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Abstract: The 17 Sustainable Development Goals (SDGs) of the 2030 Agenda, and their 169 targets,
are interdependent and interlinked. The successful implementation of all SDGs will rely upon
disentangling complex interactions between the goals and their targets. This implies that
implementing the SDGs requires cross-sectoral processes to foster policy coherence. Over recent
years, academic research has produced a number of different proposals for categorizing the
SDGs, systematically mapping the linkages between them, and identifying the nature of their
interdependencies. The aim of this review article is to provide ideas of how to move from
generic appraisals of SDG interdependencies towards translating these interdependencies into
policy action. To do so, the article first provides an overview of existing frameworks for the
systematic conceptualization of the SDGs and the interlinkages and interdependencies between
them. Secondly, the article critically discusses advantages and limitations of these frameworks,
with a particular focus on methodological weaknesses, practical applicability to specific contexts,
and utility for the development of policy strategies for coherent SDG planning and implementation.
Based on this discussion, the article proposes a roadmap for how research on interdependencies can
meaningfully provide orientation for policy action.
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1. Introduction: The Integration Challenge

In 2015, the United Nations General Assembly adopted the Sustainable Development Goals
(SDGs), which constitute the centerpiece of the 2030 Agenda for Sustainable Development.
The agenda’s 17 core goals are broken down into 169 associated targets to direct global development
strategy until 2030. These goals and targets encompass economic, social, and environmental aspects of
sustainable development in an unprecedented way. While the SDGs combine the human development
process of the Millennium Development Goals (MDGs) and the sustainable development Rio+
process, they also expanded the range and depth of topics covered substantially and signaled the
necessity of a shift in governance strategies [1]. Compared to previous understandings of global
development, one outstanding principle of the 2030 Agenda is its indivisibility, i.e., the understanding
that the development objectives formulated by the SDGs and their targets are fundamentally
interdependent and interlinked. This implies that implementing the SDGs will require striving
for more policy coherence—both vertically and horizontally—as well as the participation of non-state
actors. Beyond this, coherence also refers to geographically and temporal disconnected areas and
actions. In accordance with the Organization for Economic Co-operation and Development (OECD) [2]
(p- 90), we define policy coherence as “the systematic promotion of mutually reinforcing policy actions across
government departments and agencies creating synergies towards achieving the defined objective.” [2]. In our
understanding, coherence has an institutional, geographical, temporal and sectoral dimension.

Sustainability 2019, 11, 2092; doi:10.3390/su11072092 www.mdpi.com/journal/sustainability


http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
http://www.mdpi.com/2071-1050/11/7/2092?type=check_update&version=1
http://dx.doi.org/10.3390/su11072092
http://www.mdpi.com/journal/sustainability

Sustainability 2019, 11, 2092 2 of 20

However, given the indivisible nature of the 2030 Agenda, each of the SDGs resulted from
a protracted process of several years of multi-stakeholder consultations and intergovernmental
negotiations [3,4]. As a consequence, the targets of one SDG may now overlap, reinforce, or contradict
the targets of one or several other SDGs [5,6]. Thus, it is likely that implementing the 2030 Agenda
will bring about synergies—i.e., situations in which achievements on one goal contribute towards
progress on other goals—as well as trade-offs—i.e., situations in which progress achieved on one
goal will produce effects detrimental to other goals (or parts thereof). Against this background,
a strong integration between goals and targets was called for at the Rio+20 Conference, at which
the pursuance of the SDGs was decided. Achieving such integration will require identifying the
interdependencies between and within the SDGs, as well as understanding the nature, magnitude,
and potential implications of these interdependencies.

Given the interlinkage of seemingly each goal with nearly every other goal, achieving a coherent
integration of the SDGs within national public policies appears a daunting task. In view of
its complexity, one rather defensive approach for policy makers would be to continue with
business as usual, while hoping that some actions will eventually match one of the 169 targets.
However, such inertia involves the risk of incoherent, siloed policies and, ultimately, adverse impacts
of policies and programs. By contrast, a more proactive approach would seek to identify critical
interdependencies and agree upon the most important themes and areas for action within all
responsible and affected stakeholders at the national and subnational level, as well as in partnership
with regional neighbors and organizations in order to mediate trade-offs and foster synergies.

To facilitate the latter, proactive, approach, scholarly literature has, over recent years,
produced a number of different proposals for categorizing the SDGs, systematically mapping the
linkages between them, and identifying the nature of their interdependencies. However, despite their
common basic objective, these proposals differ considerably with regard to their methodological
approaches, the level at which their analysis is performed, and the potential implications for policy
action that can be derived from them.

In view of this, the purpose of this paper is to review this rich and diverse academic mapping of
interdependencies and to lay the groundwork for translating it into advice for coherent policy making.
To do so, the remainder of this paper unfolds as follows:

The following Section 2 provides an overview of existing frameworks for the systematic
conceptualization of the SDGs and the interlinkages and nature of interdependencies between them.

Section 3 critically discusses advantages and limitations of these frameworks, with a particular
focus on methodological weaknesses, their practical applicability to specific contexts, and their utility
for the development of policy strategies for coherent SDG planning and implementation.

Based on this discussion, Section 4 formulates ideas for a roadmap of a transdisciplinary research
that facilitates translating these interdependencies towards change for integrated implementation of
the SDGs within spatial reference units (exemplified with the landscape approach). This last step aims
to assess the complexity of SDG interdependencies at a generic level and, at the same time, lays the
groundwork for the generation of knowledge for concrete action towards sustainable development.

2. Literature Overview: Frameworks for the Conceptualization of Sustainable Development Goal
(SDG) Interlinkages and Interdependencies

This and the following sections present a critical review of the existing literature on SDG
interlinkages, and the related frameworks. Following standard critical reviews, the literature (articles,
reports and studies) considered in these sections was selected through website searches and snowball
techniques starting with the most cited and recent publications. The aim of the article was not to
perform a meta-analysis or a systematic review. This is also driven by the fact that the literature,
especially the empirical evidence on interlinkages between a large amount of goals, is fairly young
and small compared to other research streams.
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2.1. Clustering SDGs According to Their Systemic Function

The first generation of attempts to structure the SDGs systematically by categorizing them
according to their main intended outcomes was largely inspired by a framework, nicknamed “the
doughnut” for its distinctive visualization, which was first published in an Oxfam discussion paper
by Raworth [7,8]. Raworth’s doughnut seeks to combine an environmental ceiling beyond which
Earth systems may become irreversibly unstable, based on the planetary boundaries approach [9],
with a social foundation below which it is unjust for people to fall below.

Drawing on the doughnut framework, Niestroy [10] proposes a framework model consisting
of concentric circles, in which a core of people-centered SDGs (SDGs 1, 3, 4, 5, 10) relies on and is
embedded into a middle circle of SDGs that are related to the production, distribution, and delivery of
services (SDGs 2, 6,7, 8,9, 11, 12). These, in turn, depend on the conditions of the natural environment
and are hence embedded into an outer circle of SDGs that relate to natural resources and ecosystems:
climate, oceans, biodiversity, and land (SDGs 13, 14, 15). SDG 16 (peace, justice and strong institutions)
and SDG 17 (means of implementation) are depicted outside the model as underlying and enabling
goals (see Niestroy [10-12], p. 11, https:/ /www.die-gdi.de/uploads/media/DP_9.2016.pdf).

Drawing the attention to the limited nature of natural resources that constitute the necessary
input for a multitude of SDGs, this conceptualization underlines the importance of adopting mitigation
strategies to reduce degradation of natural resources if the goals of all four dimensions of the 2030
Agenda are to be achieved everywhere, for everyone.

In a similar fashion, a model proposed by the global research initiative The World in
2050 [13] represents the SDGs as delineated by the planetary boundaries. Within these boundaries,
global partnerships for sustainable development (SDG17) and governance (SDG16) provide the frame
in which the remaining goals of Agenda 2030 are represented as interlinked clusters, grouped according
to five main categories of SDGs: social and economic development (SDGs 8, 9, 11), universal values
(SDGs 4, 5, 10), basic human needs (SDGs 1, 2, 3), and sustainable resource use (SDGs 6, 7, 12).

The common denominator of the models described above is that they not only categorize goals
according to their intended individual outcome, but also cluster them in a similar manner according to
their systemic role. Goals related to securing basic human needs are considered as ultimate goals or
outcomes of development by these models, and are thus located at the center. They are embedded
within a layer of goals related to the process of obtaining socio-economic goals that constitute the
necessary means to achieve these ultimate goals. Goals related to both outcome and process are
confined by an outer layer of goals related to bio-physical preconditions which, at the same time,
represent the limited amount of resources and sinks that are available to achieve the outcome- and
process-related goals.

These conceptualizations fulfil the requirements of what Wackernagel et al. [14] and
O’NeEeill, et al. [15] describe as the essence of any serious definition of sustainable development—the
improvement of the quality of human life within the carrying capacity of supporting ecosystems—and
the importance of the provisioning system (both social and physical) in achieving this goal. At the
same time, however, these conceptualizations reflect an interpretation of sustainable development that
has been criticized for its anthropocentric nature. Anthropocentrism is a current in the philosophic
discipline of environmental ethics that perceives nature as the human habitat which has a mere
instrumental value insofar as the wellbeing of present and future generations depends on its
preservation [16]. In this line of thinking, clearly what is considered worthy of being sustained
is human well-being rather than the environment [17]. Critics of anthropocentric interpretations
have postulated complementing anthropocentric interpretations of sustainable development with
biocentristic interpretations that emphasizes the intrinsic value of all living beings and facilitate the
adoption of new perspectives for a broader ethical foundation of the SDGs [16,18].

