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Abstract

Only 10 years remain to achieve all Sustainable Development Goals (SDGs) globally, so there is a growing need to increase
the effectiveness and efficiency of action by targeting multiple SDGs. The SDGs were conceived as an ‘indivisible whole’,
but interactions between SDGs need to be better understood. Several previous assessments have begun to explore interactions
including synergies and possible conflicts between the SDGs, and differ widely in their conclusions. Although some highlight
the role of the more environmentally-focused SDGs in underpinning sustainable development, none specifically focuses on
environment-human linkages. Assessing interactions between SDGs, and the influence of environment on them can make
an important contribution to informing decisions in 2020 and beyond. Here, we review previous assessments of interactions
among SDGs, apply an influence matrix to assess pairwise interactions between all SDGs, and show how viewing these from
the perspective of environment—human linkages can influence the outcome. Environment, and environment—human linkages,
influence most interactions between SDGs. Our action-focused assessment enables decision makers to focus environmental
management to have the greatest impacts and to identify opportunities to build on synergies and reduce trade-offs between
particular SDGs. It may enable sectoral decision makers to seek support from environment managers for achieving their
goals. We explore cross-cutting issues and the relevance and potential application of our approach in supporting decision
making for progress to achieve the SDGs.
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Introduction

In 2015, the 193 countries of the United Nations (UN)
General Assembly adopted the 2030 Development
Agenda, which commits all countries and stakeholders to
act in collaborative partnership to end poverty and hunger,
and to protect the planet from degradation, so that it can
support the needs of present and future generations (UN
2015). At its core, the 2030 Agenda includes 17 Sustain-
able Development Goals (SDGs) comprising 169 targets
to be achieved by 2030. These SDGs, which took effect in
January 2016, are applicable to all countries, regardless
of development status. They build on the UN’s Millen-
nium Development Goals (MDGs) (UN 2000), drawing on
several years of multi-stakeholder consultations, including
with the private sector, and intergovernmental negotia-
tions (Tosun and Leininger 2017), and integrate targets
from other conventions, such as the UN Convention on
Biological Diversity (CBD) Aichi Biodiversity Targets
(CBD 2010).

The 17 SDGs, and their targets, present a new and
coherent way of thinking about diverse issues related to
development, such as hunger, gender and climate change,
and were conceived as “integrated and indivisible and
balance the three dimensions of sustainable development:
the economic, social and environmental” (UN 2015). Eco-
nomic, social and environmental targets are intertwined in
the unified framework of 17 SDGs, forming an ‘indivisible
whole’ (Griggs et al. 2013; Nilsson et al. 2016). Implicit
in the SDGs logic is that the goals, and targets, relate to
and depend on each other—but views on exactly how are
evolving (Nilsson et al. 2016).

The aim of the SDGs was to stimulate action over the
coming 15 years in areas of critical importance for human-
ity and the planet (UN 2015). Progress towards the SDGs
depends on action by national governments and a wide
range of actors, including the private sector, civil soci-
ety organisations and millions of individuals. Progress in
implementing the 2030 Agenda is tracked through vol-
untary reviews, which address subsets of the SDGs but
explicitly address interactions between goals primarily
through annual reporting on SDG 17 (UN 2016).

In practice, decisions and actions (including research,
innovation, policy, and management) are mostly focused
on a single SDG, or small subsets of SDGs, because
institutions, governance, and research funders are com-
monly fragmented or siloed (e.g. separate agriculture
and climate change departments; natural and social sci-
ences, and medical research funders). Governments may
also prioritise those SDGs that can in principle be met
at the national scale, especially goals related to human
wellbeing (e.g. SDGs 1, 3, 4, 5, 10, 16; Waage et al. 2015).
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However, because decisions and actions to advance any
one SDG will likely affect the achievement of the others,
we need a better understanding of the interactions between
SDGs, in particular trade-offs, synergies and unintended
consequences.

Another reason for considering interactions between
SDGs is the growing evidence that substantial economic,
social and environmental benefits can be obtained from well-
coordinated actions that capitalise on synergies between
multiple SDGs. For example, targeting energy security
(SDG 7), climate change (SDG 13) and air pollution (SDG
3, 11, 12) simultaneously in energy systems could achieve
all three goals for only slightly greater cost than achieving
the climate change goal alone (c. 1% of global GDP vs c.
1.6%; McCollum et al. 2011). Phasing out solid fuel cook-
ing stoves could reduce global warming by 0.08 °C by 2050
at the same time as avoiding 260,000 premature deaths per
year from local pollution (Lacey et al. 2017) progressing
SDGs 13 and 3.

