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Abstract

The 2020s are an essential decade for achieving the 2030 Agenda and its Sustainable
Development Goals (SDGs). For this, SDG research needs to provide evidence that
can be translated into concrete actions. However, studies use different SDG data,
resulting in incomparable findings. Researchers primarily use SDG databases provided
by the United Nations (UN), the World Bank Group (WBG), and the Bertelsmann
Stiftung & Sustainable Development Solutions Network (BE-SDSN). We compile
these databases into one unified SDG database and examine the effects of the data
selection on our understanding of SDG interactions. Among the databases, we
observed more different than similar SDG interactions. Differences in synergies and
trade-offs mainly occur for SDGs that are environmentally oriented. Due to the
increased data availability, the unified SDG database offers a more nuanced and
reliable view of SDG interactions. Thus, the SDG data selection may lead to diverse

findings, fostering actions that might neglect or exacerbate trade-offs.
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science, policy, and society, SDG research needs to provide sound

evidence to ensure that scientific outcomes are translated into con-

The 2020s are a critical decade for achieving the 2030 Agenda and
thus for transforming our world towards a more sustainable one. To
measure the agenda's progress, the United Nations (UN) adopted
17 Sustainable Development Goals (SDGs) and 169 targets in 2015.
Five years into its implementation, however, no country is on track in
meeting the SDGs until 2030 (Sachs et al., 2020). Additionally, the
COVID-19 pandemic has also negatively impacted most SDGs
(Pradhan et al., 2021). The global SDG research community continues
to address this challenge by finding evidence-based guidance for
policymakers and stakeholders to develop and implement the strate-

gies needed to achieve the SDGs. To foster exchanges between

crete and practical actions.

Currently, SDG-related publications have reached a staggering
4.1 million articles, presenting both opportunities and challenges for
global SDG research (Elsevier, 2020). Science-based approaches in
SDG research range from qualitative, static-, to dynamic-quantitative
methods applied at different scopes, ranging from sector- or goal-
specific to integrated ones and from local to global scales (Allen
et al., 2021). Since SDGs are a system of interacting components
rather than just a collection of goals, targets, and indicators
(Pradhan, 2019), SDG research, however, needs to go beyond one
approach and scale. Within the SDG system, synergies and trade-offs
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need to be disentangled to support decision-making and prioritizing
actions. Proving this support requires, for example, the identification
of positive or negative multiplication effects within the system (Pham-
Truffert et al., 2020), of nonlinear SDG interactions that can trigger
rapid progress with minimal investments (Warchold et al., 2021), or of
entry points to support the SDG system, such as climate initiatives
(Coenen et al., 2021). Consequently, SDG decision-making should not
just be normative but also evidence-based to ensure efficient
resource utilization. In this sense, data holds the potential to support
and inform actions toward realizing the SDGs, but also great potential
to marginalize or misinform about SDGs' progress.

Quantitative SDG research primarily uses databases provided by
the United Nations, the World Bank Group (WBG), and the
Bertelsmann Stiftung & Sustainable Development Solutions Network
(BE-SDSN) at a global scale. For example, Pradhan et al. (2017),
Warchold et al. (2021), and Anderson et al. (2021) used the UN data
for a holistic quantification of SDG interactions. Kroll et al. (2021) and
Asadikia et al. (2021) statistically investigated SDG interactions using
data from the BE-SDSN. Lusseau and Mancini (2019) and Laumann
et al. (2020) estimated the system of SDG interactions using the WBG
data. Further, some SDG research does not apply any of those data-
bases but instead simplifies the complexity of the SDGs by using at
least one indicator per SDGs based on different sources or own model
results (Jagermeyr et al, 2017; Mainali et al., 2018; Obersteiner
et al., 2016; Zhang et al., 2022). Comparing the findings of those stud-
ies show similar but also different results. For example, Pradhan
et al. (2017) detect SDG 8 and 12 being the goals most commonly
associated with trade-offs. Contrarily, the results by Laumann
et al. (2020) evince that economic growth, and by Asadikia et al. (2021)
that responsible consumption, do not play such a central role for sus-
tainable development compared to other SDGs. Miola and
Schiltz (2019) compared existing SDGs performance tools using the
same set of indicators for EU member states. They detected differ-
ences in the tools, where the selection of indicators and methods
applied led to substantially different relative evaluations of the SDGs.
We go beyond evaluating single SDG performances and apply the
same statistical method to measure SDG interactions holistically using
different databases. The question, therefore, arises as to whether the
data selection is the cause of the differences in results, which would
make it difficult to compare SDG-related articles and their policy
implications. This aspect already emphasizes the importance of a uni-
fied SDG framework and database to obtain comparable results
(Miola & Schiltz, 2019; Warchold et al., 2021).

