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Abstract

Equitable income distribution is desirable for moral, economic, and social reasons. Recent
studies, however, indicate that improved income allocation will result in increased environ-
mental impacts due to our socio-economic system’s current settings. Therefore, we
explored the key aspects of a system that can more evenly reallocate natural and economic
resources while reducing negative environmental impacts. We found that the capital is
extremely important as a means of material flows and stocks. Thus, effective policy interven-
tions should target mechanisms at this very market. Based on a comprehensive literature
review and statistical analyses at various levels, we proposed a four-step policy framework
that includes 1) reducing and targeted savings, 2) reshaping governments’ spatial decisions
and 3) role in the housing market, and 4) changing the rates of depreciation in income tax
legislation used globally.

Author summary

Over the last decade, there has been an increasing emphasis on economic inequality in the
sustainability discourse. Inequality in wealth and earnings evokes social tensions and
keeps holding back the efforts towards a just and sustainable society. However, recent
studies show, that we cannot reach an aim of a more equal society and decreased pollution
and natural resource use in the same time. We discovered that the capital market is
extremely important with regard to the connections between the society and its effect on
Nature. As a result, a fundamental intervention should attempt to considerably reshape
this layer of the economy in order to address the various problems of our ecological crisis
and the inequality issue that it entails. However, a disruption in the capital market would
cause substantial social damage, such as shortage on the housing market or through the
discontinuation of innovations. The aim, then, is to identify selective yet market-oriented
regulatory instruments. Our findings propose a four-step policy framework that provides
a theoretical basis for selecting these instruments.
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Introduction

Opver the last decade, there has been an increasing emphasis on economic inequality in the sus-
tainability discourse. The rich’s inequitable resource allocation and disproportionate environ-
mental impacts are frequently addressed in the literature [1]. Understanding the links between
economic inequality and climate change drivers is necessary for effective mitigation [2].

Moreover, vulnerable social groups and regions are more prone to suffer the consequences
of ecological crises, such as climate change [3-5], while inequalities tend to rise in line with
intensifying environmental changes, as Baarsch et al., (2020) have proven on climate change
effects in Africa. A research conducted by Dolsak & Prakash (2022) identified multiple dimen-
sions of climate injustice. Disproportional exposure of unprivileged communities is a result of
the development path supported by fossil fuels and climate inaction, with a manifestation in
an international context as a division of rich and poor countries on the one hand, and also
within a country, on economic, racial, and gender grounds. Furthermore, the benefits and
costs of climate action affect communities in various ways. A study by Alvarado et al. (2021)
reported that in low and low-middle income countries, the economic inequalities are rooted in
a high portion of natural resource rents and interact with the shadow economy. Therefore, as
Scott et al., 2022 advocate, just adaptation to the climate emergency calls for placing equity
into the center of planning processes in all communities.

Although multiple inequalities exist and have been well documented worldwide, the path-
ways of economically generated inequalities and their environmental implications are yet to be
discovered [6]. Eradicating poverty and mitigating climate change and other interconnected
ecological crises in line with the emerging prosperity are all at the core aims of the develop-
ment goals of humanity. The ultimate question is under what conditions we can transcend
both social inequalities and environmental degradation.

According to [7], the top ten percent of income earners are responsible for 45 percent of
global carbon emissions, while [8] estimate 36 percent. In terms of natural resource extraction,
one-fifth of the world’s population with the highest income accounted for 44 percent of global
material extractions in 2010 [9]. The rich are driving emissions and increasing demand for
natural resources [10], while the population of the poorest regions lacks the resources to meet
basic needs.

Although an equitable distribution of income and returns is morally desirable, the environ-
mental benefits of achieving such outcome are debatable. Any modification in income distri-
bution would affect the environment, even if aggregate income remained constant. The
direction of this effect is determined by the relationship between individual income and indi-
vidual pressure, as [11] explained. Reduced environmental impacts are achieved by increased
inequality when marginal environmental pressure decreases in lockstep with marginal changes
in income. The literature often support this type of link [5,6,12,13].

In economics, the statistical dispersion representing income or other inequality is fre-
quently described by the Gini coefficient or index, where zero represents perfect equality. At
the same time, one refers to the extreme distribution. The global income distribution is incred-
ibly skewed [10], with the global Gini-index (around 75) significantly exceeding any other
country’s index. In a research conducted by [14] has been found that the Gini coefficient of
consumption-based carbon emissions and that of material footprint were 0.579, and 0.533
respectively in their population-weighted cross-country sample. The richest ten percent earned
51 percent of income globally in 2018 [15] versus 45 percent of carbon emissions; income dis-
tribution appears to be more concentrated than carbon emissions.

