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Abstract

To fulfill the 2030 Agenda, the complexity of sustainable development goal (SDG)

interactions needs to be disentangled. However, this understanding is currently lim-

ited. We conduct a cross-sectional correlational analysis for 2016 to understand SDG

interactions under the entire development spectrum. We apply several correlation

methods to classify the interaction as synergy or trade-off and characterize them

according to their monotony and linearity. Simultaneously, we analyze SDG interac-

tions considering population, location, income, and regional groups. Our findings

highlight that synergies always outweigh trade-offs and linear outweigh non-linear

interactions. SDG 1, 5, and 6 are associated with linear synergies, SDG 3, and 7 with

non-linear synergies. SDG interactions vary according to a country's income and

region along with the gender, age, and location of its population. In summary, to

achieve the 2030 Agenda the detected interactions and inequalities across countries

need be tracked and leveraged to “leave no one behind.”
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1 | INTRODUCTION

The 2030 Agenda for sustainable development constitutes a 15 years

global framework to end poverty, protect the planet, and ensure pros-

perity for all countries—“leaving no one behind.” This holistic frame-

work is centered on a set of 17 sustainable development goals (SDGs)

and 169 targets, including individual indicators, to monitor progress

on the economic, social, and environmental dimensions (UN General

Assembly, 2015). A harmonious development along these three sus-

tainability dimensions will depend on the understanding of SDG inter-

actions (Nilsson, Griggs, & Visbeck, 2016; Pradhan, Luís, Diego,

Wolfgang, & Kropp, 2017). Therefore, we need to look at SDGs as a

system of interacting components rather than just a collection of

goals, targets, and indicators (Pradhan, 2019). Table 1 lists all SDGs

and their full titles.

Multiple studies qualitatively examine SDG interactions, character-

izing them as either synergies or trade-offs, often focusing on specific

goals. For instance, several studies investigate interactions of SDG

6 across the 2030 Agenda (Milan, 2017; UN-Water, 2016; Velis, Conti,

& Biermann, 2017) and others emphasize cross-cutting effects of

“Good health and well-being” [SDG 3] (Bangert, Molyneux, Lindsay,

Fitzpatrick, & Engels, 2017; Tangcharoensathien, Mills, & Palu, 2015).

Similarly, Fuso Nerini et al. (2018) mapped synergies and trade-offs

between SDG 7 and all other 16 goals from a global perspective.

Weitz, Carlsen, Nilsson, and Skånberg (2018) conducted a qualitative

case study of Sweden to illustrate priority setting for SDG implementa-

tion. Ronzon and Sanjuán (2020) analyzed quantitatively bioeconomy-

related SDG interactions at the EU level for better policy coherence.

Understanding possible impeding as well as synergistic relations

between SDGs is crucial for achieving the 2030 Agenda. For this, a
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holistic approach exploring the characteristics of SDG interactions is

essential. In this context, several researchers address the holistic

approach by using network analyses (Lusseau & Mancini, 2019; Pham-

Truffert, Metz, Fischer, Rueff, & Messerli, 2020; Putra, Pradhan, &

Kropp, 2020). Further works combined qualitative and quantitative

modeling to detect SDG interactions (Neumann, Anderson, & Denich,

2018; Scherer et al., 2018; Tremblay, Fortier, Boucher, Riffon, &

Villeneuve, 2020). Pradhan et al. (2017) provided the first quantification

of synergies and trade-offs within and across SDGs by applying a data-

driven longitudinal correlation analysis, accounting for all countries.

Kroll, Warchold, and Pradhan (2019) projected SDG interactions until

2030, applying a cross-sectional approach. However, their work is

based on the SDG index database, which is limited in the data availabil-

ity and not linked to the officially adopted SDG Framework by the

UN. Therefore, a holistic quantification of SDG interactions and

their different characteristics at divers levels of disaggregation

(e.g., population, income, and regional groups) is still missing.

Our study fills the highlighted research gap by applying a cross-

sectional correlation analysis based on the official Global SDG Indicators

Database for a holistic quantification of SDG interactions at divers levels

of disaggregation. Based on this analysis, we can, on the one hand,

observe how the income-level of a country, its regional location, or popu-

lation groups influence SDG interactions. On the other hand, we identify

existing inequalities among these disaggregations that need to be tackled

for fulfilling the 2030 Agenda's pledge to “leave no one behind.” Further-

more, we go beyond determining synergies and trade-offs by identifying

different characteristics of SDG interactions, that is, non-linearity and

monotony, based on a wide range of correlation methods. Understanding

those characteristics can help identify SDG pairs with variations in the

strength of interactions across the development spectrum.

2 | DATA AND METHODOLOGY

2.1 | The global SDG indicators database

This study uses the Global SDG Indicators Database from the United

Nations Statistics Division (UN Statistics Division, 2019), which is

based on the official Global SDG indicator framework adopted by the

United Nations General Assembly (UN General Assembly, 2015). The

database provides data on 171 out of 232 indicators for a total of

247 countries and areas worldwide between the years 1990 and

2019 (in some cases from 1985, status November 2019), even though

indicator time-series are not available for all time steps and countries

(UN Statistics Division, 2019). Our holistic analysis uses those

171 indicators, of which 54 are disaggregated in terms of population

groups based on gender, age, and urban and rural distinction.

2.2 | Data preparation and processing

We take 2016 as the reference year to analyze SDG interactions

because of two reasons. First, the SDGs came into effect in 2016,

building on the Millennium Development Goals (MDGs), wherefore

2016 serves as a status-quo-year. Second, this year has a relatively

high data availability (≈50%) compared to other years (Table S1). Still,

around 50% of the data is missing for 2016. We fill this gap based on

available data for the period 2010–2019 (Tables S1 and S2). To

accomplish this, we take the data from the year nearest to 2016.

When data is available for more than one nearest year (e.g., 2015 and

2017), we assign the average value to 2016. This procedure leads to

an increase in the total available data to ≈90% (Tables S1 and S2).

