Supplementary Material 1
The effects of economic growth on biodiversity: summary of the evidence
One of the approaches used to explore the relationship between economic growth and biodiversity is the Environmental Kuznets Curve for Biodiversity (EKC-B). The EKC-B predicts that biodiversity damage first increases and then decreases with rising per capita income (or Gross Domestic Product, GDP), as higher levels of income enhance investment in biodiversity conservation (Dietz and Adger, 2003). Two multi-country analyses found support for an EKC-B for threatened bird and mammal species (McPherson and Nieswiadomy, 2005; Naidoo and Adamowicz, 2001). Some sub-national studies also found partial support for an EKC-B, like in the case of bird species of certain habitat types in some Canadian provinces (Lantz and Martínez-Espiñeira, 2008). However, several global or multi-country analyses found no evidence in support for a EKC-B for several terrestrial and aquatic biodiversity proxies (Clausen and York, 2008; Dietz and Adger, 2003; Gren et al., 2016; Majumder et al., 2006; Mills and Waite, 2009; Sol, 2019). Some of these studies even supported a trend in the opposite direction from that predicted by the EKC-B, i.e., biodiversity damage increases with economic growth. Other studies showed that the relationship between economic growth and biodiversity damage does not follow the typical U-shaped curve of the EKC-B. For example, in the United States avian biodiversity was found to follow an S-curve relationship, that is, biodiversity initially declines with economic growth, then improves over intermediate growth rates, and ultimately declines at higher growth rates (Strong et al., 2011). 
Broadly speaking, the EKC-B finds some support in the so-called forest transition (FT) studies. A FT is defined as a national shift from a shrinking to an expanding forest area as a society undergoes economic development/growth (Mather, 1992). For a given country, the FT foresees a period of net forest decline caused by agricultural expansion, followed by a period of net forest recovery due to intensification, transition from agriculture to manufacturing and services, and substitution of national wood and food by imports (Balvanera et al., 2019). Whereas the recovery of forests in abandoned farmland can have positive effects for biodiversity, it can also be a threat for the biodiversity of traditional cultural landscapes of high conservation value (Queiroz et al., 2014: Otero et al., 2015). In addition, processes that relieve pressure from forests (agricultural intensification, wood fuel substitution by fossil fuels, and land displacement through international trade) cause "hidden" GHG emissions that may compromise the climate change mitigation effect of national forest transitions (Gingrich et al., 2019) adding extra pressure on biodiversity via climate change. 
Another approach to explore the relationship between economic growth and biodiversity is social metabolism. This approach models the flows of materials, energy and waste through the economic system, and then relates these flows to indicators of environmental impacts (Haberl et al., 2019). For example, the Human Appropriation of Net Primary Productivity (HANPP) was shown to be correlated to lower breeding bird species richness in Austria (Haberl et al. 2005; see similar results for other taxonomic groups in Haberl et al. 2004). In turn, these changes can be attributed to different socioeconomic factors like GDP or population. Marques et al. (2019) for instance separated the impacts of global agriculture and forestry on birds in three components (GDP, population, and impacts per unit of GDP) for the period 2000-2011 considering both production and consumption. They found that the impacts have increased mostly due to GDP growth, to a lesser extent due to population growth, even if our economies have now less impact per unit of GDP (Marques et al., 2019). Research on social metabolism also addresses the effects that economic growth in one country has on the biodiversity of another country due to imports. International trade is indeed an important factor of biodiversity loss (Lenzen et al., 2012; Balvanera et al., 2019). In Marques et al. (2019), up to 25% of the total impacts on birds in 2011 were attributable to international trade, most of them occurring in the Global South and being triggered by consumption in the Global North. Together with other studies on the drivers of biodiversity loss, research on social metabolism generally shows that GDP is correlated with processes and factors that cause biodiversity loss: expansion of agricultural land, fertilizer and pesticide use (Tilman et al., 2011); demand for animal protein (Tilman and Clark, 2014); expansion of urban areas and infrastructures (Krausmann et al., 2017; Seto et al., 2012), and anthropogenic greenhouse gas emissions (IPCC, 2014).
Relative decoupling means that GDP grows faster than resource use or environmental impacts, which also grow. It has been observed in the global aggregate as well as in many countries over decades for measures of aggregate use of resources and greenhouse gas emissions in the last century (Haberl et al., 2019). For example, in the period 1910–2005, global GDP increased much faster than global HANPP (17-fold vs. twofold) (Krausmann et al., 2013). Between 1970 and 2005, a 1% growth in GDP per capita implied a 0.8% growth in material use per capita across 39 countries (Steinberger et al., 2013). Regarding GHG emissions, an analysis of 189 countries for the period 1961–2010 found that a 1% increase in GDP was associated with a 0.5–0.8% increase in CO2 emissions (Burke et al., 2015). Absolute decoupling means that resource use or environmental impacts decline in absolute terms while GDP grows. Research shows that absolute decoupling is rare and mainly observed during recessions or periods of low economic growth (Haberl et al., 2020, 2019). In the period 2006–2016, the United States and EU28 had declining emissions in absolute terms despite continued economic growth, in both territorial and consumption-based terms (Global Carbon Budget, 2018; Le Quéré et al., 2019), but these declines are far slower than those needed to meet the 1.5 °C Paris target (Hickel and Kallis, 2020). Similarly, between 2000 and 2011 North America and Western Europe had declining impacts on bird diversity despite continued economic growth and considering trade effects (Marques et al., 2019). This is a case of absolute decoupling linked to low growth rates experienced during the financial crisis, after which biodiversity impacts started increasing again (Marques et al., 2019).
Most of the above evidence was synthesized by Otero et al. (2020) who provided a simple explanatory model: economic growth increases the use and trade of resources, which in turn impact biodiversity via climate change, land use change, and the expansion of invasive alien species – three well-known direct drivers of biodiversity loss (Díaz et al., 2019). Whereas the extent and direction of the causality between economic growth and biodiversity loss still need to be further investigated (see Supplementary Table 1) the above evidence strongly suggests that economic growth is a paramount underlying driver of the degradation of life on Earth. 