Numerous studies show that the greenhouse gas (GHG) intensity of consumption declines
as income levels rise, implying that the income elasticity of emissions falls below 1 [16].
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According to [17,18,19], goods and services with a higher energy intensity tend to have higher
consumption inequality as well as higher income elasticities, assuming constant total expendi-
tures. Therefore, the redistribution of income to a lower concentration would increase the
aggregated energy consumption intensity. Thus, aggregated energy demand will continue to
rise, either as a result of economic growth or as a result of the emerging consumption of
energy-intensive goods and services by the hitherto low-income groups, although, in both tra-
jectories, additional consumption is allocated to different social groups.

Several attempts have been made to model the environmental impacts of reduced income
inequality. Bruckner et al. (2022) estimated the effect on carbon footprint associated with pov-
erty alleviation at seven different poverty lines. These scenarios displayed all increase in global
carbon footprints, ranging between 2.1-18%. The effects of poverty reduction on carbon emis-
sions and global warming were calculated by [8]. The eradication of extreme poverty resulted
in a slight increase in emissions, causing a 0.05°C increase in the average global temperature
by the end of the century. The emergence of a global middle class would result in a 0.6°C
increase in global temperature. Similar findings were presented by [1] when studying income
inequality and carbon emissions at the state level in the U.S. [20] estimated that the carbon
emissions would be 30% lower by 2030 under a scenario that would limit the emissions of the
highest billion polluters to the level of the lowest polluters in that group. Both [8,20] scenarios
are associated with a reduction in income inequality. However, as reported recently by [21],
potential policy measures and economic consequences have not been addressed.

According to [6], with respect to 32 countries of the Global North, reduced emissions have
been detected in allocations without redistribution or reallocation of income in the form of
government expenditure. The emission intensity of these government expenditures was
assumed to be lower. However, equitable income distribution and reduction in emissions can
only be achieved by decreasing aggregated expenditure.

When quantifying the potential consequences of alternative global income distributions on
energy use [3] suggest that a lower-income concentration is coupled with higher energy con-
sumption, with or without income redistribution. The simulation suggest that a lower-income
concentration is coupled with higher energy consumption, with or without income redistribu-
tion. Furthermore, a trade-off between the energy requirements for housing and the energy
use of transportation in line with emerging income levels has been identified. These results
highlight the co-benefits towards equality and sustainability through the prevention of infra-
structure-intensive consumption, like transportation or energy transmission services, for
instance.

As discussed above, economic inequality and sustainability cannot be addressed simulta-
neously in a status-quo socio-economic system. Due to this trade-off between income equalty
and sustainability, the desired outcomes in both dimensions require transforming the socio-
economic system [22,23]. Therefore, any real solutions for inequality and sustainability issues
will inevitably touch upon the fundamentals of the dominating capitalist market economy.
One of these fundamentals is the role of capital in the current economic systems. Capital
returns account for a large share of about one-third of domestic income globally [24,25] while
according to data from the World Bank, one-fourth of worldwide GDP finance investments in
capital. In their impactful study, [26] have found that material accumulation has become a pri-
mary goal of society, accounting for well over half of all extracted materials.

Therefore, the returns of the capital are higher than the investment cost in their mainte-
nance, thus, capital accumulation appropriates the majority of the natural resources. This
framing underpins that the role of ownership and the amount of available capital lies at the
heart of any transformative model. Even though some investments aim to improve “soft infra-
structure” such as human capital, IT solutions, or intellectual capital [27], most investments
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result in material stock accumulation in production, dwellings, and other infrastructures. As
[28] discussed recently, global social and economic inequalities are “functional and systematic”
features of economic growth.

As a result, material stock may serve as a critical component in mitigating both environ-
mental and social conflicts. Material stock has recently been incorporated into major ecologi-
cal economics and industrial ecology models [29-32] and has become a central part of the
discussion due to their pivotal relevance in GHG emissions [33,34], natural resource use and
waste issues [26].

In this article, we intend to comprehensively analyze the links between the shared economic
roots of the ecological crisis through the overexploitation of natural resources and economic
inequalities. We first proved the contradiction between simple pro-equity and pro-ecological
policies, then shed light on the material accumulation process in the previous section through
the review of the recent literature on economic and physical disparities through the lens of
environmental impacts and the role of material flows and stocks of the society in the evolution
of economic inequalities. We applied several broadly recognized socio-economic indicators,
such as material stock in mass, carbon footprint, inequality measures, and macroeconomic
variables. A panel regression model of 150 countries explains the role of the capital market as a
cornerstone of the capitalist regime in the dynamics of material stock accumulation afterward.
Finally, we discuss a set of potential fiscal and other policy measures that could reduce income
and wealth inequalities while also reducing environmental impacts.

Results
Inequality of wealth and material stock

As the previous section presented, capital lies at the heart of the sustainability transition both
in economic and material dimensions. In the following part of this article, we focus on the
interactions between the assets of these two very dimensions, namely the monetary capital and
material stock on the one hand while the flows of their creation and gains on the other.