Put in a nutshell, the clustering exercises described above illustrate the importance of systemic
thinking when implementing the 2030 Agenda, given that the individual SDGs are inextricably
linked by input—outcome relations. However, they fail to elucidate the causal relations that link
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the SDGs, which are rather located at the underlying level of their associated targets. In view of
this, the second generation of attempts to conceptualize the SDGs has put an explicit focus on the
target-level interlinkages between the SDGs.

2.2. Towards the Exploration of SDG Interlinkages at the Iarget Level

Le Blanc [19], for example, presents the SDGs as a network of related targets. Combining the
methodologies of network analysis and content analysis, Le Blanc explores the existence of links
between the SDGs based on the wording of the individual targets. For example: Target 12.4 of SDG
12 (responsible consumption and production) is linked to SDG 3 (good health and well-being) due
to its wording: “by 2020 achieve environmentally sound management of chemicals and all wastes
throughout their lifecycle in accordance with agreed international frameworks and significantly
reduce their release to air, water and soil to minimize their adverse impacts on human health and
the environment”. While the network resulting from Le Blanc’s analysis provides useful insight into
the different degrees of interconnectedness between the SDGs, it informs neither about whether the
nature of these connections is positive or negative, nor about the empirical underpinnings of these
connections. Furthermore, Le Blanc’s analysis does not provide specific advice on how to get started
with tackling the complexity that results from the interconnectedness between the SDGs.

2.3. Establishing a Priority Order for Policy Action in Implementing the SDGs

Picking up on this latter problem, a research collaboration between the OECD and the think tanks
New America and Green House has made an advance toward the establishment of a priority order,
which they describe as an adequate, logical sequence in which the SDGs should be addressed [20].
To do so, Scott, Leitner, and Hynes surveyed 85 experts from think tanks, governments and private
institutions, the World Bank, the OECD, universities, and foundations, and civil society organizations.
However, in order to obtain clear judgments from their respondents, Scott et al. first had to break the
SDG targets down into their essentials. Given that the SDGs’ targets resulted from a long process of
reiterated consultations and amendments, their wording is at times overly complex and complicated.
To get to the essence of the targets, the researchers first excluded targets that were in fact policies or
other “means of implementation” and retained only those that formulate true objectives. In the next
step, the researchers extracted the core aim of the remaining targets, by removing explanatory details
such as who should be involved and how and by when it should be done. By doing so, they arrived
at 117 straightforward targets. Each respondent was then asked to select 20 out of these 117, which,
according to his/her judgment, should be addressed first in order to help fulfill all of the SDGs.

Interestingly, in the resulting aggregate ranking targets concerning rights, governance,
and people’s basic conditions of life are given a considerably higher priority than those that refer to
environmental concerns.

While the priority order that results from this approach makes intuitive sense for certain
developing-country contexts, it appears less appropriate for countries in which certain standards
of human rights have already been achieved and basic conditions of life are guaranteed for the majority
of the population. It also stands in stark contrast with the message of the clustering exercises introduced
earlier, which stressed the important systemic role of the goals related to the biophysical-input
dimension of development.

An alternative proposal for establishing a priority order that underlines the importance of
systems analysis and network analysis has been presented by Allen, Metternicht and Wiedmann [21].
The authors apply a multi-criteria analysis (MCA) decision framework for the prioritization of SDGs
in the Arab region. The three criteria used by Allen et al. are (i) “level of urgency” (using trends);
(ii) “systemic impact” (using network analysis and semi-quantitative studies); and (iii) “policy gap”
(coverage of targets in national development strategies).
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2.4. Applied Empirical Analysis of Synergies and Trade-Offs between the SDGs

A proposal for an evidence-based approach to cross-check for interactions between SDGs,
motivated by the very concern about potential trade-offs between socio-economic development and
global environmental sustainability was brought forward by Griggs et al., 2014 [22]. The authors
propose to formulate equations that represent simplified assumptions about the trade-offs between
socio-economic and biophysical development objectives at the global level. In such equations,
factors that critically shape these trade-offs are represented by letters or symbols that act as placeholders
for parameter values. In order to apply these equations empirically and analyze how trade-offs between
specific goals play out in specific contexts, the parameter placeholders then need to be replaced by
actual, data-based parameter values.

It appears then, that analyses of the interaction between the SDGs, which are helpful in providing
strategic advice for a defined group of actors in a given context setting, should start from a particular
goal (or set of goals) as an entry point and look at how this goal interacts with others in the context
of interest. One example is the PricewaterhouseCoopers (PwC) Business Navigator [23] which seeks
to help business leaders understand how their companies’ activities impact the achievement of each
individual SDG (either positively or negatively). The online diagnostic tool, developed by PwC,
taps into a database that pulls together 240 performance indicators, drawn from numerous global
databases, to create a country score against each SDG. These scores intend to help business leaders
identify the SDGs that are of most relevance given their companies’ countries and sectors of operation.

An approach intended to assist policy-makers increase policy coherence in SDG planning is the
use of simulation models [24]. Modeling and simulation (M&S) refers to the computer-aided use
of mathematical, physical, or other logical models that allow the representation of the dynamics of
complex systems via simulation. Typically, such systems consist of a large number of input parameters,
the variation of which can have a significant impact on the performance of the entire system. M&S is
applied to explore how such systems behave over time under the variation of input parameters in
situations where real world experiments are either not possible or too risky. One example is the
World Economic Forecasting Model (WEFM), which was developed to allow the UN Development
Policy Analysis Division (UNDPAD) to produce consistent forecasts for the global economy [25].
Another example is the iSDG model, developed by the Millennium Institute, which aims to enable
decision-makers and civil-society stakeholders to visualize the long-term trajectory of their country’s
current development path and help them to devise alternative coherent policies that are better suited
to achieving the SDGs. The Millennium Institute has been working on the prototype of the iSDG
model since 2014, and first applications of the model to specific pilot countries are now underway:
Collste, et al. [26], for example, use the model to analyze the impact of investments in photovoltaic
capacity on SDG 3 (health and well-being), SDG 4 (education), and SDG 7 (affordable and clean energy)
in Tanzania. Another major modelling exercise, building upon and enriching Integrated Assessment
Models (IAM) used for the Intergovernmental Panel on Climate Change (IPCC), is underway with the
global research initiative The World in 2050 [27].

In the advent of the first global progress review at the UN High Level Political Forum in 2016,
Nilsson, Griggs, and Visbeck [28] proposed a scale to help policy makers understand the different
interaction types between the SDGs and their targets in order to support decision-making on national
priorities. The seven-point scale, which attributes scores to the different potential interactions,
differentiates between three degrees of positive interactions (indivisible = +3, reinforcing = +2,
and enabling +1), neutral interactions (consistent = 0), and three degrees of negative interactions
(constraining = —1, counteracting = —2, and cancelling = - 3).

This proposal was taken up and further developed in a report published by the International
Council for Science (ICSU) in 2017 [5]. The authors of the report complement the scale proposed
by Griggs et al. by five key dimensions ((1) governance, (2) geography, (3) time, (4) technology,
(5) directionality) that shape and contextualize the interactions [5,29]. These dimensions are considered
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as crucial for the practical application of the scale since in most cases the assignment of an interaction
score will depend on these contextual dimensions, as illustrated in the following examples:

(1) In many cases, the negative nature of a relationship is the result of poor governance.
The production of renewable energy (Target 7.2), for instance, can be associated with the
infringement of rights (Target 1.4), when mega-projects for renewable energy are realized
without consultation or compensation of the affected local communities. However, this negative
interaction is not intrinsic to the production of renewable energy itself, but rather the result of
inadequate governance.

(2) Some relationships are generic across borders, while others are specific to a particular geographic
context. The trade-off between bioenergy (Target 7.2) and food (SDG 2), for example, appears more
prominently in the southern hemisphere than in northern European countries.

(3) Some interactions develop in real time, while others show significant time lags. For example,
increasing fertilizer use or harvesting remaining fish stocks can boost agricultural productivity
(Target 2.4) and thereby food security (SDG 2) in the short term. However, these practices may
have longer-term negative impacts on several SDGs, such as the conservation of oceans (SDG 14),
and halting biodiversity loss (SDG 15).

(4) In some cases, existing trade-offs could be significantly mediated or even eliminated by the
development of suitable technology. The growth in personal mobility, for instance, at present
conflicts with climate-change mitigation efforts. In the future, however, the transition to cars
fueled by renewable electricity could mediate this trade-off.

(5) Interaction between two SDGs or targets can have different directionalities. A unidirectional
relationship means that objective A affects B, but B does not affect A. For example,
electricity access (Target 7.1) is needed for powering clinics and delivering health care (Target 3.8),
but health care is not needed for providing electricity access.

