether the approach is aiming to provide
a tool for decision-makers or not.
Description of practical and analytical
steps.
Identification of the data sources (links
closely to the methods question).
Broad reaching question, aiming to
explore how SDG interactions are
understood and how they are addressed
analytically in each study.
Identification of the target audience for
the results, as well as to whom the
approach might be useful.
Description of the scale of analysis and
context in which the approach has been
tested/used.
Suggested strengths of the approach,
based on what is presented in the article.

4, In what stages of the 2030 Agenda
implementation could it be useful?

5. What methods are used?

6. How is the approach carried out?

7. What sources of data are used in the
study?

8. How does the approach deal with
SDG interactions?

9. What is the intended user group of
the study?

10. In what context, and at what scale, is
the approach applied?

11. What are the strengths of the
approach, in the context of the
implementation of the 2030 Agenda?

12. What are the weaknesses of the
approach, in the context of the
implementation of the 2030 Agenda?

13. Are there planned extensions or
further developments ahead, or any
additional recommendations for
future work?

Suggested weaknesses of the approach,
based on what is presented in the article.

Description of already planned
extensions of the approach, or more
general suggestions for future work
provided in the article.

singled out and analyzed in further depth: Policy challenges (guiding
question 3), Interaction conceptualizations (guiding question 8), Data
sources (guiding question 7), and Methods of analysis (guiding question
5). These themes were chosen as they provide an understanding of how
SDG interactions may be identified and analyzed. They also seek to iden-
tify how the knowledge generated is intended to inform policy-making.
Thereafter, sub-codes were identified under each overarching theme. In
an iterative process the sub-codes were refined and grouped, and the lit-
erature re-coded accordingly. The structuring and analysis of the articles
were carried out using Excel and the MAXQDA' software. For a complete
list of themes, sub-codes and articles, see Appendix B.

In order to analyze how the different themes and the associated sub-
codes relate to each other we used techniques from network analysis. As
a basis for the analysis we constructed a network with sub-codes defining
the nodes and articles defining the links in-between them: If article 1 is
coded A, B and C and article 2 is coded A, C and D there exists links of
weight 1 between sub-codes A and B, Band C, A and D, Cand D, and a
link of strength 2 between sub-codes A and C. This is a so-called co-
occurrence network, i.e., a network describing how sub-codes relate to
each other based on how they occur in the reviewed articles. In this net-
work, the links are unevenly distributed and therefore the sub-codes are
divided into clusters of higher concentrations of links within those clus-
ters. There is no universally accepted quantitative definition of how a net-
work should be divided into clusters. Here we use a modularity-based
approach to clustering (Newman and Girvan, 2004; Newman, 2006).
The intuition behind modularity - that a good division of the nodes into
clusters is one in which there are fewer links between the clusters than
what is statistically expected - is appropriate for our analysis. When
depicting clustered networks a dedicated mapping technique needs to
be employed. In bibliometric research a combination of mapping and clus-
tering techniques is often used in order to study and visualize, for example,
collaboration patterns in a scientific domain (Waltman et al., 2010). We
used the software tool VOSviewer? for operationalizing a combination of
a modularity-based approach to clustering and mapping for visualization.

3. Results

The results are presented along the chosen four themes, followed by
the co-occurrence network. The first theme focuses on policy challenges.
These policy challenges are the underlying rationale for the study of SDG
interactions, making explicit the needs to which the scientific commu-
nity responds. The second theme focuses on how SDG interactions are
conceptualized in the literature, clarifying what can be learned about
the nature of these interactions. The third theme addresses the data
sources used to underpin the existence of these interactions, and the
fourth theme the methods of data analysis. For each theme, the sub-
codes have been translated into guiding questions, making up the
basis for the reading guide (Box 1-5 in the following sections).

3.1. The policy challenges addressed by SDG interaction studies

As the reviewed literature has the global policy process of the 2030
Agenda as focus, clarity on what policy challenges the studies seek to
address can be expected. However, this seems not always to be the
case. Many studies remain vague in what policy challenge their research
addresses, either because their objective is not to directly inform policy
or because they fail to clearly express their contributions. Yet, we derive
six policy challenges that are often in focus in the SDG interactions liter-
ature. An overview of the frequency of occurrence of these policy chal-
lenges in the reviewed articles is found in Fig. 4, while Box 1 links
each policy challenge to questions for the reading guide.

1 The MAXQDA software is available for download at: https://www.maxqda.com
2 (Can be accessed online at: www.vosviewer.com
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Fig. 4. Policy challenges commonly addressed in the reviewed literature (sub-codes as
they occur in a percentage of the total sample).

