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Abstract 
To avoid irreversible damage to the climate system and biosphere, the majority of the world’s 

countries must reduce rates of resource throughput. However, the socio-economic conditions 

for satisfying basic human needs at low resource use have received scant empirical attention. 

I apply a cross-country panel analysis and dynamic linear modelling to explore how different 

dimensions of inequality affect countries’ abilities to deliver a good life for at sustainable 

levels of carbon consumption. My results suggest that inequalities reduce socio-ecological 

performance, with income inequality reducing the proportion of carbon channelled into 

meeting basic needs and wealth inequality increasing the carbon-intensity of expenditure. 

Overall, this study highlights the importance of reducing inequalities in a resource-

constrained world. 

 

Social media summary. Income inequality raises the carbon cost of meeting basic human 

needs at the national and global scales. 

 

Keywords: Wellbeing; human needs; inequality; social provisioning; planetary boundaries; 

post-growth; panel methods; dynamic linear modelling. 
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Introduction 
There is ‘a brief and rapidly closing window of opportunity to secure a liveable and sustainable 

future for all’ (IPCC, 2022, p. 35). However, current socio-economic structures have so far 

failed to satisfy the basic needs of all within planetary boundaries (Creutzig et al., 2022; 

Fanning et al., 2021; Stiglitz et al., 2018); in fact, growing evidence suggests they may be 

exacerbating climate and ecological degradation (Haberl et al., 2020; Hickel & Kallis, 2020; 

Parrique et al., 2019). Despite growing calls for alternative socio-economic goals and 

configurations (IPBES, 2019; OECD, 2020; ONS, 2017; UNEP, 2022), both demand-side 

solutions (Creutzig et al., 2018; Martin et al., 2021) and socio-economic conditions for 

satisfying human needs at low resource use have received scant empirical attention (Brand-

Correa & Steinberger, 2017; Hickel et al., 2021; Spash, 2020; Vogel et al., 2021). This study 

empirically assesses how inequalities shape the relationship between carbon consumption 

and need satisfaction. 

 In many ways, inequalities are inseparable from the climate and ecological crises 

(Chancel, 2020; Hamann et al., 2018). Access to resources is highly unequal both within and 

between countries (Dorninger et al., 2021; Oswald et al., 2020; Steinberger et al., 2010), as is 

the responsibility for the resulting impacts (Chakravarty et al., 2009; Chancel & Piketty, 2015). 

High-income countries are responsible for 92% of emissions overshoot (Hickel, 2020) and at 

least 74% of excess material use (Hickel, O’Neill, et al., 2022). Moreover, between 1990–2015 

the globally richest 1% combined were responsible for twice the emissions of the globally 

poorest 50% combined (Gore et al., 2020), with a per capita carbon footprint 80 times the 

size in 2014 (Bruckner et al., 2022), contributing to a situation in which many of the countries 

least responsible for climate breakdown will suffer the worst impacts (IPCC, 2022; U. T. 

Srinivasan et al., 2008), whilst being deprived of the resources to adapt (Sealey-Huggins, 

2017). 82–92% of the costs of climate change, and 98–99% of the associated deaths are borne 

by the global South (DARA & Climate Vulnerable Forum, 2012). 

The spatial and temporal disconnect between emissions and climate impacts ensures 

that those most able to curb emissions have the least incentive to do so (Boyce, 1994; 

Stoddard et al., 2021; Weiss, 1992). Moreover, many argue that the mere existence of 

inequalities creates the conditions driving unsustainable expansion of resource use 

(Arnsperger et al., 2021; Pirgmaier, 2018; Richters & Siemoneit, 2019; Stratford, 2020) and is 

a key component facilitating continued extractivism and accumulation (Hickel, Dorninger, et 
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al., 2022; Hornborg et al., 2012; Mies, 2014; Walia, 2021). Looking forward, authors have 

highlighted the tendency for inequalities to be exacerbated by crises, implying that 

inequalities may rise in response to efforts to mitigate climate and ecological breakdown, and 

reduced environmental stability (IPCC, 2022; Moore & Roberts, 2022; Seguino, 2020; van 

Bavel & Scheffer, 2021).  

Calculations suggest that meeting the basic needs of the world’s growing population 

is theoretically possible within planetary boundaries (Gerten et al., 2020; Grubler et al., 2018; 

Millward-Hopkins et al., 2020). The question is: how do we get there? 

From the perspective of consumption, inequality affects socio-ecological performance 

via two main mechanisms: a distributional effect and a structural effect, illustrated 

qualitatively in Figure 1. In its distributional effect, inequality determines who gets what: are 

resources allocated according to need, or does extreme luxury coexist with extreme 

deprivation? A higher level of inequality around a given average implies a greater share of 

people significantly below that average. It follows that a higher level of inequality requires 

higher average consumption for everyone to meet a certain standard. 

Fig. 1. Qualitative depiction of the different effects of inequality. In the first panel, the total available resources 

are distributed unequally between three quantiles (Q1–3), such that only Q3 consumes enough to reach 100% 

need satisfaction, plus extra in the form of luxury consumption. If, however, the same amount of resources is 

distributed equally between the quantiles, all three reach 100% need satisfaction (distributional effect). Authors 

also argue that the level of inequality affects the resource requirements of need satisfaction (structural effect). 

Image credit: Mia Shu.  
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In its structural effect, inequality shapes the resource-intensity of consumption 

patterns by altering social context (Berthe & Elie, 2015). High-status consumers drive 

unsustainable consumption norms (Bowles & Park, 2005; Nielsen et al., 2021) whilst the 

presence of inequality increases the consumption of resource-intensive positional goods as 

well as making the high-status consumers more pronounced (Boyce, 1994; Heffetz, 2011). 

Besides their supersized resource footprints, the wealthiest individuals also exert 

disproportionate influence through investments, political lobbying, and status within 

organisations (Cushing et al., 2015; Nielsen et al., 2021), an influence often leveraged to 

preserve an ecologically-unsustainable status quo (Jacques et al., 2008; Lynch et al., 2019; 

Malm & The Zetkin Collective, 2021; Miller & Dinan, 2015). In work, inequality exacerbates 

power asymmetries between workers and employers, ensuring that efficiency gains translate 

into increased production rather than leisure, and heightening the need for new forms of 

‘efficiency consumption’ to remain competitive (Fellner, 2018; Schor, 1998; Siemoneit, 2019). 

Another structural effect may occur through the public provision of basic services, 

which has been argued to provide more reliable access to necessities in a more equal and 

resource-efficient manner (Büchs, 2021; Coote, 2021; Parrique, 2019). Shared luxury is 

likewise considered a more efficient use of resources surplus to the satisfaction of basic 

needs, encapsulated in the concept of private sufficiency, public luxury (Monbiot et al., 2019). 

Given the numerous intersections between inequality, wellbeing, and environmental 

degradation, discussing a good life for all within planetary limits necessitates addressing 

patterns of distribution. But despite the abundance of related literature, there is little 

empirical research addressing how different aspects of distribution shape the relationship 

between carbon consumption and need satisfaction. I assess the role of three inequality-

related provisioning factors – distribution of resources, distribution of power, and public 

provisioning – asking: to what extent do different inequality-related provisioning factors affect 

socio-ecological performance? To answer this, I address the following sub-questions: 

1. To what extent do carbon footprint and inequality-related provisioning factors explain 

international variation in need satisfaction? 

2. How does the relationship between carbon footprint and need satisfaction vary with 

the different provisioning factors? 

3. How do the different provisioning factors affect the carbon intensity of expenditure? 

4. How does need satisfaction vary with inequality at the global level?   
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Theoretical framework 
Theory of human needs. In contrast to the hedonic emphasis on pleasure-seeking, I use 

wellbeing in the eudemonic sense, whereby an individual ‘must be able to flourish and fully 

participate in her chosen form of life’ (Brand-Correa & Steinberger, 2017, p. 44). Here, 

meeting universal human needs is understood as an essential precondition (but not a 

guarantee of) human flourishing. These needs are objective, non-substitutable, satiable, and 

cross-generational (Gough, 2017). For example, all humans require access to clean water, and 

a lack of clean water cannot be compensated for by an abundance of food.  

 

Provisioning factors. Although human needs may be universal, the means by which they can 

be met are diverse. ‘Need satisfiers comprise the goods, services, activities, and relationships 

that contribute to need satisfaction in any particular context’ (Gough, 2020, p. 212, emphasis 

added). The satisfaction of many basic needs required physical need satisfiers and as such is 

underpinned by flows of matter and energy (O’Neill et al., 2018). The production, allocation, 

and distribution of these need satisfiers is governed by a variety of provisioning factors which 

encompass all social and economic factors that affect how resources are channelled towards 

different ends (Gough, 2019; Vogel et al., 2021). Here, I explore how inequality-related 

provisioning factors determine the form and distribution of need satisfiers. 

 

Socio-ecological performance. When discussing how to live well within limits, some authors 

refer to consumption corridors: the space between the ‘minimum standards of consumption 

that allow every human being to live a decent life and maximum standards that limit energy-

matter use associated with high-consumption cultures that trash the planet while 

contributing little to improving people’s lives’ (Pirgmaier, 2020, p. 274). This is the safe and 

just space that Raworth refers to as ‘the doughnut’ (Raworth, 2017). For my purposes it is 

more helpful to refer to socio-ecological performance, whereby better performance means 

higher achievements in, and lower resource requirements of, human need satisfaction (Vogel 

et al., 2021). Whereas consumption corridors are a binary concept (a country is either inside 

one or not), discussing socio-ecological performance better lends itself towards identifying 

how different factors that affect the likelihood of occupying a consumption corridor.  
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Data sources and treatment 
 
Biophysical indicators. When discussing living well within limits, it is important to understand 

how particular consumption patterns simultaneously contribute to wellbeing and 

environmental degradation. I choose to focus on the energy contribution to need satisfaction, 

using a consumption-based indicator for carbon footprint whereby all carbon emissions 

generated in producing a product are allocated to the final consumer. Although it is not 

carbon emissions themselves that contribute to need satisfaction but rather the energy 

services they provide (Fell, 2017), carbon footprint nevertheless serves as a useful proxy since 

fossil fuels remain the primary energy source worldwide (BP, 2021) as well as contribution to 

climate change. For the non-metric multidimensional scaling analysis, I also include estimates 

of material footprint. Physical matter is essential for the satisfaction of human needs, but also 

responsible for 90% of biodiversity loss (Hickel, O’Neill, et al., 2022). 