Supplementary Table 1. Delving deeper into the relationships between economic (de)growth, biodiversity, nature's contributions to people and good quality of life. The example of the relationship between GDP and biodiversity.  

	Question
	What can be done

	1. WHAT ARE THE TRENDS? STRENGTHENING CORRELATIONAL EVIDENCE
	Socioeconomic and biodiversity time-series data can be used to strengthen the correlative link between economic growth and biodiversity change synthesized by Otero et al. (2020). This requires considering geophysical and socio-economic covariates. We can use trends of biodiversity proxies as response variables explained by baseline values and trends of Gros Domestic Product (GDP) and Gross Value Added (GVA) proportion, in addition to the geophysical and socio-economic covariates. As those explanatory variables are likely to be correlated, this analysis can be conducted using specifically designed tools such as Partial Least Square Regressions (PLSR) (Bertrand et al., 2016; Wold et al., 2001). The general model would be as follows (Eq. 1):
			(Eq. 1)
where δBP is the trend of the biodiversity proxy, GDP and δGDP the baseline and trend of the GDP, GVA and δGVA the baseline and trend in the share of each sector of the GVA, GC the geophysical covariates, and SEC the socio-economic covariates. The terms to focus on are the coefficients of GDP, δGDP, GVA and δGVA.

	2. IS ECONOMIC GROWTH DRIVING BIODIVERSITY LOSS OR VICE VERSA? 
	Empirical dynamic modelling, such as Convergent Cross Mapping (CCM) assesses causal inference from the times-series of a causal variable X and an affected variable Y (Sugihara et al., 2012). CCM does not rely on randomisation and control designs to infer causation, but on the predictability of the state space of the causal variable X from the state space of the affected variable Y, as X should have left its signature in the time-series of Y according to Taken’s Theorem. CCM assesses the link between time-series in a pairwise manner. It accounts for the influence of any other potential variables (e.g. climate) as information about the whole dynamic system should be encompassed in any time-series belonging to this system. It tests for bidirectional causation and time-delay in Y response. Depending on the length of the time-series, CCM can be used either on a country-by-country basis (if the time-series are longer than 30 time-steps) or in its multi-spatial version (Clark et al., 2015), combining data from several locations to increase the length of the time-series. CCM has already been used to evaluate the link between economic growth, energy consumption and greenhouse gas emissions (Liu et al., 2019) and is basically composed of three steps: 1) finding the optimal embedding dimension that maximises the ability of each variable to predict its own dynamics, 2) test for non-linearity to avoid spurious predictability, 3) apply CCM to assess the predictive ability to determine whether and how (bidirectionally or unidirectionally) X and Y are causally related (Wang et al., 2018). In addition to causality detection, the strength of the relationship between the variables can be assessed using the S-map method which calculates a locally weighted multivariate linear regression at each time step of the state space (Deyle et al., 2016). In the system formed by the affected variable Y and the n causal variables Xi, Y(t+1) correspond to the local cumulative effect of each of the Xi on Y(t). The partial derivatives, corresponding to the Jacobian elements of the system, vary at each time step and can be evaluated empirically by S-map. The average of the partial derivatives over the whole state space can then be used as an estimate of the average magnitude of a causal relationship found by CCM (Wang et al., 2020), and it is the term to focus on. Another, potentially more accurate, way to unravel the causality between economic growth and biodiversity loss is to look at the link between 1) direct drivers (e.g. land-use change, pollution, etc.) and biodiversity loss, and 2) direct drivers and GVA (and therefore GDP). This requires additional data on direct drivers (e.g. on agricultural practices for land-use change) and could be restricted to countries where these data are available. 