Given that only 10 years remain to achieve all SDGs glob-
ally and progress has been insufficient so far (Independent
Group of Scientists Appointed by the Secretary-General
2019), there is a growing need to increase the effectiveness
and efficiency of action by targeting multiple SDGs. 2020 is
a pivotal year for directing action on the environment: new
biodiversity targets will be negotiated as part of the UN Con-
vention on Biological Diversity’s (CBD) post-2020 agenda,
and governments are updating their commitments on climate
change (Nationally Determined Contributions) as the Paris
Agreement enters into force. There is, therefore, a pressing
opportunity to enhance management of the environment to
better contribute towards achieving the SDGs, including by
understanding and acting on potential synergies and trade-
offs between SDGs.

Assessing interactions between SDGs, and the influence
of environment on them can make an important contribution
to informing decisions in 2020 and beyond. Here, we review
previous assessments of interactions among SDGs, apply a
specific method to assess pairwise interactions between all
SDGs, and show how viewing these from the perspectives
of environment—human linkages can influence the outcome.
Lastly, we discuss cross-cutting issues and the relevance and
potential application of our approach.

Previous assessments of interactions
between SDGs

One conceptual starting point for analysing interactions
between SDGs are the concentric layers diagrams of Griggs
et al. (2013) and Waage et al. (2015), which aimed to inform
the development of the SDGs. These diagrams show that
achievement of the SDGs in an inner circle is dependent on
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achieving those in the outer rings. For example, focusing
on governance, Waage et al. (2015) proposed that SDGs
related to human wellbeing (shown in the inner circle) are
dependent on SDGs that provide the enabling infrastructure
for development (the middle ring), and SDGs that provide
the supporting natural systems (the outer ring). Griggs et al.
highlighted that goals need to integrate social, economic and
environmental dimensions (Griggs et al. 2014).

More recently, Folke et al. (2016) provided a three-
dimensional diagram of concentric layers (the “wedding
cake”) showing that economies and societies should be seen
as embedded parts of the biosphere. Rockstrom and Sukh-
dev (2016) assert that all SDGs are directly or indirectly
connected to sustainable and healthy food, and suggest that
goals on eradicating poverty (SDG 1) and zero hunger (SDG
2) require gender equality (SDG 5), decent jobs (SDG 8)
and reduced inequality (SDG 10). Likewise, the framework
of the global research initiative The World in 2050 (2018,
2020) shows planetary boundaries delineating the achieve-
ment of the SDGs, with five interconnected clusters of SDGs
(namely social and economic development [SDGs 8, 9, 11],
universal values [SDGs 4, 5, 10], earth preconditions [SDGs
13, 14, 15], sustainable resource use [SDG 6, 7, 12], and
basic human needs [SDGs 1, 2, 3]) embedded in partner-
ships (SDG 17) and governance (SDG 16). Fu et al. (2019)
conceptualised interactions among three SDG categories:
governance, essential needs, and expected objectives. Gov-
ernance (encompassing effective regulation, equitable rules
and systems; i.e. SDGs 9, 11, 12, 13 and 17) will guarantee
meeting essential needs for human survival (SDGs 2, 6, 7,
14 and 15) while maximising expected objectives (SDGs
1,3,4,5,8, 10 and 16). To address the essential needs will
require natural science and technology, while social science
and ethics are required to maximise the objectives. Other
assessments have highlighted much more complex interac-
tions and visualised these using variations on network dia-
grams. Le Blanc (2015a, b) used textual analysis of the 107
substantive targets of the SDGs (excluding implementation
targets) to identify connections between them. This high-
lights substantial complexity in interactions between SDGs.
Some goals have many more connections than others: for
instance, SDG 12 has connections to 14 other goals, while
SDG 14 is shown connected to only 2 other goals. Being
purely based on textual analysis, this network diagram does
not capture some of the less explicit aspects of the targets
and, therefore, omits interactions shown by more ‘interpre-
tive’ approaches. For example, ICSU (2015) using a consul-
tative approach to assess interactions, found more links and
more complexity in interactions among the SDGs than the
textual analysis based on targets.

Several assessments have focused on one SDG or subsets
of SDGs. Examples include interlinkages between human
health and environment showing SDG 3 as the only goal

in the inner circle, with the remaining 16 goals in an outer
layer, directly interacting with SDG 3 and not with each
other (Fig. 1 in UNEP 2016); assessments of various nexus
approaches including the water—energy—food nexus, and the
interactions among these subsets (Ritz 2015; Weitz et al.
2015; Liu et al. 2018; McCollum et al. 2018); or the land
resource-food price nexus using a dynamic partial equilib-
rium model of agriculture and forest sectors (Obersteiner
et al. 2016). More systematic approaches involving a seven-
point scale to differentiate between positive (+ 3 to+ 1), neu-
tral (0) and negative interactions (— 1 to — 3) between SDGs
(Nilsson et al. 2016) have been applied to four goals (SDGs
2, 3,7, 14) using experts to assess target-level interactions
between them and key interactions with other SDGs (ICSU
2017). Using a different scoring approach, an in-depth analy-
sis of the relationships between the ocean SDG 14, and its
targets, and the other 15 SDGs (excluding SDG 17) used
experts to consider three hierarchical dimensions: com-
patibility of relationship (co-benefit, trade-off, or neutral);
requirement of one target for the fulfilment of other target
(prerequisite vs optional); and whether the relationship is
socio-ecological context-independent vs context-dependent
(Singh et al. 2018). The majority of interactions were scored
to be synergistic between the four goals (ICSU 2017) or
positive for the marine SDG (260 positive and 7 negative
relationships Singh et al. 2018). Although providing some
insights on potential interdependencies among targets and
goals, which may be helpful to inform actions towards SDG
achievement, these assessments have been relatively basic by
starting from one or a few SDGs then counting interactions
and discussing synergies and trade-offs.

