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Abstract

Building a green economy is a complex process whose dynamics, among other things,
are directly related to the application of many traditional and new concepts within the
framework of natural capital management. In this paper, the essence of numerous concepts
widely applied in the management of natural capital and the construction of a green econ-
omy, as well as the achievement of sustainable development goals, is explained by means
of descriptive analysis. Using panel regression analysis, a model was created to determine
the impact of changes in the use of natural resources, the state of the environment and gross
national income on the sustainable development index of 166 countries in the period be-
tween 1990 and 2019. Research has confirmed the finding that the growth of the material
footprint, gross national income per inhabitant, and CO2 emissions per inhabitant have a
negative impact on the index of sustainable development. The obtained results speak of the
necessity of building a green economy in order to stop the further growth of the ecological
footprint and reduce CO2 emissions per inhabitant. The results also implicitly point to the
imperative of increasing efficiency and improving the effectiveness of natural capital man-
agement in order to build a green economy and achieve the goals of sustainable develop-
ment.
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3EJIEHA EKOHOMUJA
Y MEHAIIMEHTY NPUPOJHOI" KAIIUTAJIA:
NMIIVIMKALIUJE 3A OAP’KUBU PA3BOJ

Arncrpakr

Wsrpanma 3eneHe eKOHOMHjE j€ CIOXEH IMPOIeC YHja je JUHAMHKA, HOpe]] OCTAaor,
JIMPEKTHO MOBE3aHa ca MPUMEHOM MHOTHX TPaIMLMOHAIHUX M HOBUMX KOHIIENATa Y OKBHU-
Py MEHalIMeHTa NPUPOJHUM KallUTajIoM. Y paiy je MOMOhy JeCKpUNTHBHE aHamu3e 00-
jaIImbeHa CyImTHHa OPOjHIX KOHIIETIaTa MIUPOKO IPHMEH-CHIX Y MEHAIMEHTY MPHPOIHOT
KaItuTana ¥ M3rpaiby 3eleHe eKOHOMHje, Kao M IOCTH3alky LHJbEeBa OPIKUBOT pasBoja.
Tlomohy manen perpecroHe aHaiM3e KpenpaH je MOl 3a yTBphUBame yTHIIaja IpoMeHa
ynoTpebe IPUPOAHNX Pecypca, CTama XXUBOTHE CPEIMHE U OpYTO HAIMOHAIHOT TOXOTKa
Ha UHJIEKC OJIP’KHBOT pa3Boja 166 3emarba y BpeMeHckoM mniepuoay o 1990. mo 2019. ro-
muHe. VcTpakuBama Cy MOTBpAHIIAa KOHCTATAlMjy Jla pacT MaTepHjajHOT OTHUCKA, OpYTO
HAILMOHAJIHOT JIOXOTKA TI0 CTaHOBHUKY, U emucrje CO2 10 CTAaHOBHUKY MMajy HEraTUBaH
YTHULIA] Ha HHOCKC OJPKUBOT pas3Boja. JJoOujeHn pe3ynraTtd TOBOpe O HEOIXOAHOCTH H3-
Tpajiibe 3eNeHe eKOHOMHjE Y IIMJbY 3ayCTaBJbaba JIAJbel PacTa eKOJIOIIKOT OTHUCKA M CMa-
wemwa emucrje CO2 1o cTaHOBHUKY. Pe3ynTatu Takole, UMILTHIIUTE YKa3yjy Ha UMIIepa-
THB pacTa e(pUKACHOCTH U yHanpehema eeKTHBHOCTH YIpaBJbamba MPUPOIHUM KaluTa-
JIOM y IWJBY U3IPaJIhe 3eIeHe eKOHOMHjE M ITOCTH3amba IIhEeBa OJJPXKHBOT Pa3Boja.

KibyuHe peun: 3eeHA EKOHOMH]A, YIIPABIbAE TIPUPOTHUM KAITUTAIOM, OJPIKUBU
Pa3Boj, HHAEKC OJP>KUBOT Pa3Boja.