In 2010, the market value of wealth in the USA and Europe was fourfold and more than
fivefold higher than income, respectively [25]. Wealth is even more unevenly distributed com-
pared to income (Table 1). Since material stock constitutes the physical manifestation of
wealth, one may assume that the concentration of material stock also exceeds the concentra-
tion of flows.

As we have already pointed out, the response of material requirements to improved income
is key to understand the impact of income inequality on environmental pressures. Evidence
shows that the overall income elasticity of these pressures is lower than one. Since the accumu-
lation of material stock evoke excess resource needs, furthermore, it shapes the flow-type
resource use and emissions remarkably; it is crucial to examine the impact of inequality and its
dynamics on stocks as well. The question then arises whether the distribution of the material
stock is a logarithmic, exponential, or linear function of income [11].

Table 1. Income and wealth inequality in several countries.

Top 10% earners share of pre-tax national income

Top 10% earners share net personal wealth

Source: [15]

https://doi.org/10.1371/journal.pstr.0000053.t001

France |India |China |South-Korea |Russia |South Africa |United Kingdom | United States of America
0.31 0.55 0.41 0.44 0.45 0.65 0.36 0.45
0.55 0.63 0.67 0.67 06.8 0.89 0.52 0.73
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Several studies have analyzed the distribution of the material stock recently. The long-term
inequalities in the distribution of six primary metals between 1900 and 2010, covering 231
countries in a cross-country context were analyzed by [35]. They have found that the in-use
metal stock is unevenly distributed to a high degree; the top 20% of the population own 60-70
percent of the stock, while the bottom 20% own only 1%. The Gini coefficient of metals is also
extremely high; it was reported as 0.8-1.0 in 1970, followed by a steady decline to 0.6-0.8 in
2010, driven by a sharp increase in metal stock accumulation in the upper-middle-income
countries, especially in China [36]. In a previous article, [37] have previously found similar
cross-country distribution of aluminum stock. [38,39], reported extreme inequalities in con-
crete stocks. The Gini coefficient in our sample of 150 countries’ concrete stock distribution
(see Methods) performs significantly lower than the above referred coefficient for metals; the
concentration dropped from 0.61 to 0.49 between 1980 and 2016. This drop is probably
because metals are used in goods that meet the needs of higher living standards, e.g., devices,
vehicles, high-rise buildings, unlike construction materials.

Data imply that there is a negative correlation between income inequality and material
stock endowment. Higher income disparity, measured by the share of income by the upper
one percent of the population, is observable in South-American and African countries (Fig 1).
Fossil fuel producing Arab states are both unequal in income and rapidly developing in their
stocks. From a four decades perspective, inequality grew in rich countries, while poor ones
started to invest in their infrastructures and so accumulate material stocks intensely, especially
in the last decade.

The cross-country allocation of stocks is thus highly concentrated. It is plausible that it is
much more concentrated than the distribution within a country, as in the case of the income
distribution. In the following part of the section, we outline evidence on the level of inequality
with regard to four different pools of materials, covering all the materials accumulated in the
socio-economic system, namely residential building stock, durable goods, capital stock (con-
sisting partly of non-residential buildings), and public infrastructure (e.g., railways, roads,
dams).
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Fig 1. Material stock (kt concrete) in the analyzed countries, 2016. The darker the color the higher GDP per capita.
The dark red dot indicates the highest value, while the light green color indicates lower value.

https://doi.org/10.1371/journal.pstr.0000053.g001
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In China, dwellings and home appliances exhibit a logarithmic relationship to income,
while transportation has an exponential relationship [40]. According to our concrete stock
dataset, the cross-country distribution of residential concrete material stock (dwelling stock) is
affected by the income greatly (top right panel of Fig 1). The concentration of this type of
stock, measured with the Gini coefficient, is higher than the concrete stock in general, i.e., 0.64
in 1980 and 0.53 in 2016, acting as the most significant concentration among the analyzed
three stocks categories on concrete stock data.

However, we have limited knowledge of the stocked material at different income levels
within a society. Table 2 shows the average size of a dwelling by income quintile in 2012, with
an average of EU-28, as well as the countries with the most concentrated (Norway) and most
dispersed (Slovakia) housing stock as per income [41]. The distribution of floor space among
the quantiles is relatively even.

Unlike household expenditure, the assets of the household sector are rarely reported in
national statistics and in the literature. In 2018 the office for National Statistics in the UK
reported the ratio of households equipped with different types of durable goods, heating appli-
ances were found to be equally distributed durable goods, along with home computers and
tumble driers. The dishwasher was the only recorded device that divides the British house-
holds, as 20 percent of the first decile households owns it, this share is the highest income dec-
ile is 84 percent [42].