To our knowledge, the few assessments that have analysed
the interactions between all SDGs have mostly focussed on
a defined group of actors. One assessment with the aim of
providing guidance for businesses to navigate the SDGs
(PwC 2016) identified what it terms “the key links to other
SDGs” for each goal. This provides a relatively restrictive
subset of interactions between SDGs relevant to companies’
operations. Country-specific assessments have focussed on
22 Arab countries assessing ‘level of urgency’, ‘systemic
impact’, and ‘policy gaps’ (Allen et al. 2019a), Australia
(Allen et al. 2019b), or Sweden (Weitz et al. 2018) latter
using the seven-point scale (Nilsson et al. 2016) in an influ-
ence (or cross-impact) matrix, assessed all pairwise interac-
tions between two targets from each SDG (excluding SDG
17). Two targets were selected as being of most relevance
for Sweden, and the resulting 34 X 34 impact matrix showed
that most interactions (96%) were positive or neutral. Such a
matrix could provide useful information for national govern-
ments to identify targets and SDGs that offer opportunities
and challenges (Breuer et al. 2019). The only quantitative
analysis of interactions within and between SDGs through
time analysed correlations between time-series data for SDG
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Fig. 1 Influence matrix of 16 SDGs and their interactions assessed
by the degree to which action to achieve each SDG (rows) is likely
to affect the achievement of other SDGs (columns), considering all
possible action (a), and when applying an environment—human per-
spective (b). Colours in both matrices represent the four-level influ-
ence metric, from neglible influence among actions (yellow) to high
influence (darkest brown/darkest green); i.e. the darkest row/column
intersections in each row are those where the bulk of action directed
at achieving an SDG (row label) will have the strongest influence
(either positive or negative) on the potential for achieving another

goal (column label). For example, much of the action that might be
used to achieve SDG 3 (e.g. vaccination and sanitation programmes,

indicators for each country (Pradhan et al. 2017) to iden-
tify trade-offs (defined as significant negative Spearman’s
rank correlations) and synergies (positive correlations). For
most countries, positive correlations between indicator pairs
within SDGs outweighed negative ones, whereas globally
a mix of positive and negative correlations was observed
between the SDGs. While the statistical approach highlights
correlations, it cannot identify causal or functional interac-
tions as attempted by ICSU (2017).

An assessment of assessments of interactions among
goals showed that 92% of goal level interactions have been
assessed and the majority of these were positive interactions
or co-benefits (Independent Group of Scientists Appointed
by the Secretary-General 2019). The assessment of assess-
ments also highlighted substantial gaps, with only 10% of
target level interactions having been assessed at least once.

Each of the analyses summarised above is useful for
the purpose that it was conducted. Because every assess-
ment has used a different approach to examine interactions
between SDGs (e.g. different—often unspecified—methods
and/or stakeholders, starting with a different single goal, or
different subsets of SDGs or targets), few—if any—consist-
ent patterns in the number, or importance, of the interactions
between SDGs are emerging globally. For a more in-depth
review and critique of frameworks to assess interactions
among SDGs, see Breuer et al. (2019). Of all the frameworks
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health education, vector control, and research to support these) is
likely to affect (either positively or negatively, depending on what
it is and how it is implemented) the achievement of all other goals
to some degree (row 3, a). However, action to achieve SDG 3 may
have particular importance for the potential for achieving SDG 1,
and also SDGs 6 and 10. Regardless, only a subset of that action
addresses environment-human linkages (shown as paler colour in the
equivalent row in b). The darkest cells in each of the columns iden-
tify those SDGs (rows) that have the greatest influence on the poten-
tial to achieve that goal. For example, the potential to achieve SDG 6
is likely to be especially influenced by environment—-human focused
action for SDGs 2 and 13

of SDG interactions reviewed, Breuer et al. (2019) con-
cluded that the influence matrix, as implemented by Weitz
et al. (2018) for Sweden, can be “a useful starting point
for national governments to rationalize targets and identify
those that present particular challenges and opportunities in
their specific national contexts”.