2.3 | Analysis of SDG interactions

We conduct a cross-sectional correlation analysis to understand SDG

interactions under the entire development spectrum for 2016

(Figure 1). This cross-sectional approach is important because the

TABLE 1 Sustainable development goals (SDGs; UN General
Assembly, 2015)

SDG SDG description

SDG 1 End poverty in all its forms everywhere

SDG 2 End hunger, achieve food security and improved

nutrition, and promote sustainable agriculture

SDG 3 Ensure healthy lives and promote well-being for all at all

ages

SDG 4 Ensure inclusive and equitable quality education and

promote lifelong learning opportunities for all

SDG 5 Achieve gender equality and empower all women and

girls

SDG 6 Ensure availability and sustainable management of water

and sanitation for all

SDG 7 Ensure access to affordable, reliable, sustainable, and

modern energy for all

SDG 8 Promote sustained, inclusive and sustainable economic

growth, full and productive employment and decent

work for all

SDG 9 Build resilient infrastructure, promote inclusive and

sustainable industrialization and foster innovation

SDG 10 Reduce inequality within and among countries

SDG 11 Make cities and human settlements inclusive, safe,

resilient, and sustainable

SDG 12 Ensure sustainable consumption and production

patterns

SDG 13 Take urgent action to combat climate change and its

impacts

SDG 14 Conserve and sustainably use the oceans, seas, and

marine resources for sustainable development

SDG 15 Protect, restore, and promote sustainable use of

terrestrial ecosystems, sustainably manage forests,

combat desertification, and halt and reverse land

degradation, and halt biodiversity loss

SDG 16 Promote peaceful and inclusive societies for sustainable

development, provide access to justice for all and

build effective, accountable and inclusive institutions

at all levels

SDG 17 Strengthen the means of implementation and revitalize

the global partnership for sustainable development
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longitudinal analysis of SDG interactions applied by Pradhan et al.

(2017) only compares a country's development over time. However,

cross-sectional analysis enables comparison between countries across

the world, covering the entire development spectrum (Kroll et al.,

2019), since countries generally follow the development path of other

countries (Mendelsohn et al., 2004). Before applying the correlation

analyses, we assign a positive sign to indicators that are desirable to

increase and a negative sign to those indicators that need a decline for

meeting the SDGs (Table S3). This is explained by the fact that given

the nature of an indicator, an increase or decrease in its value over time

has different meanings for achieving the SDGs (Pradhan et al., 2017).

We categorize SDG interactions as synergies and trade-offs

based on (anti-)correlations between pairs of SDG indicators, consid-

ering country and country-disaggregated data (Pradhan et al., 2017).

These indicator pairs can belong to the same goal or two distinct

goals. To ensure that the indicator pairs represent the entire develop-

ment spectrum, we carry out the correlation analysis only with the

pairs consisting of at least 10 data points. However, using only one

correlation method can lead to undetected relations (Anscombe,

1973). This is because relations between two indicators can be

monotone linear, monotone non-linear, non-monotone non-linear, or

show no strong relation (Figure S1).

Looking at various correlation methods, the Pearson's product–

moment correlation or simply Pearson's r measures the degree of linear

dependencies between a randomly related pair of variables (x and y;

Galton, 1889a, 1889b; Pearson, 1920). Spearman's ranked correlation

coefficient rs is a non-parametric measure to capture the strength of

monotonic relations (Spearman, 1904). rs is defined as the Pearson's

r on ranked values, rather than the observed values. Newer correlation

methods have taken a forefront in the measurements of monotone

non-linear and non-monotone dependence due to the increasing reali-

zation that those are often as important, and likely more common than

simple linear ones (Deebani & Kachouie, 2018; Wang et al., 2017).

These include, inter alia, the maximal information coefficient (MIC;

Reshef et al., 2011)—the culmination of more than 50 years of concept

development of mutual information (MI; Speed, 2011). This non-

parametric method captures dependencies between pairwise variables

in large data sets, both functional and no functional ones (Reshef

et al., 2011). Therefore, we apply several correlation methods for a

holistic quantification of SDG interactions (Figures 1 and S2; Text S1).

Smnl Sml Ncnmnl Nc Tml Tmnl

First 
Calculation

SDG Data

Grouping

non-linear linear non-linear linear non-linear

monotonicmonotonic

MIC – r2 > 0.2 MIC – r2 > 0.2

Synergy Trade-off

1 0.5 -0.5 1

Not-classified

0.5 0      -0.5

Spearman’s rank correlation coefficient rs (with p-value > 0.05) <=>

Amount of available 
data pairs 

(countries) ≥ 130

non-

monotonicMonotony

Second 
Calculation

Classification

MIC > 0.5

Linearity

Method to identify characteristics of SDG interactions

Amount of available data pairs (countries) ≥ 10

Amount of available 
data pairs 

(countries) ≥ 130

Amount of available 
data pairs 

(countries) ≥ 130

F IGURE 1 Applied method to identify characteristics of sustainable development goal (SDG) interactions. We estimate several correlation
coefficients—Pearson's r, Spearman's rs, and Maximal information coefficient (MIC), to categorized SDG interactions into six groups: synergy
monotone non-linear interactions (Smnl), synergy monotone linear interactions (Sml), not-classified interactions (Nc), not-classified non-monotone
non-linear interactions (Ncnmnl), trade-off monotone linear interactions (Tml) and trade-off monotone non-linear interactions (Tmnl) [Colour
figure can be viewed at wileyonlinelibrary.com]
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Initially, we estimate rs between SDG indicators. Based on the

coefficient value and the relation's direction, 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 imple-

ment thresholds while defining synergies and trade-offs.

Smarandache (2016) defines Pearson's r as weak if r � [−0.5, 0.5] and

as strong or moderate relations if r exceeds this interval. Based on the

comparison of r and rs (Figure S2), we adapted these thresholds and

defined an SDG interaction with rs � [−0.5, 0.5] as “not-classified,”

with rs � (0.5, 1] as “synergy” and with rs � [−1, −0.5) as “trade-off.”

We also use theses thresholds to distinguish strong monotone rela-

tions (if rs � [−1, −0.5) or rs � (0.5, 1]) from weak ones (if rs � [−0.5,

0.5]). A Spearman's ranked correlation coefficient (rs) close to 0 implies

no relation. We categorize both weak monotone relations and no rela-

tions as not-classified interactions.

Next, we distinguish linear and non-linear relations among the

identified monotonic relations based on the available minimal sample

size (see Text S2) and the non-linearity estimator (see Text S3). The

minimal sample size is estimated using population size, margin of

error, confidence level, and response distribution (Raosoft Inc., 2004).

For the global analysis, we estimate the minimal sample size of

130 that varies across diverse levels of disaggregation (Tables S4–S6).

Using the MIC and Pearson's r, Reshef et al. (2011) suggested the

MIC − r2 estimator to identify non-linearity. Here, a value of MIC − r2

close to 0 reflects linear relations, whereby a value greater than 0.2 is

considered as non-linear (Reshef et al., 2011).