Having explained the framework, the authors of ICSU 2017 go on to apply it to a selection of four
entry goals (SDGs 2, 3, 7, and 14) in order to evaluate the key target-level interactions between these goals
and all other SDGs [5]. Each interaction is attributed a score based on the authors” expert judgment and
existing scientific literature. Based on this analysis, the authors come to the conclusion that no fundamental
incompatibilities exist between goals—where one target as defined in the agenda would make it impossible
to achieve another. However, they identify a number of potential constraints and interdependencies
that require coordinated policy interventions to protect vulnerable groups, promote equitable access to
services and development opportunities, and manage competing demands over natural resources to
support economic and social development within environmental limits [5] (p. 8).

While ICSU 2017 [5] maps interactions between SDGs through a qualitative approach based
on expert judgment, a quantitative mapping exercise has been conducted by Pradhan et al,
2017 [30]. By using available data on SDG indicators and statistical techniques, their analysis assesses
interlinkages between and within goals, at both country and national level. Significant negative
correlations are classified as trade-offs, and significant positive correlations as synergies. Their findings
show that, within SDGs, synergies largely outweigh trade-offs. With regards to interactions between
SDGs, SDG 1 (No poverty) was found to have synergies with most other goals; while SDG 12
(Responsible consumption and production) is the one that presents most trade-offs with other SDGs.
Interestingly, some of the findings by Pradhan, et al. [30] differ from those of ICSU [5]. While the latter
mostly found synergies between SDGs 2, 3, 7, and 14, the former arrive at a more mixed picture. One of
the reasons could be that while Pradhan et al. aim to assess correlations through the use of Spearman’s
rank correlation, ICSU tries to identify causal and functional relations.

Pushing the applied analysis of interactions further Weitz, Carlsen, Nilsson and Skanberg [6]
present an approach to assessing the systemic and contextual interaction of the SDG targets.
Their explicit aim is to provide policy-making with a context-sensitive tool that facilitates
coherent SDG planning and effective priority-setting in view of limited national budgets.
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Specifically, Weitz et respond to the call for analytical approaches that (1) treat the 2030 Agenda
as an indivisible whole (i.e., do not focus on a single specific policy area, goal or target) and (2) take
into account that interactions between targets may play out very differently, depending on geographic
context, existing governance arrangements and available technological options. However, in contrast
to the analysis by ICSU [5], Weitz et al. [6] do not limit their analysis to a selection of a few SDGs as
entry points. Instead, they select two targets from each SDG (excluding SDG 17) that are deemed to be
of particular importance in Sweden as the selected country case (see the cross-impact matrix of SDG
targets in Sweden: https://link.springer.com/article/10.1007/s11625-017-0470-0#Fig2).

Using the seven-point scale proposed by Nilsson et al. [28], they begin their analysis by
constructing a cross-impact matrix that aggregates expert assessments of how the 34 selected targets
would affect one another in the case of Sweden. The resulting matrix consists of 1,122 boxes (34 x 33),
each of which represents how the achievement of a row target would affect the column target.

The row-sums of the matrix inform about the net influence a target exerts on all other
targets—whether interactions are positive or negative and to what degree on the seven-point scale.
A high positive row-sum suggests that a target has a positive net influence on other targets,
whereas a negative row-sum suggests that progress on this target would make it generally more
difficult to achieve other targets. In turn, the column-sums inform about the net influence a target
receives from all other targets. A high column-sum suggests that a target is very positively influenced
by other targets. A negative column sum means that progress in other targets makes it more difficult
to reach the target.

The information contained in the impact matrix could potentially provide a useful starting point
for national governments to rationalize targets and identify those that present particular challenges
and opportunities in their specific national contexts.

For example, policies and measures to achieve targets with a net negative influence must be
handled with care as they could, otherwise, neutralize efforts to achieve other targets.

For another example, targets that receive most positive influence from progress in other targets
may not need much targeted support themselves since they can benefit from investments elsewhere.
At the same time, however, they are highly dependent on other targets, and policy-makers who are
responsible for the implementation of such highly influenced targets have little control over their own
issue area. Thus, they are well advised to establish close relationships with the actors in charge of the
targets that hold the key to their development.

The cross-impact matrix provides first indications about policy sectors that pose
particular opportunities and challenges in the national planning of SDG implementation.
Nevertheless, the authors deem it insufficient to guide priority-setting. In order to prioritize action,
they argue, working-level ministerial staff need to have a robust understanding of how the realization
of their ministry’s priority targets affect, or are affected by, targets under the responsibility of other
ministries. To obtain an understanding of the systemic impact of targets, it is necessary to resort to
an analysis that parts from individual targets as entry points. Using network analyses that build on
the information provided by the cross-impact matrix but that looks at the network of targets from
the perspective of selected individual targets, Weitz et al. [6] illustrate how these selected targets
impact their immediately neighboring targets, as well as targets that are further away in the network.
As the authors argue, it cannot be expected that ministerial bureaucrats would maintain an overview
of such complex systemic effects in their daily work—this would more likely be the responsibility
of coordinating functions such as the Head of State’s office. However, working-level bureaucrats
should internalize which actors outside their own ministry influence the targets under their sectoral
responsibility in order to negotiate compromises and collaboration strategies that generate the best
possible outcome for the SDGs.

For the development of cross-sectoral strategies of coordination and collaboration, Weitz et al. [6]
recommend performing a cluster analysis of the full network of targets. Cluster analysis, a statistical
method based on algorithms, is a common technique used for the recognition of organizational
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patterns. It is based on the core idea that elements of a network are more closely related to nearby
elements (with which they are grouped together in a cluster) than to elements farther away in the
network. In the realm of SDG implementation and planning, cluster analysis may be useful for
governance innovation because it can reveal that a set of actors corresponding to the targets included
in a cluster may be different from the present logic of how political responsibility is currently divided
(e.g., across ministries by policy area or topic). According to the analysis by Weitz, et al. [6] this is
indeed the case in the example of Sweden. This finding goes in line with the observation of Tosun and
Leininger [4] that, to date, national strategies to implement the 2030 Agenda often appear to be shaped
by domestic-path dependencies rather than by the interlinkages of the SDGs. This involves the risk
that instead of tackling the more substantial institutional reforms needed to achieve socially optimal
integrated solutions, policy-makers merely seek to accommodate the interests of powerful established
actors. Against this backdrop, information obtained through cluster analysis could be highly valuable
when it comes to designing strategic frameworks that can promote the collaboration between relevant
national ministries, private and public sector stakeholders, and transnational actors that is needed to
achieve policy coherence.

Finalizing this section, Table 1 provides an overview of the discussed conceptualization
approaches that indicates their scope and the level at which their analysis is performed,
and summarizes their primary declared intent.

Table 1. Scope, level of analysis and primary intent of SDG conceptualization approaches.

Global Global & National National
Niestroy 2016 / TWI 2050:
Clustering SDGs according to PwC-GMIS-UNIDO 2017:
main intended outcomes and Distinguishing interaction types
& systemic functions (goal level) Pradhan et al. 2017: Providing between all SDGs (target level)
9) Le Blanc 2015: Tllustrating degrees  a systematic, data-driven analysis ~ Weitz et al (2017): Understanding
= of interconnectedness between the  of interactions between all SDG interaction types between SDG
< SDGs at target level indicators (target level) targets and mapping national
Scott et al 2017: Establishing level responsibilities for SDG
a priority order for implementing implementation (target level)

the SDGs (target level)

Simulation Models by TWI12050,
WEFM, UNDPAD 2017:
Forecasting global system
dynamics over time (target level)

ICSU-ISSC 2017: Understanding
interactions between selected
SDGs (target level)

Collste et al. 2017: Forecasting
national system dynamics over
time (target level)

Selected SDGs as entry points

3. A Critical Discussion of Existing Frameworks and Mapping Approaches

The previous section provided an overview of the current state of scholarly research on
interdependencies between the SDGs and the existing frameworks and approaches towards studying
and mapping these interdependencies. Although these approaches offer promising starting points
for a systematic study of SDG interdependencies, they demonstrate several limitations that hamper
their practical application, particularly when it comes to translating their findings into concrete policy
advice for coherent SDG planning and implementation in national contexts.

To structure our discussion of these limitations, we apply three broad criteria: (1) methodological
and conceptual challenges that are relevant to the empirical analysis of SDG interlinkages; (2) context
sensitivity that is necessary for analysis and national implementation of the SDGs; (3) a critical ranking
of goals that will be inevitable for the implementation of the SDGs under the conditions of limited
availability of natural resources [9]. As these categories are not mutually exclusive, they may at times
overlap, and many limitations are shared between them.
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3.1. Methodological Challenges

Regarding methodological challenges, three main limitations deserve highlighting. The first
limitation is a conceptual one: many SDG targets cannot be properly translated into measurable
indicators due to the conceptual complexity. For example, it is challenging to identify a suitable
indicator for the target 8.5 of achieving “decent work” for all. The Global Indicator Framework for the
Sustainable Development Goals proposes Average hourly earnings of female and male employees,
by occupation, age and persons with disabilities as an indicator to measure this target. This indicator
provides information about the fairness of income. However, it only captures part of the concept of
“decent work” defined by the International Labour Organization (ILO), which also includes aspects
such as security in the workplace and social protection for families, better prospects for personal
development and social integration.