To assess how the selection of SDG data matters, we apply a
temporal correlation analysis to investigate synergies and trade-offs
within and across SDGs at the global, income, and regional scales, and
evaluate the corresponding results. Further, this study provides the
first framework to unify SDG databases. Based on these analyses, we
showed the strengths and limitations of each of the databases and
similarities and differences among them. Additionally, we investigated
variations among the databases by developing simple SDG networks
to identify the most connected goals and targets based on the

results from the correlation analyses. Both approaches enable the

identification of SDG goals and targets that are synergistic or imped-
ing in the achievement of the 2030 Agenda.

2 | DATA AND METHODOLOGY

21 | SDG monitoring frameworks and databases
Indicators monitor progress, develop implementation strategies, and
manage resource allocations for achieving the 2030 Agenda. The UN,
the WBG, and the BE-SDSN currently provide global SDG frame-
works and corresponding databases widely used by scientists,
policymakers, and practitioners. Those SDG frameworks try to cover
the multidimensional aspects of sustainable development and are
translated into SDG indicators. Here, we provided a brief description
of these databases, which are elaborated in Text S1.

Together with national statistical offices, the Inter-agency and
Expert Group on SDG Indicators (IAEG-SDGs) develops methodologies
and compiles data for SDG indicators, which they submit to the UN Sta-
tistics to generate the Global SDG Indicators database (United Nations
Statistics Division, 2020). We refer to this database as the UN database.
Currently, the UN database provides data on 192 SDG indicators for a
total of 258 countries and areas between 1967 and 2020 (download
August 20, 2020) (United Nations Statistics Division, 2020). For almost
every indicator, the UN database provides sub-indicators, which further
are disaggregated. This data disaggregation considers demographic fac-
tors (e.g., gender, age group, or rural-urban) but also nondemographic
factors (e.g., cities, sectors, or products) (Data S1). We refer to those dis-
aggregated UN SDG sub-indicators as UN indicator data.

The WBG extracted relevant indicators from their premier data
compilation, the World Development Indicators (WDI), and reorganized
them according to the goals and targets of the 2030 Agenda. We will
refer to it as the WBG database. Several of the WBG indicators are
also disaggregated by demographic and nondemographic factors. To
get a comparable foundation and terminology, we will refer to the
WABG disaggregated indicators as WBG indicator data. Currently, the
WBG database offers 371 indicator data for a total of 215 countries
and areas between 1990 and 2019 (download August 6, 2020) (World
Bank Group, 2020a).

The BE-SDSN also outlined how a comprehensive SDG indicator
framework and associated monitoring systems might be established
to support the goals and targets of the 2030 Agenda (Sustainable
Development Solutions Network, 2015). The BE-SDSN provide open
access SDG data, which we refer to as the BE-SDSN database. These
indicators, however, are only mapped to the 2030 Agenda at the goal
level. The BE-SDSN framework consists of 114 indicators with
85 global indicators and 29 indicators added specifically for OECD
countries. Despite none of those 114 indicators being disaggregated,
we use the same terminology as for the UN and WBG and refer to
them as BE-SDSN indicator data. The published BE-SDSN database
from 2020 offered data for 85 indicator data for a total of 193 coun-
tries between the years 2000 and 2020 (download August 3, 2020)
(Sachs et al., 2020).
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2.2 | Establishment of unified SDG database

We conducted three steps to merge the UN, WBG, and BE-SDSN data-
bases into one unified SDG database (abbreviated unified database). First,
we consider the lowest common denominator of years—2000 to 2019—as
a comparison period. The Millennium Development Goals (MDGs), which
served as the data foundation for several SDGs, were adopted in 2000.
Therefore, we choose 2000 as the first year for the database.

