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Abstract

To achieve social and environmental sustainability, humankind must balance satisfying human needs
and preventing ecological collapse. The material footprint—the total materials required for production
and consumption—plays a crucial role in this dynamic. This study uses data from 151 countries and a
regression-based moderation approach to analyse how material footprints and human need satisfaction
are influenced by socio-economic factors known as "provisioning factors."Countries with strong socio-
ecological performance were characterized by factors such as democracy, rule of law, public health coverage,
effective corruption control, access to electricity and clean fuels, trade and transport infrastructure, and
urbanization. In contrast, weaker socio-ecological performance was often marked by extractivism and
inequality. Improving provisioning systems could help countries reduce material use while enhancing need
satisfaction. Yet, even under favorable conditions, the current economic system remains incompatible
with socio-ecological sustainability, highlighting the need for more radical changes to meet human needs
with minimal material consumption.
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1 Introduction

In 1950, the world consumed approximately 7 billion tons of materials annually. By 2020,

this figure had skyrocketed to over 100 billion tons, driven by rapid industrialization and global-

ization (Wiedmann et al., 2013; IRP, 2019). Yet, despite this fourteen-fold increase in material

consumption, 1 in 3 people globally still lack access to adequate sanitation, and 800 million people

go to bed hungry every night (UNDP, 2020; FAO, 2021). This stark disconnect between material

use and human well-being highlights the inefficiency of current economic systems and raises critical

questions about how societies can better meet human needs without further straining planetary

boundaries.

Consider Costa Rica, a small Central American nation that has achieved 95% access to

clean water and 99% literacy rates with a material footprint of just 8 tons per capita—well below

the global average (Bringezu, 2015). In contrast, the United States, with a material footprint of 28

tons per capita, struggles with 12% of its population living in poverty and millions lacking access

to healthcare (Guzman and Kollar, 2023; OECD, 2021). This striking contrast underscores that

material consumption alone is not the key to human well-being—provisioning systems matter just

as much. By examining how countries like Costa Rica achieve high levels of need satisfaction with

relatively low material footprints, this study seeks to uncover the socio-economic factors that can

help bridge the gap between human needs and ecological sustainability.

Excessive material consumption is a well-documented obstacle to sustainability (Arshad Ansari

et al., 2020; Dall’Orsoletta and Matthews, 2021; Giljum et al., 2015; Hickel, 2020; Razzaq et al.,

2021; Wiedmann et al., 2013; Wiesen and Wirges, 2017). While some countries may require in-

creased material consumption to achieve basic social outcomes, a global reduction in material use

remains essential to reduce waste, pollution, and land use change, which are all threatened plan-

etary boundaries (Richardson et al., 2023; Rockström et al., 2009), as well as to prevent resource

exhaustion for future generations. Studying the role provisioning systems take in moderating the

material consumption-need satisfaction relationship could help us to better understand how to

satisfy human needs at lower material requirements. This could lead to reductions in material

consumption from over-consuming, socially secure countries, freeing up ecological space that could

be used by countries where basic human needs are not met, all while ensuring a more sustainable

aggregate level of material consumption.

The question of how much material is needed to satisfy human needs remains largely

unexplored, despite the fact that any sustainable transition will require finite materials. This

study aims at shedding some light on this particular research area. While there is now a rather

good understanding of how to achieve well-being in a sustainable manner (Bohnenberger, 2020;
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Creutzig et al., 2021; Hickel, 2019; Kallis et al., 2012, 2020; Parrique, 2019), few empirical analyses

exist. Previous studies have been made to estimate what would be a sufficient material footprint,

but only for households and on a national scale (Buhl et al., 2017, 2019; Lettenmeier et al., 2014).

This analysis builds upon Vogel et al. (2021), who examined the relationship between

energy use and need satisfaction and established the methodological framework used here. It also

builds on previous attempts to define human needs, characterize them and how to fulfill them

(Doyal and Gough, 1991; Max-Neef et al., 1991; Rao and Min, 2018).

Therefore, this paper makes two novel contributions:

− First, it applies the framework developed by O’Neill et al. (2018) and made operational

by Vogel et al. (2021) (Fig. 1) to the relationship between material footprint and need

satisfaction, using 20 indicators (national material footprints, six need satisfaction variables,

and 13 provisioning factors) in 151 countries.

− Second, it looks at which socioeconomic conditions (i.e., which combinations of provisioning

factors) have a beneficial or detrimental effect on this relationship and thus enable satisfying

human needs at low material use.

More specifically, it asks the following research questions:

1. What is the relationship between material footprints and human need satisfaction across

different socio-economic contexts?

2. How do different provisioning systems influence the material footprint required to achieve

basic human well-being?

Section 2 will introduce the theoretical framework and describe the data used in this study,

while Section 3 will present the methods. Section 4 will be dedicated to delivering the results,

which will be discussed in Section 5. Finally, Section 6 will summarize and conclude the study.

2 Theoretical framework and data

2.1 Theoretical framework

This study builds on the literature on socio-ecological provisioning systems, in which the

provisioning of human need satisfaction is conceptualized in an Ends-Means spectrum (Daly,

1973; Fanning et al., 2020; O’Neill et al., 2018). Specifically, it follows on the operationalization
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of the concept developed by Vogel et al. (2021). In this framework, material consumption (here

expressed via the national average per capita material footprint and abbreviated MF) is considered

as a mean, and need satisfaction as the end, with provisioning factors operating as moderators of

the means-end relationship.

Provisioning factors are any characteristics of socio-economic systems influencing the pro-

visioning of goods and services, at any stage of the economic process (extraction, production,

allocation, consumption and disposal). They can be economical, geographical, institutional, so-

cial, historic, political, cultural. . . and reflect the diversity and specificity of provisioning systems,

here studied at the national scale. Hereby, provisioning factors are any element framing the socio-

economic processes that can influence the relationship between material use and need satisfaction.

For example, the results may vary between urban and rural societies, depending on the economy’s

growth rate and the quality of existing infrastructures. The idea of provisioning systems is very

wide, potentially abstract and conceptual. Meanwhile, breaking them into individual provisioning

factors makes them measurable and allow for international and intertemporal comparison.

Figure 1. Theoretical framework, adapted from Vogel et al. (2021)

The relationship between material consumption and well-being is still unclear, mainly due

to a lack of literature on the subject. However, material footprints are closely correlated with

economic growth (Wang et al., 2022) and countries with higher footprints also tend to have high

GDP per capita levels, which themselves tend to have higher levels of need satisfaction. Therefore,

one can assume that the relationship between material consumption and need satisfaction is a

positive one. However, and as I described in the introduction by comparing Costa Rica and the

United States, material consumption alone is not enough to explain need satisfaction. Provisioning

systems play a crucial role, and it is very important to better understand it if we want to comply

with sustainable development.
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Moreover, an estimation for what would be sustainable material footprints has already been

made by Bringezu (2015). In this study I will be using their limit of 2.2t/year/capita for biotic

resources and 11.6t/year/capita for abiotic resources, making it 13.8t/year/capita when combined.