Another example of the representation of durables at different income levels is presented in
a diary-based survey of direct household material consumption and material assets was
recorded in Hungary, with the participation of more than 100 families [43]. Fig 2 shows the
direct material input, income level, and the amount of stock in the different types, The level of
income correlates significantly with all types of material stock. The strongest correlation was
found with durable goods, including vehicles (0.597, p = 3.188e - 8); the lowest with durable
goods alone (0.428, p = 1.789%¢ - 3).

It is worth noting that none of the household assets were analyzed with regard to their ori-
gin, i.e., housing or durable goods purchased as new or through the secondhand market. It is
plausible that the distribution of new appliances, homes, vehicles, is more concentrated. As
many individuals cannot afford new goods, and dwelling solely based on their income; thus,
the demand for other’s savings will occur in the capital market.

Estimations of physically available capital stock are rare in literature as conceptually and
methodologically, it is challenging to allocate buildings, machinery, and other infrastructures
to their functions and services provided in the production processes. According to our dataset,
the concentration of non-residential buildings, considered as capital stock, is moderate com-
pared to housing; the Gini coefficient dropped from 0.62 to 0.49 between 1980 and 2016.
Wealthy countries display the heaviest accumulated capital stock (Fig 1, bottom left), while
several tourism-oriented economies are characterized by an economically disproportional
stock (e.g., Cyprus, Greece, Bulgaria, Italy). Obviously, capital stock other than non-residential

Table 2. Residential housing floor space (m”) among income quantiles (Average, and the extremes in the EU-28).

Quantiles
Average First Second Third Fourth Fifth Ratio (5™/1%)
EU-28 96.4 81.6 87.2 94.2 101.3 114.6 1.40
Norway 123.2 86.9 115.9 127.6 136.4 158.3 1.82
Slovakia 87.4 81.3 87.2 88.9 914 89.2 1.10

Source: [41]

https://doi.org/10.1371/journal.pstr.0000053.t002

PLOS Sustainability and Transformation | https://doi.org/10.1371/journal.pstr.0000053 March 17, 2023 6/17


https://doi.org/10.1371/journal.pstr.0000053.t002
https://doi.org/10.1371/journal.pstr.0000053

PLOS SUSTAINABILITY AND TRANSFORMATION

Four economic principles of just sustainability transition

Income

Material input

o

Income level
5
DMC per capita, kg
200 400 600 800 1000
1
o

Transportation stock Total stock

4000
1
120000
Il 1

3000
1

80000
1
o

Vehicles per capita, kg
1000 2000
1 1
o
o
Total stock per capita, kg

40000
Il

0
1

o
2
8
o

0

Durable goods

8 o o - o @
@
@ 4
o ) o0 o omo
o]
2 o ]
2 o ] go00 »
8 8 o & = o wo @ o o ®o o000 o
5 ° ° ° S
a ° P o ] % . ]
@ &® - o o 2 o 0 00 00 CONDGOO O 0C) 0000 O O  Gm
2 g 0% o P ° o @ 2
£ 21 oo o 0o © ® o °
a o 5 % %o o~ - oomooo o0 o o o
° ° oo o o % o
° . © %, o o
o @
) e ) o o
T T T T T T T T
0 20 40 60 0 20 40 60

Fig 2. Material inputs and stocks in the Hungarian household sample. Horizontal axes display the number of
households in the sample. The households are listed in the descending order of total stock per capita (kg) in the right
middle panel. To maintain comparability of the visualized data, each panel follows the same order consequently.

https://doi.org/10.1371/journal.pstr.0000053.g002

buildings play an essential role in economic processes, for instance, IT environment, machin-
ery. Buildings, however, indicate the intensity of these processes in time and space. Access
inequality to capital stock is challenging to observe within a society, and probably it correlates
with consumption expenditures strongly.

The fourth type of material stock with a particular interest in economic inequalities consists
of infrastructures; established, regulated, and operated by the government or often state-
owned companies, such as roads, rail, pipelines, airports, healthcare facilities. Economic
inequalities may arise in the case of public infrastructures throughout the decision-making
phase and their utilization. Development literature suggests that investment in public infra-
structure pays off in the form of decreasing inequalities over a decade [44-48].

Wealthiest countries are positioned in the middle of the material stock range (bottom right
panel of Fig 1.), while several countries with lower GDP, such as Albania, Hungary, Libya, and
Romania, accumulated more materials per capita. Spatial structure, geographics, urbanization,
and political decisions may all influence the level of public infrastructures per capita. The con-
centration of this category is similar to that of capital stock.