There is also a need for a stronger theoretical basis in relation to the integrated SDG
implementation. In fact, theories and models explaining the effects of interlinkages between goals
are often missing or incomplete. Therefore, conceptual clarity and theoretical arguments on the
links between, and integration of, the SDG targets are a precondition for the actual measurement of
the indicators.

The second limitation relates to issues of operationalization: the data needed to empirically assess
interlinkages between the SDGs in a comprehensive manner are not always available [31]. So far,
the Inter-Agency and Expert Group on SDG Indicators (IAEG-SDGs) has agreed on 230 indicators to
assess success towards the achievement of the 17 SDGs and their 169 targets. While some of these
indicators are easy to define and measure, roughly half of them lack acceptable country coverage,
cross-country comparability, or agreed-upon methodologies for measurement [32]. To give an example,
in many developing countries household censuses are conducted infrequently and often ask different
sets of questions. Therefore, the tracking of changes in poverty and inequality is constrained in
many cases. Moreover, data and estimates are often missing for relevant countries or segments of the
population. Sticking to the previous example, this implies incomplete data for many countries with
high poverty rates or large segments of the population living in poverty. Similar problems exist with
regards to data on environmental outcomes. Therefore, the possibility of achieving a full assessment
of interactions between SDGs is severely limited in many circumstances. Such data constraints are
one of the reasons why the practical application of some of the reviewed frameworks and approaches
has thus far remained limited to specific cases, for which information availability is high [5,22,26,30].
This presents a particular challenge for developing countries with poor data availability.

The third methodological issue is related to the processes used to estimate the nature,
strength, and relevance of interlinkages between SDGs, as well as the possibility of replicating
(i.e., reproducing and verifying) these processes. Some frameworks use a qualitative approach
to estimate the nature of interlinkages of SDGs. ICSU [5] and Nilsson et al. [28], for example,
propose a seven-score scale to evaluate target-level interactions between the SDGs. In the practical
applications of the framework [5,6], the attribution of scores to specific interactions is obtained
through the work of a team of scientists who base their assessment on their expert judgement and the
review of available scientific literature. As the authors concede, this has serious implications for the
replicability of the framework in other contexts and by different teams of experts. Moreover, some of
these frameworks focus just on a restricted number of goals [5] or targets [6], which may result in
a selection bias.

Recent attempts to empirically model and measure interlinkages between the SDGs have started,
and may, at least partially, address the issue of replicability. Currently, M&S approaches appear,
subject to data availability, to be best suited to address the problem of replicating previously
outlined analytical frameworks (such as the 7-point scale) in different country contexts, which is
both time-consuming and challenging in terms of comparability of the findings and answers.
Nonetheless, M&S approaches have other limitations, such as the need to use assumptions, as well
as the lack of transparency often encountered. Typically, complex simulation models consider
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interlinkages between more than two goals. Relevant examples are Griggs et al. [22], as well as
the modelling tools employed by TWI2050 and UNDESA. Allen, et al. [33] review a large number of
models used in the empirical literature and conclude that, “while some existing models are particularly
relevant, it is unlikely that an ideal model can analyse all SDG targets and variables of interest
within a single modelling framework”. M&S approaches have also advantages compared to other
quantitative and replicable approaches. For example, Pradhan et al. [30] explore associations and not
causality between indicators; and they consider just the first order effects. However, and as mentioned
above, the success of M&S approaches is critically linked to the issue of limited data availability.
Simulation models are based on assumptions and estimations that need to be correctly specified, and in
many developing countries, the necessary data to do so is missing. We will further elaborate in the
following section.

3.2. Context Sensitivity

The second main concern regarding existing frameworks and mapping approaches is their
inadequacy to account sufficiently for the diverse nature and specificity of different contexts.
This problem is closely related to the issue of replicability discussed in the previous section.
The importance of context specificity is a recurrent topic within the SDG literature [5,29]. It was
one of the 5 points mentioned in the ICSU report, Section 2. Similarly, Weitz, Carlsen, Nilsson and
Skanberg [6] state that there is a need to understand how SDG targets interact in given contexts. A final,
and more conceptual, critique is brought forward by Nilsson et al., 2018, who argue that it is crucial to
understand the actual meaning of an SDG target in context.

Despite the policy relevance, just a few studies take directly into account the context specificity
of SDG interactions. In their application of the seven-point scale proposed by Nilsson et al. [28],
Weitz et al. [6], for example, select two targets they deem particularly relevant for the case of Sweden.
This involves the evaluation of 1,122 target-level interactions. Due to complexity, the replication of
such a comprehensive endeavor may unfortunately remain restricted to a low number of countries
and case studies and requires extra capacities in the countries where it is to be carried out.

Similarly, Pradhan et al. [30] look at trade-offs and synergies for all countries and indicators,
assessing interlinkages between goals, and between targets within goals. Moreover, they assess
associations at both global and national levels. The differences in top synergy and trade-off pairs are
identified on a global scale and for individual countries. Especially in the context of trade-off, they find
significant heterogeneity. These results imply that policy priorities for achieving the SDGs need to be
differentiated based on the observed extent of SDG synergies and trade-offs in the considered country.

Finally, Nilsson et al. [29] present evidence on interlinkages related to the SDGs on health,
energy and the ocean. They show how the interactions depend on geographical context,
resource endowments, time horizon and governance. For example, if the expansion of renewables in
a certain country includes hydropower as an option, the achievement of SDG 7 (Affordable and Clean
Energy) may negatively interact with freshwater ecosystems (SDG 6).

Given the need to improve the availability of the evidence context sensitivity some solutions are
proposed in the literature. Quantitative approaches try to deal with the issue of context. For example,
simulation and computable general equilibrium (CGE) models (e.g., Collste et al. [26]) can be applied
to specific countries. However, the feasibility and reliability of CGE modeling is restricted by the
methodological challenges discussed in the previous section. As assumptions need to be made,
especially in the case of simulations, they can be significant and change both findings and the policy
implications based on these findings. This is a relevant limitation for both conceptual frameworks
(such as in ICSU [4]), as well as simulations and empirical exercises. Therefore, assumptions need to
be made explicit and transparent and discussed for different context settings.
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3.3. Critical Ranking of Goals

The issue of goal prioritization remains largely unaddressed in the literature reviewed for the
purpose of this paper. While ICSU [5], for example, state that their scoring exercise provides a starting
point in order to stimulate further discussion and research, the authors abstain from formulating
explicit advice on which targets to focus on first.

There are several conceivable reasons for the avoidance of this topic. For one thing,
the prioritization of individual goals might appear at odds with the principle of indivisibility of
the 2030 Agenda; for another, the prioritization of certain goals and targets over others indubitably
involves moral and ethical ramifications [34,35]. The latter would particularly be the case if goals or
targets related to economic or environmental outcomes were to be prioritized over those related to
basic conditions of dignified human life or human rights.

Nonetheless, in view of budgetary, political, and resource reasons, it will be almost inevitable that
countries prioritize certain goals, targets and indicators over others [5]. Furthermore, it is only rational
for national governments to tailor their agenda of SDG implementation to the needs and specificity of
their countries.

Among the different approaches reviewed here, the only one that explicitly addresses the issue
of prioritization is the priority order established by Scott, Leitner and Hynes [20]. Their ranking
is based on a survey of 85 experts from different institutions and organizations. Yet, the ranking
proposed by these authors presents two of the flaws, which have already been discussed in the
previous sections: it lacks methodological clarity, and it represents a global (abstract and general)
perspective. Because of the latter, it is difficult to derive policy implications for specific contexts,
in particular for developed countries.

Nonetheless, a few ideas for the prioritization of goals can be indirectly derived from the
previously analyzed frameworks, as well as from other literature, in particular work on social
priorities. Barbier and Burgess [36], for example, consider the impact of changes in the SDGs on
welfare. In general terms, they suggest focusing on goals and targets associated with the highest
monetary returns and contributions to social welfare. This is especially relevant in the presence of
budget constraints, frequently experienced by developing countries. Investments and interventions in
the field of childhood health, for example, are regarded as having large returns due to long-term gains.
Moreover, childhood health is assumed to have important synergetic effects on education and poverty.
Public policy already widely uses cost-benefit analysis to choose among several interventions.

An alternative approach could be derived from the approaches dealing with environmental
boundaries [8,10,13]. These approaches could be read as a suggestion to prioritize the conservation of
supporting ecosystems if irreversible effects need to be avoided. Socio-economic goals would then be
optimized within the constraints of these environmental constraints. In this sense, prioritization can
also be seen and conceptualized based on the urgency of the different goals, and the cost of inaction.
For example, climate action is urgent, as the consequences of climate change can become irreversible if
action is not taken soon and environmental boundaries (such as certain levels of CO, concentration in
the atmosphere) are passed.

Yet another approach—in line with the call of SDG 16 to promote inclusive and participatory
decision-making—would be to achieve prioritization through societal bottom-up processes in which
national-level policy decisions regarding SDG implementation are informed by the needs and priorities
expressed by local communities. Some examples have been proposed, such as the use of national
constitutions to prioritize certain goals and targets.