The influence matrix is a promising approach that treats
the 2030 Agenda as a whole, i.e. assesses the SDGs role
within a system, but so far has only been applied to a single
country case study and for a subset of SDG targets (Weitz
et al. 2018). This method assesses cause-and-effect rela-
tionships within complex, nonlinear systems by using an
orthogonal matrix of interactions among items (or variables,
factors, events) of a system. It was originally developed by
Gordon and Hayward (1968). Below we adapt this method
and apply it to assess interactions among all SDGs at global
level.

Using an influence matrix to analyse
interactions between SDGs
Influence matrix method

An influence matrix helps focus attention and resources
on the critical factors that have the greatest influence on a



Sustainability Science

system. The matrix provides a tool to frame the system under
investigation and, using a qualitative metric, makes it pos-
sible to combine factors that are not necessarily equivalent
or quantifiable (e.g. biophysical and socio-economic fac-
tors). Alternatively, quantitative scores could be applied (e.g.
scores proposed by Nilsson et al. 2016). An influence matrix
will only ever include those factors in the system that are
perceived as relevant by experts conducting the assessment.

Using an influence matrix allowed us to consider the role
of all SDGs, their targets, and their interactions within the
system. We included all SDGs in our assessment except
SDG 17, which is an enabling goal that outlines the means of
supporting and facilitating the implementation of the other
goals. We assessed 240 pairwise interactions between the 16
SDGs (16 x 16 SDGs excluding cells on the main diagonal;
Fig. 1). Building on a synthesis of research evidence, key
innovations and policies related to each SDG (Scharlemann
et al. 2016), a core group of authors determined a qualitative
influence score for each pairwise interaction, considering the
substantive targets for each SDG (i.e., excluding the imple-
mentation targets denoted in the 2030 Agenda by lower case
letters). The scoring was reviewed by other authors and an
expert advisory board (see Acknowledgements).

At each row/column intersection, we assessed the ques-
tion: To what degree is an action (e.g. research, innova-
tion, policy, management) to achieve goal X (row) likely to
influence the achievement of goal y (column)? This action-
focused assessment is distinct from asking how the achieve-
ment of one SDG influences the achievement of another and,
therefore, highlights different interactions. We scored each
row/column interaction on a four-level influence metric that
considered the absolute strength of the interaction, irrespec-
tive of whether the influence is positive or negative. The
influence metric ranges from negligible influence, where
action towards SDG X (row) is likely to cause no or hardly
any change in the potential for achieving SDG y (column),
to high influence, where a wide range of action directed
towards addressing SDG X will likely influence strongly the
potential for achieving SDG y. An advantage of assessing
absolute interaction strength is that negative and positive
aspects do not get averaged out.

Findings of SDG interaction assessment using
an influence matrix

Overall, the majority (83%) of interactions showed some
level of influence among SDG pairs, with 13% (32 row/col-
umn intersections) identified as high influence interactions
and 17% (41 intersections) assessed as negligible (Fig. 1a).

In each row of Fig. 1a, the darkest row/column intersec-
tions are those where the bulk of action directed at achieving
an SDG (row) will have the strongest influence on the poten-
tial for achieving another SDG (column). For example, much

of the action that might be used to achieve health-related
SDG 3 (e.g. vaccination and sanitation programmes, health
education, vector control, and research to support these) is
likely to affect (either positively or negatively, depending on
the action and how it is implemented) the achievement of all
other SDGs to some degree (row 3, Fig. 1a). In particular,
action to achieve SDG 3 may have a high influence on the
potential for achieving SDG 1, and also SDGs 6 and 10.
Reading down each column, the darkest intersections iden-
tify those SDGs (rows) that have the greatest influence on
the potential to achieve that column goal. For example, the
potential to achieve water-related SDG 6 (column) is likely
to be especially influenced by action towards SDGs 2 and 13.

Note that pairwise interactions are not all equally strong
when viewed in row or column directions. For example, not
all of the wide range of action taken to ensure clean water
and sanitation (SDG 6, row) will influence progress on com-
batting climate change (SDG 13, column), whereas most
action directed towards combatting climate change (SDG
13, row) will influence the availability of clean water (SDG
6, column).

The influence of perspective on assessments of SDG
interactions

Although the SDGs form an indivisible whole and progress
towards them will require a holistic approach, in practice
decisions and action tend to address more specific chal-
lenges and opportunities, often focused on sectors and/or at
national or smaller spatial scales. Therefore, it is crucial to
understand how deliberately taking different perspectives
may influence the multiple dimensions of progress towards
sustainable development, as well as the interdependencies,
co-benefits and trade-offs among SDGs.

