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Abstract

:

As an “integrated” agenda, the Sustainable Development Goals (SDGs) acknowledge the interwoven nature of social and ecological systems. However, trade-offs between socio-economic activities and environmental preservation put the implementation of the SDGs at risk. The purpose of the present study is to uncover such trade-offs, by analysing interlinkages between economic and environmental SDGs in the Austrian context. We applied a mixed-methods approach, combining Spearman’s correlation analysis with expert judgement. Our results reveal that increasing gross domestic product (GDP) per capita (SDG 8) in Austria is accompanied by rising material consumption (SDG 12) and environmental pressures from agricultural production (SDG 2), which in turn has an impact on land ecosystems (SDG 15). We also detect synergies within the economy–environment nexus, such as of protected areas (SDG 15) and organic farming (SDG 2) with water quality (SDG 6). We conclude that in the face of climate change and ecological degradation, decision-makers need to take into account interlinkages between economic and environmental SDGs. When economic aspirations are in contrast with the preservation of the ecological foundations our societies depend upon, it is crucial that environmental goals receive more attention than they previously have.
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1. Introduction


As the world is facing increasingly complex challenges, such as climate change [1], ecological degradation [2] and biodiversity loss [3], human (socio-economic) development potentially threatens the ecological foundation upon which it depends [4,5]. Increasing material and energy use and the corresponding generation of waste and emissions have led to numerous environmental pressures, resource scarcity and global environmental change [6]. Calling for urgent policy action to counter these issues, several researchers have emphasised the need for sustainable human development to operate within a safe and just space [7] without transgressing biophysical planetary boundaries [8,9,10]. The 2030 Agenda with its 17 Sustainable Development Goals (SDGs) is the most ambitious political commitment to sustainable development, recognising that the preservation of the Earth’s ecological functioning is a necessity for human societies to thrive [10]. As such, SDG implementation needs to acknowledge and eliminate potential trade-offs between economic growth and environmental preservation. However, several scholars have criticised the SDGs for prioritising economic aspirations over ecological goals [4,5,10,11]. Thus, it is crucial to identify interlinkages between the economic and the environmental SDGs in order to inform policy-making on how to achieve truly sustainable human development.



In recent years, a growing number of studies have been devoted to assessing interlinkages (synergies and trade-offs) between and within the SDGs [12,13,14,15,16,17,18,19,20]. However, to our knowledge, very few of them explicitly deal with the economy–environment nexus [16,21], instead either analysing a more general picture [14,15,20] or focusing on one specific thematic area [12,22]. Moreover, several researchers highlight that most SDG interactions are not universal in nature, but depend on the given geographical and institutional context [23,24,25]. In order to support policy-making towards environmental preservation on the national scale, there is, consequently, a need for case studies assessing SDG interlinkages in their specific context.



The present study addresses this research gap by conducting a context-sensitive assessment of synergies and trade-offs between economic and environmental SDGs for the case of Austria. The study addresses two overarching questions:




	
Which synergies and trade-offs exist both within and between all 17 SDGs in Austria?



	
Focusing on interactions of economic and environmental SDGs, which concrete causal relationships exist between socio-economic activity and environmental conditions in Austria?








Recognising that different methods may yield different results, we apply two widely used methods for analysing SDG interlinkages, correlation analysis and expert judgement. This allows us to highlight the ways these methods lead to different findings while, at the same time, emphasising crucial interactions identified by both methods. Our aim is to contribute to an understanding of SDG interlinkages in the economy–environment nexus in order to support urgently needed national policy-making in this area, while opening up a platform for comparison with future case studies.



The rest of this paper is structured as follows. First, we briefly delve into the theoretical background and context of our analysis. Second, we provide an overview of our mixed-methods approach and the dataset used. Third, we present the main results of our analysis. Fourth, we discuss implications of our findings for designing sustainable development policies and critically investigate limitations and advantages of our method. Finally, we draw conclusions from our results.




2. Background


The adoption of the 2030 Agenda in 2015 posed a landmark for global sustainable development. In contrast to previous international agreements, such as the Millennium Development Goals (MDGs) or the Rio+ process, the Sustainable Development Goals (SDGs) emphasise the crucial nature of interlinkages [25]. The 17 goals and 169 targets are underpinned by an understanding of sustainable development as a process connecting societal well-being, economic prosperity and environmental protection [26]. Since these three spheres and, consequently, the related challenges the 2030 Agenda aims to tackle are interdependent, so too are the SDGs themselves. In response to problems stemming from the fragmentation and siloed implementation of the MDGs [23], the UN committed to the principle of “indivisibility” of the SDGs and to the significance of policy coherence and integration [26]. Thereby, the 2030 Agenda aims for a holistic approach to sustainable development, recognising that policies in one area might have positive or negative impacts on other areas [27]. However, partly due to this indivisibility, the formulation of the SDGs was the result of years of intergovernmental negotiations and political compromise [25,28]. Thus, the resulting policy goals may now be both potentially diverging and mutually supportive [14].



2.1. Trade-Offs between Socio-Economic Development and Environmental Preservation


Defining SDG policies and, ultimately, fulfilling the 2030 Agenda requires an understanding of the inherent interlinkages [29]. This is of particular urgency concerning climate change and ecological degradation. Potential conflicts between economic growth and environmental preservation, as highlighted by numerous scholars [4,30,31,32,33,34,35], need to be addressed by policy-makers in order to prevent the impending ecological collapse while ensuring a good life for all within planetary boundaries [9]. Identifying trade-offs between and within the SDGs may support the implementation of appropriate mitigation and adaptation measures [23]. Drawing on empirical data, Hickel [31] demonstrates that the SDG 8 target of economic growth is incompatible with the SDG 12 and 13 targets of reducing resource consumption and carbon emissions. In a case study of SDG interlinkages in coastal Bangladesh, Hutton et al. [16] identify trade-offs between economic growth (SDG 8) and resource-intensive progressive farming (SDG 2) on the one hand, and environmental impacts on water and land ecosystems (SDGs 14 and 15) on the other. Scherer et al. [17] investigate the environmental impacts of reducing poverty (SDG 1) and inequality (SDG 10) and highlight the need for high-income groups to reduce their footprints radically, balancing out the environmental impacts of pursuing social goals. They emphasise the importance of designing integrative policies across sectors and actors in order to respond appropriately to the trade-offs they identify between social and environmental SDGs. At the same time, comprehending synergies both between and within the SDGs may enable policy-makers to unlock co-benefits that support a faster, more efficient implementation of the SDGs [23]. For instance, in a projection for the year 2050, Springmann et al. [36] show that changing food consumption patterns in favour of a more plant-based diet could reduce food-related greenhouse gas (GHG) emissions by up to 70% while also decreasing global diet- and weight-related mortality by up to 10%, when compared to a reference scenario. This suggests potentially synergistic relationships of SDG 2 (agriculture), SDG 3 (health) and SDG 13 (climate).