Three types of material stock out of four in our analysis tend to underpin that within-coun-
try allocation of stock is equal if compared to the cross-country distribution. To examine the
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fourth material stock type, we indirectly assessed within-country public infrastructure’s dispar-
ity by setting regional income against the available infrastructures. Fig 3 shows the distribution
of three public infrastructures (motorways, other roads, and rail) in the European Union at the
regional level. There is no clear correlation detected neither at the aggregate level of the EU
nor within countries. Stock endowment tends to be independent of the region’s income.
Urbanization could be an intermediate means of this relationship; densely populated areas
provide more wealth by more efficient infrastructure.

The roots of inequality and its environmental impacts-Savings and returns

We are now able to assess all the relations of cross-country and within-county distributions of
assets and flows in monetary and material terms. In Table 3, we summarized the relations of the
inequalities revealed according to the monetary and material dimension, on the one hand, the
level of analysis on the other hand. The results imply, that i) both flows and stocks are more con-
centrated at the global level, with regard to the monetary and physical dimensions as well, and i)
stock-type inequality is more significant except one combination, i.e., material stocks in a within-
country context. The relation marked with underline indicates the essential tie of interest.

Table 3. Relation of inequalities in the socio-economic system.

Cross-country Within-country

Income inequality >

Wealth inequality A A
>

Material flow / >

emission inequality A v
>

Material stock inequality

https://doi.org/10.1371/journal.pstr.0000053.t003
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The allocation of durables, housing, and public infrastructure is relatively equal in mass.
Stock inequality does not even approach within-country income inequality. Does that mean
that material stock is irrelevant to economic inequalities? This is not the case. Inequality does
not stem from the distribution of material stock but rather from the income it provides to the
capital owners and providers (returns). Material stock in use, in contrast to wealth, is relatively
dispersed in a within a country context. However, emerging return on capital goes hand in
hand with income inequality to a high degree. Therefore, the most striking economic inequal-
ity is that of savings, fueling capital accumulation through investments.

The Gini coefficient of savings in EU, for instance, performed above 0.6 in almost all the
member states, while income and expenditure inequalities remained below 0.4. The marginal
propensity to consume (MPC) falls in line with income as material needs are satisfied and satu-
rated. The higher the income, the greater the surplus is after the consumption has been cov-
ered. The savings rate of the highest income quantile in the EU is close to 40 percent, while it is
negative for the lowest one in the majority of the EU member states. In the US, two bottom
quantiles’ savings rates remained well below zero in the last decades while developing coun-
tries share a similar path as well [50].

Thus, high income inequality fuels the capital market with excess supply (savings), while
demand is driven by the need for dwelling, commuting, and enjoying services provided by
productive capital. If one considers the material dimension of these needs, they are more or
less equally distributed among a given society, as we presented above. Looking at the monetary
dimension, the earnings of a substantial portion of society do not allow them to purchase these
goods and services. Ample loans, however, still provide access to these material stocks for the
households (both new and used assets) and the government-at the cost of continuously rising
inequalities through returns on capital and natural resource requirements.

To test this very characteristic of the economic system in light of the natural resource use
through material requirements, we conducted a panel regression analysis on the concrete
stock data to test the mechanism described above, consisting of 150 countries in 37 years
(1980-2016). The regression model results for the total concrete stock and the three sub-cate-
gories are presented in Table 4. According to these results, the savings rate reinforces the accu-
mulation of the material stock, as one percentage increment of the s is associated with a 0.85
percent rise in total concrete stock if everything else is held constant. GDP, of course, affects
the stock positively as well. The bond between the GDP and the stock is strong enough, as
every percent GDP growth evokes 0.44 percent of predicted stock increment, ceteris paribus.
However, net return on capital (-g) negatively correlates with the stock; a 0.22% drop of pre-
dicted stock dynamics in case of a 1% rise in returns.

Our results imply that the higher the rate of return is, the concentrated the income will be.
Thus, in countries with the same s and GDP, where a higher portion of income comes from
capital investments, the society build less. Higher returns restrict the evolution of stock, as it is
expensive to build them. These findings are absolutely in line with a classical view of a monop-
olized market. At the same time, the equilibrium of the capital market allows for limited invest-
ments, at high returns, paid in the form of excess rents, interests, and profits for the capital
owners. In the same way, when the market shifts from competitive towards a monopolized
one, barriers to entering the market occur, and controlled amount of market transactions
(lower level of investments) causing capital prices to rise steeply (rents and interests).

The difference in the coefficients of the four models in Table 4 imply on altering motiva-
tions on the sub-markets. First, residential building stock depends on returns less than non-
residential housing investments, probably due to the household’s independent need for hous-
ing services. Housing investments do not contribute to increasing returns on capital; while on
the contrary, a need for housing occurs in periods and countries with lower returns as well.
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Table 4. Estimation results of the panel regression.