Lastly, we distinguish non-monotonic non-linear relations across

the not-classified ones from weak monotone relations. We do this

based on the available minimal sample size and the value of MIC

(Figure 1). The non-monotonic relations are considered non-linear

when the minimal sample size is met, and the value for MIC is greater

than 0.5. We chose this threshold based on Reshef et al. (2011),

showing robustness of MIC to detect non-monotonic relationships,

despite noises. This also corresponds with the results of our

correlation comparison (see Text S1 and Figure S2). By applying the

above-described correlation methods, we holistically quantify SDG

interactions into six types (Figure 1):

• Smnl: synergy monotone non-linear interaction,

• Sml: synergy monotone linear interaction,

• Ncnmnl: not-classified non-monotone non-linear interaction,

• Nc: not-classified interaction,

• Tml: trade-off monotone linear interaction, and

• Tmnl: trade-off monotone non-linear interaction.

2.4 | Variation in SDG interactions

We apply the above-described method not only at the global scale

but also at divers levels of disaggregation, namely population, income,

and regional groups (detailed information on all levels of disaggrega-

tion are provided in Text S4). The Global SDG Indicators Database

provides data for the population disaggregation: gender, age, and

urban and rural, to monitor the 2030 Agenda's pledge to “leave no

one behind.” These disaggregated data enables to track population

groups left behind while a country is making progress on an average.

Therefore, we make use of the disaggregated data to understand vari-

ation in SDG interactions across these groups globally. Eight out of

17 SDGs consist of disaggregated data usable for our analysis

(Table S4). Therefore, we only consider interactions within and across

these eight SDGs for our analysis.

Besides this global analysis, we also carry out the cross-

sectional analysis among country groups based on income and

region to understand variation in SDG interactions across different

development spectra for 2016. For this, we use the World Bank

Atlas' four income groups (World Bank Group, 2018), that is, low-

income countries (LIC), lower-middle-income countries (LMIC),

upper-middle-income countries (UMIC), and high-income countries

(HIC), to identify SDG interactions across income groups (Figure S3).

SDG interactions could also vary due to differences in social and

environmental factors across the world. We attempt to capture this

variation determined by world regions based on the United Nations

Regional Groups (UN, 2018): Western World, Latin America, Asia-

Pacific, and Africa (Figure S4). By capturing these variations of

SDG interactions, we also distinguish similarities from differences

among the income and regional groups (for mythological details see

Text S5).

3 | RESULTS

3.1 | Interactions within SDGs

Globally, we observe varying shares of synergies and trade-offs but

also linear and non-linear relations within SDGs (Figure 2, left). How-

ever, most intra-goal interactions are not-classified and, therefore, do

not mutually interfere. Within all 17 goals, synergies (an average sum

of Sml and Smnl interactions of 35.1%) outweigh trade-offs

(an average sum of Tml and Tmnl interactions of 5.8%). This result

implies that the indicators are more coherent than conflicting within

the same goal, which is a positive starting point to implement the

2030 Agenda. Additionally, we observe more linear (an average sum

of Sml and Tml interactions of 35.2%) than non-linear relations

(an average sum of Smnl and Tmnl interactions of 5.7%). We do not

detect any Ncnmnl interactions within SDGs.

Within SDG 1, 5, and 6, we observe Sml interactions for more

than 50% of all data pairs. These linear synergies indicate broad com-

patibility, where progress in one indicator is proportionally associated

with the advancement of another one within the same goal. This com-

patibility also holds for Smnl interactions. SDG 3, 12, and 14 have

notables share of Smnl interactions (≈10–30%). These non-linear syn-

ergies reflect the disproportionate improvement of one indicator by a

change of another. Hence, non-linearity compared to linearity shows

the possibility of variations in progress rate for the SDGs after

reaching specific thresholds. An example of the Smnl interactions is
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disproportional relation between non-communicable diseases (NCDs)

[Indicator 3.4.1] and the “maternal mortality ratio” [Indicator 3.1.1]

(Figure 3a). From this relation, we can infer that investments in the

prevention of NCDs, for example, addressing tobacco use, unhealthy

diets including alcohol use and physical inactivity, reduce women's

vulnerability not only to NCDs but also to ensure maternal health.

According to Kapur (2015), the prevention and control of NCDs, par-

ticularly diabetes, obesity, and hypertension, improve maternal health

and pregnancy outcomes drastically. Furthermore, this non-linear syn-

ergy indicates the necessity to invest in prevention measures at the

right place because outcomes vary across the globe due to

inequalities.

Within SDG 2, 5, 7, and 8, we observe substantial shares of Tml

interactions (10–30%). These linear trade-offs reflect interactions

where progress in one indicator is proportionally creating an obstacle

in fulfilling another indicator and vice versa. We also identify non-

linear trade-offs within some SDGs, for example, a small share of Tmnl

interactions within SDG 3 (≈4%).

Some SDGs also consist of both a substantial share of synergies

and trade-offs (Figure 2, left)—for example, SDG 5 and 7. In SDG 5,

these impeding intra-goal interactions can arise due to the gender-

disaggregation of indicators. For example, when more women hold

positions in leadership and managerial roles [Indicators 5.5.1, 5.5.2],

men might indirectly spend more time on unpaid domestic and care

work [Indicator 5.4.1]. Therefore, the changed distribution of respon-

sibilities at work and home can cause those impeding SDG 5 interac-

tions. This trade-off can be tackled by valuing unpaid domestic and

care work.

3.2 | Interactions across SDGs

SDG interactions widely vary across goals (Figure 2, right). Nc interac-

tions (70.2%) largely outweigh synergies (an average sum of Sml and

Smnl interactions of 21.7%) and trade-offs (an average sum of Tml

and Tmnl interactions of 8.1%). The linear relations (an average sum

of Sml and Tml interactions of 26.6%) prevail the non-linear ones

(an average sum of Smnl and Tmnl interactions of 3.2%). Ncnmnl

interactions do not appear across SDGs.