2.2. SDG Interlinkages Depend on the Specific Context and the Method Used


While there is consensus in the literature that, in general, SDG interlinkages exhibit more synergies than trade-offs, there is no agreement on the specific nature of these interactions. Different studies use different methods and levels of analysis (indicator, target or goal), identify different interactions and vary in their assessment of how interlinkages affect the overall progress towards the 2030 Agenda [10,13,20,22,24,37,38,39]. Several scholars, thus, highlight the context specificity of SDG interlinkages [12,18,19,22,23,25,29,40,41]. However, only a few studies directly consider this context specificity [25].



Some studies account for context dependence by focusing on specific thematic areas. With regard to SDG 14 (Life below water), Singh et al. [22] find that the realisation of many co-benefits among the SDGs is dependent on the socio-ecological context and policy implementation. Focusing on interlinkages between environmental and social goals, Scherer et al. [17] show that, in general, the pursuit of social goals is associated with higher environmental impacts. Regarding SDG 6 (Clean Water and Sanitation), Requejo-Castro et al. [12] find that this goal displays both direct and indirect interlinkages with a range of other SDGs from the social, economic and environmental realm.



Other researchers emphasise the impact of contextual dimensions, such as resource endowments, institutions or the analysed time horizon [18,19,20,23,40,42,43,44]. Nilsson et al. [19] advise against generalising SDG interlinkages by emphasising the influence of country-specific differences in geography, governance or technology (see also McCollum et al. [40] for an elaboration of these contextual factors). In a follow-up article, Nilsson et al. [23] conclude that even some of the interlinkages that appear to be universal in nature, such as interactions between gender equality and health outcomes, may differ in terms of their specific impact.



A few studies focus on interlinkages in the national context, such as for Sweden [20], Spain [45] and coastal Bangladesh [16]. Both Weitz et al. [20] and de Miguel Ramos and Laurenti [45] analyse SDG interlinkages on a target level, but they use different methods—expert judgement combined with network analysis and correlation analysis combined with regression analysis, respectively. While their results are not directly comparable because they did not pick the same range of targets, overall, the character of the interlinkages identified clearly differ from each other. It is uncertain whether these differences stem from the specific country contexts or from a methods bias. While not conducting a mixed-methods study themselves, Lyytimäki et al. [43] recommend to complement expert judgements with data-intensive quantitative approaches using SDG indicators.



The present study acknowledges the context specificity of interlinkages regarding all aforementioned aspects. It focuses on the thematic area of the economy–environment nexus, accounts for several of the contextual dimensions established by Nilsson et al. [19], incorporates the country-specific context by analysing the case of Austria and aims at reducing the methods bias through conducting a mixed-methods approach. We apply two different methods, expert judgement and correlation analysis, as recommended by Lyytimäki et al. [43]. To ensure compatibility of the two methods, we conduct both analyses on the indicator level. The choice of Austria as object of our case study follows the argumentation of Weitz et al. [20] for focusing their own analysis of SDG interlinkages on Sweden due to their familiarity with the country’s context. Moreover, we consider Austria an interesting case, because of its relatively high SDG performance coupled with comparatively low progress over the past years [5,33,46,47]. As shown by Kostetckaia and Hametner [13], slow SDG progress might be due to the existence of trade-offs, making the country an ideal candidate for an in-depth study of SDG interlinkages.





3. Materials and Methods


3.1. Data Source


Data for the correlation analysis were obtained from the EU SDG indicator set, which was developed by the EU’s statistical office, Eurostat, in 2017. We used the EU’s indicator set, because it provides open and easy access to the most recent data for the EU as a whole and for its Member States. The EU indicators allow for a detailed analysis of both the EU and its Member States in relation to the 2030 Agenda and can be considered the most appropriate indicator set when monitoring the SDGs in an EU context [48]. Importantly, the EU set of indicators allows for cross-country comparison while assuring high quality standards [27,48], thus, allowing comparability with future studies of SDG interlinkages in other EU countries.



The Eurostat list of indicators provides data both on the EU-aggregated level and on a country level for all EU Member States. The version of the indicator set used in this study stems from June 2020 and contains 100 indicators, structured according to the 17 SDGs. Each SDG consists of five to six main indicators plus additional multi-purpose indicators that are assigned to one SDG, but are also used to monitor other goals. Since the Eurostat indicator set lacks Member State data for some environmental indicators, the following data were added for the purpose of this study: The indicator common farmland bird index was included since the overall common bird index was only available on the EU level. The indicator domestic material consumption (DMC) was incorporated as a measure of absolute resource use in addition to resource productivity, which monitors efficiency in terms of the ratio of gross domestic product (GDP) to DMC [10]. Country data on mean near-surface temperature deviation for Austria were added as a replacement for the respective indicator available from Eurostat, which only includes data at the aggregated global and European levels.



Consequently, 95 indicators with SDG data for Austria were used in this study. Data were extracted from the Eurostat website in June 2020; data for Austrian mean near-surface temperature were provided by the Institute of Meteorology and Climatology at the University of Natural Resources and Life Sciences (Vienna) in August 2020.




3.2. Correlation Analysis


This study was designed as a data-driven mixed methods approach. The first part of the analysis consisted of a correlation analysis with the aim of identifying interlinkages among all 17 SDGs. We calculated bivariate correlations between unique pairs of indicator time series for Austria, using Spearman’s rank correlation, which is widely applied for quantitative analysis in the SDG interlinkages literature [13,14,15,21,41,45,49]. Spearman’s correlation coefficient is a measure of the strength of monotonic relationships between two variables [50]. It is able to capture both linear and nonlinear correlations and is less sensitive to outliers than Pearson’s correlation analysis [51].



We applied Spearman’s rank correlation to all possible combinations of unique indicator pairs, using time series data between 2009 and 2019. This allowed us to assess indicator relationships between, and within, the SDGs. Only indicator pairs with more than three common data points were included in the analysis, as a smaller amount of data may result in wrongfully identifying interlinkages [15]. When calculating correlations between two SDGs that share the same multi-purpose indicator, we excluded the paired multi-purpose indicators from our analysis to avoid the bias of such perfect correlations.



Correlations with a p-value below 0.05 were considered statistically significant [15,21,41,45]. In order to capture interlinkages as synergies and trade-offs, indicators were first classified according to their required direction for achieving the SDGs. Indicators whose value should decrease over time, such as ammonia emissions from agriculture, were assigned a negative sign, while indicators whose value is required to increase, such as share of renewable energy, were assigned a positive sign. Statistically significant correlations with a correlation coefficient ρ (Spearman’s rho) of less than −0.5 were considered as trade-offs, while correlations with a ρ value of more than 0.5 were regarded as synergies [14]. Indicator pairs with a correlation coefficient between −0.5 and 0.5 or with a p-value above 0.05 were classified as non-correlations. The correlation results for Austria were then aggregated on the SDG level by calculating the percentage of synergies, trade-offs and non-correlations within each SDG, as well as between every SDG pair [14,15,21,45].