These thresholds correspond to an intermediate scenario, with a global population peaking at 10

billion people and a return to 2000-levels of aggregate material consumption.

2.2 Data sources

Alongside footprints, this study uses two sets of variables: need satisfaction variables (NSV)

and provisioning factors (PF). Following on Vogel et al. (2021), the NSV capture six key dimen-

sions of human need: health, education, nourishment, access to sanitation and protection from

poverty (Table 1). The 13 chosen PF deemed relevant to the analysis cover economic, geographic,

infrastructural and political factors (Table 2). The rationale behind the selection of these variables

is twofold: first, they are available for most countries in our sample; second, being similar to the

ones selected in Vogel et al.’s paper, they allow for a comparison of our results. The thresholds

indicated in Table 1 for ‘sufficient’ need satisfaction are based on previous work on the idea of a

‘good life within planetary boundaries’ (O’Neill et al., 2018).

Material footprints quantify the total material flows required for consumption and pro-

duction within a given territory (Wiedmann et al., 2013). A key strength of this indicator is its

inclusion of trade flows, accounting for both imports and exports. However, by aggregating diverse

material types — biomass, fossil fuels, metal ores, and non-metallic minerals — it sacrifices in-

formational granularity. An intermediate layer of granularity, which will be used here to compare

data with sustainability thresholds, is to distinguish between biotic and abiotic matter: biomass

is deemed biotic while fossil fuels, metals and non-metallic ores are considered abiotic.

Most components of the material footprint are non-renewable, and most of them generate

waste and/or environmental degradation. Reducing the global levels of material consumption is an

imperative if we are to ensure inter-generational solidarity and try to preserve resource availability

in the long term, as well as mitigating the impacts of economic activity on our environment.

The material footprint data comes from the UNEP-IRP1 material flows database and rep-

resents the national material footprints divided by each country’s population in 2019. The choice

of using material footprints instead of the Domestic Material Consumption indicator was made

because the former incorporates material consumption alongside the supply chain of products

consumed in the final destination countries, and therefore accounts for imports and transport

(Wiedmann et al., 2013). This focus on the end-use of materials is important in a study on sus-
1United Nations Environment Programme − International Ressource Panel
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tainability, as international trade and international supply-chains tend to plunder Global South

countries for ressources at the benefit of Global North economies (Hickel et al., 2021, 2022). All

data was collected for 2019, or the closest possible year in case of missing observations.

Table 1. Human need satisfaction variables (NSV) used in this study

Variable name
(abbreviation)

Description and [units] Sufficiency threshold Indicator
source

Healthy life ex-
pectancy (HLE)

Average life expectancy at
birth [years]

65 years Institute
for health
metrics
and evalu-
ation

Sufficient nour-
ishment (SN)

Percentage of population
meeting dietary energy re-
quirements [%]

95% World
Bank WDI
2019

Drinking water
access (DWA)

Percentage of population
with access to an improved
water source [%]

95% World
Bank WDI
2019

Safe sanitation
access (SSA)

Percentage of population
with access to improved
sanitation facilities [%]

95% World
Bank WDI
2019

Basic education
(BE)

Education index (score) Score of 75 UNDP
HDR 2019

Minimum in-
come (MI)

Absence of income shortfall
below $3.65/day [%], calcu-
lated as the reverse of the
Poverty gap at $3.65 a day
(2017 PPP)

95% World
Bank WDI
2019

2.3 Data transformation

The regressions performed in this study have been made on centered and transformed

variables, denoted by a t̃ilde. These transformations are either:

− Identity: ṽari = vari;

− Logarithmic: ṽari = log(vari);

− Saturation: ṽari = log(varsat − vari), where varsat is a value 5% higher than the maximum

observed, to take into account asymptotic effects without ever crossing the asymptote.

In each case the most suitable transformation was selected based on Akaike’s Information

Criteria (Akaike, 1974). Every need satisfaction variable uses a saturation transformation, material

footprints use a logarithmic transformation, and the chosen ones for the provisioning factors are

displayed in Table 2.
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3 Methods

In this section, I will present the methods used in the analysis. While most of it is derived

from the operationalization of the provisioning systems framework made in Vogel et al. (2021),

I also introduced a new dimension with the introduction of quantile regressions, as well as an

additional effort of decomposition due to the nature of material footprints as composite indicators.

It will be divided in three parts: first the empirical strategy, then the modeling efforts made thanks

to the results derived from the empirical analysis, and finally an extension of the model focusing

on the material footprints sub-components.

3.1 Empirical study

3.1.1 Bivariate analysis of the relationship between need satisfaction and material

consumption

In econometrics, the standard way to assess the relationship between two variables is

through the use of ordinary least squares (OLS) regressions, which are linear models. Here, a

set of OLS regressions were performed to cover every need – footprint combination, as presented

in equation (1):

ÑSi = β0 + β1M̃Fi + ϵi (1)

Here, β1 should be interpreted as the estimated marginal effect of material footprint on

need satisfaction. However, the relationship between material consumption and need satisfaction is

seemingly not linear, a “saturation” effect appearing when we plot the data. To check whether this

is statistically true or not, a quantile regression is performed to assess whether the β1 coefficients

diminish as material footprints increase.

Quantile regressions help us illustrate how the effect of a variable X on the dependent

variable Y changes as we move along the distribution of X, instead of assuming this effect remains

unchanged for all values of X, as is the case in OLS models. A more complete description of

quantile regressions can be found in D’Haultfœuille and Givord (2014). Due to the limited size of

the dataset, the quantiles used will be the median (τ = 0.5) as well as the first and third quartiles

(τ = 0.25; 0.75). The generic expression of the model is given by equation (2):

NSi = βτMFi,τ + ϵτ (2)
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3.1.2 Introducing provisioning factors as moderators

One of the hypotheses of this study is that provisioning factors play a moderating role

in the relationship between material consumption and need satisfaction. In order to study this

effect, a multivariate interaction model must be used integrating material footprints, provisioning

factors and an interaction term, as described in equation (3):

ÑSi = β0 + β1M̃Fi + β2P̃Fi + β3M̃Fi ∗ P̃Fi + ϵi (3)

Contrary to the standard OLS model presented in equation (1), this model introduces an

interaction term. As such, β1 and β2 cannot be interpreted as the relative marginal effect of the

material footprint or of a provisioning factor on the need satisfaction variable; the same is true for

their respective statistical significance. Rather, as described in Brambor et al. (2006), calculating

both manually is required: ∂ÑS

∂M̃F
= β1+β3P̃Fi and ∂ÑS

∂P̃F
= β2+β3M̃Fi. It is now possible to calculate

their respective standard errors and, therefore, confidence intervals. Since it is possible that both

effects are significant only for a specific range of the distribution of PF and MF respectively,

minimum and maximum significant values can be derived ( ˜PFmin∗∗/ ˜PFmax∗∗/M̃Fmin∗∗/M̃Fmax∗∗).