I obtain estimates of carbon and material footprints from the Eora 

(https://worldmrio.com/footprints/carbon) and UNEP Global Material Flows 

(https://resourcepanel.org/global-material-flows-database) databases, respectively (Table 

1). Eora is an environmentally-extended multi-regional input-output (EEMRIO) database, 

using trade flow data to estimate resource flows between countries, and thus allocate 

consumption-based footprints (Lenzen et al., 2012, 2013). The benefits of Eora are that it (i) 

is freely available, (ii) provides high country resolution (189 countries), and (iii) provides 

annual data. The UNEP use the Eora database to calculate material footprint (UNEP-IRP, 

2018), and the database has been used in similar studies (Dorninger et al., 2021; Fanning et 

al., 2021; O’Neill et al., 2018; Wiedmann et al., 2015). 

 

Table 1. Biophysical indicators used in the analysis. 

Variable name Time 
series 

Source Description and [units] 

Carbon footprint 1990–
2018 

Eora MRIO 
database 

Consumption-based allocation of carbon emissions from 
energy and cement production [tonnes CO2 equivalent 
per capita] 

Material footprint 1970–
2015 

UNEP Global 
Material Flows 
database 

Consumption-based allocation of biomass, fossil fuels, 
metal ores, and non-metallic minerals [tonnes per capita] 
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Social indicators. I assess need satisfaction across seven dimensions: average life expectancy 

at birth; access to sanitation, clean water and electricity; sufficient nourishment; minimum 

income; and food security (Table 2). Each dimension has an analogue in the Sustainable 

Development Goals and Raworth’s social foundation (O’Neill et al., 2018, Suppl.), with life 

expectancy being a proxy for overall need satisfaction. I include a minimum income variable 

assessed using an ‘ethical poverty line‘ (Edward, 2006, p. 377) of $5.50 a day. Although this is 

higher than the $1.25 a day set by the international poverty line, it represents the average of 

nationally-determined poverty lines and therefore authors have argued it provides a more 

realistic picture of poverty (Hickel, 2016). 

 

Table 2. Human need satisfaction variables used in the analysis. All variables are obtained from the World Bank 

World Development Indicators (World Bank, 2021a). 

Variable name Time 
series 

Source Description and [units] 

Life expectancy 1960–
2019 

WB WDI 
2021 

Average life expectancy at birth [years] 

Safe sanitation 
access 

1990–
2015 

WB WDI 
2021 

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

Electricity 
access 

1990–
2017 

WB WDI 
2021 

Percentage of population with access to electricity [%] 

Sufficient 
nourishment 

2001–
2019 

WB WDI 
2021 

Proportion of population meeting dietary energy requirements 
[%], calculated as the reverse of Prevalence of undernourishment 

Clean water 
access 

2000–
2020 

WB WDI 
2021 

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

Minimum 
income 

1990–
2017 

WB WDI 
2021 

Percentage of population living on more than $5.50 a day [%], 
calculated as inverse of the Poverty gap at $5.50 a day (2011 PPP) 

Food security 2015–
2019 

WB WDI 
2021 

Percentage of population able to regularly eat a healthy, balanced 
diet [%], calculated as inverse of Prevalence of moderate or severe 
food insecurity 
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Inequality-related indicators. I investigate three inequality-related provisioning factors: 

disposable income inequality, wealth inequality, and public service quality (Table 3). Income 

and wealth inequalities are described by the Gini coefficient, a measure of income/wealth 

variance within the population, whereas public service quality is expressed as a standardised 

score between roughly –2.5 and 2.5. I use income inequality as a proxy for resource 

distribution, due to the close relationship between income, expenditure, and consumption 

footprint inequalities (Aguiar & Bils, 2015; Bruckner et al., 2022; Oswald et al., 2020). By 

contrast, wealth is a poor indicator of consumption (Howe et al., 2009; Sierminska & 

Takhtamanova, 2007), and wealth and income inequalities are only weakly related (OECD, 

2015). I interpret wealth inequality instead as reflecting the distribution of power within a 

society, due to wealth’s translatability into influence through political lobbying, investments, 

and social status (Cushing et al., 2015; Nielsen et al., 2021; Winters & Page, 2009). Meanwhile 

I use public service quality to reflect the provision of shared services. 

 

Table 3. Inequality-related provisioning factors used in the analysis. I obtain data on disposable income 

inequality from the Standardized World Income Inequality Database (Solt, 2021), wealth inequality from the 

World Inequality Database (WID, 2021), and public service quality from the World Bank World Governance 

Indicators (World Bank, 2021b). 

Variable name Time 
series 

Source Description and [units] 

Income 
inequality 

1960–
2019 

SWIID v9.1 Gini coefficient of disposable income (i.e. income following taxes 
and redistribution) [dimensionless, 0–1] 

Wealth 
inequality 

1995–
2021 

WID 2022 Gini coefficient of net personal wealth, defined by the total value 
of assets minus debts [dimensionless, rescaled 0–1] 

Public service 
quality 

1996–
2020 

WB WGI 
2022 

Quality of public services, civil service, and policy implementation, 
calculated as Government effectiveness [score, –2.5 to 2.5] 

 

 

Consumption patterns. I use Bruckner et al.’s (2022) estimates of average carbon footprint 

and corresponding expenditure of ten income deciles for each of 92 countries in 2014. I 

obtained household expenditure on transport consumption categories obtained for income 

quartiles/quintiles of 88 countries from Oswald et al. (2020), who have compiled the data 

from Eurostat and the World Bank for 2011. 
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Additional variables. Some regression models include controls for urbanisation, population 

density, active population, and GDP per capita (Table 4; reasoning detailed in Methods). I 

convert GDP to GDP per capita using population estimates. 

 

Table 4. Control variables used in the analysis. I obtain data on urbanisation, population density, and active 

population from the World Bank World Development Indicators (World Bank, 2021a), GDP data from the Penn 

World Table (Feenstra et al., 2015), and population data from the UN (UN Population Division, 2019). 

Variable name Time 
series 

Source Description and [units] 

Urbanisation 1960–
2020 

WB WDI 2021 Proportion of population living in urban areas [%] 

Population 
density 

1961–
2020 

WB WDI 2021 Midyear population relative to land area [people per km2 
of land area] 

Active population 1960–
2020 

WB WDI 2021 Proportion of population aged between 15–64 [%] 

GDP 1950–
2019 

PWT v10.0 Expenditure-side real GDP at chained PPPs [mil. 
2017US$] 

Population 1960–
2020 

UN Population 
Division 

Total population size [people] 

 

 

Data treatment. I carry out the analyses using transformed and standardised variables, 

denoted by a 𝑡𝚤𝑙𝑑𝑒& . I logarithmically transform carbon footprint (CF), population density, GDP 

per capita, and expenditure, and saturation transform the need satisfaction (NS) variables 

(Supplementary Materials A.1). The saturation transformation yields a more realistic 

relationship between need satisfaction and consumption than a log-linear relationship, since 

the need satisfaction indicators have maximum possible values. No matter how much a 

society consumes, access to sanitation, for example, will never exceed 100%. Both 

transformations are common for the respective data types (O’Neill et al., 2018; Steinberger 

& Roberts, 2010; Vogel et al., 2021). I then standardise the variables to a mean of zero and 

standard deviation of 1 (Supplementary Materials A.1). 
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Defining thresholds. I follow O’Neill et al. (2018) in setting planetary thresholds. They define 

the per capita boundary for carbon footprint at 1.61 t CO2 yr–1, estimated by allocating the 2 

°C carbon budget equally between seven billion people, assuming the emissions are 

distributed uniformly over the period 2011–2100. When it comes to need satisfaction 

thresholds, although the aim should be to satisfy the basic needs of all, this can be very 

difficult to achieve. In light of this, I follow O’Neill et al. (2018) in setting 95% as the minimal 

acceptable bar for access to safe sanitation, access to electricity, sufficient nourishment, 

access to clean water, minimum income, and food security. I define 74 years as the minimal 

acceptable life expectancy, equivalent to O’Neill et al.’s (2018) use of 65 years as the 

threshold for healthy life expectancy (Fanning et al., 2021). 

 

Limitations. Metrics based on the proportion of a population above a need satisfaction 

threshold generally gives a good indication of the wellbeing of the population, however at 

extremely low levels of availability there may not be enough to satisfy everyone’s basic needs, 

no matter how equally distributed it is. In these cases, social thresholds are misleading, since 

an unequal distribution of scarce resources could increase the proportion of people above 

the need satisfaction threshold but at the expense of others falling even further below. 

Since the Gini coefficient is a relative measure, it does not indicate the absolute 

distance between the rich and poor (Anand & Segal, 2015; Seers, 1972). For example, if the 

USA’s GDP doubled from current levels without any change in income distribution, the 

average income of the poorest 50% would increase from €14,500 to €29,000, whereas the 

average income of the richest 1% would rise from €1,018,700 to €2,037,400 (calculated from 

Chancel et al.’s (2022) data). Despite the absolute income gap between the richest centile 

and the poorest half increasing by over €1 million, the Gini coefficient would remain 

unchanged. Nevertheless, I use the Gini coefficient since it provides a picture of the overall 

distribution of wealth and income, and since other measures of inequality are less readily 

available for disposable income. 