Using a specific perspective to analyse interactions
among all SDGs (and their targets) will likely provide a
more holistic assessment of the interactions than previous
sectoral approaches which have focussed on subsets of SDGs
(or targets) (e.g. PwC 2016; ICSU 2017; Weitz et al. 2018).
This can be done by completing an influence matrix of all
SDGs from a specific perspective, effectively ensuring that
the assessment treats the SDGs as an indivisible whole,
while also recognising that interactions between actions
towards achieving SDGs may differ depending on the con-
text. SDG interactions may differ according to perspectives
linked to factors such as geographic, political or temporal
scale (e.g. local, national; Weitz et al. 2018), sectoral focus
(e.g. business PwC 2016, finance, agriculture, environment),
or social group (e.g. women, youth, indigenous people). For
example, actions taken at one spatial scale (e.g. regional) to
support the achievement of one SDG, may have impacts at
other scales (e.g. local or global). Similarly, immediate out-
comes of actions potentially differ from longer-term impacts

@ Springer
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both in their relevance to particular SDGs, and in whether
their effects are predominantly positive or negative. Moreo-
ver, synergistic interactions between SDGs today may turn
into trade-offs in the longer term, or vice versa. For example,
drilling boreholes may provide drinking water in the short
term (addressing SDG 6), but, in the longer-term, may lower
the water table and reduce access to drinking water (SDG 6),
and negatively affect food production (SDG 2) and natural
vegetation (SDG 15). Furthermore, action may have ben-
efits at one spatial or temporal scale, but adverse impacts at
another, e.g. through teleconnections.

Interactions between SDGs from an environment-
human linkage perspective

Linkages between the environment and humans' play a cen-
tral role in sustainable development (MA 2005; Diaz et al.
2015), and the environment has been recognised as funda-
mental for the achievement of many or all of the SDGs (e.g.
UNEP 2015; Waage et al. 2015; Folke et al. 2016). A textual
analysis confirms that the environment is integral to most
SDGs (13 SDGs contain at least one environment-related
word, aspects of the environment are mentioned in 62 of
150 targets [excluding SDG 17 and its 19 targets], and three
SDGs with 27 targets are focused entirely on the environ-
ment [SDGs 13, 14, 15]; Fig. 2). For some SDGs, action
addressing environment—human linkages (i.e. ways in which
environment and humans affect one another) are central to
achieving all their targets (SDGs 13, 14 and 15), whereas
for others, environment-human linkages most likely form a
smaller part of the overall action required to achieve the goal
(e.g. SDGs 4 and 10).

On one hand, environment—-humans linkages include both
nature’s contributions or services to people (e.g. provision-
ing of oil, regulating of climate, etc.) and the negative dis-
services it provides (e.g. floods, disease, etc.) (Diaz et al.
2015, 2018). On the other hand, these linkages also include
the impacts humans have on the environment, both positive
(e.g. protecting and restoring ecosystems, conserving spe-
cies, etc.) and negative (e.g. pollution of water, degradation
of soils, etc.).

! We define ‘environment’ broadly to encompass the “totality of all
the external conditions affecting the life, development and survival
of” humans (OECD 2016) and include planetary systems (e.g. cli-
mate and hydrological systems), geological resources (e.g. mineral
and energy resources) and ecosystem capital (land, soil, biologi-
cal resources, water resources, ecosystem functions) (UN Statistics
Division London Group on Environmental Accounting 2014). While
‘humans’ encompasses people and the knowledge, skills, competen-
cies and attributes embodied in individuals (human capital), and the
“networks together with shared norms, values and understandings
that facilitate co-operation within or among groups” (social capital)
(Keeley, 2007).
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Fig.2 The importance of environment within each SDG, based on a
textual analysis of SDG target wording (as per UN 2015). The verti-
cal scale is linked to the proportion of targets within each SDG that
contain at least one environment-related word (Environment-related
words were counted within each SDG target, and include: air, animal,
aquaculture, aquifer, biodiversity, clean energy, climate, coastal, com-
municable disease, drought, dryland, ecosystem, environment, fauna,
fish, flood, flora, forest, genetic diversity/resources, green space, hep-
atitis, lake, land, livestock, local product, malaria, marine, mountain,
natural, nature, neglected tropical disease, ocean, pastoralist, peri-
urban area, plant, renewable energy, resource, river, rural area, sea,
seed, services, soil, species, terrestrial ecosystem, tuberculosis, water,
weather, wetland, wildlife. The count included close relatives of each
word, e.g. *fish* also selected fishing, fisheries, overfishing, etc..),
and ranges from no mention of the environment (SDGs 4, 10, 16) to
environment mentioned throughout (SDGs 13, 14, 15)

To assess the environment—human aspects of the inter-
actions between SDGs, we applied the logic explained
above but focused only on action related to the environ-
ment-human linkages rather than the full range of possi-
ble actions to advance any one SDG. For example, some
action used to achieve good health and wellbeing (SDG 3)
is related to the environment-human linkages, e.g. vector
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control, while other action, e.g. vaccination programmes, is
not. In the resulting influence matrix (Fig. 1b) the darkest
row/column intersections show where environment—human
linkages may be most influential; there are 20 such pairwise
interactions.