In summary, the scholarly discourse on the moral question of prioritization of goals and
targets over others needs to be advanced in order to tackle also ethical questions underlying the
implementation of the 2030 Agenda
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3.4. Cross-Cutting Issues

Four further, more general limitations crosscut the three limitations outlined above.
First, the existing frameworks for the study of SDG interlinkages do not explicitly deal with the tension
between global public goods and the measurement of the SDGs at the national level. Global public
goods can be defined as goods with benefits (or costs) that extend to the entire current and future
global population, as opposed to goods that affect just one national or otherwise geographically limited
area. While the SDGs are meant to be addressed by each country individually, the achievement of some
goals is heavily dependent on the international order and patterns of global cooperation, and action on
these goals will have repercussions beyond national borders. For instance, the way in which a country
proceeds in order to achieve universal access to education (SDG4) is unlikely to have significant
trans-boundary impacts. By contrast, if a country reduces its emissions and meets its national emission
goals, the same country will still suffer from the effects of climate change if other countries increase (or
fail to decrease) their own emissions. As CO, emissions accumulate in the atmosphere that we globally
share, the contribution towards reducing emissions (e.g. SDG 7, SDG 12 and SDG 13) in one country
goes beyond the actions taken by that country. More generally speaking, the achievement of some
SDG targets at the national level may depend on policies implemented by other countries, as well
as on action on intra- (ministries within one country), inter- and supra-national levels of governance.
Therefore, while policy coherence and horizontal integration is usually strongly advocated in the
context of the interlinkages between SDGs, it is also necessary to directly address multi-level coherence
and vertical integration between policy levels.

Second, only few frameworks (e.g., [8,10]) distinguish between process-related and
outcome-related goals. Economic growth (SDG 8), for example, can be considered as a process
that will have a positive effect on outcomes such as the quality of education (SDG 4) and health
(SDG 3), but could have negative effects on environmental goals (SDGs 13—15). It could be
argued, then, that process-related goals should be considered differently than outcome-related
goals. Nonetheless, this distinction is made only implicitly or even discarded in most contributions.
For example Weitz, Carlsen, Nilsson and Skanberg [6] do not distinguish between links with final
goals or process-related SDGs when computing the scores for the interlinkages of each SDG.

Third, the issue of time horizons is crucial for the assessment of interlinkages. In fact, SDGs that
are synergetic in the short term may show trade-offs in the long run. The opposite might also be
true. Alternatively, two goals that do not have a significant interdependency in the short (long)-run
might develop one over a longer (shorter) period. This is particularly relevant for capital and skills
accumulation. For example, increased investments in education might not have an immediate effect
on economic growth, but the returns will materialize in the future. Therefore, the time horizon of
the analysis needs to be made explicit. This issue is taken into account in economic models related
to the intergenerational sharing of environmental resources [37], for example using discount factors.
Nonetheless, a better conceptual understanding of the period under consideration when analyzing the
interlinkages between SDGs is needed.

Fourth, the analytical frameworks discussed in this paper adopt a rather technical approach
towards conceptualizing SDG interlinkages that gives little consideration to the way in which
different actor and power constellations might shape national integration strategies. Across the
board, either SDG 16 is defined as crosscutting all other SDGs, or “good governance” is generically
referred to as an enabler of the 2030 Agenda. With the exception of Weitz et al. [6] who, based on
their cluster analysis of SDG target interactions, elaborate on the implications of their findings for the
collaboration between actors and institutions with responsibility for the different policy areas covered
by the SDGs, the issue of necessary institutional reforms to foster synergies or mediate trade-offs is left
for future research.

Summing up this section, the frameworks and analytical approaches reviewed in this paper
are useful insofar as they identify general, abstract interconnections, synergies and trade-offs
between the SDGs. On a positive note, the majority of these publications resulted from team
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efforts that brought together experts from social, economic, and technological/environmental science
backgrounds. Such interdisciplinary collaboration is an important first step towards breaking up
research silos and creating a common knowledge base about what is really needed to integrate the
SDGs. However, a “perfect methodology” should include the following properties: methodological
rigor and replicability; context sensitivity; and advice regarding a critical ranking of goals that could
guide policy makers in devising SDG integration strategies that suit their national contexts. While the
demand for such a “perfect methodology” may ultimately be impossible to comply with, improvements
could be implemented that result in policy-oriented research that provides specific responses to the
question of how to achieve integrated SDG implementation.
The next section outlines a possible roadmap towards this end.

4. Towards Integrated SDG Implementation: A Proposed Five-Step Roadmap for Co-Creation
of Knowledge

The first section of this paper provided an overview of existing scientific methodological and
conceptual approaches towards the identification of SDG interdependencies as well as the scarce
literature on how to address the problematic issue of priority-setting in SDG implementation processes.
The second section discussed the methodological and conceptual challenges of these approaches.
It also highlighted the importance of an analytical approach that pays respect to the nature of the
2030 Agenda as a system of interlinked goals and targets. In both sections we emphasized that
a systemic understanding of SDG interdependencies is indispensable if scientific research on these
interdependencies is to be translated into policy-making that assures an integrated implementation of
the 2030 Agenda, yet at the same time accounts for national circumstances and needs for priority-setting
in policy-making. In fact, given the high number of targets and indicators, policy action to achieve one
target of the 2030 Agenda in one geographic area or on one specific sector is likely to produce systemic
effects with repercussions on other geographic areas or sectors. Stafford-Smith, et al. [38] demonstrate
that greater attention must be paid to interlinkages in three dimensions: across sectors (e.g., finance,
agriculture, energy, and transport), across societal actors (local authorities, government agencies,
private sector, and civil society), and between and among low-, medium- and high-income countries.

To gain a systemic understanding of SDG interdependencies in local context settings, it is, on the
one hand, necessary to identify the inputs that are needed for change such as, for example, the required
financial resources, natural resources, and workforce. On the other hand, it is also necessary to
define the nature of the outcome that a certain policy action aspires to. For example, what is the
nature of the goal: is it a quantified target or a process? Furthermore, it is necessary to consider
the positive and negative externalities that the aspired outcome may have for other SDGs or sectors
(e.g., increase stress on water security or a higher number of energy users) as well as the diversified
interests of all stakeholders affected by the outcome.

The implementation of the 2030 Agenda will largely take place at the national and sub-national
level. Hence, analyses of SDG interdependencies that can be translated into policy-making need to
be mindful of the nation state as the geographical unit from which SDG policy-making originates.
Moreover, the complexity that results from the intertwined character of the SDGs and the urgency
to achieve change requires a trans-disciplinary process of research with policy-making for the most
powerful interventions for transformational change [39,40]. Understanding externalities of elements of
change for all stakeholders and through various lenses as well as across policy sectors and over time is
key for achieving an integrated implementation.

It follows from the above that policy-oriented analyses of SDG interdependencies need to be
context-specific and hence linked to different levels of geographic boundaries. However, and in
line with this, in this section we argue that systematically and fully mapping and assessing
interdependencies between all SDGs in all conceivable contexts is nearly an impossible task. To move
towards implementation and addressing interdependencies, we propose a roadmap for understanding
SDG trade-offs and synergies for specific context settings.
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Our proposed roadmap consists of 5-steps for academia to co-create knowledge about SDG
interdependencies together with state and non-state actors and translate this knowledge into coherent
SDG policy-making:

Step 1: Identify the problem situation and define an issue-based entry point (aspired output to achieve
change for a specific SDG across policy sectors) and delineate the geographical reference points
within which the output is to be achieved.

Step 2: Identify (i) the input needed; (ii) the stakeholders involved and their interests; (iii) external

risks that may affect the output.

Step 3: Analyze the scale of direct and indirect synergies and trade-offs between the aspired output
and all other goals and targets.

Step4: Discuss the normative and ethical implications arising from the identified synergies
and trade-offs.

Step 5: Based on the four previous steps, develop policy recommendations for targeted improvements
in the area under research, including recommendations regarding goal prioritization and
recommendations regarding the institutional reforms needed to foster synergies and mediate
trade-offs. Finally, extrapolate lessons regarding the potential for scaling-up of solutions for
the area under research und their transformation into policy recommendations to be applied
in other contexts. These five steps will create dynamics for each other and may require being
pursued in an iterative and duplicative process in order to give justice to the complexity
of interdependencies.

4.1. Setting the Scene

Steps 1 and 2 set the scene of the research.

The first step consists in identifying the problem situation and defining an issue-based entry
point into the network of interdependencies. This entry point can vary from process-oriented and
qualitative situations to quantifiable targets to be achieved. To exemplify, one could decide to focus on
SDG 2 (Food security) and more concretely on Target 2.4 (ensure sustainable food production systems),
which is a combination of quantifiable and qualitative elements. Next, it would be necessary to address
the issue of context specificity by selecting the geographical area, i.e., a certain landscape (for example
a river basin) in which sustainable food production is to be achieved. Evidently, the choice of research
issue and research area will determine the nature and quality of data available for the analysis, and thus
addresses the methodological issue of operationalization discussed in Section 2.1. It also addresses the
issue of differentiating between outcome-related and process-related goals discussed in Section 2.3.
Choosing an entry-point is a critical step in the systemic understanding and should be closely linked
to the concrete problem at hand. However, assuming that in such a first step of co-creation of
knowledge, actors would identify multiple challenges in the problem situation, the entry-point needs
to be transparent about the principles it is based on, be it e.g. urgency or compliance with human
rights standards.