Finally, data on public service quality is standardised for each year, preventing the 

comparison countries’ scores between years.  
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Methods 
Regression-based decomposition (RBD). RBD estimates the proportion of between-country 

variation in need satisfaction explained by each inequality-related provisioning factor. I use 

multivariate regressions in the following form to estimate the relationship between need 

satisfaction (NS), carbon footprint (CF), and provisioning factors (PF) across countries i with 

error e (Eq. (1)). Here, the ordinary least squares (OLS) procedure estimates the coefficients 

by minimising the sum of squared residuals (Wooldridge, 2016). 

 

𝑁𝑆)* = 𝛼 + 𝛽/𝑃𝐹*/,3 + 𝛽4𝑃𝐹*4,3 + 𝛽5𝑃𝐹*5,3 + +𝛽6𝐶𝐹*3 + 𝑒3     (1) 

 

Since all variables are standardised to unit variance, the relative contribution s of provisioning 

factor k to need satisfaction is simply given by the product of the coefficient 𝛽8 with the 

correlation between the provisioning factor and the need satisfaction variable (Teixidó-

Figueras et al., 2016). 

 

𝑠8:𝑁𝑆*; = 𝛽8 ⋅ 𝑐𝑜𝑟𝑟(𝑃𝐹*8,𝑁𝑆* )       (2) 

 

Statistical effect of inequality on need satisfaction. Following Vogel et al. (2021), I use 

multivariate regressions in the following form to estimate the relationship between need 

satisfaction, consumption footprint, and inequality across countries i with error e (Eq. (3)). To 

maintain statistical power, no additional variables are included (see below). 

 

𝑁𝑆)* = 𝛼 + 𝛽/𝐶𝐹)* + 𝛽4𝑃𝐹)* + 𝛽5𝐶𝐹)* ∙ 𝑃𝐹)* + 𝑒3       (3) 

 

 I then calculate the marginal effects of carbon footprint (𝜕𝑁𝑆*/𝜕𝐶𝐹* ) and the 

provisioning factor of interest (𝜕𝑁𝑆* /𝜕𝑃𝐹* ) on need satisfaction to determine the range of 

carbon footprints for which 𝜕𝑁𝑆*/𝜕𝑃𝐹*  is significant (p < 0.05), and vice versa (Supplementary 

Material A.2). 

 To model the relationship between carbon footprint and need satisfaction at high and 

low levels of each provisioning factor, I take the highest and lowest provisioning factor values 
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for which 𝜕𝑁𝑆*/𝜕𝐶𝐹*  is significant, 𝑃𝐹*EFG∗∗  and 𝑃𝐹*E3I∗∗  respectively, substituting them back 

into Equation (3). 

 

𝑁𝑆*JKLM,3:𝑃𝐹*EFG∗∗; = 𝛼 + 𝛽/𝐶𝐹)* + 𝛽4𝑃𝐹*EFG∗∗ + 𝛽5𝐶𝐹)* ∙ 𝑃𝐹*EFG∗∗    (4) 

𝑁𝑆*JKLM,3:𝑃𝐹*E3I∗∗; = 𝛼 + 𝛽/𝐶𝐹)* + 𝛽4𝑃𝐹*E3I∗∗ + 𝛽5𝐶𝐹)* ∙ 𝑃𝐹*E3I∗∗    (5) 

 

 Finally, I calculate the standardised statistical effect of inequality, expressed as the 

difference between the level of need satisfaction achieve at the highest vs lowest significant 

levels of the provisioning factor as a proportion of the range of need satisfaction outcomes in 

the sample. 

 

∆𝑁𝑆JKLM,3:∆𝑃𝐹*; = OPQRST,U:VW*XYZ∗∗;[OPQRST,U:VW*XU\∗∗;
OPXYZ[OPXU\

     (6) 

 

Panel regression. I supplement the static cross-sectional analysis with a panel analysis, 

estimating fixed effects (FE, Eq. (7)), random effects (RE, Eq. (8)), and first difference (FD, Eq. 

(9)), including country- (𝛼3) and year-specific (𝜇^) fixed effects to control for unobserved 

heterogeneity between countries and years (Angrist & Pischke, 2009), plus an error term. 

Including year-specific intercepts also reduces the risk of spurious regression due to variables 

following similar trends to those of interest (Jorgenson & Clark, 2011). I allow the sample size 

to vary between models to maximise use of the available data. 

 

𝑁𝑆*3^ = 𝛽/𝐶𝐹*3^ + 𝛽4𝑃𝐹*3^ + ∑ :𝑐E𝐶𝑜𝑛𝑡𝑟𝑜𝑙& 3E^;I
Ea/ + 𝛼3 + 𝜇^ + 𝑒3^   (7) 

𝑁𝑆*3^ = 𝛽/𝐶𝐹*3^ + 𝛽4𝑃𝐹*3^ + ∑ :𝑐E𝐶𝑜𝑛𝑡𝑟𝑜𝑙& 3E^;I
Ea/ + 𝑒3^    (8) 

∆𝑁𝑆*3^ = 𝛽/∆𝐶𝐹*3^ + 𝛽4∆𝑃𝐹*3^ + ∑ :𝑐E∆𝐶𝑜𝑛𝑡𝑟𝑜𝑙& 3E^;I
Ea/ + 𝜇^ + ∆𝑒3^  (9) 

 

FE, RE, and FD models deal with unmeasured unit- and time-invariant factors in 

different ways. FE models use the within transformation to estimate country- and year-

specific intercepts, whereas RE models include these fixed effects as a random component of 

the error term and FD models eliminate them by differencing adjacent periods. In general, 

economists prefer FE over RE since the former allows arbitrary correlation between 𝛼3  and 

the explanatory variables. However, RE is more appropriate for estimating (nearly-)perfectly 
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time-constant variables. When deciding between FE and FD models, FD can avoid spurious 

regression if a unit root is present but will reduce efficiency if there is no unit root (Jorgenson 

& Clark, 2011, 2012; Wooldridge, 2016). In light of these differences, I report results from all 

three models. For more detail on these panel methods, see Wooldridge (2016, Chapter 14). 

Drawing on data from multiple years increases the sample size, allowing me to include 

additional control variables without jeopardising the statistical power of the analysis; 

however, I only include countries with complete data for at least ten of the fourteen years. I 

control for urbanisation and population density based on evidence that the two variables 

reduce resource consumption (Teixidó-Figueras et al., 2016). I include urbanisation because 

cities have greater potential to reduce resource footprint due to economies of scale (Weisz & 

Steinberger, 2010), and I use population density is a proxy for (inverse) resource endowment 

per capita (Krausmann et al., 2008). All panel regressions are performed using the plm 

package in R (Croissant & Millo, 2008). 

 

Patterns of carbon intensive expenditure. I use RE models in the following forms to estimate 

the relationship between carbon footprint, total expenditure (Tot), and the provisioning 

factors of interest across income fractions j in countries i with error e (Eq. 10). The error term 

is composed of a random country-specific component and a residual component (Angrist & 

Pischke, 2009). I use the same structure to estimate the relationship between the provisioning 

factors and expenditure on consumption category k (𝑆𝑝𝑒𝑛𝑑8) (Eq. 11). 

 

𝐶𝐹*3c = 𝛽/𝑇𝑜𝑡* 3c + 𝛽4𝑃𝐹)* + ∑ :𝑐E𝐶𝑜𝑛𝑡𝑟𝑜𝑙& 3cE;I
Ea/ + 𝑒3c     (10) 

𝑆𝑝𝑒𝑛𝑑& 3c8 = 𝛽/𝑇𝑜𝑡* 3c + 𝛽4𝑃𝐹)* + ∑ :𝑐E𝐶𝑜𝑛𝑡𝑟𝑜𝑙& 3cE; +I
Ea/ 𝑒3c8   (11) 

 

In addition to controlling for urbanisation and population density, I also control for 

active population since there is evidence that people of working age have more resource-

intensive lifestyle patterns than the young or elderly, due to activities such as commuting 

(Lugauer et al., 2014; Teixidó-Figueras et al., 2016; Zagheni, 2011). 

Unlike FE, FD or pooled OLS, the RE model allows me to control for country-specific 

factors whilst estimating coefficients for variables that have the same value for all income 

fractions in a country, such as national income inequality (Wooldridge, 2016).  
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Testing the validity and power of the regression models. After testing for heteroskedasticity, 

cross-sectional correlation, and autocorrelation, I compute heteroskedasticity-robust (HC2) 

standard errors for the cross-sectional regressions, and heteroskedasticity and 

autocorrelation consistent (HC4) standard errors for the panel models. Since the expenditure 

models are estimated from cluster samples, I use heteroskedasticity-robust (HC2) standard 

errors that allow for country-based cluster correlation (Wooldridge, 2016). 

I use the Shapiro-Wilk test to test for normality of the residuals, discarding any models 

where p < 0.05. I test for covariance inflation in the models by calculating variance inflation 

factors (VIF), using VIF > 5 as indicating problematic inflation. For the panel models, I check 

for stationarity in the variables in levels and first differences using the Maddala-Wu unit-root 

test. A stationary time series has a constant mean, constant variance, and constant covariance 

between periods of the same distance. The plm package automatically drops any variables 

exhibiting critical multicollinearity. Following Vogel et al. (2021), I also use the WebPower tool 

to perform a post-hoc power analysis at the 0.05 significance level (Zhang & Yuan, 2018), 

detailed in Supplementary Material A.3.  