Comparing this influence matrix with the previous one—
generated without a specific perspective—highlights differ-
ences resulting from the focus on action related to envi-
ronment-human linkages (Fig. 1a, b). For example, from
the perspective of environment—human linkages, action
to achieve affordable and clean energy (SDG 7) may have
a stronger influence on the potential to achieve less hun-
ger (SDG 2; Fig. 1b) than when all action is considered
(Fig. 1a). This is because only a subset of action towards
affordable and clean energy, such as production of biofuel
feedstocks, involves environment—human linkages and most
of these will influence the potential for achieving food secu-
rity. In contrast, the broader assessment (Fig. 1a) includes
many technological solutions, such as solar and geothermal
energy production, that may have little influence on food
security (though, in principle, any form of energy efficiency
may enhance food production), resulting in a lower influ-
ence score. Addressing environment-human linkages is
only part of the action required to make progress on health
and well-being (SDG 3), and may have less influence on
the achievement of gender equality (SDG 5) than the full
range of health-related action. In many cases the influence
scores are similar in both matrices; for example, nearly all
actions towards achieving food security (SDG 2) influence
the potential to achieve clean water and sanitation (SDG 6).

The differences in influence scores for individual row/
column intersections generate wider differences in pat-
tern between the two matrices. For example, the potential
for achieving SDGs 3, 4, 5 is in general less influenced by
actions related to environment-human linkages than by the
full suite of actions towards other SDGs (pale columns for
SDGs 3,4, 5 in Fig. 1b). Because the bulk of action directed
towards achieving the environment-focussed SDGs (13, 14,
15; Fig. 2) is environment-human linkage focussed, there is
a high degree of similarity in influence scores between the
two matrices (rows for SDGs 13, 14, 15 in Fig. 1a, b).

Discussion

This assessment emphasises the importance of the envi-
ronment, and environment—human linkages, in influencing
interactions between all SDGs. Focussing on these factors
highlights that the way we manage the environment mat-
ters for achieving the SDGs and the potential to build on
synergies and reduce trade-offs between particular SDGs.

Our assessment also shows that this potential varies among
SDG interactions.

The assessment focussed on actions, rather than on SDG
achievement, introduced above enables decision makers to
see where the choices on environmental management may
have the greatest impacts, and may also enable sectoral deci-
sion makers to seek support from environment managers for
achieving their goals.

The holistic overview of an influence matrix provides
across all 17 SDGs helps to anticipate indirect impacts,
unintended consequences, and potentially teleconnections.
This can inform integrated and more effective planning and
decision making at national (e.g. Sweden, Weitz et al. 2018)
and other scales. Insights relevant to sectoral and stakeholder
concerns can be gained by applying additional perspectives
to such an assessment, for example by focussing on specific
geographic, political or temporal scales, or on specific sec-
tors or social groups.

Several cross-cutting factors can shape both the inter-
actions between SDGs and the ways in which actions lead
to the achievement of goals. These factors need to be con-
sidered regardless of perspective, e.g. whether the focus is
on environment-human related actions, or on all actions to
achieve the SDGs. These factors include available knowl-
edge; thresholds and tipping points; stakeholder involvement
in assessment and implementation; (multi-)directionality
of interactions between SDGs; number and types of peo-
ple affected; context including governance, institutions and
power. These cross-cutting factors are part of the ‘means of
implementation’ in SDG 17 and in the 42 implementation
targets (denoted by letters) within each SDG, and interac-
tions among these should also be considered (Stafford-Smith
et al. 2017).

Our assessment of the interactions between SDGs and the
potential actions to achieve them are influenced by the state
and accessibility of knowledge on relevant issues and pro-
cesses. We based our assessment largely on scientific knowl-
edge (from natural and social sciences, and interdisciplinary
approaches) while recognising the importance of indigenous
and local knowledge as well as private sector knowledge
and innovation, although these are often less accessible. The
amount, availability, relevance and relative importance of
each of these types of knowledge differ among SDGs, and
between different locations, contexts and groups of actors.
Each knowledge type may provide different viewpoints on
appropriate courses of action and their likely outcomes for
different SDGs. Approaches that integrate knowledge from
these multiple sources may provide further insights.

Furthermore, available knowledge is (and will likely
remain) incomplete. The process of completing an influ-
ence matrix can help identify knowledge gaps, where more
research is needed, as well as identify interactions with
negligible influence where further research may be less
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important. Such matrices have been used to identify inter-
actions most sensitive to a better understanding within inte-
grated assessment models (van Vuuren et al. 2018; van Soest
et al. 2019). Knowledge gaps in the environment—human
linkages have been identified by Carpenter et al. (2009)
and in Scharlemann et al. (2016). Substantial time will be
required to develop, resource and implement programmes of
research to address knowledge gaps, and yet more to inte-
grate the results into decision-making and act on them at a
sufficient scale to make a measurable difference to estab-
lished trajectories. An “SDG Interactions Knowledge Plat-
form” as proposed by Future Earth (Nilsson et al. 2018) may
help “assembling, systematizing and aggregating knowledge
on interactions”, including evidence on what policy and
actions work in particular contexts.