In a second step, we assigned the UN, WBG, and BE-SDSN indi-
cator data to the officially adopted global SDG indicator framework,
that is, the 17 SDGs and 169 targets. Since the UN database is fully
built around that framework, no adjustments were needed. The WBG
database consists of indicator data, which are already assigned to the
target level. We took over those target assignments and allocated
WBG indicator data to either similar UN indicator data or added them
as additional indicators to cover the target. The allocation of WBG to
UN indicator data occurs if both indicator data had the same or
showed close resemblances in the description. If the description was
similar, but the unit differs, we assigned both indicator data to cover
the target. We particularly focused on disaggregated data while merg-
ing the UN and WBG frameworks. Despite the UN disaggregating
data more frequently, disaggregated WBG data still supplement the
unified SDG framework. To merge the BE-SDSN indicator data to the
unified SDG framework, we first individually assigned all 85 indicators
to the SDG target level. Subsequently, we decided per target whether
the BE-SDSN indicator data is similar or resembles already allocated
UN or WBG indicator data. If all three showed similar descriptions
with the same meaning and the same unit, we allocated them as one
indicator data to cover the target within the unified SDG framework.
However, most BE-SDSN indicators do not overlap with the indica-
tors of the other databases but present additional measurements to
cover SDG targets and supplement the unified SDG framework.

In the third step, we decided on a unique list of indicator data for
the unified database (Data S1). We reviewed each of the 169 targets
and the assigned indicator data from the UN, WBG, and BE-SDSN to
maximize the number of usable indicators. If indicator data were over-
lapping (Table S1), meaning UN, WBG, or BE-SDSN provide data for
the indicator, we choose the database with the highest data availabil-
ity over time and space. Our criteria for the data availability is the
number of data points—the amount of available values for the respec-
tive indicator for all countries over the years (Data S1 lists the exact
amount of data points per indicator data). If the amount of data points
were the same, we preferred the UN data.

2.3 | Statistical analysis of SDG interactions at
different scales

For the comparison of the SDG interactions, our methodological
approach is twofold. First, we use the statistical method introduced
by Pradhan et al. (2017) to explore synergies and trade-offs among
SDGs based on (anti)correlations. Accordingly, we apply a temporal

analysis, measuring correlations between a pair of indicator data for

each country. We measure the Spearman's ranked correlation coeffi-
cient (p) between at least eight paired observations (representing indi-
cator data values for one country for at least 8 years) (Interstate
Technology & Regulatory Council, 2013). These indicator data pairs
can belong to the same SDG or two distinct SDGs. Some indicator
data are measured by so-called dummy variables (also known as the
Boolean indicator or binary variable). Those indicators consist of
numerical values either being O or 1 to indicate the absence or pres-
ence of categorical effects. We exclude these indicator data from our
analysis because of the bias for the statistical analysis.

The coefficient value p is multiplied by the relation's direction: a
positive sign refers to indicators that are desirable to increase and a
negative sign to those indicators that need a decline for meeting the
2030 Agenda. Based on the resulting coefficient's sign and value, we
define synergies and trade-offs. A plus sign indicates a positive relation
(synergy), and a minus sign indicates a negative one (trade-off). To
avoid over-interpretation of correlation (Hauke & Kossowski, 2011), we
implement thresholds while defining synergies and trade-offs. We
define SDG interactions with pe€(0.5,1] as “synergies,” with
p€[—0.5,0.5] as “not-classifieds,” and with p € [-1,-0.5) as “trade-
offs” (Smarandache, 2016; Warchold et al., 2021).