Total stock

Coefficient (8)
r-g -0.2515
N 0.6154
LogGDP 0.4429

Total Sum of Squares: 9.0622 Residual Sum of Squares: 7.6537

R-Squared: 0.1554, Adjusted R-squared: 0.1231
Residential buildings

r-g -0.0017
s 0.7018
LogGDP 0.3324

Total Sum of Squares: 10.326 Residual Sum of Squares: 9.147

R-Squared: 0.1142, Adjusted R-squared: 0.0802

Non-residential buildings

r-g -0.2050
s 0.5022
LogGDP 0.3417

Total Sum of Squares: 6.1125 Residual Sum of Squares: 5.2307

R-Squared: 0.1443, Adjusted R-squared: 0.1115

Civil engineering

r-g -0.2623
s 0.7232
LogGDP 0.6031

& Std. Error p
0.7776 0.0426 3.937e-09 ***
1.8504 0.0616 < 2e-16 ***
0.0298 < 2e-16"**
0.9983 0.0002 1.78e-08 ***
2.0173 0.0675 < 2.2e-16 ***
0.0327 <2.2e-16"*"
0.8146 0.0349 4.858e-09 ***
1.6524 0.0509 < 2.2e-16 ***
0.0246 <2.2e-16"*"
0.7692 0.0533 9.4e-07 ***
2.0610 0.0774 < 2.2e-16 ***
0.0372 <2.2e-16"*"

Total Sum of Squares: 13.973 Residual Sum of Squares: 11.706

R-Squared: 0.1623, Adjusted R-squared: 0.1297
https://doi.org/10.1371/journal.pstr.0000053.t004

Second, the civil engineering segment of the material stock is affected by returns for the highest
extent, and it displays the heaviest reaction on the available savings as well. That implies public
infrastructure investment being a residuum of the capital on the market. In case of ample sav-
ings, mostly government-led and financed investments rise sharply. However, if the price of
investments, indicated in our model by net returns, emerges; public infrastructure loses its
dynamics rapidly, contrary to housing or non-residential building activity.

Public investments are prone to be exposed to economic performance as well. On the one
hand, they are strongly correlated with GDP per capita, while net returns depend on the GDP
growth on the other hand. Building a new motorway, train station, or sewer pipeline is usually
not an object of maximized returns but other social, environmental, and political aspects; how-
ever, as long as the financial basis of these investments depend on available capital, worsening
economic conditions make them shortfall immediately.

Policy implications
Halting the rapid expansion of material stock is a primary aim of the sustainability transition.
Stock accumulation process not only require a significant part of our resource use, accounting
for 61% of the total resource extraction in 2021 (Circle Economy 2022); it also entails the use
substantial amount of energy for extracting, manufacturing, operating, and demolishing stock.
Capital owners need to invest their excessively high savings in high-return industries (usu-
ally material-intensive) to maintain their wealth. Many economies have pursued fast material
stock accumulation for economic growth but doing so has lock-in effects as material stock
requires periodic maintenance and renovation (resource use). Future policy measures should
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address economic growth, income inequalities, and sustainable development by taking a cau-
tious view of those material-intensive investments. The only exception is public infrastructure
(e.g., transportation, social housing, education, public health), which can improve economic
equality while minimizing the risk of over-investment, as long as the government can manage
the balance between economic equalities and economic growth.

Policy intervention should aim to significantly constraint the savings to tackle the multiple
challenges of our inequality issue and the ecological crisis which accompanies it. However, the
disruption of the capital market would result in severe social damage, e.g., on the housing mar-
ket or through discontinued innovations. The aim, therefore, is to identify selective yet mar-
ket-oriented regulatory instruments that limit the investment yields of space-intensive
properties while also allowing financial resources to be channeled to innovation, R&D, and
human capital [51,52].

In theory, the four principles of equitable and sustainable transition below provide an eco-
logically feasible, socially acceptable, and peaceful set of policies.

1. Reduce the savings significantly. In our regression model, GDP represents the devel-
opment stage of the capital market, while savings and returns act as factors influencing supply
and demand for stock accumulation, respectively. Savings, return, and income elasticities are
the estimation coefficients for material stock accumulation. Saving rates are higher across all
stock categories than returns, so policy interventions that focus on savings may lead to a more
significant drop in the amount of accumulated stock than reducing returns. Measures to con-
trol savings generally include altering consumption taxes (VAT) or imposing large inheritance
or wealth taxes.

Theoretically, promoting consumption by lowering VAT could result in descending savings
rate; in the reality, though, savings of few individuals surpass the others extremally. The frame-
work we propose limits the savings of the highest earners while increasing savings for the low-
est earners in the way, that aggregates savings still decrease. This can only be done after
ensuring the basic needs of people are met. Thus, we propose a universal basic income or ser-
vices which according to the literature, are considered pro-equality policy measures (Coote
2020; Gough 2019). Based on the findings of this study, the latter one is proposed since assess-
ments of possible policy interventions report on the adverse environmental impact of redistri-
bution of income.