INTRODUCTION

Continually endangering the biophysical capacity of the geographical
space, first on a local and regional, and then on a global level, humanity has
for a long period of time been acting in a way that contradicts the basic laws
of nature (Rockstrom et al., 2009; Steffen et al., 2015; Wiedmann et al.,
2020). The question of human existence, among other things, is increasingly
viewed in the light of numerous problems associated with limited natural re-
sources and the limits of the ecological capacity of the planet Earth to absorb
waste as a consequence of growing production and consumption (Lenzen, et
al, 2022). It is possible to see numerous specificities in the domain of eco-
nomics and management of modern companies and countries by identifying
the content coverage of natural resources and the environment in the catego-
ry of natural capital (Harris, & Rouch, 2021).

At the end of the previous century, it became evident that the exist-
ing model of growth and development of industrial companies and coun-
tries is based on the premise of the practically unlimited use of natural
and energy resources. It is also based on the almost uncontrolled emission
of polluting substances into the environment since the time of the first In-
dustrial Revolution at the end of the 18th century and, as the ruling mode
of economic value creation, it lost its relevance (Malaval, 2008). This is
evidenced by the fact that the framework for shaping strategies and poli-
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cies for the growth and development of companies and countries over the
last thirty years has been the paradigm of sustainable development (SD).

One of the main challenges facing the modern world is the SD chal-
lenge. It is becoming more obvious that humanity is still very far from ful-
filling the goals of SD. Namely, there are too many problems related to sus-
tainability, among which many of them are increasing every day. One of
the acute issues of sustainable development is related to the growing ex-
ploitation of natural resources and the increasing CO2 emissions.

According to the usual and often cited definition of SD, it is about
development that meets the needs of the present without jeopardising the
ability of future generations to meet their own needs (Our Common Fu-
ture, 1987). The concept aroused a much greater interest of researchers
and development policy makers after the Earth Summit in Rio de Janeiro
in 1992, at which a program for the implementation of sustainable devel-
opment in the twenty-first century known as Agenda 21 was adopted
(Agenda 21, 1992). Quickly after this event, the SD paradigm became a
generally accepted principle of ecological, economic and social develop-
ment of the largest number of companies and countries in the world. At
the same time, one should keep in mind the necessity of distinguishing
between two forms of the SD paradigm, the form of weak and the form of
strong sustainability. At the base of weak sustainability is the attitude that
‘anthropological’ capital, i.e. capital that is the result of human work and
natural capital, are interchangeable and that, accordingly, in order to
achieve sustainability, a complete change of the existing mode of produc-
tion is not required (Neumaier, 2013). Strong sustainability, on the con-
trary, implies that natural capital and complementary drivers of economic
activities are created by human labor.

Issues related to the imperative of the industrial transition to a
green economy (GE) have recently taken a prominent place in discussions
about sustainable business models and strategies of SD countries. The
transition from a carbon-based, CO2-heavy industrial economy to a very
low-CO2 GE is capturing the attention of policymakers in economically
developed countries and, more recently, in emerging economies. It turned
out that most countries plan the development of GE with clearly defined
priorities and activities. The transition to GE is a complex process that is
directly related to many traditional and new production concepts, widely
applied in natural resource management and environmental management,
i.e. in natural capital management (NCM).

The aim of this work is to present a new insight into the interde-
pendence of material footprint (MF) and CO2 emissions per inhabitant on
the sustainable development index (SDI) at the global level. It should be
noted that the largest number of reference studies of this interdependence
provide insight at the national or regional level. In this context, the paper
apostrophises traditional and new concepts important for the GE con-
struction process related to the reduction of MF and CO2 emissions per
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inhabitant in light of SD challenges at the global level. By using the
methods of qualitative economic analysis, the essence of the concepts rel-
evant to the construction of GE and the improvement of the effectiveness
of NCM in light of their contribution to the realisation of weak or strong
sustainability is explained. The panel data analysis methodology was used
to assess the impact of changes in MF and CO2 emissions per inhabitant
on the sustainable development index (SDI).