To account for potential time lag effects, where one variable causes changes in another with a delay, we also performed a lagged correlation analysis for a subset of indicators from the economy–environment nexus [13,52] (see Section 3.3). As some interactions do not occur immediately but may take some time to manifest in the data, we calculated correlations with one of the paired indicators delayed by both one and two years. Using a time lag of more than two years was not possible, as in many cases the common time series would then have been too short to provide enough data points.




3.3. Expert Judgement


Significant strong correlations do not imply the existence of a causal relationship between two indicators. While some studies, such as Kroll et al. [14], Pradhan et al. [15], Warchold et al. [49] and Kostetckaia and Hametner [13], attempt to counterbalance this with a large amount of data, our smaller case study sample allowed us to look into the data more closely. Thus, we set up an expert panel in order to complement the quantitative part of the analysis with a qualitative assessment of interlinkages between the environmental and the economic SDGs. To enable comparisons between the expert judgement and the correlation analysis, we conducted the expert judgement at the indicator level (instead of at the more general goal or target levels), using a smaller sample of SDG indicators from the economy–environment nexus. Limiting the qualitative approach to a subset of the SDGs is necessary in order to complete the assessment in a reasonable timeframe. Even if a researcher were to contemplate each interlinkage for only five minutes, they would spend almost half of their annual (full-time) workforce completing the assessment of all possible indicator pairs of the EU SDG indicator set. The resulting subset of indicators consisted of 23 indicators and 253 possible combinations (see Table 1). We left out indicators expressed as a ratio, such as resource productivity, whose constituent parts were already incorporated as indicators in their own right in the used set, such as gross domestic product (GDP) per capita and domestic material consumption (DMC). Due to missing data for some of the nexus indicator time series, a total 185 out of the 253 nexus indicator pairs were comparable between the correlation analysis and the expert judgement. Therefore, the results of the comparison between the two methods presented in Section 4.2 and Section 4.3 below only refer to the 185 indicator pairs.



To harmonise the results of the expert judgement with those of the correlation analysis, we applied the same scaling to both analyses, so that interlinkages were classified as synergies, trade-offs and non-linkages for the expert judgement as well. Borrowing from the widely used [20,24,42,43,44] expert judgement approach developed by Nilsson et al. [19], we adopted some additional contextual dimensions. Besides judging indicator relationships, experts were asked to assess (1) the directionality of the interaction, i.e., whether one indicator is the driving force behind developments in the other, or if they are bidirectional, (2) the time horizon that interlinkages would unfold in (immediately, short-term and long-term), (3) whether trade-offs are reversible through governance and (4) whether trade-offs are reversible through technology. These dimensions were then used to contextualise the results, in particular for cases where the two methods arrived at different conclusions.



Eight experts (see acknowledgements) from academia with different specialisations (economics, water, ecology, landscape planning and climate risk management) performed the expert judgement, including the authors. When experts had diverging opinions, we decided according to the majority while also considering individual expertise or literature provided to back up a claim. A number of remaining cases—for which experts’ opinions were too diverging to aggregate via majority—were discussed and decided upon in the course of an expert workshop.





4. Results


Our results are presented below. First, we give a brief overview of the correlation analysis results for all 17 SDGs, both within and between the goals. Second, we present the results of the expert judgement and compare them with the results of both the lagged and the non-lagged correlation analysis, highlighting differences and similarities between the results of the two methods. Third, we present those interlinkages from the economy–environment nexus where both methods agree in their assessment.



4.1. Correlation Analysis


The correlation analysis (non-lagged) was conducted for all 17 SDGs. Multi-purpose indicators (indicators that are used for measuring progress on more than one SDG) were counted only once and indicators with less than four data points were left out, resulting in a total of 4301 combinations of indicator pairs. As Austria is a landlocked country, it lacks data on SDG 14 (Life below water), and consequently no results are presented for this goal in the sections below. We find that most of the correlations are either not statistically significant or strong enough to count as interlinkages, with 62% of the indicator pairings classified as non-linkages. The remaining 38% of the indicator pairs were classified as SDG interlinkages, with 26% of the correlations based on Austrian data being categorised as synergies and 12% as trade-offs.



4.1.1. Interlinkages within the SDGs in Austria


Figure 1 shows the shares of synergies, non-correlations and trade-offs within the SDGs in Austria, i.e., the relationships between indicators within the same goal. For almost all of the 17 goals, non-correlations make up the biggest share of interactions, with the exception of SDGs 3, 5, 9 and 13. Within the SDGs, synergies generally exceed trade-offs. Only SDGs 2 and 17 display more trade-offs than synergies, and SDG 15 has an equal share of both.



The analysis of interlinkages within the individual goals shows no clear pattern for the SDGs from the economy–environment nexus. Interlinkages within goals from this area range from barely to highly synergistic and from not antagonistic to pronouncedly antagonistic, relative to other goals. As an example, SDG 13 is a nexus SDG with relatively high synergy shares. Within SDG 13, the share of renewable energy in gross final energy consumption is synergistically correlated with greenhouse gas (GHG) emissions, the GHG emissions intensity of energy consumption, average CO2 emissions per km from new passenger cars and the population covered by the Covenant of Mayors for Climate and Energy signatories. Other synergies within SDG 13 include a positive correlation between GHG emissions intensity of energy consumption and overall GHG emissions, and between the population covered by the Covenant of Mayors for Climate and Energy signatories and average CO2 emissions per km from new passenger cars. Within SDG 2, organic farming displays trade-offs with a number of other indicators, namely the harmonised risk indicator for pesticides (HRI1), ammonia emissions from agriculture and the farmland bird index. Furthermore, the indicator nitrate in groundwater exhibits negative correlations with the farmland bird index and ammonia emissions from agriculture as well as the harmonised risk indicator for pesticides (HRI1).




4.1.2. Interlinkages between the SDGs in Austria


As with the interlinkages within the SDGs, the correlations between the different SDGs consist mainly of non-linkages that are not statistically significant and/or strong enough to count as interlinkages. Still, synergies outweigh trade-offs for the majority of the SDG pairs (see Figure 2). SDG 9 has the highest amount of synergies with indicators from other goals, followed by SDGs 3 and 13. On average, 41% of interactions of these three SDGs with other SDGs are synergistic. SDG 2, on the other hand, is one of the SDGs with the most frequent trade-offs with other goals, followed by SDGs 15 and 5. An average of 19% of indicator pairs from these goals are trade-offs. For 24 SDG pairs, the number of trade-offs outweighs the number of synergies. This is most often the case for SDG 2.



There is only a small amount of SDG pairs displaying a share of synergies above 50%. A notable exception is SDG 9 (see Figure 2). For example, the pairing of SDG 9 with SDG 3 experiences the highest fraction of synergies among the SDG pairs, with a 69% share of synergies. SDGs 2, 15 and 17, in contrast, only exhibit an average of 15% of synergistic interactions with other goals. There are no SDG pairs where trade-offs make up more than 30% of interlinkages between the SDGs. The pairing of SDGs 2 and 6 shows the largest share of trade-offs between the goals, with 30% of correlations being negative. However, the correlation analysis reveals a few synergies even for these goals, for example, between the area under organic farming and the bathing sites with excellent water quality. At an average of 7%, SDGs 7, 12 and 16 all have very low percentages of trade-offs with other goals.