For comparing the UN, WBG, BE-SDSN, and unified databases,
we analyze SDG interactions at the global, income, and regional
scales. The World Bank Atlas categorizes countries based on their
income into low-income countries (LIC), lower-middle-income coun-
tries (LMIC), upper-middle-income countries (UMIC) and high-income
countries (HIC) (Figure S1) (World Bank Group, 2020b). We use this
grouping to investigate how a country's macroeconomic context influ-
ence SDG interactions based on different databases. Since SDG inter-
actions could also vary due to different country's social and
environmental factors, we investigate SDG interactions based on
world regions. We summarize countries into four world regions based
on the United Nations Regional Groups (United Nations, 2020): West-
ern World, Latin America, Asia-Pacific, and Africa (Figure S2).

By capturing SDG synergies and trade-offs at global, income, and
regional scales, we further distinguish similarities and differences
among the SDG databases. At the global scale, we distinguish the top
10 SDG pairs with similarities and differences in SDG interactions
among SDG databases. Considering income groups and regions, the
four databases do not provide consistent data for the 153 SDG pairs
(binomial coefficient of 17 SDGs, Table S2). For a reasonable compari-
son of similarities and differences across the income-based and
regional SDG interactions, we only choose SDG pairs having indicator
data across all four databases. The amount of available SDG pairs for
the income and regional groups varies significantly across the data-
bases. Due to the reduced data availability and, therefore, comparable
SDG pairs at income and regional scales, we only distinguish the top
five SDG pairs with similarities and differences in SDG interactions
among the SDG databases. In terms of similarities, we define an SDG
pair as a top pair if it exhibits the highest shares of synergies or trade-
offs for all four SDG databases. For differences, we consider an SDG
pair as a top pair when it has the highest range of synergies (Rs) or
trade-offs (Ry) across the databases, that is, Rs > 50% or Ry > 30%.
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Availability/databases® UN WBG
Time span (least common denominator) 2000-2019
Countries (and areas) 248 215
Goals 17 17
Targets 135 75
Indicators 181 -
Disaggregation level 29 9
Total indicator data“ 2317 366

BE-SDSN Unified TABLE 1 Sustalna.ble Pevelopment
Goals (SDGs) data availability provided
by the United Nations (UN) (United

193 255 Nations Statistics Division, 2020), the

17 17 World Bank Group (WBG) (World Bank
& Group, 2020a), the Bertelsmann Stiftung
49 143

& Sustainable Development Solutions
- Network (BE-SDSN) (Sachs et al., 2020)
23 in August 2020 in comparison to a
85 2584 unified database

Note: The 17 goals, 169 targets, and 243 indicators are according to the Interagency and Expert Group

on SDG indicators (IAEG-SDGs) official global SDG indicator framework.

®The SDG data for the UN was downloaded on August 20, 2020, for the WBG on August 6, 2020, and

for the BE-SDSN on August 8, 2020.
PWe assigned the BE-SDSN indicators to related SDG targets.
“We referred to disaggregated SDG indicators as indicator data.

Second, we apply network analysis based on the correlation anal-
ysis results, namely the share of synergistic and impeding SDG inter-
actions instead of the absolute values. The method adopted in this
paper is an extension of the approach proposed by Putra et al. (2020)
and Lusseau and Mancini (2019). We generate the network of interac-
tions at two scales: among the 169 SDG targets and the 17 SDGs. By
creating networks, we identify the most positively and negatively con-
nected goals and targets in the SDG system for each of the four data-
bases. Based on these networks, we can visualize the interactions and
assess the role of components within the system. In general, a net-
work structure consists of a set of nodes, either goals or targets and a
set of edges, which are the connection between the nodes based on
the correlation.

To simplify the network structure and focus more on the signifi-
cance of nodes in the networks, we assigned three conditions for
defining goal and target networks. First, we excluded target connec-
tions with a low amount of indicator data pairs (<20) to cover more
connected targets in the networks and to represent global phenom-
ena. Since the goal network aggregates the target network, we con-
sidered all goal connections. Second, we apply thresholds for the
edges representing synergistic or impeding interactions between the
nodes. We did not include edges with shares (s) in synergies (ss) or
trade-offs (s7) with s < 30%. This enables us to distinguish structurally
connected nodes within the goal and target networks. Third, we cal-
culate the eigenvector centrality of nodes to assess their significance
in the network based on the transitive influence of nodes. A high
eigenvector value indicates that a node is connected to many nodes,

which themselves have high scores.