Limiting the savings of the highest income earners is in fact targeted towards their income
and their income sources, particularly capital income generated from owning and investing in
material-intensive real estate. There are many ways this could be achieved, progressive floor-
space-based property taxes, progressive property transfer taxes, progressive second and third
homeownership taxation. The ultimate goal is to make these investments unattractive. While
also channeling capital to other areas where capital gains might be lower but will have a better
impact technologically, socially, and ecologically as pointed out before. While on the opposite
side, policy interventions increase the savings for the lowest earners by subsidizing their wages
through the universal basic income, and in order to control their consumption levels and
increase their savings. Exemptions will be effective tools to encourage earners to save excess
income in material stocks especially housing these saving in essence are turning into wealth
which can generate income in the future. Transfer tax exemption, reduced property tax and
interest rates for first home buyers are few examples of these tools. Carbon or other ecological
taxes can be imposed on corporations to steer the consumption structure and promote eco-
logical competitiveness.

This intervention would reduce the available savings generally, which according to results
in Table 4, probably limits non-residential and civil engineering stock accumulation the most.
The following steps aim to evade the effects of a rapid drop in savings.
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2. Reshape spatial decisions. The government forms the stock accumulation in multiple
ways, such as zoning regulation, development planning, and transportation policy. Spatial
planning determines natural resource use [53]. Spatial decisions should prioritize dense, multi-
functional urban spaces in transportation, zoning, education, and other policies, the society to
resists urban sprawl. Even though in case the decision on reduced investments is made, univer-
sal basic services, when applied, would evoke additional demand for public infrastructure (see
1.), which is more evenly distributed and are capable of boosting economic growth and social
prosperity.

3. A government-driven housing intervention. By this point, society has experienced a
drop in government-led infrastructure development as well as a reduction of available capital
supply. The shortfall in savings has led to emerging returns, except for government invest-
ments, as we reduced the demand in the meantime (see principle 2.). Private investments,
however, suffer from rising capital prices and interest rates. To meet the reshaped demand for
urban housing described above (2.), the state will have to intervene with social housing pro-
grams, local housing agencies, and state-led real estate investments. The outcome of such a
step would be ample housing under social considerations on the one hand and a reduction in
rents and interest rates on the primary housing market on the other hand. With the return
elasticity of housing investments being significantly lower than savings elasticity, state-induced
additions to the housing supply would result in a modest rebound in investments. A majority
of the aggregated effect is manifested in a drop in rents and prices.

4. Expand the lifespan of the capital stock. Right after the state became an active investor
in the housing market and private capital returns dropped, the relative capital gains on the seg-
ment of business-led investments have started to ascend. As bonds, stocks, ownership, and
other forms of capital investment are now attractive substitutes for real estate investments,
capital supply rebounds to some extent on the market segment of non-residential material
stocks. However, to avoid the rise of aggregated material stock accumulation, the business-led
demand for the material stock should also be reduced. Macro-scaled policy needs to support
the market penetration of technological solutions provided by the emerging circular economy
concept, like modular design, planning for reuse, or utilizing equipment as a service. A prom-
ising financial instrument to prolong the lifetime of an asset could be the system of mandatory
rates of depreciation defined in national accounting legislation. The depreciation is used to
write off the cost of an asset over its useful life, and it is a mandatory deduction in the profit
and loss statements of an asset item. The rate of depreciation refers to the percentage of a long-
term investment as an annual tax-deductible expense. In the US, for instance, the Income Tax
Act 1962 defines the rates for different classes of assets, in which two rates refer to permanent
buildings (5 and 10%), while multiple rates for vehicles, machinery, with rates ranging from
15% to 100%. Thus, 5% rate translates into 20 years of writing off, while 50% into two years. As
depreciation deducts the tax paid by the company, a reduction in the annual depreciation of
an asset reduces the deduction, so the company should pay higher taxes. Significant extension
of the rates defined by law could deliver this effect, especially in the case of buildings, where
the depreciation period is much longer compared to equipment or IT assets. This way, the
profitability of investments falls as the sum of taxes imposed on the company’s revenue rises
even by the exact total costs of the investment. Several decisions on less profitable investments
turn to rejection, while innovative investments remain reasonable.

According to Johnstone & Newell (2018), the required radical transition toward sustainabil-
ity demands intensifying state participation in economic and social processes, especially in
financial systems, through regulatory roles and defining clear sectoral transition policies (Nyk-
vist & Maltais, 2022). Our proposed policy mix meets these requirements. A recent review by
Hedfield & Coenen (2022) reveals a spatially uneven capitalist structure at a city level, which
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co-exists with global financial markets. Governance of sustainability transition thus calls for
transparency, accountability, and “social, environmental, and place-based value propositions”
at the local level. These features of the local capital accumulation processes are prerequisites
for our suggested principles nr. 2 and 3. Furthermore, our proposed policy measures overlap
the ones suggested by Hartley et al. (2020) to a high extent.