Interlinkages between economic indicators, such as per-capita GDP, and environmental indicators are presented further in the following sections.





4.2. Comparison of Methods for Economy–Environment Nexus Interlinkages


The results presented in the following paragraphs refer to the subset of SDG indicators from the economy–environment nexus (see Table 1). While more than two thirds of the nexus indicator pairs are not linked according to both the experts and the correlation analysis, there are considerable differences regarding synergies and trade-offs (see Figure 3). In contrast with the overall results presented above, the correlation analysis of the nexus indicator pairs shows a relatively large fraction of trade-offs (18%) alongside a relatively small share of synergies (15%). The expert judgement, on the other hand, stipulates a rather small percentage of trade-offs (4%) and a synergy share of 25%.



Figure 4 displays the percentage of agreement between both approaches (including the lagged correlation) per type of interlinkage. The highest share of agreement was found for non-linkages. Here, the correlation analysis confirms 75% of the non-linkages identified by the experts. For synergies, the correlation analysis agrees with 43% of synergistic interactions as specified by the expert judgement. While trade-offs display an agreement share of 50% between both methods, this number is to be interpreted with caution, as there are only eight trade-offs in total discerned by the experts.



The shares of interlinkages, as identified by both methods, is depicted in Figure 5. For around a third of the analysed nexus indicator pairs, the interlinkages indicated by the experts are not confirmed by the (normal and lagged) correlation analysis. Of all the nexus indicator pairs, 11% are classified as synergies by both the correlation analysis and the expert judgement, while only 2% are categorised as agreed-upon trade-offs for both methods. Half of the analysed nexus interactions are consistently rated as non-linkages across both analyses.




4.3. Economy–Environment Nexus Interlinkages Identified by Both Methods


In this section, we present the nexus indicator pairs where experts stipulated linkages between indicators and analyse those in relation to the correlation analysis. We allocated the resulting 55 indicator pairs (corresponding to the in total 30% synergies and trade-offs shown in the right-hand bar in Figure 3) to five different categories: agriculture, water, climate and energy, ecosystems and resource use. Real GDP per capita is the only indicator not assigned a category and serves as a cross-sectional indicator. Non-linkages are omitted from the analysis.



4.3.1. Agriculture Interlinkages


In the area of agriculture, a clear interlinkage is visible between GDP per capita and environmentally harmful consequences. Both the experts and the correlation analysis detected a trade-off between real GDP per capita and agricultural ammonia emissions. The experts generally agreed that this trade-off is driven by GDP growth, but had different opinions regarding the time horizon in which it unfolds. While there was no consensus, some of the experts suggested that the identified antagonistic relationship might be reversible by means of technology or governance mechanisms. Both methods also found a trade-off between GDP per capita and the Harmonised risk indicator for pesticides (HRI1). While the experts did not agree on the time horizon, most of them identified GDP as the cause of the trade-off. Thus, due to increasing per-capita GDP, ammonia emissions from agriculture and the risks from pesticide use increase as well (see Figure 6). The experts did not agree on the reversibility of this trade-off. With regard to organic farming, the experts and the correlation analysis identified synergies with two other indicators: real GDP per capita and Natura 2000 protected areas. The area under organic farming, thus, increases alongside growth in GDP and in the surface of terrestrial sites designated under Natura 2000. However, experts did not agree on the time horizon of either interaction.



There are two interactions in this category that were identified as synergies by the experts, but that were not confirmed by the correlation analysis. While the experts suggested a synergy between risks from pesticide use and Natura 2000 protected sites, the correlation analysis did not. Moreover, all experts unanimously highlighted a synergy between organic farming and pesticide risks, which was not confirmed by the correlation analysis.




4.3.2. Water Interlinkages


In the water category, the experts and the correlation analysis agreed on the existence of several synergies (see Figure 7). Concentrations of nitrate in groundwater are synergistically connected to three other indicators: organic farming, wastewater treatment and Natura 2000 protected sites. The experts agreed that increases in the area under organic farming might act as a driving force for reduced nitrate concentrations in groundwater. However, they highlighted the context specificity of this interaction, which depends on a range of factors and is not of universal nature. In the Austrian case, the correlation analysis confirmed the existence of a synergy. Both methods also agreed on a synergy between the percentage of Austrian population connected to waste water systems with at least secondary treatment and nitrate in groundwater. Thereby, improvements in wastewater treatment act as a driver for reducing nitrate concentrations in groundwater. The same is true for Natura 2000 sites, where increases in protected areas induce improved nitrate concentrations in groundwater. Both the Natura 2000 indicator and the share of population connected to at least secondary wastewater treatment are in turn synergistically interlinked with the biochemical oxygen demand in rivers. Increased access to wastewater systems, thus, leads to a lower biochemical oxygen demand in Austrian rivers, which acts as a proxy for water quality. The experts agreed that this interaction unfolds in a time horizon of less than two years. Furthermore, both methods identified a synergy between areas designated under Natura 2000 and the biochemical oxygen demand in rivers, with Natura 2000 sites acting as a driving force of the interaction.



In several cases, the experts identified an interlinkage (synergy or trade-off) in the water category that was not confirmed by the correlation analysis (see Figure 7). For example, while the experts claimed a trade-off between GDP per capita and nitrate in groundwater, as well as a synergy between GDP per capita and the share of population connected to at least secondary wastewater treatment, the correlation analysis did not confirm these linkages.




4.3.3. Climate and Energy Interlinkages


For climate and energy indicators, there are no agreed-upon trade-offs, but a range of synergies (see Figure 8). Greenhouse gas emissions are synergistically interlinked with both the level and composition of energy consumption in Austria. Lower levels of primary energy consumption, thus, lead to decreases in GHG emissions, as does an increased share of renewable energy in gross final energy consumption. Moreover, increases in the percentage of collective passenger transport (i.e., buses and trains) in total inland passenger transport lead to decreases in GHG emissions, according to both methods. Improvements in collective passenger transport are, in turn, synergistically related with primary energy consumption. Decreasing settlement area per capita also leads to lower energy consumption according to the expert judgement, indicating a synergy between the two indicators, which the correlation analysis confirmed.



While the experts identified synergies between GHG emissions and several other indicators (the amount of domestic material consumption, recycling of municipal waste, Natura 2000 protected sites and the share of rail and inland waterways in total inland freight transport), the correlation analysis did not confirm these interlinkages. The experts also discerned trade-offs between organic farming and energy consumption and between GDP per capita and GHG emissions, as well as energy consumption, which were not verified by the correlation analysis. Regarding the unconfirmed trade-off between organic farming and energy consumption, some of the experts stated that this linkage might be dependent on a range of factors. The experts generally agreed that the trade-off between per-capita GDP and primary energy consumption was reversible. Most of them stated that such a reversibility could be achieved through appropriate governance mechanisms, while one expert indicated that only technological approaches might reverse this antagonistic relationship. While one expert explicitly stated that the trade-off between GDP per capita and GHG emissions was not reversible, the majority agreed that both technological and governance measures may disperse this antagonistic relationship.