3 | RESULTS

3.1 | Comparison of SDG databases

The three SDG databases have their strengths and limitation in cover-
ing the 2030 Agenda (Table 1). Although there are similarities
between the databases, the degree of differences outweighs them,

and thus they complement each other. However, complete indicator
data time-series are not available for all time steps and countries. The
UN database provides data for the highest number of countries and
areas over time. However, the data availability varies significantly
across regions and time. The same holds for the WBG database. To
minimize biases from missing data, the BE-SDSN only includes coun-
tries that have data for at least 80% of the indicators across time
(Sachs et al., 2020). For that reason, the BE-SDSN database provides
the lowest number of countries but offers the most consistent time-
series.

The amount of indicator data per target and goal varies signifi-
cantly across the three databases (Table S3, Data S1). BE-SDSN use a
mix of official and nonofficial data sources, including model-based
estimates, to fill data gaps and reduce time lags in official statistics.
Therefore, all BE-SDSN indicator data have an established method-
ology and good data coverage over time and space. The data cover-
age tends to be better for socioeconomic goals such as SDG 2, 3,
4, and 9, whereas data availability to monitor SDG 10 and 13 is rel-
atively low. Despite defining a few SDG 12 indicators, BE-SDSN
provides no downloadable data for this goal. However, BE-SDSN
contributes some unique indicator data on environmental aspects
(SDG 13-15). For example, the BE-SDSN database measures
energy-related CO, emissions and those embodied in imports (Tar-
get 13.2). The WBG database has similar characteristics. Here,
SDGs related to socio-economic aspects have the largest number
of indicators, like SDG 4. SDG 13 and 14 have the smallest number
of indicator data. Even so, the WBG database provides a unique
environmental focus on, for example, overfishing (Target 14.4) and
biodiversity (Target 15.5).

Compared to the WBG and BE-SDSN databases, the UN data-
base's amount of indicator data is many times larger, covering two to
three times as many targets. Although SDG 17 has the highest num-
ber of targets, the amount of indicator data is largest for SDG 4. One
reason for the high number of UN indicator data is the high level of
disaggregation within the SDGs. By contrast, SDG 7 and 13 have the
lowest number of targets and the smallest number of UN indicator
data. Still, the UN database considers 29 different levels of
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Not-classified

Trade—off

Top ten Sustainable Development Goal (SDG) pairs with similarities (a) and differences (b) in interactions based on the four

databases—the United Nations (UN), World Bank Group (WBG), Bertelsmann Stiftung & Sustainable Development Solutions Network (BE-SDSN),
and unified—globally. The color bar represents the synergies (blue), not-classifieds (yellow) and trade-offs (red). The numbers in the boxes
represents the number of data pairs used for the analysis. The numbers in left hand side of the figures represents the SDG pairs [Colour figure

can be viewed at wileyonlinelibrary.com]

disaggregation and provides the most distinct view on demographic
and nondemographic factors. The WBG database offers nine diverse
levels of disaggregation with some overlaps with the UN database but
also consists of unique disaggregation into specific types of species
(Target 15.5), industries (Target 6.4, 8.2), and target values (Tar-
get 11.6).

Our unified database offers more indicator data, covering more
targets across more countries than the other three SDG databases
(Tables 1, S2-S4, and Data S1). The unified database consists of a
unique list of 2584 indicator data for 255 countries and areas
between 2000 and 2019. Even if the indicator data increase does not
seem much, the amount of available data pairs did increase drastically,
especially for income and regional groups (Table S1). Our database
provides a comparable number of indicator data per target with a
more consistent data disaggregation. Still, this database provides no
data for 26 targets, mainly associated with SDG 11 to 17 (Data S1).
Both, the unified SDG framework (Data S1) and the unified SDG data-
base (Data S2), are provided in the Supporting Information.

3.2 | Global SDG interactions

At the global scale, we observe similarities and differences in SDG
interactions while considering the four databases (Figures S3-S6,
Data S3 and S4). On average, synergistic interactions always outweigh
impeding ones regardless of the data selection (Table S5). Instead of
explaining details on interactions for each SDG pair, we highlight the
top 10 SDG pairs with similarities and differences in SDG synergies
and trade-offs among the four databases (Figure 1). Mainly, we com-
pare the interactions based on the UN, WBG, and BE-SDSN data-
bases, as they show more extreme variations.