 

Non-metric multidimensional scaling (NMDS). NMDS is an ordination method which measures 

the dissimilarities between entities. Entities (countries in this case) are arranged in 

multidimensional hyperspace so that the most dissimilar points (measured by Bray-Curtis 

dissimilarity) are furthest apart. This process is based on rank information and therefore is 

robust to non-linear relationships between variables (Oksanen, 2015). I perform NMDS 

calculations using the vegan package in R (Oksanen et al., 2020), conducting the ordination 

based on two consumption footprint indicators (carbon and material footprints) and five 

wellbeing indicators (life expectancy, sanitation access, electricity access, sufficient 

nourishment, and minimum income), alongside per capita GDP. To increase the likelihood 

that the ordination process finds the global solution rather than a local minimum, I repeat the 

analysis using random start sites. I then visualise the results along two axes and superimpose 

vectors to visualise how well inequality metrics explain ordination with respect to 

consumption footprint and need satisfaction. 
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Dynamic linear modelling (DLM). In DLMs the relationship between the dependent and 

independent variable is allowed to change over time in an autoregressive manner (i.e. each 

value depends on the value immediately previous), reflecting changes in the underlying 

processes (Lamon III et al., 1998; Scheuerell & Williams, 2005). The adaptive nature of DLMs 

is a key advantage over static regression methods (Metcalfe & Cowpertwait, 2009). At time t, 

the relationship between need satisfaction and inequality (Ineq) is given by a dynamic 

intercept and slope, 𝛼^ and 𝛽^ respectively, plus an error term 𝑣^, expressed in vector form in 

Equation (12). All time-dependent parameters are allowed to evolve according to a random 

walk with constant variance. 

 

𝑁𝑆*^ = [1 𝐼𝑛𝑒𝑞&^] k
𝛼^
𝛽^l + 𝑣^        (12) 

 

 Given the shortage of global time series data, I define a seemingly unrelated 

regression model (SUR) by “stacking” m need satisfaction variables. SURs have the benefit of 

“borrowing strength” from similar time series (Campagnoli et al., 2009, p. 126). 

 

m
𝑁𝑆*/,^
⋮

𝑁𝑆*E,^

o = p
1
⋮
0

⋯
⋱
⋯

0
⋮
1

𝐼𝑛𝑒𝑞&^
⋮
0

⋯
⋱
⋯

0
⋮

𝐼𝑛𝑒𝑞&^

t

⎣
⎢
⎢
⎢
⎢
⎡
𝛼/,^
⋮

𝛼E,^
𝛽/,^
⋮

𝛽E,^⎦
⎥
⎥
⎥
⎥
⎤

+ p
𝑣/,^
⋮

𝑣E,^
t   (13) 

 

I use the Multivariate Autoregressive State-Space (MARSS) package in R to estimate 

the model parameters (Holmes et al., 2012; Holmes, Scheuerell, et al., 2021; Holmes, Ward, 

et al., 2021). See Supplementary Materials A.4 for a more detailed explanation of DLMs. 

 

Limitations. In addition to the drawbacks already mentioned, a key limitation of all methods 

is that they only describe statistical associations so cannot be used to make causal claims. The 

regression methods are also subject to constrains imposed by multicollinearity, so I am unable 

to control for common explanatory variables such as GDP. Another disadvantage of DLMs is 

that they are computationally intensive and thus I am unable to test certain model structures. 

For example, I am unable to use the DLM method to replicate the panel analysis. 
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All R code required to replicate my analysis is available on GitHub 

(https://github.com/fbarbour/inequality_thesis).  
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Results 
Relationship between need satisfaction and carbon footprint. Need satisfaction is significantly 

associated (p << 0.001) with both carbon footprint for each need satisfaction variable 

considered (Fig. 2 and Supplementary Material Table B.1.1). In 2014, no country satisfied the 

basic needs of its population at a sustainable carbon footprint, with Moldova and Tajikistan 

being the only countries in the sample to sustainably pass any social thresholds (access to 

electricity and safe sanitation).  

 

 

 
 

Fig. 2. Cross-country relationship between carbon footprint and need satisfaction in 2014. Horizontal and 

vertical dotted lines mark the minimum acceptable level of need satisfaction and maximum sustainable carbon 

footprint (1.61 tCO2eq / cap) respectively. Colours represent World Bank income groupings: high (HIC), upper-

middle (UMC), lower-middle (LMC), and low (LIC) income countries. 
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Between-country variation in need satisfaction. Including inequality-related provisioning 

factors in the regression better explains the variation in need satisfaction (Supplementary 

Material Table B.2.1). I find a positive and significant relationship between carbon footprint 

and all need satisfaction indicators (p < 0.01). Each need satisfaction indicator is significantly 

associated with either income inequality or public service quality. When significant, income 

and wealth inequality negatively associate with need satisfaction, whereas public service 

quality positively associates. Income inequality is negatively associated with all need 

satisfaction indicators apart from nourishment, and public service quality is positively 

associated with all bar electricity access. Wealth inequality is negatively associated with life 

expectancy, as well as access to electricity at the 10% significance level. Inspection of the 

diagnostic plots does not reveal any concerning outlier behaviour. The estimated coefficients 

are summarised in Figure 3. 

For six of the seven need satisfaction variables, public service quality explains more 

between-country variation than income or wealth inequality. Wealth inequality explains only 

a small amount of between-country variation in need satisfaction (Table 5). Since statistical 

power is low for all insignificant coefficients, a larger sample size would be required before 

confidently ruling out a significant association. Variance inflation factors are well below the 

threshold of concern for all models (Supplementary Material Table B.2.1). 

 
 
Table 5. Results of regression-based decomposition showing the percentage of total variation in need 

satisfaction explained by each variable, plus the residual variation unexplained by the model. Only percentages 

explained by significant variables (p < 0.1) are shown. 

 Life 
expectancy 

Safe 
sanitation 

access 

Electricity 
access 

Sufficient 
nourishment 

Food 
security 

Drinking 
water access 

Minimum 
income 

Income 
inequality 9.9 15.0 13.6 – 20.5 12.5 24.5 

Wealth 
inequality 3.7 – 3.9 – – – – 

Public 
services 48.0 21.7 – 21.2 31.5 41.6 26.6 

Carbon 
footprint 17.9 33.0 36.6 30.8 21.3 24.3 34.7 

Residual 21.8 28.8 42.2 38.6 24.4 20.8 14.8 
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Fig. 3. Need satisfaction improves with carbon footprint and public service quality but deteriorates with income 

inequality. Graphical depiction of linear regression estimates of the relationship between need satisfaction and 

three provisioning factors in 2014. Points show the coefficient and error bars show denote 95% confidence 

intervals calculated with heteroskedasticity-robust HC2 standard errors. Green points depict a significantly 

positive association (p < 0.05) whereas red points depict a significantly negative association (p < 0.05). Open 

circles represent p < 0.05 and filled circles represent p < 0.01. Insignificant coefficients (p > 0.05) are represented 

by grey crosses. This and subsequent regression table visualisations are based on Rocha et al. (2020).  
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Variation of the relationship between need satisfaction and carbon footprint. I further analyse 

the provisioning factors by estimating their statistical effects. I model the relationship 

between carbon footprint and need satisfaction at the highest and lowest observed levels of 

each provisioning factor, exemplified in Figure 4a, calculating the need satisfaction 

improvement over the range of carbon footprint values for which the marginal effect of the 

provisioning factor is significant. The need satisfaction improvement is aggregated over all 

need satisfaction indicators and depicted as histograms in Figure 4b. Consistent with my 

previous regression analysis, I find that income inequality has a consistently detrimental 

effect on socio-ecological performance, whereas public services have a consistently beneficial 

effect, with the marginal effect of each provisioning factor declining with increasing carbon 

footprint. I also find a consistently detrimental effect for wealth inequality, although its effect 

was weaker than for the other two provisioning factors and generally its marginal effect is 

significant over a narrower carbon footprint range than the other two provisioning factors. 

  



 24 

 

 

 
 

   
 

Fig. 4. (a) The modelled relationship between carbon footprint and need satisfaction deteriorates with 

increasing income and wealth inequalities (downward arrows) and improves with increasing public service 

quality (upward arrows). Blue dots show country’s present relationship. Horizontal and vertical dotted lines 

mark the minimum acceptable level of need satisfaction and maximum sustainable carbon footprint 

respectively. The footprint range for which the marginal effect of the provisioning factor is significant is light 

grey and the green and red lines depict the modelled relationship at the most beneficial and detrimental 

significant values of the provisioning factor, respectively. (b) Histograms depict the magnitude and frequency of 

need satisfaction improvements. Visualisations based on Vogel et al. (2021). 
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Variation of the relationship between need satisfaction and carbon footprint with provisioning 

factors over time. Next I use panel regression to estimate the relationship between the 

provisioning factors and need satisfaction over the period 2001–2015. Since Hausman tests 

indicate mixed preferences for FE and RE models, and Wooldridge’s first-difference test finds 

no clear preference between FE and FD models (Supplementary Material Table B.3.1), I report 

results from all three models, excluding country- or year-specific intercepts (Figure 5 and 

Supplementary Material Tables B.4.1–B.4.3). Controlling for GDP instead of carbon footprint 

has no effect on the direction of the provisioning factor coefficients, and little effect on the 

significance or magnitude of the estimates. Nor does including GDP substantially affect the 

explanatory capacity of the models. 

 I find evidence of a significant and positive relationship between carbon footprint and 

need satisfaction for all indicators bar life expectancy. Consistent with my previous analyses, 

I find evidence of a negative association between income inequality and socio-ecological 

performance for three of the five wellbeing indicators assessed (sanitation access, electricity 

access, and minimum income), and scant evidence for a relationship between wealth 

inequality and socio-ecological performance. In contrast to my previous analyses, I find a 

negative relationship between carbon footprint and life expectancy, and a positive 

relationship between income inequality and life expectancy. 

 Since the public service quality indicator is standardised for each year, I am unable to 

compare countries’ scores between years. 
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a) 

b) 
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Fig. 5. Graphical depiction of panel regression estimates of the relationship between need satisfaction and three 

provisioning factors over the period 2001–2015. Points show the coefficient estimates from (a) FE, (b) FD and 

(c) RE models, and error bars show denote 95% confidence intervals calculated with HC4 standard errors. Green 

points depict a significantly positive association (p < 0.05) whereas red points depict a significantly negative 

association (p < 0.05). Open circles represent p < 0.05 and filled circles represent p < 0.01. Insignificant 

coefficients (p > 0.05) are represented by grey crosses. Income inequality is negatively associated with sanitation 

access, electricity access and minimum income across all models. 