SDG 1, 4, 5, and 6 have high shares of Sml interactions across

most other SDGs with average shares greater than 25%. Our analysis

highlights synergies between SDG 6 and the social dimensions of the

2030 Agenda, as expressed by SDG 1–5 with shares of 40–60%. For

example, improved access to safe water [Targets 6.1, 6.2] in homes,
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F IGURE 2 Detected interactions within (left) and across (right) sustainable development goals (SDGs) globally in 2016. The color bar
represents the six groups of SDG interactions: synergy monotone non-linear interactions (Smnl), synergy monotone linear interactions (Sml), not-
classified interactions (Nc), not-classified non-monotone non-linear interactions (Ncnmnl), trade-off monotone linear interactions (Tml) and trade-
off monotone non-linear interactions (Tmnl). The numbers in the boxes represents the number of data pairs used for the analysis. The SDGs are
represented with the numbers in the left, in the diagonal and the icons [Colour figure can be viewed at wileyonlinelibrary.com]
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health-care facilities, and schools will directly support several targets

on nutrition and health [Targets 2.2, 3.1–3.3, 3.9], education [Targets

4.1, 4.2, 4.3] and gender equality [Targets 4.5, 5.2, 5.5]. Additionally,

the lives of women and girls are significantly improved by better

drinking water services [Indicator 6.1.1] because it saves them time

spent collecting water from distant sources, thus reducing the time

spent on unpaid domestic and care work [Indicator 5.4.1] (UN-

Water, 2016).

We predominantly observe Smnl interactions for SDG 3 and

7 with an average share of >5% across all other SDGs. The SDG pair 7

and 17 has the largest share of Smnl interactions (18%). Figure 3b

illustrates an example of non-linear synergies in this SDG pair that

shows—with a marginal increase in the “proportion of the population

with access to electricity” [Indicator 7.1.1], the “proportion of individ-

uals using the internet” [Indicator 17.8.1] can grow disproportional

across countries. This non-linear synergy with Indicator 7.1.1 also

holds for the “fixed internet broadband subscriptions per 100 inhabi-

tants” [Indicator 17.6.2]. These results elucidate an effective way of

exploiting potential synergies for internet connectivity with marginal

investments in electricity.

Figure 3c highlights another strong Smnl interaction whereby a

decrease of the “proportion of population practicing open defecation”

[Indicator 6.2.1] leads to a decline of the “under-five mortality rate”

[Indicator 3.2.1]. This non-linear synergy is an outcome of inequalities

across the world. HIC have a high density of sanitation services and

low under-five mortality rates, whereas LIC exhibit a lower density of

sanitation services and higher under-five mortality rates. Through this

inequality, it is clear that LIC need capacity building on clean sanita-

tion solutions, resulting in synergistic effects on improved children's

health. This non-linear synergy highlights that a marginal increase in

the density of basic sanitation services can drastically decrease under-

five mortality rates. This is an example of how the understanding of

SDG interactions can be leveraged to achieve the 2030 Agenda.

SDG 2, 5, and 17 exhibit comparatively a high share of linear

trade-offs (Tml interactions of 10–20%) across all other SDGs. These

goals are currently in conflict with most other SDGs, antagonizing

(a) (b)

(c) (d)

F IGURE 3 Examples of synergy
monotone non-linear interactions
(Smnl) (a–c) and trade-off monotone
non-linear interactions (Tmnl)
(d) globally in 2016. The four
different colors underline the four
income-based groups. The size of
each colored dot highlights the
country's population size for the

reference year 2016. The non-
linearity estimator is calculated via
the maximal correlation coefficient
(MIC) minus squared Pearson's r
being more than 0.2 [Colour figure
can be viewed at
wileyonlinelibrary.com]
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sustainable development due to various reasons. For example,

trade-offs associated with SDG 5 are mainly due to the gender-

disaggregation of indicators, reflecting differences between the

population groups.

Similarly, SDG 3 and 12 exhibit most non-linear trade-offs (Tmnl

interactions of 3%) across SDGs. Specifically, the “domestic material

consumption (DMC)” [Indicator 12.2.2] is attributed to a relatively

high amount of Tmnl interactions across SDGs. The SDG pair 7 and

12 has the largest share of Tmnl interactions (8%). An example of

non-linear trade-offs in this SDG pair is growing DMC with increased

electricity accessibility [Indicator 7.1.1]. Similarly, another example is

the relation between “proportion of population below the interna-

tional poverty line of US$1.90 per day” [Indicator 1.1.1] and DMC

(Figure 3d). For achieving the 2030 Agenda, poverty needs to be elim-

inated, and DMC should be limited to a sustainable level. However,

DMC currently increases with economic growth that is required to

eliminate poverty. Therefore, the growing DMC must be reconciled

with all dimensions of the 2030 Agenda. Responsible consumption

and production are considered as the bottleneck for sustainable

development (Pradhan et al., 2017). Tackling these trade-offs will

broadly depend on technology and policy changes but also on rethink-

ing the demanding behaviors of society worldwide (Haraguchi &

Kitaoka, 2015).

3.3 | SDG interactions among population groups

SDG interactions vary among population groups (Figure 4 and

Table S5). Mainly, we observe a high share of synergies (mainly Sml

interactions) for female, younger, and rural populations in comparison

to male, elderly, and urban populations, respectively (Figure 4 and

Table S5). Additionally, SDG interactions for female, younger, and

rural population depict low or negligible shares of trade-offs (mainly

Tml interactions). Consequently, the progress of an SDG indicator will

in general foster progress in another SDG indicator for these popula-

tion groups.

For example, interactions of SDG 4 with other SDGs show mostly

higher shares of synergies for female than male population due to var-

ious reasons. For example, young women, especially those from poor

households, face unequal education opportunities compared to the

male population. This causes a chain of drawbacks in women's life

affecting health [SDG 3], employment [SDG 8], social security

[SDG 16] as well as other determinants, creating negative dependen-

cies. Therefore, ensuring women's education has more leveraging

effects in attaining the 2030 Agenda by fixing the current disadvan-

taged position for females.

Similarly, the reduction of poverty [SDG 1] has high shares of syn-

ergies within the younger population, whereas the elderly population

exhibits instead of Nc relations (Figure 4). Poverty is linked to

unsustainable agriculture, causing hunger and malnutrition. Particu-

larly in early childhood, this is related to compromised cognitive and

physical performance [SDG 3], which undermines the education

[SDG 4], productivity, and future earnings [SDG 8] of those affected

(Baye, 2017). In the end, poverty is linked to a chain of negative

effects the young population is without assistance not able to

escape from.

Moreover, people living in rural areas are far more likely to be

affected by poverty than people in urban areas. The most pressuring

reason is a multi-dimensional lack of water- and electricity-related

infrastructures. Accordingly, the rural population shows higher shares

of synergies than the urban population for SDG 1, 6, and 7 (Figure 4).

On the one hand, domestic water for drinking and sanitation is a basic

need indivisible for the achievement of numerous other SDGs. On the

other hand, in increasingly interconnected societies and technology-

enabled economies, digital exclusion impedes the rural population sig-

nificantly from fully participating in their country's economy, society,

and political system. Leveraging these observed synergies could,

therefore, contribute to inclusive and sustainable rural development.