These will be used later in the modeling part.

3.1.3 Multivariate analysis with provisioning factors combinations

In the real world, provisioning factors are numerous and they collectively moderate the

relationship between material consumption and need satisfaction. It is thus necessary to observe

their statistical effect when multiple factors are introduced at once. In order to do this, I performed

a set of OLS regressions described in equation (4):

ÑSi = β0 + β1M̃Fi + β2P̃F1,i + β3P̃F2,i + β4P̃F3,i + ϵi (4)

Because of the relatively small sample size, the expected correlations between the variables,

and the estimators’ limitations in terms of accuracy, it was preferable not to include interaction

terms for all four variables.

3.1.4 Assessing model validity and strength

Model validity and strength are assessed through a series of statistical measures and robust-

ness checks. Robust standard errors (HC2) are computed in all regression models to address poten-
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tial heteroskedasticity2. The normality of residuals is checked by means of a Kolmogorov-Smirnov

test. Furthermore, in the context of multivariate regressions, the presence of multicollinearity3

among the individual predictors is evaluated through an examination of Variance Inflation Factors

(VIF). It is noteworthy that a threshold of VIF ≥ 5 is considered to indicate significant variance

inflation. These procedures collectively serve to ensure the robustness and reliability of the models

being employed in the analysis. Moreover, in the case of the quantile regressions, the statistical

difference between the estimated coefficients is checked by performing a Wald test, a common

ANOVA (Analysis of variance) test.

To check the robustness of the models, each analysis was made twice - the second time

after potential outliers have been removed. Outliers identification is based upon the countries’

material footprints, and was performed using an Inter Quantile Range (IQR) method.

3.2 Modeling

One of this study’s main objectives is to determine the potential role of provisioning factors

in reaching sufficient need satisfaction at sustainable levels of material use. Now that the statistical

relationship between these factors and need satisfaction have been empirically determined, it is

possible to try to model the effect on need satisfaction if different levels of provisioning were

generalized to all countries on the planet.

3.2.1 Single provisioning factor

Thanks to the coefficients β1, β2 and β3 estimated in equation (3), it was possible to cal-

culate the minimum and maximum values for which each provisioning factor has a significant

statistical effect ( ˜PFmin∗∗/ ˜PFmax∗∗). By combining these coefficients with the minimum / maxi-

mum significant values of provisioning factors, it becomes possible to model a prediction of need

satisfaction at observed material footprints. To make a better comparison, these predictions are

also made with the mean provisioning values. Equation (5) exemplifies the modeling strategy in

the case of a generalization of( ˜PFmax∗∗):

ÑSpred,i( ˜PFmax∗∗) = β0 + β1M̃Fi + β2
˜PFmax∗∗ + β3M̃Fi ∗ ˜PFmax∗∗ (5)

2Heteroskedasticity refers to a situation in which the variance of residual terms ϵi is not constant. In econometrics,
the normality of residuals is necessary to get unbiased estimators.

3Multicollinearity is a situation in which the predictors in a regression model are linearly dependent. This can
generate instability and prevent a good interpretation of the estimated coefficients.
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By pooling together these predictions over all the need satisfaction variables, and for all the

statistically significant material footprints, it becomes possible to obtain a measure of the overall

statistical effect and relevance of each provisioning factor. To achieve this in a standardized way,

I compare the difference between the predicted need satisfaction levels and the observed ones, as

described by equation (6):

∆ÑSpred,i(∆P̃F ) =
ÑSpred,i( ˜PFmax∗∗)− ÑSpred,i( ˜PFmin∗∗)

NSmax −NSmin

(6)

This gives a comparable metric for how need satisfaction can change with any provisioning

factor for a given level of material consumption. It gives information on the general direction,

strength and consistency of statistical effect of a provisioning factor. However, because human

needs are considered non-substitutable and incommensurable, as explained by Doyal and Gough

(1991), this metric is better used as a qualitative indication than an exact quantitative measure.

3.2.2 Combinations of provisioning factors

In order to estimate whether “good provisioning” can allow sufficient need satisfaction at

low material use levels, the coefficients β1, β2, β3 and β4, estimated in equation (4) can be used to

predict need satisfaction under stylized scenarios of “jointly beneficial” or “median” provisioning.

These alternative provisioning scenarios are denoted c in equation (7):

˜NSpred,c,i = β0 + β1M̃Fi + β2P̃F1,c + β3P̃F2,c + β4P̃F3,c (7)

Because there are no interaction terms, it is not necessary to compute the range for which

the marginal effects are significant, contrary to what was described in section 3.1.2. Instead,

to create the "jointly beneficial" scenarios I will be using the value of the 90th percentile of

beneficial provisioning factors and the value of the 10th percentile of detrimental ones. This

would still represent a massive improvement for most countries, but would not be as extreme as

giving to everyone the provisioning levels of the best performers. More detail on how beneficial

and detrimental provisioning factors are identified is given in section 4.2. "Median" provisioning

represents a situation in which every country is given the median value for each provisioning factor.
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3.3 Decomposing the material footprint

The material footprint is an aggregated measure of material consumption, computed as the

sum of biomass, fossil fuels, metals, and minerals consumption. As such, it is interesting to look

at the effect of provisioning factors on those sub-components, both as a robustness check of our

results and as a way to explore potential heterogeneity.

Therefore, I will be looking at how the trends in material footprint composition may change

as material footprints increase, and then examine how provisioning factors may interact differently

with them. In section 2.1 I presented, with equation (6) a metric allowing the comparison of the

general statistical effect of each provisioning factor. By using the same methods I have been

describing for each component of the material footprint, this metric can be obtained for any of

these components.