4.3.4. Ecosystems Interlinkages


In the area of ecosystems, there is agreement on several interlinkages between the correlation analysis and the expert judgement (see Figure 9). Natura 2000 protected areas exhibit a positive influence on Austrian bathing water quality, as does the share of population connected to at least secondary wastewater treatment. Furthermore, improvements in the biochemical oxygen demand in rivers also lead to improvements in bathing water quality, with the synergy occurring within a time horizon of less than two years. The farmland bird index is another indicator displaying relatively many interactions with other indicators. Both applied methods determined a synergy between Austrian farmland birds and ammonia emissions from agriculture, with reductions in ammonia emissions leading to improved abundance and diversity of farmland bird species. Farmland birds are also synergistically influenced by the settlement area per capita and the share of rail and waterways in collective freight transport. Both methods, however, found a trade-off between the farmland bird index and the share of renewable energy in gross final energy consumption. In this context, the experts highlighted the danger of wind turbines to farmland birds. The experts did not reach an agreement on whether the identified trade-off between renewable energy and farmland birds was reversible.



At the same time, a number of interlinkages identified by the experts were not confirmed by the correlation analysis. For example, there is no significant correlation between bathing water quality and recycling of municipal waste, even though the experts identified a synergy in this case. In fact, the interaction between bathing water quality and ammonia emissions, which was deemed a synergy by the experts, was identified as a trade-off by the correlation analysis. Moreover, the data did not confirm expert judgement synergies between the farmland bird index and organic farming practices or environmental pressures, such as GHG emissions and pesticide risk.




4.3.5. Resource Use Interlinkages


With regard to resource use, both methods revealed a trade-off between domestic material consumption and GDP per capita (see Figure 10). While the experts disagreed on the question of whether this trade-off was reversible by means of technology, most of them indicated that it could be reversed through governance mechanisms. Another interlinkage identified by both methods is a synergistic relationship between domestic material consumption and settlement area per capita. Thus, reducing settlement area per capita could have positive impacts on the amount of materials consumed in Austria. Finally, the share of population connected to wastewater systems with at least secondary treatment displays a synergy with the circular material use rate.



Most interlinkages detected by the experts in this category were not confirmed by the correlation analysis. For instance, according to the experts, the recycling rate of municipal waste synergistically interacts with a number of indicators, such as domestic material consumption or the circular material use rate. These interlinkages were, however, not supported by the correlation analysis.




4.3.6. Economy–Environment Nexus Interlinkages in Austria


In total, there are 18 (of 23 analysed) nexus indicators with agreed-upon interlinkages with other nexus indicators. Interlinkages per indicator range from one to four. The nexus indicators displaying the most synergistic relationships with other indicators are wastewater treatment and Natura 2000 protected areas, while the indicator with the highest number of trade-offs with other indicators is GDP per capita (see Figure 11). GDP per capita is part of almost all identified nexus trade-offs, except for one trade-off between farmland birds and the share of renewable energy. The indicator for Austrian farmland birds is impacted most often by other indicators, followed by bathing water quality, nitrate in groundwater and GHG emissions. On the opposite side, Natura 2000 protected sites, wastewater treatment and GDP per capita are the nexus indicators with the highest impact on other indicators, according to the directionality of their interlinkages with other indicators assigned by the experts.



Figure 11 highlights interdependencies between economic and environmental SDG indicators in Austria. It shows how Austrian economic activity and resource use patterns directly and indirectly influence environmental variables. For example, with growing GDP per capita, agricultural ammonia emissions also increase, which in turn harm Austrian farmland bird populations. At the same time, rising settlement area per capita also negatively impacts farmland birds, highlighting a synergy between these indicators, whereby reducing settlement area could also improve bird populations. Furthermore, settlement area displays synergies with energy and material consumption, suggesting that all three variables might be reduced at the same time, with settlement area per capita acting as a driver of the synergistic relationship. This would also have a positive impact on GHG emissions, as energy consumption affects the level of GHG emissions in Austria. The trade-off between GDP and GHG emissions identified by the experts is not supported by the data. Other resource use variables that influence GHG emissions are collective passenger transport (both directly and via its interlinkage with energy consumption) and the share of renewable energy. Improvements in both indicators lead to reductions in GHG emissions. However, while higher shares of renewable energy in Austria lead to lower GHG emissions, the analysis also reveals a trade-off between renewable energy and farmland bird populations (see Section 4.3.4). A higher percentage of collective freight transport in inland freight transport is, however, beneficial for Austrian farmland birds. Increasing shares of organic farming, which are supported by growing GDP and Natura 2000 protected sites, positively influence levels of nitrate in Austrian ground water, as does wastewater treatment. Furthermore, both Natura 2000 areas and wastewater treatment are synergistically interlinked with other indicators of water quality in Austria.






5. Discussion


5.1. Interlinkages of All 17 SDGs in Austria


The results of the correlation analysis of all SDG interlinkages based on Austrian data—with 26% synergies, 12% trade-offs and 62% non-correlations—confirm previous findings that synergies outweigh trade-offs [13,14,15,21,41] and that the majority of SDG indicators are actually not linked with each other [13,49].



Regarding interlinkages within the SDGs, our results confirm previous findings that SDG 3 has a high fraction of synergies among its own indicators [14,15]. In line with existing studies, we also detected high shares of synergistic relationships within SDG 9 [14], SDG 13 [15] and SDG 5 [49]. According to our analysis, SDG 2 displays several antagonistic relationships among its own indicators, confirming existing research [14,49]. The high share of trade-offs detected within SDG 13 is in line with Kroll et al. [14], but in contrast with Pradhan et al. [15], while the large amount of trade-offs within SDG 5 confirms findings by Warchold et al. [49]. In contrast with the existing literature, we also found a high percentage of trade-offs within SDG 17, which may be a result of the specific Austrian context. Concerning interlinkages between the SDGs, our results revealed that SDGs 3, 9 and 13 display high percentages of synergies with other goals, confirming findings by Pradhan et al. [15] regarding SDG 3 and by Kostetckaia and Hametner [13] regarding SDGs 9 and 13. In line with previous studies, we also found large fractions of trade-offs with other goals for SDG 2 [49], SDG 15 [15] and SDG 5 [13,49].




5.2. The Economy–Environment Nexus


Focusing on the economy–environment nexus, we found that economic growth (SDG 8) in Austria is interlinked with environmental pressures, as expressed by a range of environmental and resource use SDG indicators. Of all nexus interlinkages agreed upon by both the expert judgement and the correlation analysis, GDP per capita displays the highest amount of trade-offs with other indicators. Crucially, the analysis revealed a trade-off between economic growth and material consumption (SDG 12) in the Austrian context. This trade-off is of central importance when it comes to designing sustainable development policies. While the indicator domestic material consumption (DMC) does not directly monitor environmental degradation, it is a widely used proxy for environmental pressures resulting from human activities [6,32]. Thus, in order to stay within planetary boundaries and to prevent overexploitation of the Earth’s resources, material consumption needs to be drastically reduced [4].