The above-described results imply that the female, younger, and

rural population groups have a good starting point for successfully

implementing the 2030 Agenda. But in reality, these population

groups still have disadvantaged positions in most countries. Under the

current development paths, they are more vulnerable to and affected

by adverse situations such as poverty [SDG 1], discrimination

[SDG 5], violence [SDG 5 and 16], and health problems [SDG 3].

These population groups also have few years of education [SDG 4],

consequently face economic disadvantages [SDG 8], and suffer from

inadequate infrastructure [SDG 6 and 7]. In some cases, intersections

between these population groups exist. For example, rural females or

younger females could especially be affected by these adverse situa-

tions. Therefore, breaking away the current disadvantaged positions

for these population groups—by leveraging the presented SDG

synergies—can fulfill the 2030 Agenda's pledge to “leave no one

behind.”

3.4 | SDG interactions among income groups

Among the income groups, SDG interactions vary strongly between

synergies and trade-offs and marginally between linear and non-linear

relations (Figures S5 and S6; Table S6). HIC show the lowest shares of

synergies (an average sum of Sml and Smnl interactions of 29.3%) and

trade-offs (an average sum of Tml and Tmnl interactions of 17.3%;

Table S6). In contrast, LIC have, on the one hand, the highest shares

of synergies (an average sum of Sml and Smnl interactions of 45%)

and trade-offs (an average sum of Tml and Tmnl interactions of 22%)

and, on the other hand, exhibits the highest shares of non-linear SDG

interactions. UMIC and LMIC are ranked between these two income

groups. Consequently, a high share of synergies reflects a good start

to implement the 2030 Agenda in LIC. However, the share of trade-

offs also highlights the need for transforming the current develop-

ment paths to achieve the SDGs.

Some SDG pairs show similarities in synergies and trade-offs

among the income groups (Figure 5a). For example, interactions within

SDG 5, 6, and 8 consist mainly of synergies (sum of Sml and Smnl

interactions >50%; Figure 5a—left). Similarly, the SDG pairs 2 and
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10, 3 and 15, and 5 and 16 are examples, showing trade-offs for all

the income groups (Figure 5a—right). Here, the observed trade-offs

between SDG 2 and 10 seem counter-intuitive. This impeding

interaction comes, for example, from negative correlations of “Preva-

lence of stunting” [Indicator 2.2.1] and “Food price volatility” [Indica-

tor 2.c.1] with “Proportion of tariff lines applied to imports from least

SDGs
Gender

female
population

male
population

Age
younger

population
elderly

population

Location
urban

population
rural

population

1 & 1 13 7 3 15 2 3

1 & 3 81 57 60 72

1 & 4 26 22 3

1 & 5 100 54 32 77 28 19

1 & 6 11 10

1 & 7 3 3

1 & 8 46 36 45 66

1 & 16 18 15 13

3 & 3 90 58 183 61

3 & 4 67 46 19 1

3 & 5 334 151 217 169

3 & 8 125 86 297 84

3 & 16 67 51 125 3

4 & 4 9 11 3

4 & 5 137 78 6 33

4 & 8 35 32 15 3

4 & 16 15 19 3

5 & 5 1030 1087 103 2296 299 314

5 & 6 31 18

5 & 7 16 14

5 & 8 134 71 56 178

5 & 16 88 25 28 5

6 & 6 6 7

6 & 7 4 4

8 & 8 36 39 63 39

8 & 16 48 25 50 13

16 & 16 36 29 13 9

Tmnl Tml Nc Ncnmnl Sml Smnl

F IGURE 4 Detected interactions within and across gender-, age- and geographical-disaggregated sustainable development goals (SDGs) in
2016. The color bar represents the shares of monotone non-linear synergies (Smnl—dark blue), monotone linear synergies (Sml—blue), not-
classifieds (Nc—yellow), non-monotone non-linear not-classifieds (Ncnmnl—light blue), monotone linear trade-offs (Tml—orange) and monotone
non-linear trade-offs (Tmnl—dark red). The gray bar depicts insufficient data for the analysis. 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]
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developed countries and developing countries with zero-tariff” [Indi-

cator 10.a.1] for LIC. Adjaye-Gbewonyo, Vollmer, Avendano, and

Harttgen (2019) state that government assistance to tradable agricul-

ture, such as reduced taxation, is associated with small but significant

improvements in child nutritional status. This support for agriculture,

indicated by positive rates of assistance, sometimes occurs in the form

of trade protection such as through import tariffs or export subsidies.

In the short run, this support can lead to increased consumer food

prices, affecting food security, nutritional status, and poverty. In the

case of HIC, we instead observe negative correlations, for example,

between “Proportion of local breeds for which sufficient genetic

resources are stored for reconstitution (%)” [Indicator 2.5.2] and

“Return on assets (%)” [Indicator 10.5.1]. These similar interactions

reflect the needs of sustainable transformations in all countries,

regardless of their incomes.

We also observe differences among the income groups for some

SDG pairs (Figure 5b), mainly for SDG 1, 4, and 9. The SDG pair 1 and

7 is an example of the variation in synergies (Figure 5b—left). For this

SDG pair, three income groups, except HIC, have mostly synergies

(60–75%). A reason for these synergies is attributed to the observed

(a)
S

im
il
a

ri
ti

e
s

Synergies

SDGs HIC UMIC LMIC LIC

5 & 5 297 498 55 51

6 & 6 60 86 69 27

8 & 8 222 147 174 96

Trade−offs

SDGs HIC UMIC LMIC LIC

2 & 10 28 44 24 22

2 & 16 53 98 59 15

3 & 15 357 325 202 252

5 & 10 74 64 31 20

5 & 15 116 103 47 46

5 & 16 124 119 50 30

13 & 15 35 52 28 9

15 & 16 164 149 53 33

(b)