In the second step, the required inputs to achieve this outcome need to be identified. In the
case of our example of aiming for sustainable food production systems, these inputs would include,
among others, the sustainable management and re-use of natural resources, such as water (SDG
6) and soil (SDG 15). Moreover, varying forms of farm system (small-scale farming or large-scale,
agro-industrial farming) need to be considered to reveal the various stakes and interests in the
aspired outcome. Moreover, an assessment of the external risks (e.g., drought, rural depopulation)
and uncertainty towards achieving the outcome that are particular to the chosen context is needed.
This step is meant to address the issue of context sensitivity raised in Section 2.2.
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4.2. Analyzing the Interlinkages

Step 3 consists in obtaining an in-depth understanding of the chosen context in order to determine
the scales of the interdependencies as well as the scope (e.g., through applying the seven-point scale
analysis proposed by Nilsson et al. [28]). This is essential because the extent of both synergies and
trade-offs involved in achieving the outcome of interest may vary considerably between contexts.
All inputs identified in Step 2, including those related to other SDGs, need to be considered in the
analysis conducted in this step.

Sticking to our example of sustainable food production systems, in some contexts water resources
(SDG 6) may be scarce and soil degraded (SDG 15). Securing the natural resource input needed
may thus involve redistribution conflicts and the infringement of property rights (SDG 1.4 and
SDG 5.a). In other contexts, however, the required natural resources may abound, but there
is a lack of agricultural extension services (SDG 9, infrastructure), causing severe challenges for
knowledge exchange and agricultural education (SDG 4). Evidently, arriving at such an in-depth
understanding of interdependencies is only possible if the boundaries of the geographical unit of
analysis are clearly delineated. In other words, research geared towards co-creation of strategic
public policy knowledge needs to move beyond generic and abstract collections of all possible
interdependencies [5]. One possible approach to gaining a context-sensitive understanding of goals,
inputs, interlinkages, risks, and relevant stakeholders is to analyze specific interdependencies within
bounded landscapes [41].

Over the past decade, the landscape approach has been used to approach complex problem
situations within multi-level decision-making to respective spatial reference points, a socio-economic
environment and biophysical conditions of natural resources. The approach understands landscapes
as abstract concepts whose spatial boundaries and scale are defined by the needs, interests, and values
of different stakeholders such as landscape inhabitants, civil society, private businesses, and policy
makers. As a reference point, the landscape approach implies adopting both geographical-biophysical,
as well as a socio-economic, variables towards analyzing the management and governance of the land,
water, and natural resources needed to ensure ecosystem conservation and sustainable livelihoods.
Rather than considering the core elements of a landscape (i.e., land, water, natural resources,
socio-economic conditions) in isolation, the landscape approach investigates the environmental and
socio-economic impacts produced by the interaction of these elements [42,43]. Therefore, it is useful
to reduce the complexity of interdependencies by focusing on delineated spatial units and their
socio-economic and environmental conditions.

Furthermore, and as previously outlined, there is a broadly shared perception that the task
of implementing the 2030 Agenda will mainly fall on national governments. This perception is
problematic in so far as it is based on the underlying assumption that the way in which citizens
articulate their interests, exercise their rights and responsibilities, and regulate power among those
who govern and are governed is mainly framed by processes of political decision-making within
the boundaries of democratic state structures and public administration. However, such boundaries
do not necessarily coincide with the biophysical, ecological, or socio-cultural boundaries that define
a landscape.

By contrast, the term landscape governance describes the powers, authorities and responsibilities
that individual and organizational, formal and informal, stakeholders exercise over a landscape.
This approach also accounts for the fact that the governance of a landscape is not shaped
by local conditions alone but also by processes and networks that transcend its physical and
politico-administrative boundaries, as landscapes are becoming increasingly linked to wider global
trends [42,44-46]. For landscape research, this implies that spatial decision-making needs to be
analyzed beyond the formal political-administrative structures of nation states and also beyond
state-actors. By conducting cross-sectoral analyses that adopt a multi-layered and multi-level
perspective, landscape research can help to identify actor and power constellations that contribute to
the aggravation of trade-offs between SDGs, as well as institutional arrangements and strategies
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that have proved successful in mediating such trade-offs and/or fostering synergies between
different SDGs.

4.3. From Understanding Interdependencies to Policy-Making

The last two steps consist in translating analysis and understanding of interdependencies
into policy-making.

Step 4 requires a critical reflection of the previous findings in order to arrive at ethically justifiable
decisions regarding the prioritization of policy actions. For example, the larger the extent of a trade-off,
the more winners and losers the trade-off will likely produce; and the more difficult it will be to
mediate the trade-off; or the higher the time urgency is to achieve a goal (for example extreme water
scarcity), the costlier it will be to delay action. While the previous sections described how to arrive
at an assessment of trade-offs and synergies, they are insufficient to set out rules and principles for
policy action and implementation. Normative debates and ethical criteria may differ between contexts,
depending for example on the social contract on which a society is based, or on the cultural norms
that are prevalent in this society. Moreover, the prioritization of goals does not exclusively depend
on the socio-political situation of the entry point and boundary under consideration, but also on the
international agreements linked to the interdependency.

Finally, step 5 consists in formulating policy recommendations based on the previous four
steps. In addition to advice regarding priority-setting, this will also include advancing possible
and necessary institutional reforms to achieve better-integrated policymaking and to advance skills
necessary science-based approaches towards SDG implementation [47]. However, these proposals
need not necessarily be confined to the specific analyzed context. Rather, findings on local practices
generated by the landscape research postulated in Section 3.2 should be extrapolated to answer
questions of global interest such as: can networks that enable good local practices be scaled up and
transformed into policy guidelines to be applied in other contexts? Which governance mechanisms
observed at landscape level allow for global policy agendas to be embedded in local spaces? [48].

We are aware that the proposed roadmap can neither claim to be exclusive nor exhaustive for the
entire agenda of research necessary on SDG interdependencies. Rather, we understand this roadmap
as offering three main advantages.

First, the roadmap is designed to deal explicitly with complex systems of SDG interdependencies
in specific contexts—whereas the majority of the existing research either assesses interdependencies
abstractly, at the global level, or focuses on specific contexts but without integrating spillover effects
for other geographical areas or sectors.

Second, the roadmap aims to spur transdisciplinary research for urgent and complex SDG
interdependencies across scales and across time. It proposes to obtain an understanding of the nature
and scope of interdependencies within bounded geographical units, through the assessment of inputs,
outputs, external risks and stakeholder interests. Such in-depth understanding should help to estimate
the complexity of the task to induce transformational change.

Third, the roadmap highlights the need to provide for transparent and socially just prioritization
of action to achieve policy integration, and not just the simple prioritizing of certain SDGs over others.
Prioritization remains a very critical step in implementing the 2030 Agenda and will cause winners
and losers, also across time (temporal coherence of actions). Reconciling their interests is an issue
policy-makers will have to deal with early on if the Agenda is to live up to its promise to be a blueprint
for sustainable global development with peace at its heart and for future generations.

5. Conclusions

The SDGs are represented by a high number of interlinked goals, targets, and indicators.
A growing number of recent research initiatives have tried to map synergies and trade-offs between
the different goals and indicators, relying on different methodologies and approaches. This work
has shown the high degree of interdependencies between the SDGs. While positive interactions
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have been found to be more numerous than negative ones, the latter point towards the difficulty
of achieving policy coherence. For example, it has been shown that in no simulation are all the
SDGs reached [49]. Moreover, it has been strongly underlined how, in practice, the links between
indicators are context specific and depend on a number of factors, such as geography, governance,
or the socio-economic situation.

Given this background, this article has, first of all, provided a critical overview of the existing
scholarly literature on mapping interdependencies between the SDGs. While we recognize that a fully
comprehensive analysis of the linkages between all the SDGs for all contexts is an unrealistic task, it is
crucial to understand the limitations of the current frameworks and studies in order to understand
better how to use the existing knowledge for policy-making and advancing ongoing research on SDG
interdependencies. Second, adding to existing literature, the paper has proposed a possible roadmap
for co-generation of knowledge towards integrated implementation of the 2030 Agenda. The article,
therefore, provides an example of a more practical way to deal with SDG interlinkages, taking into
consideration the specificity of the contexts.

Finally, in relation to the limitations of existing frameworks, we also welcome proposals from other
studies that aim to facilitate the collection of existing literature on SDG interlinkages. For example,
Nilsson et al. [29] have proposed a knowledge platform for “assembling, systematizing and aggregating
knowledge on interactions” from different disciplines and sources. This could achieve the dual goals
of knowledge collection: overcoming the limitations of the existing single frameworks whilst also
serving as a crucial instrument for policy-makers that would be able to select and consider evidence
more closely related to their specific case.