 
  

c) 
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Scaling of equality with need satisfaction. In general, carbon and material footprints grow in 

tandem, increasing along the horizontal NMDS1 axis from left to right. The five need 

satisfaction variables (life expectancy, sanitation access, electricity access, sufficient 

nourishment, and minimum income) behave similarly to one another, increasing as countries 

descend the vertical NMDS2 axis (represented by green vectors). GDP straddles carbon 

footprint and need satisfaction vectors.  The ordination process has a very low stress value 

(0.04), indicating that the two-dimensional solution is ‘an excellent representation’ of the 

underlying data (Clarke, 1993, p. 126). 

 Following ordination, I estimate vectors for income equality, wealth equality, and 

public service quality. Equality is calculated as the reverse of the Gini coefficient. The analysis 

finds that income equality scales closely with need satisfaction, whereas public service quality 

scales closely with GDP, and is more aligned with carbon footprint than income equality is. A 

vector for wealth equality cannot be fitted. 

Fig. 6. NMDS ordination for 88 countries, each represented by its ISO code. Vectors point along steepest 

increase, with need satisfaction vectors in green, consumption-related vectors in red, and provisioning factor 

vectors in blue. 
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Carbon-intensive expenditure is associated with wealth inequality. Here I investigate variation 

in the carbon-intensity of expenditure (Fig. 7). As numerous studies have shown, carbon 

footprint in tightly associated with expenditure. My regression analysis suggests a positive 

association between wealth inequality and carbon footprint (p < 0.05), but no evidence of a 

corresponding relationship for income inequality or public service quality. Expenditure is 

highly significant for all models (p < 0.001) and active population is the only significant control 

variable (Fig. 8 and Supplementary Material Table B.5.1, first panel). 

To explore how wealth inequality might increase the carbon intensity of expenditure, 

I test for an association between the provisioning factors and expenditure on transport, a 

highly carbon-intensive consumption category, but I found no evidence of an association with 

wealth inequality (Fig. 8 and Supplementary Material Table B.5.1, second to fifth panels). 

 

 
 
Fig. 7. Log-log plot of per capita expenditure against per capita carbon footprint using estimates of the average 

expenditure and corresponding carbon footprint for ten income deciles for each of 92 countries. Colours 

represent World Bank income groupings: high (HIC), upper-middle (UMC), lower-middle (LMC), and low (LIC) 

income countries.  
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Fig. 8. Random effects estimates of the relationship between three provisioning factors and the carbon-intensity 

of expenditure. The first panel provides estimates for the determinants of carbon footprint, whereas the next 

four panels provide estimates for the determinants of expenditure on transport-related consumption 

categories. The category other transport includes land, air and, water transport not included in the vehicle 

purchase or fuel categories, and the category total transport is the sum of expenditure on vehicle purchases, 

vehicle fuel, and other transport. Points show the coefficient estimates and error bars show denote 95% 

confidence intervals calculated with cluster-robust HC2 standard errors. Green points depict a significantly 

positive association (p < 0.05) whereas red points depict a significantly negative association (p < 0.05). Open 

circles represent p < 0.1 and filled circles represent p < 0.05. Insignificant coefficients (p > 0.1) are represented 

by grey crosses. 

  

Carbon footprint Vehicle purchases Vehicle fuel Other transport Total transport 

Income inequality 

Wealth inequality 
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Dynamic relationship between inequality and need satisfaction at the global level. Dynamic 

linear modelling supports the distribution hypothesis at the global level, finding evidence of 

a significant negative relationship between income inequality and need satisfaction for all 

indicators tested (Fig. 9). Although the strength of this relationship appears to be growing, 

there is no significant variation. Consistent with my earlier panel analyses, I find a significant 

positive association between carbon footprint and need satisfaction but no evidence of a 

corresponding association for wealth inequality (Supplementary Material Fig. B.6.1–B.6.2). 

 Figure 9 shows the 𝛽^ coefficient for income inequality estimated over the period 

2001–2017 for the following relationship: 

 

𝑁𝑆^* = 𝛼^ + 𝛽^𝐼𝑛𝑒𝑞&3I{|EL,^ + 𝑣^       (14) 

 
Fig. 9. Estimates (and 95% confidence intervals) of the dynamic relationship between income inequality and 

global need satisfaction variables over the period 2001–2017. The negative coefficient reflects the negative 

association between income inequality and need satisfaction at the global level. The relationships for wealth 

inequality and carbon footprint, material footprint, and energy footprint are shown in Supplementary Material 

Figure B.6.1–B.6.4. 
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Discussion 
My findings suggest that income inequality plays a substantial detrimental role in shaping 

human need satisfaction. The magnitude of this effect rivals – and at times exceeds – that of 

carbon footprint, suggesting that the distribution of resources may be almost as important to 

the satisfaction of human needs as the total resources consumed. My analysis suggests that 

reducing inequalities may help compensate for reductions in carbon consumption by 

moderating the relationship between consumption and need satisfaction, thus lending 

empirical support to arguments that inequality is a key determinant of socio-ecological 

performance (Daly & Kunkel, 2018; Oswald et al., 2021; Parrique, 2019). To my knowledge, 

this is the first study to explore the mechanisms through which inequalities moderate the 

relationship between consumption footprint and need satisfaction at either the national or 

global scale. 

 

Resource distribution matters. Throughout this study I have used linear regression, panel 

analyses, non-metric multidimensional scaling, and dynamic linear modelling to explore how 

different inequality-related provisioning factors moderate the relationship between carbon 

consumption and human need satisfaction. Of the three provisioning factors explored, 

income inequality is the only one to consistently associate with need satisfaction across all 

analyses. However, I find no evidence of a relationship between income inequality and carbon 

intensity of expenditure, implying that income inequality moderates socio-ecological 

performance through the distribution of the benefits of carbon consumption, rather than 

through the carbon intensity of need satisfiers themselves. In light of the close relationship 

between income, expenditure, and consumption footprint inequalities (Aguiar & Bils, 2015; 

Bruckner et al., 2022; Oswald et al., 2020), my results suggest that income inequality affects 

socio-ecological performance via a distributional effect, whereby a more equal distribution of 

biophysical resources improves need satisfaction by channelling a greater proportion towards 

satisfying human needs. Dynamic linear modelling also finds evidence for a negative 

relationship between income inequality and need satisfaction at the global level. Global 

income inequality plausibly affects global need satisfaction via a similar distributional 

mechanism since previous studies have found that per capita income is a strong determinant 

of per capita carbon footprint (Teixidó-Figueras et al., 2016; Wiedmann et al., 2015). 
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Wealth, power, and carbon. Wealth inequality has a weaker association to socio-ecological 

performance and less explanatory power than income inequality. Greater wealth inequality 

is, however, significantly associated with greater carbon intensity of expenditure. Since 

wealth is a poor indicator of consumption (Howe et al., 2009; Sierminska & Takhtamanova, 

2007), these results suggest a non-distributional effect may be at play, although the precise 

mechanism remains unclear. 

 Authors suggest that the ‘lifestyles and consumption patterns of the super-rich 

strongly influence the globally growing middle classes, who emulate upper-class consumption 

styles to distinguish themselves from lower classes’ (Kravets & Sandikci, 2014; Otto et al., 

2019, p. 82). Thus, the high-carbon lifestyles of the wealthy may shift luxury spending towards 

more carbon-intensive goods and services (Wiedmann et al., 2020). Although this would 

explain why wealth inequality associated with carbon intensity of expenditure but not need 

satisfaction, it is still unclear why I found no corresponding association between income 

inequality and carbon-intensity of expenditure. 

  Another explanation could be that the wealthy use their disproportionate influence 

in politics and investments in such a way that the population becomes more dependent on 

carbon-intensive lifestyle patterns. This may involve maintaining a fossil-based energy supply 

by, for example, lobbying against decarbonisation policies (Horton & Bychawski, 2022; 

Thévoz, 2022) or investing in carbon-intensive funds (Climate Policy Initiative, 2021; Kirsch et 

al., 2022; Sood et al., 2021). Scholars have argued that inequality may enhance this tendency 

since the wealthy stand to gain the most economically from carbon-intensive activities whilst 

being most capable of escaping the negative consequences (Cushing et al., 2015; Otto et al., 

2019). The significant negative relationship between wealth inequality and electricity access 

identified by the static and FE regression models would support this mechanism, suggesting 

that at higher levels of wealth inequality any particular level of electricity access is associated 

with higher average carbon consumption. A final potential mechanism relates to workplace 

power dynamics. Under conditions of high wealth inequality, investors may be in a stronger 

position to demand increased working hours from employees (Hinton, 2020; Schor, 1998), 

with the resulting scarcity of time potentially driving expenditure on more carbon-intensive 

‘efficiency consumption’ (Cushing et al., 2015; Siemoneit, 2019). 

Although several authors have argued that the residential segregation resulting from 

racial and economic inequalities has led to increased vehicle travel in the US (Malm & The 
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Zetkin Collective, 2021; Morello-Frosch & Jesdale, 2006; Sheller, 2018), I find no significant 

association between income/wealth inequality and expenditure on either vehicle fuel or total 

transport for countries in general. 

 

Contribution of public services to need satisfaction. Despite public service quality having 

substantial explanatory power in the static regressions, I was unable to interrogate this 

further in the panel analysis. The NMDS analysis finds that public service quality scales less 

well with need satisfaction vectors than income equality and more strongly with resource 

footprints, suggesting that the strong statistical effect estimated in the static regression 

models may have been inflated. 