D
if

fe
re

n
c

e
s

Synergies

SDGs HIC UMIC LMIC LIC

1 & 4 170 218 225 86

1 & 5 151 193 157 122

1 & 7 22 109 141 69

4 & 4 196 102 94 38

4 & 9 105 44 39 17

4 & 10 124 53 14 15

4 & 16 217 133 52 11

5 & 7 33 49 38 7

5 & 11 82 96 51 55

9 & 11 51 47 32 14

9 & 13 17 23 13 8

9 & 15 65 66 36 15

10 & 11 50 62 47 25

13 & 13 14 20 8 11

14 & 15 41 29 12 11

Trade−offs

SDGs HIC UMIC LMIC LIC

1 & 14 34 49 39 8

3 & 14 129 77 21 28

4 & 13 15 40 14 7

5 & 12 53 57 23 9

5 & 13 19 31 24 11

7 & 11 9 18 27 17

8 & 13 21 35 61 9

Tmnl Tml Nc Ncnmnl Sml Smnl

F IGURE 5 Detected similarities (a) and differences (b) of sustainable development goal (SDG) interaction among the four income groups—
low-income countries (LIC), lower-middle-income countries (LMIC), upper-middle income-countries (UMIC), and high-income countries (HIC)—in
2016. The color bar represents the six groups of SDG interactions: synergy monotone non-linear interactions (Smnl), synergy monotone linear
interactions (Sml), not-classified interactions (Nc), not-classified non-monotone non-linear interactions (Ncnmnl), trade-off monotone linear
interactions (Tml) and trade-off monotone non-linear interactions (Tmnl). 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. The methodology for detected similarities and differences
across SDG interactions is given in Text S5 [Colour figure can be viewed at wileyonlinelibrary.com]
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positive correlations of poverty reduction and social protection [Tar-

gets 1.1–1.3] with universal access to affordable, reliable, and modern

energy services [Target 7.1]. Within these income groups, the mar-

ginal effort to improve electricity access would drastically reduce pov-

erty. This poverty reduction is also indirectly linked with the

strengthening of living standards through the provision of basic ser-

vices, including health-care, education, water, and sanitation

[SDG 2–4, 6, 9] and building resilient rural and urban livelihoods [SDG

1 and 11] as results of improved electricity access (Fuso Nerini

et al., 2018). The SDG pair 4 and 10 is another example of the varia-

tion in synergies. For LIC, this pair has mostly synergies (share of Sml

and Smnl interactions of 56.25 and 6.25%, respectively), which is lim-

ited (share of Sml interactions of 12%) for HIC. This high share of syn-

ergies in LIC also reflects the leveraging potential of economic growth

for achieving SDGs, however, with reduced effects after reaching cer-

tain income levels.

Similarly, some SDG pairs have variations in trade-offs among the

income groups (Figure 5b—right). The SDG pair 1 and 14 is an exam-

ple where trade-offs are higher in LIC than in other income groups.

These trade-offs in LIC can be explained by the Environmental

Kuznets Curve (EKC) that increases environmental pollution with eco-

nomic growth until a certain income level is reached. However, the

existing EKC needs to be broken away for a harmonious development

along the three sustainability dimensions.

3.5 | SDG interactions among regional groups

Similar to the income groups, SDG interactions range from synergies

to trade-offs and a small extent, from linear and non-linear relations

among the regions (Figure S7 and S8; Table S7). Latin America shows

the highest shares of synergies (an average sum of Sml and Smnl inter-

actions of 45.5%) and trade-offs (an average of Tml interactions of

28.1%; Table S7). In contrast, Africa has the lowest shares of both

synergies (an average sum of Sml and Smnl of 36.5%) and trade-offs

(an average sum of Tml and Tmnl interactions of 17.8%) but exhibits

the highest shares of non-linear SDG interactions (Table S7). For the

Western World and Asia-Pacific, shares of SDG interactions vary

between Latin America and Africa. A high share of synergies in all

regions can be interpreted as a good start to implement the 2030

Agenda but only with sustainable transformations of the current

development paths. This is because the trade-offs are also substantial

across the regions.

Interactions between some SDG pairs show mostly synergies or

trade-offs among the regions (Figure 6a). In contrast to the income

groups, the regions have a larger number of similarities than differ-

ences in SDG interactions. For example, the SDG pairs 1 and

13, 1 and 11, and 4 and 10 have more than 50% shares of synergies

(sum of Sml and Smnl interactions) among the regions (Figure 6a—left)

while the SDG pairs 2 and 5, 5 and 13, and 14 and 16 have substantial

trade-offs (Figure 6a—right). Here, the counter-intuitive trade-off

between SDG 2 and 5 occurs due to negative correlation of the “Prev-

alence of undernourishment (%)” [Indicator 2.1.1] in Latin America and

“Food insecurity” [Indicator 2.1.1] in the Western World with “Propor-

tion of time spent on unpaid domestic chores and care work, by sex,

age, and location (%)” [Indicator 5.4.1]. On the one hand, Indicator

5.4.1 occurs due to the high levels of disaggregation far more often in

our analysis than other indicators. On the other hand, women's unpaid

work in agriculture seems to harm household nutrition through

reduced time for care work, causing seasonal energy deficits. Longer

working hours or increases work intensity can have detrimental

effects on their health [SDG 3] and, consecutively, on their ability to

care for their children—impairing child- and household nutrition

[SDG 2] (Komatsu, Malapit, & Theis, 2018).

Differences in synergistic SDG interactions among the regions

are mainly attributed to SDG 1 (Figure 6b—left). The SDG pair 1 and

16 is an example. We observe strong positive relations between dif-

ferent targets on poverty reduction [Targets 1.1–1.5] and the support

towards a peaceful and inclusive society with strong institutions

[SDG 16], especially in Latin America (Sml interactions >80%). This

SDG pair also has a high share of synergies (≈45%) in Asia-Pacific and

Africa but a low share (≈25%) in the Western World. In general, pov-

erty can be reduced by increasing social (family disruption), mental

(heterogeneity), and income stability (Pridemore, 2002). These stabil-

ity components are reflected in SDG 16 by the following indicators,

among others—the number of victims of homicide [Indicator 16.1.1]

and sexual violence [Indicator 16.1.3], and building competent author-

ities for all [Indicator 16.3.1]. Therefore, these differences in the share

of synergies can be due to variations in the stability among the

regions. For example, Latin America has the highest homicide rate

(Roser & Ritchie, 2020).

Some SDG pairs also have differences in impeding SDG interac-

tions among the regions (Figure 6b—right). For example, the SDG pairs

9 and 13 and 12 and 13 show a large share of trade-offs for Latin

America in comparison to other regions. These trade-offs might be

associated with adverse environmental impacts of increased eco-

nomic, mainly industrial, activities in the region. Similarly, the SDG pair

1 and 14 also exhibits a high share of trade-offs in Latin America and

Africa. These trade-offs reflect that poverty reductions can have envi-

ronmental externalities due to increasing accessibility to basic services

(e.g., clean energy, safe water, and health care systems) that could

have environmental costs under the current development paths. For

achieving the 2030 Agenda, these trade-offs should be tackled by

transforming the current ways of natural resource use by energy,

manufacturing, and human systems to minimize the adverse environ-

mental impacts (Fuso Nerini et al., 2018).