4 Results

4.1 Cross-country analysis of the relationship between need satisfaction

and material consumption

Among the 151 countries in the sample, only 344 (≈ 22, 16%) reach sufficient levels of

need satisfaction for all of the selected NSV. The average MF of these successful countries is

26.32t/year/capita, which is lowered to 23.64t/year/capita when population is used as a ponder-

ation, making it about 70% higher than the 13.8t/year/capita that can be used as a baseline of

what a “sustainable” material footprint could be (Bringezu, 2015). However, even among these

countries, there is an important heterogeneity: for example, Italy’s material footprint per capita is

about 11.87t/year, putting it below the sustainability threshold, whereas Iceland’s is 58.86t/year,

highlighting the importance of exploring the role of provisioning factors in explaining this rela-

tionship.

The OLS regressions presented in Table 3 show a very high degree of correlation between

need satisfaction and material consumption. For each of our six variables, the statistical effect is

significant and implies an increase by ≈ 0.75% to ≈ 0.81% for every 1% increase in the material

footprint per capita.
4Australia, Austria, Belarus, Belgium, Canada, Chile, Costa Rica, Cyprus, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Israel, Italy, South Korea, Luxembour, Malta, the Netherlands, New Zealand,
Norway, Portugal, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkiye, the United Kingdom, the
United States and Uruguay
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However, as noted in section 3.1.1, the relationship between material consumption and

need satisfaction is not linear. This can be seen visually in Figure 2, which compares the per

capita material footprints of nations to their need satisfaction, for each of the selected needs. The

dashed grey horizontal line represents the threshold for "sufficient" need satisfaction as explained

in Figure 1, and the dashed red line represents the "sustainable" limit for material consumption

of 13.8t/year/capita. What is interesting is that, in this "sustainability space" represented by

sufficient need satisfaction and sustainable material use, we can find countries from every income

group5 bar the low income ones. This also shows that material consumption alone is not enough

to understand and predict need satisfaction, which further justifies the need to investigate the role

of provisioning factors.

Figure 2. The relationship between material consumption and need satisfaction saturates as ma-
terial consumption increases

The visual impression left by Figure 2 need to be statistically validated however, which is

why I also used quantile regressions to support the saturation argument. Table 4 shows the results

of these regressions: in most cases (with the notable exception of the educational performance),
5I am using the World Bank’s classification for income groups here.
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the statistical effect of an increase in material consumption is significant but gets smaller and

smaller as the material footprint per capita increases.

As can be seen in Table 4, the results of the quantile regressions tend to confirm the

hypothesis of diminishing returns of increasing material consumption, i.e. the “saturation effect”

is clearly highlighted. The two NSV for which the effect is not as clear, between the first quartile

and the median at least, are Basic education and Healthy Life Expectancy , which are the two for

which the saturation effect is not as clear and striking (cf. Fig. 2). Moreover, a Wald test was

performed on each regression to check whether the coefficients were significantly different or not.

The results were positive for all except Basic education (which could be inferred by looking at the

estimated coefficients).

4.2 Moderating effect of single provisioning factors

The purpose of this section is to investigate how individual provisioning factors moderate

the relationship between need satisfaction and material footprints. The addition of a provisioning

factor in the regression (3), as a moderator of the relationship between material footprints and

need satisfaction, results in a generally statistically improved explanation of this relationship, as

indicated by higher adjusted R² values on average. When the marginal effect of a provisioning

factor is significant, both the need satisfaction associated with a particular material footprint and

the extent to which need satisfaction depends on material footprint vary with the value of the

provisioning factor. Thus, provisioning factors shape the relationship between material footprint

and need satisfaction. Interestingly, out of the 78 possible combinations, 8 (10,25%) display a

lower adjusted R², the majority of which resulting from models integrating economic growth

and trade penetration as provisioning factors6. This hint that economic growth may not be a

consistently relevant provisioning factor is compounded by the fact that in two cases (for Drinking

Water Access and Minimum Income) there are no cases where the computed marginal effect of

material consumption on need satisfaction ∂ÑS

M̃F
is significant. In other words, once we integrate

an interaction with economic growth, material consumption ceases to be a relevant predictor of

need satisfaction.

In section 3.2.1, I used equation (5) to explain how different values of a provisioning factor

could be used to model need satisfaction, the implicit assumption being that in each cases these

values were given to every country in our sample. This allows for a comparison of predicted need
6The models displaying lower adjusted R² are the following: Drinking water access: econ. growth; Safe sanitation
access: econ. growth; Sufficient nourishment: trade penetration; Minimum income: trade and transport infras-
tructure, economic growth; Healthy life expectancy: economic growth, trade penetration; Basic education: trade
penetration.

12



satisfaction in each scenario, both between each scenario and with respect to our current situation.

In Figure 3 I give examples of these predictions for three need satisfaction variables (Healthy Life

Expectancy, Sufficient Nourishment and Drinking Water Access) and three provisioning factors

(Income equality, Public Service Quality and Extractivism). It illustrates how provisioning factors

have moderate the relationship between need satisfaction and material footprint. Public service

quality, and Income equality can be seen as beneficial provisioning factors, because the predicted

need satisfaction is higher when we generalize higher levels of provisioning. On the other hand,

Extractivism can be seen as detrimental because generalizing higher levels of this factor generates

worse need satisfaction.

To go in further detail, generalizing the highest significant value of extractivism results in an

average decrease of seven years in terms of Healthy life expectancy, for any given material footprint;

it also drastically reduces the predicted outcomes in terms of access to drinking water or to a

sufficient nourishment. The opposite is true for income equality, for example. If the level of income

equality found in Iceland was generalized, world hunger would virtually disappear according to

this prediction. In most cases, the provisioning factors are significant and the strongest at low

material footprints, meaning that the potential to improve social-ecological performance is highest

in the countries that are consuming the least materials right now, i.e. mainly countries from the

majority world or “Global South”.

Therefore, by looking at the effects of individual provisioning factors, it appears that they

can be sorted into three categories (as already evidenced by Vogel et al. (2021)):

− Beneficial provisioning factors: these PF are associated with socio-ecologically beneficial

performance, i.e. higher achievement in, and/or lower material requirements of, human

need satisfaction.

− Detrimental provisioning factors: these PF are associated with socio-ecologically detrimental

performance, i.e. lower achievement in, and/or higher material requirements of, human need

satisfaction.

− Non-significant provisioning factors: these PF do not show significant interactions with the

relationship between material footprints and need satisfaction.

The (significant) marginal effects of the provisioning factors are consistent in direction

(detrimental or beneficial) across almost all need satisfaction variables, but may vary in amplitude

and significance. The two significant exceptions are Trade and Growth.