Structurally, the paper consists of eight sections. After the intro-
duction, section two re-views the concepts of GE and GG with special
reference to the imperative of resource decoupling and decoupling im-
pact. In the next section, the most important concepts on which the transi-
tion to GE is based are described, and their role in the realisation of para-
digms is considered. In section four, a research model was constructed
with the aim of determining the relationship between the use of natural
resources, the state of the environment and sustainable development on
the example of a group of 166 countries in the period between 1990 and
2019. The following sections of the paper are dedicated to the explanation
of the research methodology, to the interpretation of the obtained results,
and to the discussion of the obtained results. The final sections of the pa-
per consist of concluding remarks and a list of used references.

GREEN ECONOMICS AND GREEN GROWTH

The development of GE represents one of the key instruments for
achieving SD, for the protection and preservation of natural resources, for
ensuring the economic valuation of the ecosystem of services and goods, re-
ducing poverty, creating opportunities for the creation of new jobs for de-
cent work, and moving the world in the direction of development with a re-
duced level of carbon dioxide emissions. In other words, the movement to-
wards GE protects the planet, current and future generations and serves the
purpose of achieving SD goals (Denona Bogovi¢, & Grdi¢, 2020). Thus,
green economy is becoming an increasingly interesting area of research,
while green projects are gaining importance (Stojkovic et al, 2021).

The transition to GE was in the spotlight at the United Nations
conference in Rio de Janeiro in 2012. The final document of the confer-
ence points out that each country should determine the transition to GE in
accordance with its national SD plans, strategies and priorities. Although
it has recently been led by environmentalists and green parties, GE is now
a concept equally advocated by the EU, OECD, the World Bank, the
United Nations Environment Program UNEP), the United Nations Con-
ference on Trade and Development (UNCTAD), and a whole range of
other global organisations.

In recent times, GE has stoods out as a generally accepted concept,
way of thinking and business model. The concept is by its very nature ex-
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tremely complex. It is made up of various initiatives and, as such, occurs
at all political, managerial and entrepreneurial levels. It includes the re-
search and development of new technologies, new policies and schools of
thought, and the creation of new concepts, as well as lifestyles and habits.
There is still no single and generally accepted definition of GE in the
available literature. In the simplest terms, GE is seen as a low-carbon, re-
source-efficient and socially inclusive economy (UNEP, 2011).

In addition to the GE coin, the term green growth (GG) is also
used in professional and everyday life. GG is an important premise of SD,
and in the most elementary sense it means economic growth based on re-
source-efficient, cleaner and more resilient production. At the basis of the
idea of GG is the attitude that a growing economy is possible with a stag-
nant and preferably declining trend in the exploitation of natural capital.
GG is a way to solve economic and environmental problems that have
been present for years, as well as to devise new ways of growth by stimu-
lating production based on lower consumption of natural and energy re-
sources, and lower pollution per unit of final production. GG implicitly
implies the existence of effective NCM (Dietz, & Neumaier, 2007; Neu-
maier, 2013); Loiseau et al., 2016).

The basic analytical starting point of GG is the idea of decoupling
economic activities from the exploitation of renewable and non-
renewable natural resources and environmental pollution (Graph 1). In
the analysis of decoupling and the success of the transition from the tradi-
tional production model to GE, in addition to the indicators of the rate of
economic growth, the indicators of the use of material resources and
emissions of polluting substances per inhabitant are extremely important.
The most widespread indicator of resource use in economic research is
the material footprint (MF), and the level of environmental pollution is
CO2 emissions per inhabitant!.