4 | DISCUSSION

We characterize, for the first time, variations in SDG interactions by

applying a wide range of correlation methods for different groups,

beyond the global analysis. Our study offers several novel contribu-

tions to SDG research.

First, although synergies outweigh trade-offs, our cross-sectional

analysis highlights that most SDG interactions are non-classifieds
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(i.e., no strong relation). This finding is in contrast to many studies that

reported a larger share of synergies than trade-offs among SDGs

(Dawes, 2020; Pradhan et al., 2017; Weitz et al., 2018). We observe a

large share of non-classifieds because we consider the entire develop-

ment spectrum to investigate SDG interactions in one year. Previous

studies either applied longitudinal analysis, comparing a country's

development over time (Pradhan et al., 2017) or using qualitative anal-

ysis that focuses only on positive and negative interactions. Similar to

this study, Kroll et al. (2019) investigated SDG interactions by apply-

ing a cross-sectional analysis of the SDG Index data. However, our

study is based on the Global SDG Indicators Database that consists of

a broader set of data than the SDG Index data. For example, for 2016,

the SDG Index Data provides 79 indicators (Sachs, Schmidt-Traub,

Kroll, Durand-Delacre, & Teksoz, 2016), whereas we use 171 SDG

indicators. This leads, on the one hand, to a more considerable

amount of insufficient data on the part of Kroll et al. (2019), and, on

the other hand, to a different distribution of synergies, trade-offs, and

not-classified interactions. This aspect emphasizes the importance of

a holistic SDG database in order to obtain comparable results from

the scientific SDG community.

The identified large shares of Nc interactions reflect variations in

development paths and inequalities across the countries because syn-

ergies are mostly observed when a country's development is com-

pared over time (Pradhan et al., 2017). We highlight that socially

oriented SDGs currently show more variations in interactions (syner-

gies, trade-offs, linear and non-linear relations) than environmentally

and economically oriented SDGs, globally. This variation implies that

countries worldwide are more likely to follow the social development

paths of other countries than environmental and economic paths.

However, if we examine the income and regional groups, the interac-

tions between all 17 SDGs are more pronounced. Consequently,

countries tend to follow the transition paths of other countries within

the same group in all sustainable dimensions. For the successful

implementation of the 2030 Agenda, the development paths of coun-

tries need to be aligned, maximizing synergies and minimizing trade-

offs. The synergies provide leveraging opportunities for fulfilling the

(a)
S

im
il
a
ri

ti
e
s

Synergies

SDGs LA AP AF WW

1 & 1 300 288 330 190

1 & 11 216 181 255 170

1 & 13 91 91 120 69

3 & 3 898 1020 1067 858

4 & 11 114 66 101 118

4 & 13 46 19 39 28

5 & 5 226 54 70 1142

11 & 13 67 72 74 61

13 & 13 11 19 16 15

16 & 16 121 68 19 284

Trade−offs

SDGs LA AP AF WW

2 & 5 42 59 66 112

2 & 6 54 85 81 39

5 & 8 79 83 158 498

5 & 13 23 22 55 6

14 & 16 21 9 5 46

(b)

D
if

fe
re

n
c
e
s

Synergies

SDGs LA AP AF WW

1 & 2 136 169 196 39

1 & 6 161 250 203 146

1 & 16 165 113 77 198

Trade−offs

SDGs LA AP AF WW

1 & 7 93 119 160 17

1 & 14 25 16 15 28

9 & 13 20 21 18 7

11 & 14 31 14 17 12

12 & 13 16 26 8 9

Tmnl Tml Nc Ncnmnl Sml Smnl

F IGURE 6 Detected similarities (a) and differences (b) of sustainable development goal (SDG) interaction among the four regional groups—
Western World (WW), Latin America (LA), Asia-Pacific (AP), and Africa (AF)—in 2016. The color bar represents the shares of monotone non-linear
synergies (Smnl—dark blue), monotone linear synergies (Sml—blue), not-classifieds (Nc—yellow), non-monotone non-linear not-classifieds
(Ncnmnl—light blue), monotone linear trade-offs (Tml—orange) and monotone non-linear trade-offs (Tmnl—dark 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. The
methodology for detected similarities and differences across SDG interactions is given in Text S5 [Colour figure can be viewed at
wileyonlinelibrary.com]
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SDGs while the trade-offs highlight the need for sustainable transfor-

mation of the current development paths that focus on economic

growth to generate human welfare at the expense of environmental

sustainability (Sen, 1983).

Second, we detect, for the first time, (non-)linearity or (non-)

monotony on SDG interactions besides synergies and trade-offs. So

far, previous studies have not looked at these characteristics of SDG

interactions. Our holistic analysis of SDG interactions reveals that lin-

ear relations outweigh non-linear ones and detects no non-monotone

interactions, thereby providing new insights for the successful imple-

mentation of the 2030 Agenda. These linear relations indicate that

progress in an SDG is proportionally associated with the advancement

of (i.e., in case of synergies) or creating an obstacle in the fulfillment

of another SDG (i.e., in case of trade-offs). However, the non-linear

relations reflect disproportionate improvement or obstacle in achiev-

ing an SDG by progress in another one, showing complex SDG

interactions.

From the cross-sectional perspective, non-linearity exemplifies

that countries have different progress segments for specific SDG

interactions. These interactions can, in some instances, be beneficial

and in other, can hinder the SDG progress. Within each segment, the

SDG progress can be linear. However, considering the whole spec-

trum, the slope, and thereby the strength of the SDG interaction

changes over the different segments. Having that knowledge of SDG

interactions' non-linearity enables investigating why certain countries

follow a similar logic within the segments. Second, it could be

explored why there are segments and possible constraints in SDG

development. And lastly, why countries change their behavior after

crossing one segment. Non-linear SDG interactions might occur

because countries struggle to meet the competing demands of inter-

national initiatives. The reasoning behind can be the additional

income- or regional-orientated constraints of countries. This is indi-

cated by our results exhibiting less non-linear SDG interactions within

those groups than globally.

Third, our analysis of SDG interactions across the population

groups reveals that fulfilling the 2030 Agenda's pledge to “leave no

one behind” plays a crucial role in leveraging achievements of SDGs.

This is because female, younger, and rural populations have mostly

synergistic SDG interactions compared to male, elderly, and urban

populations. Currently, female, younger, and rural populations have

disadvantaged positions and limited opportunities in many countries.