In the first case, Trade’s marginal effect is detrimental to the relationship between material

consumption and Healthy life expectancy for every material footprints in the significant range.
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Figure 3. Modeled Relationship Between Material Footprints and Need Satisfaction, for different
Provisioning Factors levels

The dotted vertical line represents the maximum sustainable footprint and the horizontal one represent the need satisfaction threshold.
The relationship between material consumption and need satisfaction improves with beneficial provisioning factors and deteriorates
with detrimental ones. The grey areas correspond to material footprints where the effect of a variation in material consumption on
need satisfaction is not significant (MF < ˜MFmin∗∗ or MF > ˜MFmax∗∗).
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Growth has a detrimental effect on life expectancy and nourishment, but only for low values of

material consumption in the case of the former. The variations in amplitude explain why the

same provisioning factor has such different results on the predicted need satisfaction outcomes,

even among the examples in Fig. 3.

Figure 4. General direction and strength of each provisioning factor’s statistical effect

Each provisioning factor can be classified as beneficial (green) or detrimental (orange) to the relationship between material consumption
and need satisfaction.

Pooling together the significant effects for each provisioning factor, as described in equation

6, reveals that they are highly consistent in their direction and effect, with the aforementioned

exception of Trade and Growth. The results are depicted in figure 4. This analysis confirms

the categorization introduced earlier between constantly beneficial (beneficial in some or all cases

but never detrimental), detrimental (detrimental in some or all cases but never beneficial) and

non-significant provisioning factors (predominantly non-significant). Extractivism is the only con-
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sistently detrimental factor, while Growth and Trade are ambivalent. Every other provisioning

factor can be categorized as beneficial, the differences appearing in the amplitude of the effects

with which they are associated. The provisioning factors with the strongest beneficial marginal

effects are Public service quality (PSQ), Trade and Rule of law (RoL).

4.3 Joint effect of multiple provisioning factors arranged in different

combinations

As explained in section 3.1.3, I reassessed the statistical effect of provisioning factors when

they are included together (see equation 4). Among the 1716 three-way combinations of provi-

sioning factors, 1394 pass both the heteroskedasticity and multicollinearity tests devised in section

3.1.4, and only 268 of those show some level of significance for all observed variables (material

footprints and provisioning factors). Unfortunately, there is no combination of provisioning fac-

tors for which all variables are significant across every need satisfaction variable. Therefore, I

will be presenting in the following two combinations, Model A and Model B, for which only three

variables are consistently significant.

Model A tests the joint effects of Extractivism, Income equality and Urban population,

while Model B is a combination of Public service quality, Income equality and Trade and Transport

Infrastructure. While this choice is partly dictated by their respective statistical significance, they

are also theoretically relevant - and thus are acceptable choices both for this empirical analysis

and for the modeling exercise detailed later in this section. Several studies have been pointing the

detrimental effect of Extractivism on socio-environmental outcomes (Bainton et al., 2021; Brand

et al., 2017; Stratford and O’Neill, 2020; Martinez-Alier and Walter, 2016), an effect that tends to

be confirmed by the results shown in the previous section. Inequality has also been touted as having

a similar detrimental effect by Zhang et al. (2023), particularly in urban contexts - which can also

help reduce material consumption according to Nathaniel (2021). On the opposite, strong public

services and equality have been found to have a positive effect on environmental sustainability and

social outcomes (Büchs and Koch, 2017; Jorgenson, 2015; Wilkinson and Pickett, 2010). Finally,

it is quite well known and studied in the development literature that transport infrastructures,

while potentially environmentally harmful, help a lot in improving economic dynamism and social

performance (Quium, 2019; Ijirshar, 2022).

Regression results for Model A are shown in Table 5, and show that the effects obtained

are consistent in terms of direction with those obtained for individual provisioning factors. Ex-

tractivism has a negative effect on need satisfaction, while higher income equality is consistently
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associated with better performance. Table 6 shows the results of Model B, which are also consistent

with the results obtained before and the literature.

Countries displaying high levels of beneficial provisioning combinations also tend to display

the best social-ecological performance, and the opposite is also true. For example the Republic of

Congo is the country with the highest value for Extractivism, rents from natural ressource extrac-

tion representing 66% of its GDP; it’s also ranked at the 142nd position in terms of Public service

quality and 136th in terms of income equality. On the other hand, Iceland ranks first in terms of

income equality, 16th in terms of Public service quality, and 151st in terms of Extractivism. A

less extreme but interesting case is Costa Rica, which reaches every need satisfaction threshold

while also maintaining a sustainable material footprint: it is characterized by low Extractivism,

and better than average provisioning for most beneficial provisioning factors. This suggests that

qualitative changes in poor performers’ provisioning systems could result in important increases

in their citizen’s needs fulfillment while not increasing (as much) their material throughput.

Using these results, it is possible to model need satisfaction under a "jointly beneficial"

provisioning scenario for both models, as described in equation (7). These will be compared to

a "median" provisioning scenario, as well as to the current situation "status-quo provisioning".

The results of the predictions for Model A are displayed in Figure 5 and those for Model B are

displayed in Figure 6.

As both figures show, jointly beneficial provisioning consistently improves need satisfaction.

In the case of Model B, the jointly beneficial scenario even implies that every country could

reach the need satisfaction threshold for Healthy Life Expectancy and Basic education. This

improvement is particularly notable for countries with low material consumption levels, which is

to be expected since they also tend to be those faring the worst in terms of provisioning. In this

sense, it is important to note that the median provisioning scenario also significantly improves

need satisfaction: this implies that an improvement on certain key provisioning factors could play

a huge role in improving livelihoods in poorer countries without threatening sustainability.

However, it is also important to point out that in both models predictions show no situation

where a country presents both a sustainable level of material use and sufficient need satisfaction for

all six need satisfaction variables. In each case, Safe sanitation access and Sufficient nourishment

are the ones for which it seems the hardest to reconcile both objectives. Additionally, the jointly

beneficial provisioning scenarios don’t show a very high potential to reduce material footprints in

the countries where it’s the highest. This can be explained by the fact that the most material-

intensive countries also tend to be those with the highest levels of provisioning already. Therefore,

generalizing the 90th percentile value of provisioning factors to them too can actually lead to a

decrease in socio-environmental performance if they are above that limit. This doesn’t necessarily
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Figure 5. Modeled need need satisfaction under different scenarios for Model A

The dotted vertical line represents the maximum sustainable footprint and the horizontal one represent the need satisfaction threshold.
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Figure 6. Modeled need need satisfaction under different scenarios for Model B

The dotted vertical line represents the maximum sustainable footprint and the horizontal one represent the need satisfaction threshold.
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bear implications in the real world, as improving the situation of the worse-off is not conditioned

to degrading the situation for the highest performers.