One key knowledge gap concerns thresholds and tipping
points. Change in social-ecological systems may be linear
and gradual under some circumstances, but there is increas-
ing evidence that unsustainable use and other factors may
mean that thresholds are crossed, or tipping points reached,
prompting abrupt change and transition to novel states
(Scheffer 2009). Depending on the context, action to achieve
one SDG may generate a tipping point or system transition
that could dramatically affect the ability to achieve another
goal. Improved knowledge of thresholds and tipping points
would inform understanding of interactions between SDGs
and would be crucial to SDG achievement, for example,
the hypothesised Amazon forest dieback with concomitant
socio-economic impacts (Lapola et al. 2018).

Our assessments represent a view of SDG interactions
based on the knowledge and potential inherent biases of
the participants involved in the qualitative scoring of the
influence matrices. Future assessments would benefit from
more careful identification of the stakeholders and inputs
needed (Cole et al. 2007). Furthermore, drawing on quan-
titative information provided by the SDG indicators (either
at global or sub-global levels) (United Nations Department
of Economic And Social Affairs 2020) could help inform
the qualitative expert process to establish a ‘score’ for the
relationship between any two SDGs.

The influence metric used considers the absolute
strengths of potential influences, rather than their direction,
i.e. strongly positive and strongly negative influences are
both considered strong influences (and do not cancel each
other). Differences among options for action, as well as
variation across scales and contexts, mean that interactions
between SDGs may encompass both complementarity and
conflict. An alternative metric could be applied that con-
siders both positive and negative interactions and quanti-
fies strengths (e.g. scores proposed by Nilsson et al. 2016),
although positive and negative aspects cancel each other out
in this metric. Applying these complementary approaches
to explore SDG interactions could provide a more holistic
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understanding. Furthermore, none of the available influence
metrics currently capture uncertainty in the strength or in the
direction of interactions.

The scale of implementation determines the number and
types of people affected and consequently the potential out-
comes for other SDGs. For example, some action towards an
SDG may result in trade-offs at a local scale while contribut-
ing to progress at larger scales.

Like a scale, other aspects of the context for SDG-related
action also affect interactions between SDGs and the ways
in which actions lead to goal achievement. Governance, the
process through which individuals and institutions, pub-
lic and private, depend on and interact with each other for
decision-making across sectors and institutional scales, plays
a crucial role in SDG interactions and SDG achievement.
For a holistic assessment, we included interactions at goal
level for 16 SDGs, resulting in 240 goal by goal interactions,
while also considering targets within goals when scoring the
influence metric. For a more in-depth assessment target by
target interactions could be assessed, resulting in 28,392 (or
11,342) interactions when all 169 (or 107 substantive) tar-
gets are being included. Such assessment would require sub-
stantial resources, although machine learning or text analysis
tools could help screen for most relevant interactions.

Interactions will not only occur between two SDGs, but
can also be three-, four-, and theoretically up to 17-way. For
example, action on energy (SDG 7) directly impacts food
production (SDG 2) through direct competition for land, and
also through emissions affecting climate change (SDG 13),
and strategies for combatting climate change in turn impact
food production (SDG 2). However, focussing on two-way
interactions provides a tractable way to begin to understand
this complexity.

Potential ways forward in addressing the interlinked
challenges of the SDGs

Despite these limitations, the influence matrix provides valu-
able insight on the interlinked challenges of taking action
towards SDG achievement, and how they vary with per-
spective. To focus on quantitative outcomes and/or identify
opportunities for decision making, other approaches may be
more appropriate. Several emerging approaches, practices,
and research communities can then help tackle the identified
challenges, either in concert or singly, and support decision
making. We present several such approaches below ranging
from more qualitative to more quantitative.

The ‘pathways approach’ aims to guide thinking and
action around sustainability challenges by framing any
given issue in terms of complex, dynamic and interacting
socio-ecological systems that can change along various
potential pathways (Leach et al. 2007). Pathway framings
by stakeholders will lead to different narratives about the
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same system and ultimately different decisions and actions.
Recognising that framings and pathways of powerful actors
and institutions can become the dominant approach for
channelling action, the ‘pathways approach’ aims to include
non-obvious pathways or those currently blocked by local
circumstance (Leach et al. 2007). By considering multiple
framings, pathways towards more plural and dynamic sus-
tainable systems are likely to emerge.