Public service quality was not significantly associated with carbon intensity of 

expenditure. This might seem surprising considering that public services enhancing effective 

purchasing power, leaving people with more money to spend on non-necessities, which tend 

to be more energy intensive (Oswald et al., 2020). In light of this, it might be the case that 

more efficient public provisioning of need satisfiers (a structural effect) counteracts the 

increase in luxury spending. Future research could use data on specific public services to 

evaluate these proposals. 

 

Inequality under resource constraints. To avoid irreversible damage to the climate system  and 

biosphere, many countries must reduce rates of resource throughput (IPBES, 2019; IPCC, 

2022; O’Neill et al., 2018; Steffen et al., 2015) which growing body of literature suggests may 

go hand-in-hand with shrinking production and consumption (D’Alessandro et al., 2020; 

Hickel & Kallis, 2020; Jackson, 2009; Parrique, 2019). Even if production and consumption do 

not shrink but are ‘only’ limited, this scenario could intensify rent-seeking behaviour, 

exacerbating inequalities and further impoverishing the poorest (Stratford, 2020). Piketty 

additionally argues that income inequality tends to rise if the growth rate of average incomes 

drops below the rate of return on capital (Piketty, 2014), with dire implications for the state 

of equality under resource caps: in a slow- or non-growing economy, wealth inequality would 

tend to translate into climbing income inequality (Hartley et al., 2020). By estimating positive 

contributions for both consumption footprint and equality to human need satisfaction, my 

analysis suggests that countering this tendency of inequality to rise may be indispensable for 

satisfying the basic needs of all in a resource-constrained future. 
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Confronting economic inequalities in a resource-constrained world. Wealth and income 

inequalities vary substantially across countries and over time, indicating that, rather than 

economic inevitabilities, levels of inequality are shaped by political-economic circumstances 

which ultimately reflect societal choices (Basu & Stiglitz, 2016; Piketty & Saez, 2014). At the 

global level, inequalities can be tackled by diffusing the international power imbalances that 

enable the global North to drain the equivalent of over $10 trillion from the South every year 

(Hickel, Dorninger, et al., 2022). These power differentials are sustained through debt 

burdens, patent monopolies, undemocratic global economic governance institutions, and 

conditions on international finance, among other factors (Andrews, 2021; Chang, 2008; 

Hickel, Dorninger, et al., 2022; Rodney, 2012). Reducing international and intranational 

inequalities would also require confronting the network of tax havens helping to disappear 

$483 billion in lost tax every year (Dempsey et al., 2022; Fitzgibbon, 2017; Shaxson, 2019; Tax 

Justice Network et al., 2021). 

 A variety of approaches exist to reduce inequalities within countries. One prominent 

approach is redistribution through taxation. According to the limitarian principle that 

everyone should have enough for a dignified life without consuming an unsustainable amount 

(Robeyns, 2017), this might take the form of wealth and income caps achieved through a 

100% taxation rate above a certain threshold (Buch-Hansen & Koch, 2019; Piketty, 2014). In 

other words, ‘If you have a limited total, and you also have a minimum income, then that 

implies a maximum somewhere. The question then becomes: should that maximum be such 

that a lot of people can receive it, or just a few?’ (Daly & Kunkel, 2018). An income ceiling 

could be complemented by a universal basic income or universal basic services, providing the 

minimum requirements for a decent standard of living as well as being themselves tools to 

reduce inequalities (Büchs, 2021; Gough, 2019; Srnicek & Williams, 2015; Weeks, 2011). 

Some scholars also call for a shorter working week in high-income countries, arguing 

that less time spent working would translate into less production if labour productivity is 

constant; more free time, enabling time-intensive activities to substitute for carbon-intensive 

ones; and enabling a reduction in carbon-intensive commuting (D’Alessandro et al., 2020; 

Kallis et al., 2013; Parrique, 2019). However, more research is required to empirically confirm 

the latter two assertions (Antal et al., 2020). Waged work is also a core distributional 

mechanism, being ‘the way most people acquire access to the necessities of food, clothing, 

and shelter’ (Weeks, 2011, p. 6). Thus, proponents argue that combining reductions in total 
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working hours with job sharing could simultaneously reducing ecological pressure and 

inequalities (Parrique, 2019; Srnicek & Williams, 2015; Zwickl et al., 2016).  

 

Limitations and future research. Carbon emissions do not contribute to human wellbeing 

themselves but are primarily a by-product of energy use on the basis of fossil fuels. It is the 

resulting energy services that underpin human wellbeing (Brand-Correa & Steinberger, 2017; 

Fell, 2017). To better reflect this relationship, future analyses would benefit from using 

environmentally-extended input-output tables to calculate countries’ exergy (useful energy) 

footprints (Brockway et al., 2016). However, in the absence of readily exergy data, carbon 

footprint serves as a useful proxy since fossil fuels remain the primary energy source 

worldwide (BP, 2021). 

 Although dynamic linear modelling enabled me to test for an evolving relationship 

between inequality and need satisfaction at the global level, it is possible that the relationship 

between inequality and socio-ecological performance is non-linear in ways not tested in the 

present analysis. This is particularly relevant for wealth inequality, which is readily 

translatable into political power disparities. Low inequality regimes might be dominated by 

feedbacks maintaining checks on unaccountable power, whereas above a certain threshold 

higher inequality regimes might gravitate towards a state in which society is reshaped to 

maximise the power of an oligarchy (van Bavel & Scheffer, 2021). For statistical techniques 

that could be used to test for such threshold effects see, for example, Hansen (1999). Future 

research could also use system dynamics or agent-based models to explore the inequality 

implications of shocks caused by climate mitigation or climate impacts, and how to prevent 

them (Baptista et al., 2016). 

 Another limitation is that this analysis does not consider path-dependency: a country’s 

future trajectory with respect to consumption and need satisfaction is shaped by the present 

state of this relationship. Brand-Correa et al. (2020) describe the process of need satisfier 

escalation, whereby the ecological intensity of needs satisfaction increases over time. 

Countries may become “locked-in” to unsustainable patterns of consumption through factors 

including physical infrastructure and culture (Sanne, 2002). Analyses of the UK have found 

transport becoming increasingly necessary for ‘an acceptable minimum standard of living’ 

(Gough, 2017), mirrored by considerable increases in fossil fuels used for commuter travel 

(Jackson & Papathanasopoulou, 2008). My study aims to identify the nature of the 



 37 

relationship between inequality and socio-economic performance. However, understanding 

the implications of this relationship for a green transition will require reckoning with path-

dependency, and could be explored through coevolutionary ecological economics approaches 

(Kallis & Norgaard, 2010). Moreover, path analysis could be used to explore causality between 

inequality and socio-ecological performance. 

Although the satisfaction of basic human needs is essential for wellbeing, it is not 

sufficient. Human needs theory emphasises the importance of social participation which is 

highly context-dependent (Gough, 2017). Researchers could expand the use of minimum 

income standard surveys to understand the material conditions for ‘an acceptable minimum 

standard of living’ for different countries (Davis et al., 2014). This minimum standard 

‘includes, but is more than just, food, clothes and shelter. It is about having what you need in 

order to have the opportunities and choices necessary to participate in society’ (Bradshaw et 

al., 2008, p. 1). These results would not only guide reductions in consumption, but also enable 

cross-country comparisons to determine factors influencing the ecological footprint of social 

participation. 

Future work could also recognise the multidimensional nature of inequalities. These 

include both inequalities in, for example, income, wealth, and opportunity, and inequalities 

across factors such as race, gender, and class (Killewald et al., 2017; Leach et al., 2018). 

However, these forms intersect, as exemplified in the US where 91% of the richest percentile 

are white, and 98% are male (Keister, 2014). It is unlikely, therefore, that any one form of 

inequality can be effectively challenged without addressing others (A. Srinivasan, 2021). In 

light of this, future research could explore the implications of such intersecting disparities for 

human wellbeing within planetary boundaries. 
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Conclusions 
This study aimed to address if and how distribution shapes the relationship between carbon 

consumption and human need satisfaction. Despite its relevance for navigating towards a just 

and sustainable future, the role of distribution in this relationship has received little empirical 

attention. 

 My analysis suggests that income inequality has a substantial detrimental effect on 

the ability to satisfy basic needs of both national and global populations at low carbon 

consumption. This is likely due to a distributional effect whereby a higher level of inequality 

requires higher average carbon consumption for everyone to meet a basic standard. I also 

find evidence that public provision improves socio-ecological performance. Finally, my 

analysis suggests that although wealth inequality may have a less detrimental role on socio-

ecological performance than income inequality, the resulting power disparities may result in 

more carbon-intensive consumption patterns. 

On this basis, I have discussed a variety of approaches for equitably reducing 

consumption in high-income countries – from income caps to work time reduction – as well 

as for redistribution between countries, such as debt and tax justice. However, these top-

down approaches should go hand-in-hand with experimentation at smaller scales (Bengtsson, 

2018; Feola et al., 2021; Gelderloos, 2022; Hausknost, 2020; Jakobsen, 2018; Pirgmaier, 

2020). It is in these transformative spaces where it becomes possible to expand ‘the horizons 

of the thinkable’ (Fisher, 2009, p. 14; Graeber & Wengrow, 2021; Pereira et al., 2020). 

 Although indispensable, consumption-oriented approaches alone are not enough to 

safeguard a sustainable future; research should also focus on reducing fossil fuel supply. 

Committed emissions from existing and proposed energy infrastructure are already enough 

to breach the 1.5 °C threshold (Dhakal et al., 2022; Trout et al., 2022), and ‘the precise level 

of future warming […] depends largely on infrastructure that has not yet been built’ (Tong et 

al., 2019, p. 376). Meeting Paris targets requires leaving the vast majority of fossil fuels in the 

ground (Welsby et al., 2021), with 425 ‘carbon bombs’ together capable of releasing 

emissions double the remaining 1.5 °C carbon budget (Kühne et al., 2022). Combined, 

production- and consumption-oriented approaches can not only work to defuse these carbon 

bombs but also foster the social conditions that render their construction obsolete.  
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A. Supplementary information on methods 
 
A.1 Data treatment 
 
First, I logarithmically transform the carbon footprint (CF) variables, and saturation transform 

the need satisfaction (NS) variables, using a saturation value 1.1 times the maximum value in 

the sample. The saturation transformation yields a more realistic relationship between need 

satisfaction and consumption than a log–linear relationship, since the need satisfaction 

indicators have maximum possible values. No matter how much a society consumes, access 

to sanitation, for example, will never exceed 100%. Both transformations are common for the 

respective data types (O’Neill et al., 2018; Steinberger & Roberts, 2010; Vogel et al., 2021). 