There is a longstanding academic debate on whether a reduction in resource use is possible alongside economic growth. The SDGs themselves implicitly assume that productivity and efficiency gains are able to reconcile GDP growth with resource consumption (i.e., reducing the amount of resources consumed per unit of GDP). However, our correlation analysis only identified one significant synergy between energy productivity and GHG emissions intensity of energy consumption. Apart from that, no synergistic relationships between productivity indicators and environmental indicators exist. Moreover, productivity may increase without an absolute reduction in resource use, when GDP increases faster than resource use, which does not alleviate environmental pressures. To reconcile economic growth with reduced resource use, the two variables would need to achieve absolute decoupling from one another [31,53]. Several scholars have already demonstrated that there is no evidence of sustained absolute decoupling of economic growth from resource use, whereby GDP increases while resource use declines [31,32,53]. Therefore, Hickel [31] argues that SDG 8, as currently defined through economic growth, is not compatible with the sustainability objectives of reducing material consumption and carbon emissions.



Our analysis also revealed trade-offs between economic growth and environmental pressures from agricultural production (SDG 2). Rising GDP per capita in Austria is interlinked with higher pesticide risks and increasing ammonia emissions from agriculture. Agricultural ammonia emissions, in turn, negatively affect farmland bird populations (SDG 15). This indirect link between SDG 8 and SDG 15 in Austria is partly in line with findings by Hutton et al. [16] in the context of Bangladesh, who identified trade-offs between economic growth and impacts on land ecosystems. However, while the expert judgement in the present study also suggested direct trade-offs between GDP per capita and environmental pressures, such as GHG emissions (SDG 13) or nitrate in groundwater (SDG 6), this was not confirmed by the correlation analysis. This may be explained by the fact that relationships between GDP and nitrate levels potentially take more time to unfold. Outsourcing of GHG emissions-intensive production to other countries may be another explanatory factor.



Overall, the experts rarely reached a consensus on whether the identified trade-offs among nexus indicators are reversible or not. For three trade-offs—between GDP and pesticide risks, GDP and nitrate in groundwater, as well as between renewable energy and farmland birds—the expert judgement did not reveal a clear statement on the reversibility of these linkages. For other trade-offs, individual answers differed, but general opinions could be derived. Some of the experts suggested that the trade-off identified between GDP per capita and ammonia emissions might be reversible by means of technology and governance mechanisms. Regarding the trade-off between per-capita GDP and primary energy consumption, most of the experts stated that a reversal could be achieved through appropriate governance mechanisms, whereas one expert indicated that only technological approaches might reverse the antagonistic linkage. While one expert explicitly stated that the trade-off between GDP per capita and GHG emissions was not reversible, the majority agreed that both technological and governance measures may disperse this antagonistic relationship. There was no agreement among the experts on whether the trade-off between GDP per capita and DMC could be eliminated, yet two of the experts suggested that governance mechanisms might reverse the antagonistic linkage between the indicators. When reversibility was indicated to exist, governance mechanisms were more often the decisive factor than technology.



Beyond the trade-offs with GDP, the experts identified relatively few antagonistic relationships in the economy–environment nexus. This might be a result of the selection of the indicators, many of which stem from the environmental domain and are, thus, inherently oriented towards the same goal of protecting the environment. It can be assumed that the share of trade-offs identified by the experts would have been higher if more socio-economic indicators had been included in the subset. However, due to the study’s focus on the economy–environment nexus, the majority of interlinkages identified by both methods were synergistic. For example, improvements in the consumption level and composition of energy (SDG 7) are synergistically interlinked with GHG emissions (SDG 13) in Austria. This confirms previous findings that renewable energy is an important part of strategies to reduce GHG emissions [18]. However, while renewable energy can mitigate some environmental impacts (such as GHG emissions), they can also cause severe pressures themselves. For example, renewable energy production may exacerbate land use and water conflicts (for solar farms, biofuels or hydropower), cause increasing extraction of rare earth minerals needed for renewable energy infrastructure (which in turn results in environmental damage), lead to deforestation and, thus, biodiversity loss or even generate high amounts of GHG emissions [53]. In our analysis, both experts and the correlation analysis identified trade-offs between renewable energy and farmland bird populations.



Water indicators (SDGs 6 and 14) display relatively high amounts of synergistic relationships with other indicators, which is in line with findings by Requejo-Castro et al. [12]. In particular, improvements in wastewater treatment are synergistically interlinked with Austrian water quality indicators (biochemical oxygen demand in rivers, bathing water quality and nitrate levels in groundwater). According to our analysis, increasing the shares of protected areas (SDG 15) and of organic farming (SDG 2) is likely to have a positive impact on these aspects, as well. Other potential levers to make use of SDG synergies stem from the realm of resource use. Notably, reducing settlement area per capita (SDG 11) in Austria may have positive impacts on a range of other indicators, such as energy and material consumption and farmland birds (SDGs 7, 12 and 15). Sustainable transport indicators (SDGs 9 and 11) also display synergies with other nexus indicators. For instance, collectivising passenger transport can help with reducing GHG emissions and primary energy consumption.



While the synergistic relationships within the economy–environment nexus may present promising entry points for designing sustainable development policies that positively influence several realms at once, alleviating the identified trade-offs might be of greater importance—especially since trade-offs generally receive less attention by policy-makers [54]. As Kostetckaia and Hametner [13] argue, the presence of many trade-offs may be an explanatory factor for why some EU countries do not progress further towards the SDGs. As a country that has not made significant progress towards the environmental SDGs in recent years [5], policy-makers in Austria should consider the many trade-offs between GDP and environmental indicators. As long as economic growth is the defining target of SDG 8, it may not be compatible with environmental preservation. Other conceptualisations of human well-being and development that focus on equitably de-growing consumption and production levels [4,31,32] may be of greater value to achieving the goal of thriving human societies that exist in a safe and just space [7] within planetary boundaries [9].




5.3. Methodological Considerations


Both correlation analysis and expert judgement have distinct advantages and shortcomings. While the correlation analysis allowed us to investigate relationships between a large number of SDG indicators grounded in actual data, these relationships do not imply causality [15]. Two correlated SDG indicators could be driven by another variable, thus, only showing a co-development of both indicators instead of a meaningful interlinkage. Indeed, results of the correlation analysis revealed a number of strong significant correlations that in practice do not seem to make sense. For example, data showed a trade-off between the gender gap for early leavers from education and CO2 emissions from new passenger cars. Similarly, the correlation analysis revealed a synergy between the share of organic farming and the Austrian population’s inability to keep their homes warm. These are just two examples for a series of quantitatively identified interlinkages that are likely not causally related. The sheer number of interlinkages between SDG indicators makes it very time consuming to include assumptions about causality. We tried to account for this issue by focusing on the economy–environment nexus and complementing the correlation analysis with expert judgement.