4.4 Decomposed material footprints

As explained previously, the material footprint is a composite indicator. It is therefore

necessary to look more closely at how its components may evolve, and how they may interact

with the provisioning factors examined thus far. In particular, Figure 7 shows that the material

footprint components don’t scare linearly. The share of biomass tends to decrease significantly,

whereas the shares of fossil fuels and minerals get higher with the material footprint. The share

of metals is roughly constant throughout. The bottom graph in the figure also displays how the

distribution of biotic and abiotic resource use compare to their respective sustainability threshold.

While around the two-thirds of countries are below or adjacent to the threshold for abiotic resource

use, most of them overshoot the limit for biotic resources. In the worst cases, the overshoot can

be around or more than ten-fold (Brunei Darussalam, Iceland, Hong Kong) for biotic resources,

and between six to nine-fold for abiotic resources (Hong Kong, Kuwait, United Arab Emirates,

Brunei Darussalam).

In order to look at the way provisioning factors interact with the components of the material

footprint, I replicated the steps that led to figure 4 for each of them. The results are visible in

Figure 8.

The effects of each provisioning factor are largely consistent over all components of the

material footprint. The only cases where Extractivism has a positive, for Fossil fuels and Minerals,

are countries with a very low material footprint and low natural resources rents. In each case, the

positive effect is found only for education performance. Trade and Growth also had an ambiguous

effect in the results from Figure 4, so the results here are consistent.

4.5 Outliers analysis

Thanks to the Inter Quantile Range method, 9 outliers were identified: Hong Kong, Brunei

Darussalam, the United Arab Emirates, Kuwait, Iceland, Singapore, Australia and Luxembourg.

All of them show very high material footprints, comprised between 46 and 111 tons per year per

capita. Removing these from the dataset has very limited consequences: it doesn’t significantly

change the estimated coefficients in the models estimated from equations 1, 3 and 4, nor their

direction. In the quantile regressions (equation 2), the estimated coefficients for material footprints
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Figure 7. Composition of the Material footprint as it increases

The top graph shows how the relative share of each component of the material footprint evolves as material footprints increase. The
bottom graph shows the distribution of the material footprint once decomposed between biotic (b̄iomass) and abiotic (̄fossil fuels
+ metals + minerals). In both graphs, the sustainability thresholds of 2.2t/capita for biotic resources and 11.6t/capita for abiotic
resources are displayed

are systematically more important, but the general saturation effect and specificities highlited in

Table 4 remain consistent.

5 Discussion

The findings of this study suggest that human need satisfaction does not only depend

on the level of material consumption, here represented by the national material footprints per

capita, but also on the quality of national provisioning systems, which act as intermediaries and

moderators in the material footprint-need satisfaction relationship. As shown in Fig. 3 and

Fig. 5, modeled social outcomes greatly vary at similar material footprints, depending on the

configuration of provisioning factors. At the same time, high material footprints do not guarantee
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Figure 8. The effects of provisioning factors are largely consistent across different material dimen-
sions

sufficient social outcomes. Tables 3, 5, and 6 confirm that the strength of the material footprint-

need satisfaction relationship is greatly overestimated if one does not take provisioning factors into

account. Therefore, exploring further the roles of provisioning systems and key provisioning factors

could be key in reaching the double objective of satisfying human needs while remaining below

the planetary boundaries—goals which, under the current development pathways and economic

systems we live in, seem incompatible (Fanning et al., 2020; Hickel, 2019; O’Neill et al., 2018).

5.1 Focusing on Provisioning Systems to reach Socio-ecological sustain-

ability

This paper presents empirical associations between different combinations and configura-

tions of provisioning factors and countries’ socio-ecological performance. These associations can

help predict, given a country’s provisioning system, what material footprint is required to reach

targeted social outcomes. Overall, countries with jointly beneficial provisioning systems are likely

to achieve higher social outcomes for any material footprint and are more likely to reach suffi-

cient social performance with a lower material footprint than the international trend. Therefore,

the better the provisioning system, the better the socio-ecological performance. Given these as-

sociations and their statistical significance, this analysis suggests that, by improving countries’

provisioning systems, it is possible to reach far better social outcomes at a similar level of material

consumption. It also implies that, for countries with already-high social performance but unsus-

tainable material footprints, a reduction in the latter can be achieved without jeopardizing social
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outcomes. Therefore, these associations could inform promising new policies for sustainability in

both the majority and minority worlds.

Saturation effect and Policy implications

The quantile regression results (Section 4.1) reveal a "saturation effect," where the marginal

benefits of increasing material consumption diminish as material footprints grow. This effect is

particularly pronounced for needs such as Drinking Water Access, Safe Sanitation Access, and

Sufficient Nourishment, but less so for Basic Education and Healthy Life Expectancy. This finding

has important policy implications: low-income countries could achieve significant improvements

in need satisfaction with relatively small increases in material use, while high-income countries,

which already experience diminishing returns, should focus on reducing material consumption -

which does not entail sacrificing well-being (Hickel, 2020; Vogel et al., 2021). This underscores

the importance of targeted policies that prioritize material efficiency in low-consumption countries

and sufficiency in high-consumption ones (Bohnenberger, 2020; Parrique, 2019).

Outliers and robustness

The study identifies nine outliers (e.g., Hong Kong, Brunei Darussalam, Iceland) with

extremely high material footprints (46–111 tons per capita/year). Removing these outliers does

not significantly change the regression coefficients, but the quantile regression coefficients for

material footprints become more pronounced. This suggests that the findings are robust and not

driven by extreme cases of overconsumption. However, these outliers represent critical examples

of unsustainable material use, and their exclusion reinforces the need for radical changes in high-

consumption economies (Hickel, 2019; Kallis et al., 2020).

5.2 Implications and Policy proposals

This study identifies both beneficial and detrimental provisioning factors moderating the

relationship between need satisfaction and material consumption. As mentioned earlier, the statis-

tical relationships studied are correlations and not direct causalities. On the one hand, countries

with overall good provisioning systems are also those whose material footprint is the highest,

suggesting that it might be hard to precisely distinguish between a consumption effect (higher

material footprints = better social outcomes) and a beneficial provisioning effect (better provi-

sioning systems = better social outcomes). On the other hand, countries with similar footprints

display different social performances, and these differences can partly be statistically explained by
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the quality of the provisioning systems. As such, when looking at the significance and strength of

the statistical associations highlighted, focusing on getting better provisioning systems seems like

an "easy" way to improve socio-ecological performance. Improving public service quality, reducing

income inequality and extractivism, investing in trade and transport infrastructures, fighting cor-

ruption... are all ways in which countries could improve their social outcomes without requiring

too many additional materials.