	3. WHAT DIFFERENCE BETWEEN DEGROWTH AND RECESSION IN BIODIVERSITY EFFECTS?
	Degrowth is a democratic reduction in the material and energetic size of the economy which is designed to enhance social wellbeing and environmental conditions (Schneider et al., 2010). This is likely to reduce GDP (Kallis, 2011). Instead, a recession stems from the lack of growth in an economic system designed to grow, leading to higher unemployment and a lower wellbeing (Hickel, 2021). When exploring the effects of degrowth on biodiversity, it is important to differentiate between these two situations that could have similar effects on GDP. This requires analysing the differences in biodiversity proxies between regions with declining or stable GDP attributable to economic systems similar to degrowth and countries experiencing recession. Yet, regions with a degrowth-like economic system and available data are scarce. Instead, the wellbeing indicators from OECD might be used as a proxy to differentiate countries with low GDP growth and positive wellbeing trends ("representing" degrowth) and countries with low GDP growth and negative wellbeing trends ("representing" recession). The control-impact approach can also be used, where economic crises can be considered as interventions if they affect most sectors and imply changes in economic policies (Hoelscher and Quintyn, 2003) but are not global. If pre- and post-intervention data are available for enough locations to randomize the design, a BACI (Before-After Control Impacts) approach can be used (Josefsson et al., 2020). However, as national economies are linked through globalization, countries are often not independent and a crisis in one country is likely to affect others, making it difficult to infer strong causality. The general model would be as follows (Eq. 2), based on O’Brien and Wilson (2011):
                                                                             	       (Eq. 2)
where BP is the mean or trend of a biodiversity proxy over the period before and after the crisis, P a categorical variable with two modalities corresponding to the period before and the period after the crisis, T a categorical variable differentiating countries that experienced the crisis from countries that did not. The term to focus on is the interaction term P*T that measures whether there is a significant difference in BP after the crisis between countries that experienced the crisis and countries that did not.

	4. HOW DELAYED IS THE RESPONSE OF BIODIVERSITY TO A CESSATION OR SLOWING DOWN OF ECONOMIC GROWTH?
	Biodiversity responses to changes in direct drivers and thus to the underlying economic growth rates are likely to be delayed in time (Essl et al., 2015). The consequences of such a delay in biodiversity response can generate an extinction debt as historical modifications of the environment doom the fate of a population that is still present (Semper-Pascual et al., 2021). The before-after event approach can be used to analyse this lag by testing the variability of the link between BP and P*T (Eq. 2) for several periods of time after the event that causes a change in growth rate. If the data are available over long periods, using the time-series approach would facilitate the study and quantification of this lag as CCM allows to test for a lag in the response of two causally related variables during the course of the method implementation (Wang et al. 2019).