Breaking away these disadvantaged positions is an additional step

towards the successful implementation of the 2030 Agenda. For this,

we need to better understand barriers certain population groups are

facing and systematically dismantle these barriers that leave people

behind. As a result, inequalities among the population groups need to

be tackled from their roots leaving no one behind for sustainable

development. Akuraju, Pradhan, Haase, Kropp, and Rybski (2020) also

argue in a similar direction for sustainable cities saying “cities should

be sustainable and efficient regardless of their sizes, tackling the exis-

ting inequalities among cities.”

Fourth, we highlight that SDG interactions vary across income

and regional groups. We observe higher shares of synergies and

trade-offs and lower shares of not-classified interactions across these

groups than our global analysis. The high shares of synergies provide

leveraging opportunities for achieving SDGs. However, a substantial

share of trade-offs among all the income and regional groups also

emphasize the need for sustainable transformation instead of follow-

ing the current development paths for making the 2030 Agenda a suc-

cess. Our finding also reflects substantial inequalities among income

and regional groups than within these groups. These inequalities

might be due to similar features within and large differences among

the groups. For example, countries within an income group can have

similar economic features, whereas countries within a region can have

similar socio-cultural, economic, political, and environmental features.

Among the income groups, we observe the highest shares of syn-

ergies and trade-offs in LIC. Lusseau and Mancini (2019) also reported

that most SDGs have synergistic interactions for LIC, but they did not

observe goals exhibiting trade-offs that we identified. This difference

would be due to deviations in the applied SDG databases. Lusseau

and Mancini (2019) used the World Bank database instead of the offi-

cial Global SDG Indicators Database. However, Lusseau and

Mancini (2019), and our analysis reveal that SDG 12 is impeding the

progress of other goals, mainly in HIC. Kroll et al. (2019) also reported

similar variations in SDG interactions across income groups. Compar-

ing continents, our analysis highlights that efforts towards achieving

an SDG in Africa are least likely to impede progress in other SDGs rel-

ative to other regions. This is because we observe the lowest shares

of trade-offs for Africa. In contrast, Latin America has the highest

shares of trade-offs but with the highest shares of synergies.

Our study also consists of potential limitations. First, by applying

a cross-sectional approach, we identify the current SDG interactions

instead of future ones. Additionally, interaction among some SDGs

might be more prominent with time delay. For example, it is well-

known that returns to investment in education take time

(Psacharopoulos & Patrinos, 2018). Our current analysis does not

account for such time-lag and does not capture the full spectrum of

potential synergies and trade-offs. Nevertheless, we can find SDG

interactions that occur in the short run. Furthermore, the global analy-

sis addresses rather specific SDG aspects since the majority of inter-

actions are not-classified. Therefore, we conducted our analysis not

only globally but at divers levels. Nonetheless, the current SDG inter-

actions provide new insights for the successful implementation of the

2030 Agenda. On the one hand, we identify synergies that can be lev-

eraged and trade-offs that need to be resolved. On the other hand,

we show that especially economic and environmental SDG aspects

need to be tackled at the income and regional level. Second, the iden-

tified SDG interactions are based on the currently available data for

171 out of 232 SDG indicators. Although the availability of SDG data

is improving, so far, data is not provided for all the indicators. This

data availability issue can generate biased results. We attempt to

tackle this biasedness by investigating SDG interactions in a relative

(i.e., share of synergies and trade-offs) instead of an absolute term.

Third, the applied correlation analysis does not imply causality

(de Siqueira Santos, Takahashi, Nakata, & Fujita, 2013). Therefore,

identified interactions could also be related to other factors linked
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with SDG indicators. Nevertheless, the correlation is a necessary but

not sufficient condition for a causal relation. We apply several correla-

tion methods to holistically characterize SDG interactions, which is a

step forward towards the identification of causal relations. Addition-

ally, we explain and interpret causal relations for some indicators

based on existing studies. Fourth, our study is restricted by using

thresholds, although they are useful and practicable to differentiate

linear and non-linear relations effectively. Mainly, low data availability

for some income and regional groups would lead to false detection of

characteristics of SDG interactions in terms of (non-)linearity. To

tackle this limitation, we obtain four world regions by summing up the

United Nations Regional Groups. Nevertheless, since the fulfillment of

all methodological conditions, including thresholds and the data avail-

ability varies across all SDG indicators, there might be further

undetected associations. These limitations need to be addressed in

further investigations.

Overall, our study holistically investigates characteristics of SDG

interactions and highlights that some SDGs can have complex non-

linear interactions. By doing so, we provide new insights for the suc-

cessful implementation of the 2030 Agenda by identifying goals with

potential economic, social, or environmental trade-offs not only at a

global scale but also for population, income, and regional groups.

Defining proper strategies to achieve certain SDG requires not only

understanding of potential synergies and trade-offs but also the char-

acteristics (i.e., linearity or non-linearity) of the interactions.

Development is generally not a linear process. This might also

hold for meeting SDGs. For achieving the 2030 Agenda, rapid pro-

gress towards SDGs is required following non-linear paths. A continu-

ation of the current trends in many countries would not be enough to

meet SDGs by 2030 (Nature, 2020; Sachs, Schmidt-Traub, Kroll,

Lafortune, & Fuller, 2019). Knowledge about interfering non-linear

SDG interactions can be essential to prevent countries from rapidly

following negative development trends. It also allows delaying the

adverse effects of one indicator on another. Contrarily, non-linearity

enables for a rapid push for synergistic progress or to examine why

countries only improve gradually. These results can consequently have

a beneficial implication for global institutions. According to the

explained non-linearity, policy-makers could adjust the international

initiatives towards a more nuanced target setting at the population,

income and, regional level. Moreover, our results imply that countries

can identify innovative SDG solutions by building partnerships within

those groups through peer-to-peer learning. This partnership could be

more strengthened during the UN High-level Political Forum on Sus-

tainable Development, where countries meet annually to review and

discuss the follow-up of their status on SDGs. Also, in the light of the

current COVID-19 pandemic and its adverse impacts on SDG imple-

mentation, exponential progress is required for achieving the 2030

Agenda for sustainable transformation in the remaining 10 years.

Additionally, filing the current data gaps is crucial for not only moni-

toring the progress made in SDG implementation but also to have an

enriched understanding of SDG interactions. Policy-makers, investors,

and other stakeholders can then use these results to manage the

benefits and risks of achieving the various goals and targets for their

areas of interest.
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