The top 10 SDG pairs with similarities in synergies and trade-offs
have some resemblances. These pairs have similar shares of synergies
or trade-offs among all databases, that is, shares of synergies greater
than 40% or trade-offs greater than 20%. We observe similarities, par-
ticularly for those SDGs that are social- and economically-oriented,
with a higher number of indicator data, and that have, therefore, more

consistent data over time and space. Within these top 10 pairs with
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similarities, SDG 3, 6, and 7 appear four times each (Figure 1A, left)
due to similar indicator data for these goals across all four SDG data-
bases (Data S1). For example, all databases consist of indicators on
mortality rates and diseases (Target 3.1, 3.2, 3.3, 3.4), safely managed
drinking water and sanitation and freshwater withdrawal (Target 6.1,
6.2, 6.4), and access to clean energy, renewable energy shares, and
energy intensity (Target 7.1, 7.2, 7.3). Interactions within SDG 3, 6,
and 7 exhibit broad compatibility of indicators, where one indicator's
progress is associated with the fulfillment of another one in the same
goal. We also observe the inter-goal synergistic interactions of these
SDGs reflected by them recurring within the top 10 SDG pairs. Energy
access (Target 7.1) powers medical facilities (Target 3.1-3.4) and
strengthens water treatments and distribution systems (Target 6.1,
6.2) (UN-Water, 2016). This improved access to safe water and
hygiene services (Target 6.1, 6.2) is beneficial for homes, healthcare
facilities, and schools, which directly support a number of targets on
nutrition and health (Target 2.2, 3.1-3.3, 3.9), education (Target 4.1-
4.3), and gender equality (Target 4.5, 5.2, 5.5). Reducing inequality in
energy- and water-related infrastructures (SDG 6, 7) and access to
healthcare (SDG 3) leads to synergies with other goals, regardless of
data selection.

Contrarily, SDG 8 appears in five of the top 10 SDG pairs with simi-
larities in trade-offs (Figure 1A, right). All four databases provide similar
indicator data on (un-)employment rates (Target 8.2, 8.3, 8.5, 8.6) and on
bank account ownership (Target 8.10). The top impeding SDG interac-
tions among all four SDG databases is between SDG 6 and 8, with shares
between 20% and 30%. For example, the sustainment of per capita eco-
nomic growth (Target 8.2) impedes the water-use efficiency and fresh-
water withdrawal (Target 6.4) through excessive use of resources (UN-
Water, 2016) and increases adverse environmental impacts (SDG 14 and
15). However, an adequate and reliable supply of water (Target 6.1, 6.4)
is essential for many economic activities (SDG 8). Further, targets related
to increasing economic or agricultural productivity, industrialization,
expansion of infrastructure, and urbanization (SDG 2, 7-9), if not sustain-
ably implemented, negatively impact the use of natural resources and
therewith primarily results in trade-offs with environmental-related tar-
gets (SDG 6, 14, and 15). These recurring trade-offs among SDG 2, 6,
7,8, 9, 14, and 15 in all four databases reflect a chain of impeding inter-
actions independent of the data selection. These interactions emphasize
that achieving sustainable management and efficient use of natural
resources requires transformation on how energy and manufacturing
systems use natural resources to minimize their adverse impacts (Fuso
Nerini et al., 2018).