Edmondson et al. (2019) highlight the role of timing and sequencing of policies during the
sustainability transition and argue that supporting policy instruments should be prioritized
over destructive ones until the novel socio-technical regime cannot resist the opposition of the
current elite. In this regard, steps 2 and 3 in our proposed policy have to lead the transition;
however, it requires the state budget to invest in housing and new infrastructures before addi-
tional revenues appear (steps 1 and 4). Indeed, recently, the Inflation Reduction Act agreed in
the US took these steps simultaneously, raising corporate taxes and investing in renewable
infrastructures.

This policy mix helps countries situated at the development stage to varying extent. Accord-
ing to our concrete dataset, some countries signal an absolute material stock saturation
(Cyprus, Denmark, Germany, Iceland, Ireland, Japan, Kuwait, New Zealand, Norway, Malta,
Singapore, Sweden, UK). On the contrary, those countries still at the beginning of their devel-
opment path, need to have high savings guaranteed to establish essential infrastructures.

The actual changes in material stock accumulation of a country depend also on the shift of
the demand curve in step 2 and the supply in step 3. Some countries with striking housing defi-
cit may witness a rebound in housing stock dynamics, although, considering the slope of the
demand curve it is supposed to be not a significant one. Also, some countries may lack essen-
tial infrastructures, while others deliver broader path of action through halting excess road
infrastructure investments, for instance. The policy toolkit above, thus, is applicable in each
situation in a specific way; however, they are all necessary to prevent adverse environmental
effects due to overinvestment.

The four principles above are in line with [53] recent findings of the dynamic efficiency of
economies. The author argued towards lowering the environmental impacts, coupled with the
economic output, savings and depreciation rates need to be reduced simultaneously. In terms
of ecological damage, there is a lower level of per capita infrastructure to operate with com-
pared to the status quo. Altered housing, transportation, and spatial development policies pre-
vent consumption add up to satisfying personal mobility demand. Actors with economic
power may resist the proposed changes. However, the social acceptance of its elements, espe-
cially the promise of higher consumption, provision of universal basic services, and housing
programs, may help the policy makers to consider the political benefits.

Methods
Concrete material stock data

The historical concrete stocks are estimated using a top-down time-cohort-type (TCT)
method, which has been used to estimate global cement stocks. The TCT method divides
apparent cement consumption (i.e., production plus import minus export) into sector-specific
cement consumption and assigns a specific lifetime to each sector. As concrete is a composite
material made of cement, fine aggregates, coarse aggregates, and cement substitutes, we
expand the system boundary of the cement cycle to include these material flows. Data on
cement production are collected from Mineral Yearbooks of the United States Geological Sur-
vey. Data on cement trade are collected from the United Nations Comtrade Database. Sectoral
splits are based on our previous research. Lifetime functions are determined based on a global
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review. Data on aggregates-to-cement ratios are collected from previous studies. Data on
cement substitutes are collected from the Getting the Numbers Right Database [38,54].

Panel regression

We defined the per capita concrete stock volumes of the above introduced dataset as the
dependent variable of the panel regression, first the total stock, and the residential, non-resi-
dential, and civil engineering categories. Afterward we included three explanatory variables,
the savings rate, as portion of the annual GDP not spent on any actual expenditures; the inter-
nal rate of return (IRR) at macroscale was also included, which is calculated by the ratio of cap-
ital income (GDP less wages and rents) in total GDP. We controlled the economic
performance with the constant USD per capita GDP in 2010. According to [25], inequalities
arise when returns on capital exceed the growth rate of the income (GDP) for the long run.
Our dataset reported a strong correlation in a cross-country context between the income
inequality and both the return itself and the return less the growth rate of GDP. We decided to
use the return less the growth rate to capture the effects of the monetary variables on the
inequality. Additionally, as it is often proven in the literature the GDP determines the stock
accumulation remarkably; therefore, it was included in this current model as well. The data
source for GDP and savings rate is the World Bank, the inequality measure is the World
Inequality Database, and the Penn World Tables 9.1 provided the data for the IRR. The depen-
dent variable was defined as the annual change of material stock. Stock dynamics and GDP
had been log-transformed, while savings and return less growth dynamics variables have
lagged one year to display a time delay effect of investments.

A fixed effects ordinary least squares (OLS) estimation was conducted on the panel based
on the assumption that individual characteristics exists in the panel [55]. Statistical test con-
firmed the presence of fixed effects and inconsistency of the random effects model.

The specification of the model is given by

IndMS = 8, + fs + p(r—g) + fInGDP

Where dMS is the total annual change in material stock per capita, s is the savings rate, r-¢
is the return on capital (IRR less GDP growth rate), GDP is gross domestic product per capita.
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