Author Contributions: A.B., H]. and D.M. conceived and designed the research; A.B. performed the Literature
Overview: (Section 2); D.M. wrote the Critical Discussion of Existing Frameworks and Mapping Approaches
(Section 3); and H.J. authored Section 4 (Towards Integrated SDG Implementation:). A.B., H.]. and D.M. jointly
wrote the introduction and conclusions, merged the different sections of the paper, commented all the sections
and reviewed the final manuscript.

Funding: The work described in this paper has benefitted from funding received from the Federal Ministry
for Economic Cooperation and Development (BMZ), through the Project Wachstum, Umwelt, Ungleichheit:
Governance zur Umsetzung der Agenda 2030 (Projektnr. 9000701).

Acknowledgments: We thank Tilman Alternburg, Julia Leininger, Ines Dombrowsy and Mario Negre for their
useful comments and suggestions. We are also thankful to Babette Never, as this paper builds on inputs by her
as well.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Kanie, N.; Biermann, F. Governing through Goals Sustainable Development Goals as Governance Innovation;
MIT Press: Cambridge, MA, USA, 2017.

2. OECD DAC. The DAC Guidelines on Poverty Reduction; OECD: Paris, France, 2001.

3. Loewe, M., Rippin, N. Translating an Ambitious Vision into Global Transformation: The 2030
Agenda for Sustainable Development; DIE Discussion Paper 2015/7. Available online:
https:/ /www.die-gdi.de/discussion-paper/article/translating-an-ambitious-vision-into-global-
transformation-the-2030-agenda-for-sustainable-development/ (accessed on 20 February 2019).

4. Tosun, J.; Leininger, J. Governing the interlinkages between the sustainable development goals: Approaches
to attain policy integration. Glob. Chall. 2017. [CrossRef]

5. ICSU. A Guide to SDG Interactions: From Science to Implementation; International Council for Science (ICSU):
Paris, France, 2017; Available online: https:/ /council.science/cms /2017 /05/SDGs-Guide-to-Interactions.
pdf (accessed on 20 February 2019).

6.  Weitz, N; Carlsen, H.; Nilsson, M.; Skanberg, K. Towards systemic and contextual priority setting for
implementing the 2030 agenda. Sustain. Sci. 2017, 531-548. [CrossRef] [PubMed]


https://www.die-gdi.de/discussion-paper/article/translating-an-ambitious-vision-into-global-transformation-the-2030-agenda-for-sustainable-development/
https://www.die-gdi.de/discussion-paper/article/translating-an-ambitious-vision-into-global-transformation-the-2030-agenda-for-sustainable-development/
http://dx.doi.org/10.1002/gch2.201700036
https://council.science/cms/2017/05/SDGs-Guide-to-Interactions.pdf
https://council.science/cms/2017/05/SDGs-Guide-to-Interactions.pdf
http://dx.doi.org/10.1007/s11625-017-0470-0
http://www.ncbi.nlm.nih.gov/pubmed/30147787

Sustainability 2019, 11, 2092 18 of 20

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Raworth, K. A safe and just space for humanity: Can we live within the doughnut. Oxfam Policy Pract. Clim.
Chang. Resil. 2012, 8, 1-26. Available online: https://www-cdn.oxfam.org/s3fs-public/file_attachments/
dp-a-safe-and-just-space-for-humanity-130212-en_5.pdf (accessed on 20 February 2019).

Raworth, K. Doughnut Economics: Seven Ways to Think Like a 21st-Century Economist; Chelsea Green Publishing:
White River Junction, VT, USA, 2017.

Rockstrém, J.; Steffen, W.; Noone, K.; Persson, A Chapin, ES., III; Lambin, E.; Lenton, T.; Scheffer, M.;
Folke, C.; Schellnhuber, H.J. Planetary boundaries: Exploring the safe operating space for humanity. Ecol. Soc.
2009, 14, 2.

Niestroy, I. The 2030 Agenda for Sustainable Development in the EU and Its Member States: Analysis and
Action So Far; 2016. DIE Discussion Paper 2016/9. 2016. Available online: https://www.die-gdi.de/
uploads/media/DP_9.2016.pdf (accessed on 20 February 2019).

Lucas, P; Ludwig, K.; Kok, M.; Kruitwagen, S. Sustainable Development Goals in The Netherland: Building
Blocks for Environmental Policy for 2030; PBL Netherlands Environmental Assessment Agency: The Hague,
The Netherlands, 2016; Available online: https:/ /www.pbl.nl/sites/default/files/cms/publicaties/pbl-
2016-sustainable-development-in-the-Netherlands_1966.pdf (accessed on 20 February 2019).

Waage, J.; Yap, C.; Bell, S.; Levy, C.; Mace, G.; Pegram, T.; Unterhalter, E.; Dasandi, N.; Hudson, D.; Kock, R.;
et al. Governing the un sustainable development goals: Interactions, infrastructures, and institutions.
Lancet Glob. Health 2015, 3, e251-€252. [CrossRef] [PubMed]

The World in 2050 (TWI2050). A Global Research Initiativein Support of a Successful Implementation
of the United Nations 2030 Agenda. Brochure, International Institue for Applied Systems Analysis
(IIASA), Laxenburg, Austria. Available online: http://www.iiasa.ac.at/web/home/research/twi/TWI2050_
brochure.pdf (accessed on 20 February 2019).

Wackernagel, M.; Hanscom, L.; Lin, D. Making the sustainable development goals consistent with
sustainability. Front. Energy Res. 2017, 5, 18. [CrossRef]

O’Neill, D.W,; Fanning, A.L.; Lamb, W.E,; Steinberger, ].K. A good life for all within planetary boundaries.
Nat. Sustain. 2018, 1, 88-95. [CrossRef]

Keitsch, M. Structuring ethical interpretations of the sustainable development goals—Concepts,
implications and progress. Sustainability 2018, 10, 829. [CrossRef]

Meurs, P.; Abelshausen, B. Quid Sustainability—The SDG’s from a Critical Perspective; Network of Universities
from the Capitals of Europe (UNICA): Brussels, Belgium, 2018.

Spahn, A. “The first generation to end poverty and the last to save the planet?”—Wiestern individualism, human rights
and the value of nature in the ethics of global sustainable development. Sustainability 2018, 10, 1853. [CrossRef]

Le Blanc, D. Towards integration at last? The sustainable development goals as a network of targets.
Sustain. Dev. 2015, 23, 176-187. [CrossRef]

Scott, S.; Leitner, J.; Hynes, W. Where to Start with the SDGs? OECD: Paris, France, 2017; Volume 2017.
Available online: https://oecd-development-matters.org/2017/07/20/where-to-start-with-the-sdgs/
(accessed on 4 April 2019).

Allen, C.; Metternicht, G.; Wiedmann, T. Prioritising SDG targets: Assessing baselines, gaps and interlinkages.
Sustain. Sci. 2018. [CrossRef]

Griggs, D.; Stafford Smith, M.; Rockstrom, J.; Ohman, M.C.; Gaffney, O,; Glaser, G.; Kanie, N.; Noble, 1; Steffen, W.;
Shyamsundar, P. An integrated framework for sustainable development goals. Ecol. Soc. 2014, 19, 49. Available online:
https:/ /www.ecologyandsociety.org/vol19/iss4/art49/ (accessed on 20 February 2019). [CrossRef]
PriceWaterhouseCoopers (PWC), GMIS, UNIDO. Delivering the Sustainable Development Goals-Seizing
the Opportunity in Global Manufacturing. 2017. Available online: https://www.pwc.com/m1/en/
publications/delivering-sustainable-development-goals.html (accessed on 20 February 2017).
Campagnolo, L.; Carraro, C.; Eboli, E; Farnia, L.; Parrado, R.; Pierfederici, R. The ex-ante evaluation of
achieving sustainable development goals. Soc. Indic. Res. 2018, 136, 73-116. [CrossRef]

UNDPAD. World Economic Forecasting Model. 2017. Available online: https://www.un.org/
development/desa/dpad/document_gem/global-modeling-tools/world-economic-forecasting-model /
(accessed on 20 February 2019).