 

𝐶𝐹3} = log	(𝐶𝐹3)         (A. 1.1) 

𝑁𝑆3� = log	(𝑁𝑆�F^ − 𝑁𝑆3)        (A. 1.2) 

 

I then standardise the variables to a mean of zero and standard deviation of 1. 

 

𝑧)� =
𝑧3⏞ − mean(𝑧3⏞)

std(𝑧3⏞)
 

 

 

A.2 Calculating marginal effect size and range 
 
I calculate the marginal effects of consumption footprint (𝜕𝑁𝑆*/𝜕𝐶𝐹*) and provisioning factor 

(𝜕𝑁𝑆*/𝜕𝑃𝐹*) on need satisfaction as 

 

𝜕𝑁𝑆*

𝜕𝐶𝐹*
= 𝛽/ + 𝛽5𝑃𝐹*  

 

𝜕𝑁𝑆*

𝜕𝑃𝐹*
= 𝛽4 + 𝛽5𝐶𝐹*  

 

  

(A. 1.3) 

(A. 2.1) 

(A. 2.2) 
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Thus, I can determine the range of consumption footprints for which 𝜕𝑁𝑆*/𝜕𝐼𝑛𝑒𝑞&  is significant 

(95%), and vice versa, using standard deviations given by 

 

𝜎
� ���*
���\�& �

= �var(𝛽/) + 𝐼𝑛𝑒𝑞&3
4 ∙ var(𝛽5) + 2𝐼𝑛𝑒𝑞&3 ∙ cov(𝛽/, 𝛽5)   (A. 2.3) 

𝜎
� ���*
��\S�& �

= �var(𝛽4) + 𝐶𝑜𝑛𝑠&3
4 ∙ var(𝛽5) + 2𝐶𝑜𝑛𝑠&3 ∙ cov(𝛽4, 𝛽5)   (A. 2.4) 

 

 

A.3 Testing the statistical power of the regression models 
 
The power of an analysis is the probability of rejecting the null hypothesis, H0, given the 

alternative hypothesis, H1, is true: 

 

Power	=	P(Reject	𝐻� |	𝐻/ is true)       (A. 3.1) 

 

Statistical power increases with sample size and effect size and decreases with the number of 

predictors. I calculate the effect size of the m-th predictor, f2
m, obtained by comparing the R2 

value of the full model, R2
full, with that of the model with the predictor of interest dropped, 

R2
–m (Cohen, 1988). 

 

𝑓E4 =
𝑅����4 − 𝑅[E4

1 − 𝑅����4  

 

  

(A. 3.2) 



 53 

A.4 Dynamic linear modelling 
 
In a dynamic linear model (DLM) the relationship between the dependent and independent 

variables is allowed to change over time (Lamon III et al., 1998; Scheuerell & Williams, 2005). 

A static linear model (LM) can be expressed in the following form 

 

𝑦3 = 𝛼 + 𝛽𝑥3 + 𝑣3          (A. 4.1) 

 

which translates into vector notation as 

 

𝑦3 = [1 𝑥3] k
𝛼
𝛽l + 𝑣3          (A. 4.2) 

 

𝑦3 = FT𝜽 + 𝑣3           (A. 4.3) 

 

FT denotes a column vector of regression variables whilst 𝜽 denotes a column vector of 

regression parameters, plus an observation-specific error term 𝑣3. By contrast the 

observation equation of a DLM can be expressed as 

 

𝑦^ = F𝒕T𝜽𝒕 + 𝑣^         (A. 4.3) 

𝒗𝒕~𝑁[𝟎, 𝒓] and 𝜃�~𝑀𝑉𝑁[𝜋�, Λ�] 

 

Note the t subscripts. Not only do the regression variables, FT
t, change over time but so do 

the regression parameters, 𝜽𝒕. 

How the parameters change over time is governed by the parameter “evolution” 

matrix Gt in an autoregressive process with error wt. This is called the process equation. 

 

𝜽𝒕 = G𝒕T𝜽𝒕[𝟏 + w𝒕         (A. 4.4) 

w𝒕~𝑀𝑉𝑁[𝟎,	Q] 
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 I apply this structure to create a seemingly unrelated regression model (SUR). The 

model takes the following form, with the observation and process equations determined by 

Kronecker products1 of the observation and process matrices with the identity matrix Im.2 

 

𝑦^ = (𝐹 ⊗ 𝐼E)𝜃^ + 𝑣^, 𝑣^~𝑁[0, 𝑅]	, 

𝜃^ = (𝐺^ ⊗ 𝐼E)𝜃^[/ + 𝑤^, 𝑤^~𝑁[0, 𝑄]	, 

 

𝑦^ = p
𝑦/,^
⋮

𝑦E,^
t , 𝜃^ =

⎣
⎢
⎢
⎢
⎢
⎡
𝛼/,^
⋮

𝛼E,^
𝛽/,^
⋮

𝛽E,^⎦
⎥
⎥
⎥
⎥
⎤

, 𝑣^ = p
𝑣/,^
⋮

𝑣E,^
t , 𝑤^ = p

𝑤/,^
⋮

𝑤4E,^
t	, 

 

𝐹 = [1 𝑥^], and 𝐺^ = 𝐼E.        (A. 4.5) 

 

The Q and R matrices can be constrained in a variety of ways. Although I only report results 

obtained using a Q matrix with single process variance and single covariance, and an R matrix 

with a shared observation variance, I observed the same trends when using other common 

conditions. I use the Multivariate Autoregressive State-Space (MARSS) package in R to find 

maximum-likelihood estimates for the model parameters via an Expectation-Maximisation 

algorithm (Holmes et al., 2012; Holmes, Scheuerell, et al., 2021; Holmes, Ward, et al., 2021). 

  

 
1 For the m x n matrix A and the p x q matrix B, the Kronecker product 𝐴⨂𝐵 is the mp x nq matrix 

m
𝑎/,/𝐵 ⋯ 𝑎/,I𝐵
⋮ ⋱ ⋮

𝑎E,/𝐵 ⋯ 𝑎E,I𝐵
o . 

 
2 The identity matrix Im is the m x m matrix 

⎣
⎢
⎢
⎢
⎡
1 0 0
0 1 0
0 0 1

…
…
…

0
0
0

⋮ ⋮ ⋮ ⋱ ⋮
0 0 0 ⋯ 1⎦

⎥
⎥
⎥
⎤
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B. Supplementary results 
 
B.1 Bivariate regression 
 
Table B.1.1. Coefficients and heteroskedasticity-robust standard errors (in parentheses) estimated by OLS 

regression. Significant coefficients (p < 0.1) are in bold. Positive coefficients indicate a beneficial association with 

need satisfaction. Table also shows the adjusted R-squared (R2
adj) of each model, along with the number of 

countries (n) in the sample. Coefficients with statistical power > 0.8 are underlined. 

 Life 
expectancy 

Safe 
sanitation 

access 

Electricity 
access 

Sufficient 
nourishment 

Food 
security 

Drinking 
water access 

Minimum 
income 

Carbon 
footprint 

0.714*** 0.739*** 0.688*** 0.745*** 0.669*** 0.728*** 0.812*** 
(0.114) (0.102) (0.107) (0.132) (0.125) (0.123) (0.148) 

R2
adj 0.51 0.55 0.46 0.47 0.51 0.61 0.63 

n 115 112 107 109 79 79 102 
Heteroskedasticity-robust (HC2) p-values: * p < 0.05; ** p < 0.01; *** p < 0.001 
 
 
 

B.2 Multivariate regression 
 
Table B.2.1. Coefficients and heteroskedasticity-robust standard errors (in parentheses) estimated for the 

multivariate models. Significant coefficients (p < 0.1) are in bold. Positive coefficients indicate a beneficial 

association with need satisfaction, whereas negative coefficients indicate a detrimental association. Table also 

shows the adjusted R-squared (R2
adj) and mean variance inflation factor (VIF) of each model, along with the 

number of countries (n) in the sample. Coefficients with statistical power > 0.8 are underlined. 

 Life 
expectancy 

Safe 
sanitation 

access 

Electricity 
access 

Sufficient 
nourishment 

Food 
security 

Drinking 
water access 

Minimum 
income 

Income 
inequality 

–0.153* –0.256*** –0.239** –0.150 –0.303*** –0.198** –0.358*** 
(0.064) (0.071) (0.085) (0.125) (0.080) (0.061) (0.070) 

Wealth 
inequality 

–0.127* –0.057 –0.123 –0.088 –0.072 –0.047 0.027 
(0.058) (0.064) (0.071) (0.086) (0.059) (0.066) (0.044) 

Public 
services 

0.568*** 0.296*** 0.063 0.312* 0.389*** 0.487*** 0.326*** 
(0.061) (0.083) (0.092) (0.133) (0.100) (0.073) (0.080) 

Carbon 
footprint 

0.251*** 0.445*** 0.534*** 0.448** 0.297** 0.309*** 0.437*** 
(0.057) (0.086) (0.119) (0.133) (0.088) (0.076) (0.112) 

R2
adj 0.78 0.70 0.56 0.57 0.77 0.82 0.83 

n 115 112 107 109 78 78 101 
Mean VIF 1.96 1.97 2.07 1.91 2.33 1.82 2.13 
Heteroskedasticity-robust (HC2) p-values: * p < 0.05; ** p < 0.01; *** p < 0.001 
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B.3 Testing the validity of the panel models 
 
To choose between the three models, I first conducted Hausman tests to decide between FE 

or RE models. The test indicated that FE was preferred for the models explaining life 

expectancy, sufficient nourishment, and minimum income, but no preference for sanitation 

or electricity access. Wooldridge’s first-difference (WFD) test found evidence of serial 

correlation in both the original and first-difference errors, suggesting no clear preference for 

either FE or FD models and that autocorrelation-robust standard errors should be used. The 

Breusch-Pagan Larange multiplier (LM) test finds evidence of a significant difference across 

units (panel effect), suggesting that a RE is better than a simple OLS regression. Together, 

these tests indicate that RE is a better choice than simple OLS for all models; that preference 

for FE over RE is mixed; and that there is no clear distinction between FE and FD. 