We further depict the top 10 SDG pairs with differences in syner-
gies and trade-offs across all four databases globally (Figure 1B). The
share of synergies ranges from 43% to 53% among the databases in
the top 10 SDG pairs with differences in synergies. We observe the
highest difference in synergistic shares between the UN and the
WBG database. Results obtained from the WBG database show high
synergistic shares for SDG pairs 5 and 11; 6 and 11; and 7 and
11, whereas for the UN database, those are not-classified. Ensuring
access to safe and affordable housing (Target 11.1) can increase secu-

rity and safety, especially for women (Target 5.1-5.5), improve access

to adequate sanitation and clean drinking water (Target 6.1, 6.2), as
well as access to electricity and clean fuels and technologies for
cooking (Target 7.1). The WBG database not only consists of indica-
tors on the population living in slums (like the UN) but also on the
urban population. We observe high shares of synergies for these indi-
cators with the above-mentioned targets. Additionally, the WBG, in
comparison to the UN, provides detailed data on the proportion of
population exposed to air pollution (Target 11.6). A primary risk factor
for deaths is the use of solid fuels for cooking (Target 7.1), which cau-
ses indoor air pollution (Target 11.6). To avoid this form of pollution,
households should switch from traditional cooking and heating
methods towards more modern and cleaner practices (Ritchie &
Roser, 2019).

Contrarily, results obtained from the UN database show high syn-
ergistic shares for SDG pairs 3 and 14; 4 and 14; 7 and 14; and
14 and 15, whereas for the WBG database, those are rather not-
classified or exhibit higher shares in trade-offs. The WBG database
only consists of indicators for Target 14.4 and 14.5, while the UN
database offers data for Target 14.3, 14.5, 14.6, 14.a, and 14.b. For
example, we detect high synergistic interactions between an increas-
ing allocation of renewable resources (Target 7.2) and reduced marine
acidity level (Target 14.3) based on UN data. Ocean acidity has
increased about 25% from preindustrial times to the early 21st cen-
tury, a pace faster than any known in Earth's geologic past (U.S. Envi-
ronmental Protection Agency, 2019). The global adoption of
renewable energies to power human activity reduces emissions of car-
bon dioxide and other acid-forming compounds and, therefore, con-
tributes to acidification (U.S. Environmental Protection Agency, 2019).

The interaction between SDG 1 and 1 is in the top ten pairs for
similarities (approx. ss >45% across all databases) and differences in
synergies. This is because the range in synergies (Rs) simultaneously
exceeds due to the high shares of synergies based on the BE-SDSN
database (ss > 97%) our threshold of detecting differences in synergies
(Rs > 50%). The same logic applies for SDG pair 6 and 6 with similari-
ties in synergies but also differences in trade-offs. Among the top
10 SDG pairs with differences in impeding interactions, the shares of
trade-offs range between 32% and 50%. We observe these large differ-
ences for goals related to lives below water (SDG 14) and on land (SDG
15) (Figure 1B, right). One reason behind this observation is the diverse
indicator data for SDG 14 and 15, which also holds for SDG 10 and
11 (Data S1). SDG pairs 7 and 14, 7 and 15, 11 and 14, and 11 and
15 indicate impeding interactions based on the WBG database, which
are rather not-classified for other databases. Energy systems can impact
marine and terrestrial ecosystems. For example, unsustainably managed
energy services can drive local pollution, ocean acidification, ecosystem
loss and degradation associated with the use of fuelwood, or competi-
tion for space with energy infrastructure (Fuso Nerini et al., 2018). The
SDG pairs 10 and 14, 10 and 15, 14 and 16, and 15 and 16 exhibit
trade-offs with shares greater than 50% based on the UN data but sig-
nificantly lower shares based on the other databases. Despite biodiver-
sity on land and oceans bears a tremendous potential to mitigate climate
change and benefits our society and economy (Cardinale et al., 2012),
we detect many trade-offs in regards to SDG 14 and 15. This finding
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FIGURE 2 Top five Sustainable Development Goal (SDG) pairs with similarities (a,c) and differences (b,d) in interactions based on the four
databases—the United Nations (UN), World Bank Group (WBG), Bertelsmann Stiftung & Sustainable Development Solutions Network (BE-SDSN),
and unified—for high-income (a,b) and low-income (c,d) countries. The color bar represents the synergies (blue), not-classifieds (yellow) and trade-
offs (red). The numbers in the boxes represents the number of data pairs used for the analysis. The numbers in left-hand side of the figures
represents the SDG pairs [Colour figure can be viewed at wileyonlinelibrary.com]

highlights that the current development path negatively impacts biodi-

versity in the name of societal well-beings and economic growth. There-

for