First, being concerned with SDG interactions, most reviewed articles
have at least an implicit objective to enhance policy integration and
coherence (P1). The motivating assumption is that integrated and co-
herent policies can optimize resource use and generate more sustain-
able outcomes, by avoiding counteracting objectives and incentives.
One group of papers focuses specifically on the challenges of realizing

Box 1
Reading guide: The policy challenges.

Six policy challenges are typically addressed by SDG interaction
studies. When approaching an SDG interaction study, the follow-
ing guiding questions can be used to map what policy challenge it
responds to:

1. Policy integration and coherence
Guiding question: Does the study have an explicit objective
to enhance policy integration and coherence?

2. Policy innovation
Guiding question: Does the study suggest new policy mea-
sures or new uses of existing policy instruments?

3. Contextualizing SDG interactions
Guiding question: Does the study analyze interactions at
lower scale(s) than the global?

4. Policy prioritization
Guiding question: Does the study aim to provide guidance
on, for example, what goals (targets/indicators), interven-
tions, or actor collaborations to prioritize for maximizing
SDG progress?

5. Integrated perspective
Guiding question: Does the study aim to contribute to better
stakeholder inclusion and learning, thereby building the ca-
pacity of stakeholders to take an integrated perspective?

6. Monitoring and evaluation
Guiding question: Is the aim of the study to support monitor-
ing of progress or evaluation of past policy interventions,
addressing issues of accountability in integrated policy
processes?

policy coherence; they explore questions of institutional barriers to in-
tegrated policy-making, how more integrated approaches can be imple-
mented in practice, and how synergies can be maximized or trade-offs
avoided as new policy is being formulated. For example, it has been
demonstrated how systems analyses allow policy-makers to negotiate
trade-offs and exploit synergies as they formulate SDG strategies,
supporting the identification of coherent policy (Obersteiner et al.,
2016). Dynamic simulation models have been put forward as facilitators
of a shift to discussions on development that is grounded in systems
thinking (Collste et al., 2017), and mapping of SDG interactions has
been suggested as a way to help policy-makers and researchers find de-
velopment pathways that minimize negative interactions while en-
hancing positive ones (Nilsson et al., 2018). Other studies focus on
how cross-sector planning and decision-making can be encouraged
and enhanced, stating that a greater focus on the interlinkages and syn-
ergies among goals could enhance the effectiveness of implementation
and reduce costs. However, enhanced governance and coordination ca-
pacity are required (Yillia, 2016; Elder et al., 2016). Along the same
lines, it has been emphasized that a shift to integrated approaches re-
quires pro-active engagement and enhanced coordination across gov-
ernment departments and scales (McCollum et al., 2018). Several
studies addressing the first policy challenge of enhanced policy integra-
tion and coherence also provide insights on how all or a subset of SDGs
interact. Thus, they provide information on policy conflicts and syner-
gies as a means to strengthen the coherence of policies (rather than
on the barriers or opportunities for policy-makers to take them into
consideration). They are yet included in this category as their overarch-
ing objective is to support more coherent policy (see e.g., Maes et al.
(2019), Blanchard et al. (2017) and Chakraborty et al. (2018)).

Second, a closely related policy challenge is that achieving the goals
of the 2030 Agenda may require new policy approaches, policy instru-
ments or new uses of existing policy instruments. In response, a number
of studies have the stated objective of informing policy innovation
(P2). In contrast to the studies belonging to the first category, these
studies focus on the output of policy-making, rather than on generating
insights on how the process of policy-making can better support coher-
ence. These papers question the outputs that traditional policy-making
generates and aim to inform or identify new innovative policy measures
and business models. For example, it has been suggested that deeper
changes in existing strategies are needed to make the trade-offs be-
tween SDGs structurally non-obstructive (Pradhan et al., 2017), and
that new business models based on systems thinking are needed, inte-
grating environmental, social, and economic interests (Keesstra et al.,
2018). Other studies assess alternative pathways for SDG achievement
focused on lifestyle changes, decentralized governance and technology
(Moyer and Bohl, 2019), or stress that rebounds (or problem shifting)
across resources need to be addressed to ensure effective design of
emerging policy paradigms such as the SDGs (Font Vivanco et al., 2018).