Trade and Economic Growth: Ambiguous effects

The study finds that trade and economic growth have inconsistent effects on need satisfac-

tion. Trade has a detrimental effect on healthy life expectancy but is beneficial in other contexts,

while economic growth is sometimes detrimental (e.g., for life expectancy and nourishment) but

often non-significant. This ambivalence suggests that trade policies should be redesigned to mini-

mize negative impacts (e.g., on health) while maximizing positive ones (e.g., on education) (Raz-

zaq et al., 2021; Ijirshar, 2022). Similarly, economic growth should be decoupled from material

consumption, focusing instead on qualitative improvements in well-being.

Decomposed Material footprints

The decomposition of material footprints (Section 4.4) reveals that the composition of

material use changes as consumption increases: biomass share decreases, while fossil fuels and

minerals increase. Metals remain relatively constant. Most countries overshoot the biotic resource

sustainability threshold, while two-thirds are below or adjacent to the abiotic resource threshold.

This suggests that reducing biomass consumption (e.g., through sustainable agriculture) and shift-

ing away from fossil fuels could be key strategies for reducing material footprints while maintaining

need satisfaction (Bringezu, 2015; Giljum et al., 2015). Policies targeting these specific compo-

nents of material footprints could yield significant environmental benefits without compromising

human well-being (Creutzig et al., 2021; Sandberg, 2021).

Limit of Provisioning Systems

Modeling of jointly beneficial provisioning scenarios (Section 4.3) shows that even under the

most favorable conditions, no country achieves both sustainable material use and sufficient need

satisfaction for all six needs. Safe sanitation access and sufficient nourishment are particularly

challenging to reconcile with sustainability. This finding underscores the limits of provisioning sys-

tems within the current economic framework and highlights the need for radical systemic changes
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(Raworth, 2017; Stratford and O’Neill, 2020). Simply adjusting parameters within the existing

system will not be enough to achieve socio-ecological sustainability.

5.3 Limitations and future research

I see four main limits to the work presented in this paper. First, there are currently no

countries on Earth that reach sufficient satisfaction at a sustainable level of material consumption.

As such, the results presented should be considered as exploratory. Second, this is a statistical

analysis of association and moderation, and thus does not claim to show any causalities. Third,

this study focuses on a set of six need-satisfaction variables and thirteen provisioning factors,

among which only two represent international interactions; it is too few to be representative of

the diversity of provisioning factors, or to cover the whole breadth of human needs. Despite

this reduced scope, the number of interactions and regressions to analyze is already extremely

important and prevents the presentation of all the results in a single paper. Finally, it is important

to keep in mind that the cross-national nature of the study yields only very generic results, and

that the proposals coming from these results would need to be adapted locally to keep their

relevance (Fanning et al., 2020; O’Neill et al., 2018).

Future Research directions

This paper contributes to the study of socio-ecological provisioning systems and of the

material footprint-need satisfaction relationship, which to the author’s knowledge has not been

explored before. Given the limits mentioned above, additional research is still required. Inter-

esting follow-ups would be to study the temporal dynamics of this relationship, exploring other

provisioning factors and needs, investigating the differences in results if the material footprint was

swapped with the domestic material consumption, and integrating this work into more of a polit-

ical economy framework to define which efficient policies would be the most easily implemented.

Connections with the literature on social metabolism also should be made in the future, to bring

another dimension to the analysis of energy and material flows within economies. This literature

could also help better define what "good" provisioning systems could look like.

6 Conclusion

The relationship between material consumption, here expressed by the material footprint,

and needs-satisfaction is still crucially understudied. Yet, it asks a most pressing question: can
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humankind satisfy its needs in an environmentally sustainable way? If so, how is this achieved?

This study set out to address this very issue. It suggests that the current socio-economic organi-

zation (which is to say the way we organize economies and societies) both fails to fulfill human

needs on a consistent basis for most of the planet, and does so while overconsuming materials:

only 34 countries out of 151 (≈ 22%) reach the sufficient level across all need-satisfaction vari-

ables, with an average material footprint of 23.64t/capita/year. However, these countries present

an important heterogeneity in their material footprints, suggesting that provisioning systems play

a crucial role in the moderation of this relationship.

The analyses performed highlight the beneficial role played by ten provisioning factors

(Access to electricity, Access to clean fuel, Trade and Transport Infrastructure, Urban population,

Public health coverage, Quality of public services, Control of corruption, Rule of law, Quality

of democracy, Income equality) and the detrimental role played by one of them (Extractivism),

while two of them Trade, Growth) prove to be inconsistent, ambiguous, and mostly non-significant.

Countries with beneficial provisioning systems (high levels of beneficial provisioning factors, low

levels of detrimental ones) are associated with better socio-ecological performance, while countries

with detrimental provisioning systems (low level of beneficial provisioning factors, high level of

detrimental ones) tend to display worse performances.

On that basis, it is suggested that countries should aim to align themselves with pro-

visioning combinations identified as beneficial. However, modeling efforts show that, even by

generalizing high-level provisioning factors to every country on the planet, it is very unlikely to

reach sufficient social outcomes and sustainable material use at the same time. These results

suggest that radical transformations to economic systems will be required to reach both of these

objectives at the same time. It is of particular relevance for development practitioners, policymak-

ers and sustainability professionals, as it highlights the factors that have a good or bad influence

on achieving the Sustainable Development Goals. They are also interesting in their alignment

with degrowth, doughnut-economics or sustainable welfare discourses and conclusions, as well as

serving as evidence to the merits and relevance of their propositions, like universal basic services

or capping income and consumption (Coote and Percy, 2020; Gough, 2019; Raworth, 2017).

Overall, this study follows-up on the work made by Vogel et al. (2021) in their study

of the relationship between need satisfaction and energy use by applying their original method

to a new biophysical resource. It helps strengthen our understanding of the role of provisioning

systems, and of which provisioning factors are beneficial or detrimental across different dimensions

of environmental sustainability. However, given its limits and the questions it asks in return,

further research will be needed to understand these relationships fully, in particular as to how

material footprints and energy use may or may not be linked.
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Table 2. Provisioning factors used in the study

Variable name
(abbreviation)

Description and [units] Transformation used Indicator source

Access to clean
fuel (CF)

Percentage of population with access to
non-solid fuels [%]

Identity World Bank WDI 2019

Electricity ac-
cess (EA)

Percentage of population with access to
electricity [%]

Saturation World Bank WDI 2019

Economic
growth
(Growth)

3-year (2017, 2018, 2019) average percent-
age annual growth rate of GDP at market
prices based on constant local currency

Saturation World Bank WDI 2019

Income inequal-
ity (Gini)

Gini index Logarithmic World Bank WDI 2019

Extractivism
(Extra)

Share of total value generation obtained
from total natural resources rents [% of
GDP]

Logarithmic World Bank WDI 2019

Trade and trans-
port infrastruc-
tures (TTI)

Quality of trade and transport-related in-
frastructures [1-5 scale]

Logarithmic World Bank WDI 2019

Trade penetra-
tion (Trade)

Share of trade in the total value genera-
tion [% of GDP]

Logarithmic World Bank WDI 2019

Urban popula-
tion (UP)

Share of urban population [%] Identity World Bank WDI 2019

Public health
coverage (PHC)

Percentage of total health expenditure
covered by government, nongovernmental
organisations, and social health insurance
funds [%]

Identity World Bank WDI 2019

Public service
quality (PSQ)

Perception of the quality of public ser-
vices, civil service, policy formulation, and
implementation [score]. Government ef-
fectiveness rescaled from 0 to 1.