On its own, expert judgement is a useful method for assessing not only the existence of SDG interlinkages, but also the causality underlying a given interaction. However, expert judgement may identify interlinkages in theory that have not (yet) materialised in practice, or are only valid in a general, ideal-world situation. For example, Pradhan et al. [15] highlighted that in their quantitative (correlation) analysis, they arrived at different results for interlinkages of SDG 7 than the qualitative (expert judgement) analysis conducted by the ICSU [18]. They concluded that “[…] enhancing our knowledge on SDG interactions will require both qualitative and quantitative approaches” [15]. In our study, the experts identified several interlinkages that were not confirmed by the data. For example, they claimed a trade-off between GDP per capita and GHG emissions, or a synergy between recycling of municipal waste and GHG emissions, neither of which was confirmed by the correlation analysis. The latter may be explained by the fact that the Eurostat GHG emissions indicator only measures production-based emissions instead of emissions along the whole supply chain. Beyond specific cases where the two methods reached diverging results, general differences may stem from the fact that Spearman’s correlation analysis only detects monotonic relationships [13,15], thus, potentially omitting non-monotonic associations, even though it has been shown that such relationships are very rare among SDG interactions [49].



As we have argued, the fact that some of the theoretical interlinkages did not show in the data does not necessarily mean that the experts were incorrect in their judgement. There is a range of possible explanations as to why the quantitative and qualitative results differed from each other. What we can conclude from comparing the results of both applied methods, however, is that agreed-upon interlinkages have a high likelihood of representing meaningful SDG interactions that have already manifested in Austria. Combining both methods allowed us to identify theoretical interlinkages that were grounded in practice, and at the same time apply causality to correlations and exclude mere co-developments. The latter was made possible through the ICSU [18] dimension of directionality, which enabled us to judge which of the correlated indicators was the likely driving force of an interaction, thereby eliminating coincidental relationships among the lagged correlations. The dimensions of reversibility of trade-offs through governance and technology served as an additional explanatory factor as to why some of the nexus interlinkages were not confirmed by the correlation analysis.



Overall agreement shares for the nexus were relatively high, however, as two thirds of the non-linkages, synergies and trade-offs were agreed upon by both methods. While non-linkages made up the biggest share of investigated indicator pairings, synergies outweighed trade-offs, which is consistent with previous literature [14,15,21,41]. This rather high agreement mainly relates to non-linkages. For both synergies and trade-offs, agreement between the two methods is at around 50%. Interestingly, while experts identified a considerably larger fraction of synergies than trade-offs, the correlation analysis in fact found a higher share of trade-offs than synergies among the nexus indicators. While this is in contrast with both the general picture of all EU SDG indicators in Austria and with previous literature examining SDG interlinkages on a more general level, it supports the findings of previous studies on trade-offs between economic growth and environmental degradation [5,10,31,32].




5.4. Limitations


By adopting a mixed-methods approach to studying SDG interlinkages, we attempted to counter the respective shortcomings of both correlation analysis and expert judgement. However, combining the two methods bears its own challenges and limitations. To create comparable results, both approaches had to be conducted on the same level, i.e., the indicator level. This worked well for the correlation analysis and has been established by many different scholars already [14,15,21]. However, it was rather challenging to execute the expert judgement on the indicator level. Despite limiting the indicator amount to a range of chosen nexus indicators, it was a time-consuming process, especially since we decided to include some of the ICSU [18] additional dimensions. Moreover, in some cases, experts were required to look into specific indicator definitions in order to be able to make an informed judgement about potential interactions. Judging interactions on the broader goal or target level—as has been carried out in previous studies [18,19,22,24,42,43]—would be a simpler and less time-consuming process, albeit harder to combine with quantitative analysis. Due to these time restraints, it was challenging to include the additional contextual dimensions developed by the ICSU [18]. As a result, the experts did not consistently judge the additional dimensions, but instead mainly focused on the type of SDG interlinkage (i.e., non-linkage, synergy, trade-off). Moreover, it was not possible to reach agreement among the experts regarding these dimensions. Therefore, we only averaged their responses, taking into consideration the experts’ individual expertise.



While we tried to account for causality by including correlations with a time lag [52], the gap between two indicators could not exceed two years due to the length of the analysed time series. Thus, we were unable to capture interlinkages between indicators that manifest over the long-term.



Another issue included the non-linkages. There were a few indicator pairs that the experts classified as non-linkages because they were too context-specific to judge as either a synergy or a trade-off. Thus, these indicator pairs are not necessarily unrelated. For example, the experts rated the indicator pairing of circular material use rate and GHG emissions as a non-linkage due to its context-specificity, emphasising that a synergy may exist under certain circumstances. While this application of the scoring might have potentially distorted the overall nexus results, cross-checking these cases with the correlation analysis revealed mostly non-linkages as well. Thus, the agreed-upon interlinkages would not have significantly changed. Still, this issue is something to consider in future research.





6. Conclusions


The purpose of the present study was to assess SDG interlinkages—synergies and trade-offs—in the economy–environment nexus for the case of Austria. Acknowledging the methods bias in existing literature, we conducted a mixed-methods analysis of the relationship of selected indicators from economic and environmental SDGs, by combining correlation analysis with expert judgement. In line with previous studies, we found economic growth to show antagonistic relationships with many environmental pressure indicators. In fact, GDP per capita (SDG 8) displays more trade-offs with other economy–environment indicators than any other nexus indicator. According to our analysis, GDP growth in Austria is accompanied by rising material consumption (SDG 12) and environmental pressures from agricultural production (SDG 2), which, in turn, has an impact on land ecosystems (SDG 15). We also found numerous synergies within the economy–environment nexus. Increasing the share of protected areas (SDG 15) and of organic farming (SDG 2) in Austria is able to unlock co-benefits for water quality (SDG 6), while decreasing the settlement area per capita (SDG 11) would also reduce domestic material consumption (SDG 12). Some of the identified interlinkages are not as straightforward—while an increase in renewable energy production (SDG 7) helps to reduce GHG emissions (SDG 13), it can also have negative impacts on local land ecosystems (SDG 15).



Our results have relevant implications for the design of sustainable development policies, both within and beyond Austria. While synergistic relationships between the SDGs may support a faster achievement of the 2030 Agenda as a whole, trade-offs may hinder the process or even undo previous efforts. When economic aspirations are in contrast with the preservation of the ecological foundations our societies depend upon, there will need to be a prioritisation, or, as previous studies have suggested, a re-thinking of socio-economic well-being away from GDP growth—especially in a highly developed country, such as Austria. As long as human development is primarily defined by economic growth, it will increasingly deplete the Earth’s resources, thus posing a threat to the very foundation upon which it depends. In order to enable a good life for all within planetary boundaries, decision-makers, consequently, need to take into account interlinkages—especially trade-offs—between economic and environmental SDGs.