Transition management aims to facilitate and accelerate
transitions towards sustainability by bringing together multi-
ple viewpoints and approaches. Shared visions are developed
to address problems with current systems, and strategies
implemented as an experiment to encourage adaptive learn-
ing and policymaking (Loorbach 2010). Such an approach
is being trialled in the Netherlands to address sustainable
development (Loorbach 2010). An influence matrix could
be used in policy planning, or to scan for policy options in
a transdisciplinary scenario analysis to help identify how
certain policies may affect the achievement of SDGs.

Integrated systems-thinking can help navigate social-
ecological complexity and transcend disciplinary bounda-
ries. Leverage points are system properties where a small
shift can lead to fundamental changes in the system as a
whole (Meadows 1999). These points can be used to target
interventions that address ultimate causes of or barriers to
sustainability, rather than just tackling feedbacks (interac-
tions between elements of systems) or parameters (character-
istics or physical elements of systems) (Abson et al. 2017).
Three interacting realms of leverage have been proposed for
sustainability transformation: (1) the role of institutions; (2)
people’s connections to nature and their influences on sus-
tainability outcomes; and (3) knowledge production and use
in transformational processes (Abson et al. 2017).

To cope and adapt to change, people often rely on tra-
ditional and local knowledge, cultural values and custom-
ary institutions, which can contribute to integrated solu-
tions needed to effect transformational change (UNSAB
2016). For example, indigenous peoples’ context-specific
knowledge supports communities to develop and success-
fully implement sustainable land management (Mistry and
Berardi 2016) and enhances ecosystem management for
human wellbeing (Tengd et al. 2014). Recognition, protec-
tion and promotion of indigenous and local knowledge can
strengthen economic, environmental, social and cultural
resilience within societies, and form the knowledge base for
addressing critical sustainability problems (UNSAB 2016).

Integrated environmental assessments critically evalu-
ate knowledge on a particular topic and identify response
options by bringing together experts from different disci-
plines (Ash et al. 2010; UNEP 2010). The process itself is
also of value, as it provides an opportunity for increased
engagement among experts, decision-makers and other
stakeholders long before the final assessment products are

produced (Ash et al. 2010). Examples include the UNEP’s
Global Environment Outlook (UNEP 2010), Millennium
Ecosystem Assessment (MA 2005), assessment reports
by the Intergovernmental Panel on Climate Change (IPCC
2014), and Intergovernmental Platform on Biodiversity and
Ecosystem Services (IPBES 2019).

Integrated assessment models, qualitative or quantitative
descriptions of key components of a system and the func-
tional relationships between them, can help guide under-
standing of complex and long-term issues, and of impacts
of policy options. Together with scenarios (representations
of possible futures for one or more components of a system),
these models are often embedded in assessments (see above)
to help inform policy and decision-making (IPBES 2016).
Examples include climate change and pollution models,
and more recently, multiple integrated models (overview in
IPBES 2016) as well as a model that addresses SDG inter-
actions (Millennium Institute 2017). Developing integrated
models to assess all SDGs and their interactions will likely
require linking and harmonising models across multiple
domains, which is challenging (Cheung et al. 2016) as not
all SDGs are well represented within integrated assessment
models (van Vuuren et al. 2018; van Soest et al. 2019).

Conclusions

We have demonstrated that environment—human linkages
affect outcomes of the vast majority of SDG interactions.
This means that the environment needs to be considered in
national and other efforts to achieve all SDGs, and these
considerations should inform the CBD’s post-2020 agenda
and national commitments under the Paris agreement.

The influence matrix method could be applied to guide
both implementations of existing policies, such as national
legislation and commitments, and development and subse-
quent implementation of new policies, such as the CBD’s
post-2020 global biodiversity framework (CBD 2020). As
the development of the multiple targets of the framework
progresses, the influence matrix method could be used to
assess interactions among targets and internal coherence
of the developing framework. It could also help evaluate
and adjust the framework to meet the declared need for it to
complement and support SDG implementation. Taking an
action-focused approach to this kind of assessment increases
its utility for supporting decision making. In practice, deci-
sions are being made at national, subnational or corporate
scales (focussing largely on current issues) by individuals
with existing sectoral perspectives. To help them consider
the potential influences of their decisions on other sectors
and objectives, approaches that make additional perspec-
tives explicit are needed. Applying perspective to an influ-
ence matrix is one helpful approach. However, an influence
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matrix is only one of several essential steps to prioritise
action towards the achievement of policy goals. Prioritisa-
tion of action requires an iterative, participatory process that
considers cross-cutting factors.

Given the timeframes for SDG achievement and the
international environmental policy developments in 2020,
developing and acting on a more in-depth understanding
of the role of the environment in synergies and trade-offs
between SDGs is urgent. Doing so could also help identify
where and which environmental safeguards need to be put
in place to reduce the risk that efforts to achieve all SDGs
may have intended or unintended adverse environmental
consequences.
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