Supplementary Table 2. Potential indicators to characterize the degrowth scenarios and their effects on biodiversity, nature's contributions to people and good quality of life. 

	a) Biophysical 

	Biophysical planetary boundaries
	· Planetary boundaries for climate change, stratospheric ozone depletion, ocean acidification, biogeochemical flows, freshwater use, land-system change, genetic diversity (Steffen et al., 2015). 
· CO2 emissions, phosphorus, nitrogen, blue water, embodied Human Appropriation of Net Primary Productivity, material footprint (O’Neill et al., 2018).

	Earth Systems modelling 
	· Atmospheric, ocean, land, and urban processes (biogeochemical processes, water & energy budgets, etc.); global mean temperature; sea level rise; permafrost area; etc. (Prinn, 2013).



	b) Socioeconomic 

	Econometrics

	· Gross Domestic Product (GDP) and per capita GDP (OECD, 2022).
· Gross Value Added: it would allow to consider the effect of the different economic sectors (OECD, 2022).

	Demography
	· Population data: they would allow to consider the demographic component of economic growth (OECD, 2022).

	Social wellbeing
	· 11 well-being variables, e.g. self-evaluated life satisfaction, perceived social network support, etc. (OECD, 2022).
· Genuine Progress Indicator: separates economic activity that negatively impacts the environment and society (Talberth et al., 2007).
· Gross National Happiness: based on survey data (Di Tella and MacCulloch, 2008).
· Social component of the Social-Environmental Index: combines 11 social indicators of the Doughnut economy (Rigal, 2022).
· World Happiness Index: aggregation of 7 subindices (Helliwell et al., 2018).
· Better Life Index: compares well-being across countries, based on 11 topics the OECD has identified as essential, in the areas of material living conditions and quality of life (https://www.oecdbetterlifeindex.org).


Note: OECD data are available for member countries (38 countries in Europe, North and South America and Oceania, representing 17% of the world population) at national and sub-national scales. 

	c) Social-ecological 

	Social-ecological interactions
	· Ecosystem services demand and supply, ecosystem disservices supply, land-use intensity, local natural capital dependence, etc. (Pacheco-Romero et al., 2020).

	Social metabolism
	· Material and energy flows, stocks, wastes, and emissions (Haberl et al., 2019). 



	d) Biodiversity and NCP (Nature's Contributions to People)

	Time-series of indicators that consider trade from national to global scales
	· Impending Bird Extinction Driven by Production Activities (Marques et al., 2019).
· Biodiversity Footprint (Bjelle et al., 2021). 

	Integrated indicators 
	· Multi-Dimensional Biodiversity Index (Soto-Navarro et al., 2021).

	Long-term monitoring data on biodiversity change 
	· Birds in Europe (PECBMS) (Brlík et al., 2021) and North America (NBBS) (Sauer et al., 2013). Multi-species indices such as the Common Specialist Bird Index (CSBI) (Gregory et al., 2003) at national and sub-national scales. Functional diversity.
· Other taxonomic groups such as butterflies and plants are also widely monitored with standardised protocols, especially in Europe (Wood et al., 2017) and North America (Nelson, 2007). 

	Biodiversity and NCP proxies used in the BES-SIM intercomparison exercise

	· Species richness, mean suitable habitat score, species-abundance based biodiversity intactness, pollination, climate regulation, water quantity, water quality, soil protection, regulation of hazards, regulation of detrimental organisms, bioenergy, food and feed, materials (Kim et al., 2018).

	Biodiversity and NCP indicators produced by the ValPar.CH project
	· Current and future species distribution maps (native and invasive species) and aggregated biodiversity indices at 25 m resolution under several climate change scenarios for Switzerland (Adde et al., 2023). 
· Maps of 16 NCP at 25 m resolution for Switzerland (Külling et al., in prep.).  
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