Studies on SDG interlinkages have the potential to support policy-makers in this process. The present paper contributes to the existing literature on SDG synergies and trade-offs by demonstrating that a mixed-methods approach to studying SDG interlinkages is useful when conducting a context-sensitive case study, where specific SDG interlinkages are analysed in more detail. Combining expert judgement with correlation analysis supports the elimination of non-causal correlations. At the same time, contrasting theoretical expert judgements with actual data helps identify real-world interlinkages that have already materialised and can, thus, be leveraged in practice. The results of the present study, therefore, do not only add to the academic discourse but are also directly relevant for sustainable development policy-making in Austria, highlighting some of the synergies that can be exploited and some of the trade-offs that need to be overcome.



A couple of avenues for further research emerge from the present study. For example, it would be interesting to complement the analysis of the SDGs’ economy–environment nexus in Austria with assessments focusing on other relationships, such as between poverty or education and environmental aspects. This would help create a more complete picture of the country’s SDG interlinkages. Additionally, similar nexus case studies could be conducted in other EU Member States and beyond, allowing to assess the similarities and differences in economy–environment relationships across countries. For example, some countries might have already been able to overcome—at least in part—the trade-off between economic growth and environmental degradation and could, thus, offer important insights into how to tackle this destructive relationship elsewhere.
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Figure 1. Correlation analysis of interlinkages within the 17 SDGs in Austria. Green bars represent the share of synergies within the same goal, and violet bars denote trade-offs. Off-white bars signify fractions of non-correlations. 
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Figure 2. Correlation analysis of interlinkages between the 17 SDGs in Austria. Green pieces of the pie charts indicate shares of synergies between the indicators of different goals, and violet pieces represent trade-offs. Off-white pieces denote the percentages of non-correlations. 
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Figure 3. Shares of SDG interlinkages for selected indicators from the economy–environment nexus for correlation analysis and expert judgement. Green bars signify synergies, violet bars signify trade-offs and off-white bars signify non-linkages. 
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Figure 4. Percentage of agreement between correlation analysis and expert judgement for interlinkages of selected indicators from the economy–environment nexus, and per type of interlinkage. Red bars signify cases where the correlation analysis did not confirm the expert judgement, and blue bars represent cases where both methods arrived at the same result. Width of bars represents the number of cases per type of interlinkage, as also denoted by the variable  n . 






Figure 4. Percentage of agreement between correlation analysis and expert judgement for interlinkages of selected indicators from the economy–environment nexus, and per type of interlinkage. Red bars signify cases where the correlation analysis did not confirm the expert judgement, and blue bars represent cases where both methods arrived at the same result. Width of bars represents the number of cases per type of interlinkage, as also denoted by the variable  n .



[image: Sustainability 14 12281 g004]







[image: Sustainability 14 12281 g005 550] 





Figure 5. SDG interlinkage shares for selected indicators from the economy–environment nexus, as agreed upon by the expert judgement and the correlation analysis. The green bar represents the share of synergies, the violet bar represents the share of trade-offs and the off-white bar represents the share of non-linkages according to both methods. The red bar represents the share of indicator pairings where the correlation analysis did not confirm the expert judgement. 
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Figure 6. Synergies and trade-offs between agricultural SDG indicators and other economy–environment nexus indicators. Arrows between nodes refer to synergies and trade-offs identified by the experts and confirmed by the correlation analysis. Dashed arrows signify synergies and trade-offs claimed by the experts, but not identified by the correlation analysis. Violet arrows represent trade-offs, and green arrows represent synergies. Plus signs connote a relationship between two indicators where an increase in one indicator trend is associated with an increase in another indicator trend. Minus signs connote a relationship where an increase in one indicator trend is associated with a decrease in another indicator trend. Arrowheads represent the direction of an interlinkage (i.e., driving variable and driven variable) as suggested by the experts. 
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Figure 7. Synergies and trade-offs between water SDG indicators and other economy–environment nexus indicators. Arrows between nodes refer to synergies and trade-offs identified by the experts and confirmed by the correlation analysis. See caption of Figure 6 for a more detailed explanation of the arrows and signs. 
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Figure 8. Synergies and trade-offs between climate and energy SDG indicators and other economy–environment nexus indicators. Arrows between nodes refer to synergies and trade-offs identified by the experts and confirmed by the correlation analysis. See caption of Figure 6 for a more detailed explanation of the arrows and signs. 
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Figure 9. Synergies and trade-offs between ecosystem SDG indicators and other economy–environment nexus indicators. Arrows between nodes refer to synergies and trade-offs identified by the experts and confirmed by the correlation analysis. See caption of Figure 6 for a more detailed explanation of the arrows and signs. 
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Figure 10. Synergies and trade-offs between resource use SDG indicators and other economy–environment nexus indicators. Arrows between nodes refer to synergies and trade-offs identified by the experts and confirmed by the correlation analysis. See caption of Figure 6 for a more detailed explanation of the arrows and signs. 
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Figure 11. Synergies and trade-offs between SDG indicators from the economy–environment nexus. Arrows between nodes refer to synergies and trade-offs identified by the experts and confirmed by the correlation analysis. See caption of Figure 6 for a more detailed explanation of the arrows and signs. 
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Table 1. Economy–environment nexus SDG indicators used for comparing expert judgement and correlation analysis.
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SDG

	
Indicator

	
Used in Expert Judgement

	
Used in Correlation Analysis






	
SDG 2

	
Ammonia emissions from agriculture

	
✓

	
✓




	
Area under organic farming

	
✓

	
✓




	
Harmonised risk indicator for pesticides (HRI1)

	
✓

	
✓




	
SDGs 2 and 6

	
Nitrate in groundwater

	
✓

	
✓




	
SDGs 2 and 15

	
Farmland bird index

	
✓

	
✓




	
SDG 6

	
Water exploitation index plus (WEI+)

	
✓

	
✓




	
Bathing sites with excellent water quality (inland)

	

	




	
SDGs 6 and 11

	
Population connected to at least secondary wastewater treatment

	
✓

	
✓




	
SDGs 6 and 15

	
Biochemical oxygen demand in rivers

	
✓

	
✓




	
SDGs 6 and 15

	
Phosphate in rivers

	
✓

	
Excluded due to insufficient time series




	
SDG 7

	
Primary energy consumption

	
✓

	
✓




	
SDGs 7 and 13

	
Share of renewable energy consumption in gross final energy consumption

	
✓

	
✓




	
SDG 8

	
Real GDP per capita

	
✓

	
✓




	
SDG 9

	
Share of rail and inland waterways in inland freight transport

	
✓

	
✓




	
SDGs 9 and 11

	
Share of buses and trains in inland passenger transport

	
✓

	
✓




	
SDG 11

	
Recycling rate of municipal waste

	
✓

	
✓




	
Settlement area per capita

	
✓

	
✓




	
SDG 12

	
Circular material use rate

	
✓

	
✓




	
Domestic material consumption (DMC)

	
✓

	
✓




	
SDG 13

	
Greenhouse gas emissions

	
✓

	
✓




	
SDG 15

	
Share of forest area

	
✓

	
✓




	
Soil sealing index

	
✓

	
Excluded due to insufficient time series




	
Surface of terrestrial sites designated under Natura 2000

	
✓

	
✓
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