Third, while the 2030 Agenda is globally focused at the onset, prior-
ities, needs, and the nature of SDG interactions are context specific. Ac-
tions in support of the 2030 Agenda are taking place primarily at the
regional, national and local levels, and translating the global SDG frame-
work to specific decision-making contexts therefore constitutes a criti-
cal policy challenge. Appropriately, one set of papers focuses on
contextualizing SDG interactions (P3). Studies have shown that the
geographical level matters significantly in assessments of SDG achieve-
ment (Moyer and Bohl, 2019), and that realizing co-benefits among the
SDGs is dependent on the context specific social-ecological dynamics
and policy priorities (Singh et al., 2018). As concluded by McCollum
et al. (2018) in the case of energy, knowledge gaps remain about how
interactions play out in different contexts, and Nilsson et al. (2016)
even warn against relying on generalized knowledge on SDG interac-
tions because of how these interactions are influenced by differences
in geography, governance and technology. A number of papers apply
their analysis to specific contexts and contribute to building up the
knowledge base at lower scales than the global. SDG interactions have
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been explored in, for example, coastal Bangladesh (Hutton et al., 2018),
Sweden (Weitz et al., 2017), in a number of countries in the Arab region
(Allen et al., 2017), and at a sectorial level in Uruguay (Kanter et al.,
2016). There are also examples of studies that contextualize SDG inter-
actions in relation to other geographies (Hoff, 2018; Liu, 2017). They
focus on how coherence can be achieved across geographical bound-
aries and account for externalities across different contexts, raising
questions of fair allocations of resources, emissions and burden-sharing.

Fourth, multiple development pathways and associated policy may
deliver similar outcomes, but might be more or less desirable to pursue
due to contextual factors (e.g., political, ideological, technological, finan-
cial or geophysical). Moreover, certain policy outcomes may be prereq-
uisites for other policies to succeed, and strategies need to be sequenced
to support progress towards multiple goals at the same time. Identi-
fying such hierarchies and thereby enabling policy prioritization
(P4) constitutes a critical challenge in the SDG implementation pro-
cess. One set of studies provides specific tools and processes to guide
such priority-setting, either for all 17 SDGs and targets or for specific
topics. For example, these studies present frameworks developed to
guide priority setting (Singh et al., 2018; Weitz et al., 2017; Kumar
et al., 2018), they rank synergies and trade-offs between SDGs at
the global and country-level (Pradhan et al., 2017), and inform strat-
egy development by studying different pathways for achieving long-
term objectives and what they imply for short-term action (van
Vuuren et al., 2015).

Fifth, for successful implementation of the 2030 Agenda, stake-
holders from a broad range of sectors need to be included in the process.
Here, strengthening the ability of stakeholders to take an integrated
perspective (P5) is key. This is a challenge to most governments, used
to operating in siloes. Thus, part of the challenge lies in creating decision
spaces that give voice to a broad range of actors, and another in ensuring
that this engagement promotes systemic thinking and learning. A num-
ber of papers seek to address this challenge. They call for or present new
frameworks for strengthening stakeholder participation, for structuring
knowledge for policy-makers (Yillia, 2016; Maes et al., 2019; McCollum
et al, 2018), or for improving the uptake of interaction analysis outputs
among policy-makers (Weitz et al., 2017). These studies also seek to
find new ways to develop and communicate future scenarios, with a
greater focus on human behavior and co-creation of decision-making
frameworks (Hutton et al., 2018), which otherwise tend to rely on
quantitative data and positivist approaches.

Finally, a related policy challenge is to ensure that those involved in
decision-making processes can be held accountable. As a means for ac-
countability, proper monitoring and evaluation (P6) of integrated pol-
icy interventions are needed. With a deeper understanding of
interactions, as promoted by the set of papers focused on strengthening
stakeholders' ability to take an integrated perspective, stakeholders can
more easily engage in such mechanisms. So, while collectively the
papers included in our review provide insights that strengthen op-
portunities for monitoring and evaluation (e.g., by clarifying linkages
between the SDGs or by providing a systemic overview of progress),
one set of papers focuses more directly on this issue. Studies have
been exploring how accountability regimes and policy integration
and coherence are potentially conflicting (Karlsson-Vinkhuyzen
et al., 2018), frameworks for developing theory of transformation
and indicators that can trace change in complex systems have been
proposed and illustrated (Kopainsky et al., 2018), and challenges in
measuring progress in integrated targets have been lifted (Le Blanc,
2015).

3.2. What defines “SDG interactions”? The conceptualizations

There are numerous ways in which SDG interactions have been con-
ceptualized in the literature. Both in terms of what entities that are ana-
lyzed in these studies, and in terms of the information provided about
how these entities interact. A higher awareness of the diversity in

conceptualizations, and better distinguishing between the studied enti-
ties (the what) and the nature of these interactions (the how), can help
the intended audience of SDG interaction studies put results into con-
text. Further, it could guide policy-makers in identifying