 The Pearson CD (PCD) test indicates that cross-sectional is present in the FE and RE 

models, and the Breusch-Godfrey/Wooldridge (BGW) test finds evidence of serial correlation 

in the residuals of all models. To account for this, I use Arellano correction with HC4 standard 

errors. 

 

Table B.3.1. Summary of p-values and test statistics for panel model tests. 

  Life 
expectancy 

Safe 
sanitation 

access 

Electricity 
access 

Sufficient 
nourishment 

Minimum 
income 

Hausman test 
𝜒4 27.6 1.49 0.192 134 25.7 
p 4.30e–05 0.915 0.999 < 2.2e–16 1.00e–4 

WFD test (FE) 
F 49.6 113 17.0 675 129 
p 3.29e–12 < 2.2e–16 4.04e–05 < 2.2e–16 < 2.2e–16 

LM test 
𝜒4 7600 8730 8310 5580 6640 
p < 2.2e–16 < 2.2e–16 < 2.2e–16 < 2.2e–16 < 2.2e–16 

BGW test (FE) 
𝜒4 847 815 373 867 766 
p < 2.2e–16 < 2.2e–16 < 2.2e–16 < 2.2e–16 < 2.2e–16 

BGW test (RE) 
𝜒4 1130 1170 1120 1090 1090 
p < 2.2e–16 < 2.2e–16 < 2.2e–16 < 2.2e–16 < 2.2e–16 

BGW test (FD) 
𝜒4 179 366 190 575 58.1 
p < 2.2e–16 < 2.2e–16 < 2.2e–16 < 2.2e–16 2.11e–08 

PCD test (FE) 
z 1.78 11.3 12.4 3.73 3.13 
p 0.0933 < 2.2e–16 < 2.2e–16 1.94e–04 1.73e–03 

PCD test (RE) 
z 57.1 9.91 7.50 16.3 6.29 
p < 2.2e–16 < 2.2e–16 6.44e–14 < 2.2e–16 3.19e–10 
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B.4 Panel regression models 
 
Tables B.4.1–B.4.3 display the coefficients and heteroskedasticity and autocorrelation-robust 

standard errors (in parentheses) estimated by fixed effects (Table B.4.1), first difference 

(Table B.4.2), and random effects models (Table B.4.3). Negative coefficients are associated 

with a detrimental effect on need satisfaction, whereas positive coefficients are associated 

with a beneficial effect. Significant coefficients (p < 0.1) are in bold. Tables also show the 

adjusted R-squared (R2
adj) of each model, along with the number of countries (n) and total 

datapoints (N) in the sample. 

 

Table B.4.1.  
 

 Fixed effects model   

 Life 
expectancy 

Safe sanitation 
access Electricity access Sufficient 

nourishment Minimum income 
 

Income inequality 
0.109* –0.116* –0.182* –0.172 –0.465*** 
(0.052) (0.050) (0.087) (0.164) (0.091)       

Wealth inequality 
–0.011 0.012 –0.046* –0.005 0.018 
(0.023) (0.015) (0.022) (0.048) (0.036)       

Carbon footprint 
–0.053 0.297*** 0.365** 0.910*** 0.632*** 
(0.069) (0.076) (0.112) (0.222) (0.114)       

Urbanisation 
–0.020 0.108 0.438** 0.160 0.080 
(0.148) (0.106) (0.150) (0.293) (0.161)       

Population density 
0.246 0.122 0.367 1.722* –0.994* 

(0.283) (0.181) (0.239) (0.762) (0.397)        
R2

adj –0.04 0.17 0.21 0.16 0.32 
n 90 90 90 90 90 
N 1336 1336 1336 1336 1336 
HC4 p-values: *p<0.05; **p<0.01; ***p<0.001 
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Table B.4.2.  
 First difference model   

 Life 
expectancy 

Safe sanitation 
access Electricity access Sufficient 

nourishment Minimum income 
 

Income inequality 
0.051 –0.083** –0.155* –0.210 –0.421*** 

(0.027) (0.028) (0.068) (0.126) (0.064)       

Wealth inequality 
0.004 –0.003 –0.001 0.012 0.004 

(0.004) (0.007) (0.007) (0.014) (0.009)       

Carbon footprint 
–0.055* 0.041* 0.084 0.149* 0.228** 
(0.024) (0.020) (0.046) (0.071) (0.080)       

Urbanisation 
0.016 0.178 0.395** 0.210 0.152 

(0.127) (0.092) (0.146) (0.272) (0.152)       

Population density 
0.288 0.069 0.482* 1.261* –0.911** 

(0.223) (0.149) (0.209) (0.573) (0.349)        
R2

adj 0.01 0.05 0.01 0.04 0.10 
n 90 90 90 90 90 
N 1336 1336 1336 1336 1336 
HC4 p-values: *p<0.05; **p<0.01; ***p<0.001 
 
 
 
Table B.4.3.  

 Random effects model   

 Life 
expectancy 

Safe sanitation 
access Electricity access Sufficient 

nourishment Minimum income 
 

Income inequality 
–0.039 –0.161* –0.199* –0.220 –0.476*** 
(0.128) (0.077) (0.084) (0.135) (0.113)       

Wealth inequality 
0.034 0.022 –0.045 –0.023 0.065 

(0.092) (0.068) (0.059) (0.069) (0.045)       

Carbon footprint 
0.074 0.324*** 0.353** 0.640** 0.583** 

(0.154) (0.089) (0.122) (0.230) (0.204)       

Urbanisation 
0.871*** 0.313*** 0.543*** 0.518*** 0.285** 
(0.136) (0.089) (0.105) (0.132) (0.091)       

Population density 
0.959*** 0.290*** 0.324*** 0.517*** 0.125* 
(0.167) (0.063) (0.068) (0.109) (0.050)        

R2
adj 0.45 0.75 0.68 0.66 0.86 

n 90 90 90 90 90 
N 1336 1336 1336 1336 1336 
HC4 p-values: *p<0.05; **p<0.01; ***p<0.001 
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B.5 Determinants of carbon-intensive expenditure 
 

Table B.4.1. Coefficients and cluster-robust standard errors (in parentheses) estimated for the multivariate 

models. Significant coefficients (p < 0.1) are in bold. Positive coefficients indicate a positive association with 

carbon footprint/transport-related expenditure, whereas negative coefficients indicate a negative association. 

Table also shows the adjusted R-squared (R2
adj) along with the number of countries (n) in the sample.  

  

 Random effects model 
  

 Carbon 
footprint 

Vehicle 
purchases 

Vehicle 
fuel 

Other 
transport 

Total 
transport 

  

Income 
inequality 

0.040 –0.060 0.056 0.195** 0.038 
(0.047) (0.057) (0.060) (0.075) (0.037) 

      

Wealth 
inequality 

0.084* 0.025 0.017 0.001 –0.002 
(0.035) (0.061) (0.035) (0.052) (0.028) 

      

Public 
services 

–0.010 0.133 0.121* –0.088 0.015 
(0.044) (0.071) (0.055) (0.082) (0.038) 

      

Total 
expenditure 

0.858*** 0.849*** 0.878*** 0.846*** 1.043*** 
(0.015) (0.046) (0.045) (0.042) (0.025) 

      

Population 
density 

–0.025 –0.155* 0.014 –0.023 –0.072* 
(0.054) (0.068) (0.049) (0.068) (0.036) 

      

Urbanisation 
–0.007 –0.128 –0.021 0.089 –0.063 
(0.047) (0.090) (0.051) (0.087) (0.038) 

      

Active 
population 

0.265*** –0.083 –0.011 –0.056 –0.067* 
(0.043) (0.066) (0.054) (0.074) (0.031) 

  

R2
adj 0.97 0.79 0.83 0.74 0.95 

n 93 80 85 86 80 
N 930 334 367 369 332 
HC2 p-values: *p<0.05; **p<0.01; ***p<0.001 
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B.6 Additional dynamic linear modelling results 

In addition to income inequality, I estimate the relationship between global per capita carbon 

(Fig. B.6.1), material (Fig. B.6.2), and energy footprints (Fig. B.6.3) as well as global wealth 

inequality (Fig. B.6.4). Time series data for each of these variables is represented by 𝑥¹	^ in 

Equation (B. 6.1). Each figure shows estimates of the 𝛽^ coefficient associated with each of 

five need satisfaction variables for the period 2001–2017 within 95% confidence intervals.  

 

𝑁𝑆^* = 𝛼^ + 𝛽^𝑥¹	^ + 𝑣^        (B. 6.1) 

 

Fig. B.6.1. Estimates for the 𝛽^ coefficients for global per capita carbon footprint. 
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Fig. B.6.2. Estimates for the 𝛽^ coefficients for global per capita material footprint. 

 

 
Fig. B.6.3. Estimates for the 𝛽^ coefficients for global per capita energy footprint. 
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Fig. B.6.4. Estimates for the 𝛽^ coefficients for global wealth inequality. 
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C. Ethics review: Final review 
 
I encountered no additional ethical dilemmas. Although I accessed some datasets, I did not 

mention in my ethics review submission, these were all covered by the same open access 

licensing. 