Collste, D.; Pedercini, M.; Cornell, S.E. Policy coherence to achieve the SDGs: Using integrated simulation
models to assess effective policies. Sustain. Sci. 2017, 12, 921-931. [CrossRef] [PubMed]


https://www-cdn.oxfam.org/s3fs-public/file_attachments/dp-a-safe-and-just-space-for-humanity-130212-en_5.pdf
https://www-cdn.oxfam.org/s3fs-public/file_attachments/dp-a-safe-and-just-space-for-humanity-130212-en_5.pdf
https://www.die-gdi.de/uploads/media/DP_9.2016.pdf
https://www.die-gdi.de/uploads/media/DP_9.2016.pdf
https://www.pbl.nl/sites/default/files/cms/publicaties/pbl-2016-sustainable-development-in-the-Netherlands_1966.pdf
https://www.pbl.nl/sites/default/files/cms/publicaties/pbl-2016-sustainable-development-in-the-Netherlands_1966.pdf
http://dx.doi.org/10.1016/S2214-109X(15)70112-9
http://www.ncbi.nlm.nih.gov/pubmed/25833663
http://www.iiasa.ac.at/web/home/research/twi/TWI2050_brochure.pdf
http://www.iiasa.ac.at/web/home/research/twi/TWI2050_brochure.pdf
http://dx.doi.org/10.3389/fenrg.2017.00018
http://dx.doi.org/10.1038/s41893-018-0021-4
http://dx.doi.org/10.3390/su10030829
http://dx.doi.org/10.3390/su10061853
http://dx.doi.org/10.1002/sd.1582
https://oecd-development-matters.org/2017/07/20/where-to-start-with-the-sdgs/
http://dx.doi.org/10.1007/s11625-018-0596-8
https://www.ecologyandsociety.org/vol19/iss4/art49/
http://dx.doi.org/10.5751/ES-07082-190449
https://www.pwc.com/m1/en/publications/delivering-sustainable-development-goals.html
https://www.pwc.com/m1/en/publications/delivering-sustainable-development-goals.html
http://dx.doi.org/10.1007/s11205-017-1572-x
https://www.un.org/development/desa/dpad/document_gem/global-modeling-tools/world-economic-forecasting-model/
https://www.un.org/development/desa/dpad/document_gem/global-modeling-tools/world-economic-forecasting-model/
http://dx.doi.org/10.1007/s11625-017-0457-x
http://www.ncbi.nlm.nih.gov/pubmed/30147764

Sustainability 2019, 11, 2092 19 of 20

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

TWI2050. Model, Tools, and Data. Available online: http://www.iiasa.ac.at/web/home/research/
modelsData/models-tools-data.html (accessed on 20 February 2019).

Nilsson, M.; Griggs, D.; Visbeck, M. Map the interactions between sustainable development goals:
Mans nilsson, dave griggs and martin visbeck present a simple way of rating relationships
between the targets to highlight priorities for integrated policy.  Nature 2016, 534, 320-323.
Available online: https://www.globaldevhub.org/sites/default/files/2017-07 / Griggs%20mapping%
20SDG%20interactions.pdf (accessed on 20 February 2019). [CrossRef] [PubMed]

Nilsson, M.; Chisholm, E.; Griggs, D.; Howden-Chapman, P.; McCollum, D.; Messerli, P.; Neumann, B.;
Stevance, A.-S.; Visbeck, M.; Stafford-Smith, M. Mapping interactions between the sustainable development
goals: Lessons learned and ways forward. Sustain. Sci. 2018, 13, 1489-1503. [CrossRef]

Pradhan, P; Costa, L.; Rybski, D.; Lucht, W.; Kropp, ].P. A systematic study of sustainable development goal
(SDG) interactions. Earth’s Future 2017, 5, 1169-1179. [CrossRef]

Schmidt-Traub, G.; Kroll, C.; Teksoz, K.; Durand-Delacre, D.; Sachs, J.D. National baselines for the sustainable
development goals assessed in the SDG index and dashboards. Nat. Geosci. 2017, 10, 547-555. [CrossRef]
Dunning, C.; Kalow, J. SDG Indicators: SERIOUS Gaps Abound in Data Availability; Center for Global
Development: Washington, DC, USA, 2016; Available online: https://www.cgdev.org/blog/sdg-indicators-
serious-gaps-abound-data-availability (accessed on 20 February 2019).

Allen, C.; Metternicht, G.; Wiedmann, T. National pathways to the sustainable development goals (SDGs):
A comparative review of scenario modelling tools. Environ. Sci. Policy 2016, 66, 199-207. [CrossRef]
Gaisbauer, H.P; Schweiger, G.; Sedmak, C. Ethical Issues in Poverty Alleviation; Springer: Basel, Switzerland, 2016.
Pongiglione, F. The need for a priority structure for the sustainable development goals. J. Glob. Ethics 2015, 11, 37-42.
[CrossRef]

Barbier, E.; Burgess, ].C. The sustainable development goals and the systems approach to sustainability.
Economics 2017, 11, 1-23. [CrossRef]

Stern, N. The Economics of Climate Change: The Stern Review; Cambridge University Press: Cambridge, UK, 2007.
Stafford-Smith, M.; Griggs, D.; Gaffney, O.; Ullah, E; Reyers, B.; Kanie, N.; Stigson, B.; Shrivastava, P;
Leach, M.; O’Connell, D. Integration: The key to implementing the sustainable development goals.
Sustain. Sci. 2017, 12,911-919. [CrossRef]

Lang, D.J.; Wiek, A.; Bergmann, M.; Stauffacher, M.; Martens, P; Moll, P; Swilling, M.; Thomas, C.J. Transdisciplinary
research in sustainability science: Practice, principles, and challenges. Sustain. Sci. 2012, 7, 25-43. [CrossRef]
Abson, D.J.; Fischer, J.; Leventon, J.; Newig, J.; Schomerus, T.; Vilsmaier, U.; von Wehrden, H.; Abernethy, P;
Ives, C.D.; Jager, N.W,; et al. Leverage points for sustainability transformation. Ambio 2017, 46, 30-39.
[CrossRef]

Reed, J.; Van Vianen, J.; Deakin, E.L.; Barlow, ].; Sunderland, T. Integrated landscape approaches to managing
social and environmental issues in the tropics: Learning from the past to guide the future. Glob. Chang. Biol.
2016, 22, 2540-2554. [CrossRef]

Gorg, C. Landscape governance: The “politics of scale” and the “natural” conditions of places. Geoforum
2007, 38, 954-966. [CrossRef]

IMEN. Governance Lessons for the Landscape Approach. Available online: http://imfn.net/governance-
lessons-landscape-approach (accessed on 20 February 2019).

Massey, D. Landscape as a provocation: Reflections on moving mountains. J. Mater. Cult. 2006, 11, 33—48.
[CrossRef]

Wiersum, K.F. Forest gardens as an ‘intermediate’ land-use system in the nature—culture continuum:
Characteristics and future potential. Agrofor. Syst. 2004, 61, 123-134.

Miiller, A.; Janetschek, H.; Weigelt, ]. Towards a governance heuristic for sustainable development. Curr. Opin.
Environ. Sustain. 2015, 15, 49-56. [CrossRef]

Allen, C.; Metternicht, G.; Wiedmann, T. Initial progress in implementing the Sustainable Development
Goals (SDGs): A review of evidence from countries. Sustain. Sci. 2018, 13, 1453-1467. [CrossRef]


http://www.iiasa.ac.at/web/home/research/modelsData/models-tools-data.html
http://www.iiasa.ac.at/web/home/research/modelsData/models-tools-data.html
https://www.globaldevhub.org/sites/default/files/2017-07/Griggs%20mapping%20SDG%20interactions.pdf
https://www.globaldevhub.org/sites/default/files/2017-07/Griggs%20mapping%20SDG%20interactions.pdf
http://dx.doi.org/10.1038/534320a
http://www.ncbi.nlm.nih.gov/pubmed/27306173
http://dx.doi.org/10.1007/s11625-018-0604-z
http://dx.doi.org/10.1002/2017EF000632
http://dx.doi.org/10.1038/ngeo2985
https://www.cgdev.org/blog/sdg-indicators-serious-gaps-abound-data-availability
https://www.cgdev.org/blog/sdg-indicators-serious-gaps-abound-data-availability
http://dx.doi.org/10.1016/j.envsci.2016.09.008
http://dx.doi.org/10.1080/17449626.2014.1001912
http://dx.doi.org/10.5018/economics-ejournal.ja.2017-28
http://dx.doi.org/10.1007/s11625-016-0383-3
http://dx.doi.org/10.1007/s11625-011-0149-x
http://dx.doi.org/10.1007/s13280-016-0800-y
http://dx.doi.org/10.1111/gcb.13284
http://dx.doi.org/10.1016/j.geoforum.2007.01.004
http://imfn.net/governance-lessons-landscape-approach
http://imfn.net/governance-lessons-landscape-approach
http://dx.doi.org/10.1177/1359183506062991
http://dx.doi.org/10.1016/j.cosust.2015.08.007
http://dx.doi.org/10.1007/s11625-018-0572-3

Sustainability 2019, 11, 2092 20 of 20

48. Van Oosten, C. Restoring landscapes—Governing place: A learning approach to forest landscape restoration.
J. Sustain. For. 2013, 32, 659-676. [CrossRef]

49. IPCC. Special Report: Global Warming of 1.5 °C. 2018. Available online: https://www.ipcc.ch/sr15/
(accessed on 20 February 2019).

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1080/10549811.2013.818551
https://www.ipcc.ch/sr15/
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction: The Integration Challenge 
	Literature Overview: Frameworks for the Conceptualization of Sustainable Development Goal (SDG) Interlinkages and Interdependencies 
	Clustering SDGs According to Their Systemic Function 
	Towards the Exploration of SDG Interlinkages at the Target Level 
	Establishing a Priority Order for Policy Action in Implementing the SDGs 
	Applied Empirical Analysis of Synergies and Trade-Offs between the SDGs 

	A Critical Discussion of Existing Frameworks and Mapping Approaches 
	Methodological Challenges 
	Context Sensitivity 
	Critical Ranking of Goals 
	Cross-Cutting Issues 

	Towards Integrated SDG Implementation: A Proposed Five-Step Roadmap for Co-Creation of Knowledge 
	Setting the Scene 
	Analyzing the Interlinkages 
	From Understanding Interdependencies to Policy-Making 

	Conclusions 
	References