Logarithmic World Bank WGI 2019

Democratic
quality (DQ)

Citizen’s ability to participate in selecting
government, freedom of expression and as-
sociation, free media [score]. Voice and
accountability rescaled from 0 to 1.

Logarithmic World Bank WGI 2019

Control of cor-
ruption (CC)

Extent to which public power is used
for private gain through corruption and
“capture” of the state by elites [score].
Rescaled on a 100 scale.

Logarithmic World Bank WGI 2019

Rule of law
(RoL)

Extent to which agents have confidence in
and abide by the rules of society, as well
as likelihood of crime and violence [score].
Rescaled on a 100 scale.

Logarithmic World Bank WGI 2019
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Table 3. Bivariate regression results

Dependent variables:

(D̃WA) (S̃SA) (S̃N) (M̃I) (H̃LE) (B̃E)
Mat. foot. 0,796*** 0,771*** 0,717*** 0,813*** 0,748*** 0,739***

(0.044) (0.046) (0.072) (0.055) (0.061) (0.065)
Constant -0.003 -0.000 0.011 0.0004 -0.013 0.005

(0.049) (0.052) (0.062) (0.059) (0.056) (0.055)

Adj. R² 0.6337 0.5914 0.4847 0.5983 0.5358 0.5427
Note: *p<0.1; **p<0.05; ***p<0.01.
Coefficient signs have been reversed to fit the original variables space and ease the reading. DWA = Drinking water access; SSA =
Safe sanitation access; SN = Sufficient nourishment; MI = Minimum income; HLE = Healthy life expectancy; BE = Basic education

Table 4. Quantile regression results

Percentile
(Intercept) (Material footprint)

Coefficient Std. error Coefficient Std. error

DWA
25th 70,67602*** 4,33138 0,5713*** 0,15523
50th 89,16199*** 2,188822 0,29254*** 0,07781
75th 96,32094*** 1,50041 0,12278* 0,06296

SSA
25th 40,32946*** 6,12105 1,16262*** 0,2987
50th 76,62241*** 5,77342 0,61878*** 0,19733
75th 95,03266*** 2,98665 0,14492 0,11752

SN
25th 83,31610*** 2,43086 0,28709*** 0,10329
50th 92,93483*** 1,23316 0,12352*** 0,04204
75th 96,74981*** 0,86717 0,02513 0,03296

MI
25th 69,15371*** 6,56477 0,78490*** 0,19563
50th 92,24853*** 3,84938 0,22949* 0,13162
75th 98,00774*** 0,61794 0,06618** 0,03137

HLE
25th 56,12312*** 0,72692 0,27511*** 0,0414
50th 60,15542*** 0,79098 0,27602*** 0,042
75th 64,07515*** 0,86902 0,20276*** 0,04789

BE
25th 45,60758*** 2,87442 0,82018*** 0,22409
50th 56,31290*** 3,55668 0,88747*** 0,18004
75th 65,36378*** 3,45382 0,82602*** 0,16164

Note: *p<0.1; **p<0.05; ***p<0.01.
DWA = Drinking water access; SSA = Safe sanitation access; SN = Sufficient nourishment; MI = Minimum income; HLE = Healthy
life expectancy; BE = Basic education
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Table 5. Regression results for Model A

Dependent variable:

D̃WA S̃SA S̃N M̃I H̃LE B̃E

(1) (2) (3) (4) (5) (6)

˜Mat.footprint 0.475∗∗∗ 0.454∗∗∗ 0.462∗∗∗ 0.429∗∗∗ 0.339∗∗∗ 0.366∗∗∗

˜Extractivism −0.171∗∗∗ −0.110∗ −0.143∗∗ −0.113 −0.281∗∗∗ −0.151∗∗∗

˜Income equality 0.105∗∗ 0.188∗∗∗ 0.259∗∗∗ 0.192∗∗∗ 0.225∗∗∗ 0.267∗∗∗

˜Urban pop. 0.341∗∗∗ 0.315∗∗∗ 0.159∗ 0.342∗∗∗ 0.375∗∗∗ 0.338∗∗∗

R2 0.723 0.674 0.579 0.685 0.726 0.676
Adjusted R2 0.715 0.665 0.566 0.673 0.718 0.667

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Coefficient signs have been reversed to fit the original variables space and ease the reading. DWA = Drinking water access; SSA =
Safe sanitation access; SN = Sufficient nourishment; MI = Minimum income; HLE = Healthy life expectancy; BE = Basic education

Table 6. Regression results for Model B

Dependent variable:

D̃WA S̃SA S̃N M̃I H̃LE B̃E

(1) (2) (3) (4) (5) (6)

˜Mat.footprint 0.498∗∗∗ 0.464∗∗∗ 0.285∗∗∗ 0.559∗∗∗ 0.333∗∗∗ 0.286∗∗∗

˜Public service quality 0.251∗∗∗ 0.161∗∗ 0.515∗∗∗ 0.335∗∗∗ 0.207∗∗ 0.225∗∗

˜Income equality 0.042 0.089 0.155∗∗∗ 0.124∗ 0.140∗∗ 0.180∗∗∗

˜Trade and transp. infra. 0.134∗∗ 0.229∗∗∗ 0.043 0.098 0.338∗∗∗ 0.350∗∗∗

R2 0.689 0.666 0.661 0.648 0.716 0.716
Adjusted R2 0.679 0.656 0.650 0.635 0.708 0.708

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Coefficient signs have been reversed to fit the original variables space and ease the reading. DWA = Drinking water access; SSA =
Safe sanitation access; SN = Sufficient nourishment; MI = Minimum income; HLE = Healthy life expectancy; BE = Basic education
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