Human well-being

Economic activity (GDP)

T Resource decoupling

Resource use

B
_—— Impact decoupling
— " |

Time

Environmental impact

Figure 1. Resource decoupling and Impact decoupling
Source: UNEP, 2011.

! Indicators MF, CO2, GNI are always used in per capita terms.
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Resource decoupling exists when economic activity and human
well-being increase at a higher rate than resource use, and decoupling im-
pact is present when the economy grows while simultaneously reducing
its negative impact on the environment. Separation is very important, be-
cause humanity aspires to intensify economic growth and improve human
well-being, and today, per se, it implies the growing consumption of natu-
ral resources whose extraction, processing and use have serious negative
consequences for the environment and human health. Decoupling can re-
duce resource use and, more importantly, reduce environmental degrada-
tion caused by increasing resource use (Umpfenbach, 2016). Resource
decoupling and impact decoupling could reduce resource use and, at the
same time, reduce environmental degradation. This could affect the
growth of human well-being under other unchanged conditions (Wood et
al, 2018; Charlier, & Fizaine, 2023).

Critics of the GE approach and green growth point out that the the-
sis of decoupling resource and impact decoupling is completely unrealis-
tic. In addition, critics of GE believe that its representatives do not fully
take into account the very demanding changes in the economic system
that are necessary to solve global environmental problems such as climate
change, or the biodiversity crisis. Therefore, some of them propose degrowth
as the only realistic option (Kallis, 2018; Schmelzer et al, 2020).

CONCEPTS RELEVANT TO THE GREEN TRANSITION

Many already well-established and some new concepts have a
prominent place in the construction of GE and the realisation of the de-
coupling resource and impact decoupling vision. Among the concepts
whose application in modern production is very important in the process
of designing GE and improving the effectiveness of NCM, cleaner pro-
duction and resource efficiency, waste hierarchy, industrial ecology, cir-
cular economy, bioeconomy, nature-based solutions, and product-service
system stand out (Loiseau et al, 2016: 368).

Cleaner production and resource efficiency represents the continu-
ous application of an integrated environmental protection strategy to pro-
cesses, products and services in order to increase efficiency and reduce
risks for people and the environment. This is of particular importance
considering the fact that the issues of the protection and improvement of
environmental quality in today’s economic conditions represent one of
the central elements of economic development strategies of countries
around the world (Purovi¢ Todorovi¢ et al, 2023). This approach points
out that it is more appropriate to try to prevent pollution, rather than to
treat it by so-called techniques ‘at the end of the pipe’ (El Kholi, 2002).
Cleaner production and resource efficiency includes the issue of resource
efficiency, which is undeniably one of the key elements of the transition
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to GE (UNEP, 2016). Accordingly, emphasis is placed on the develop-
ment of cleaner technologies that generate less pollution and waste, and
that use natural resources more efficiently.

The focus of cleaner production and resource efficiency manage-
ment is on prevention and avoidance, not on remediation of environmen-
tal problems. At the same time, it should be known that there is no uni-
versal form of cleaner production management, since different industries
and different countries have specific obstacles that need to be overcome.
Generally speaking, many factors still hinder effective management with
cleaner production. Lack of workforce training, insufficient investments
financed from public sources, lack of adequate foresight by top manage-
ment and interested parties have caused the management with cleaner
production in different fields and areas to look very heterogeneous
(Tschiggerl & Topic, 2019).

Waste hierarchy: reuse, repairing, recovery and recycling with
waste prevention are important elements of GE whose impact on improv-
ing the efficiency of resources and reducing their consumption is very
pronounced. The stages of waste hierarchy are prevention, reuse, recy-
cling, recovery and final disposal. The starting point of NCM in the waste
management segment is the treatment of waste materials as production
resources. The general principles are avoiding, reduce, reuse, recycle, re-
design and remanufacture (Ghisellini & Ulgiati, 2020; Kaza et al, 2018;
Zaman, 2015). Waste management approaches should be chosen based on
waste form, composition, quantity and local needs and conditions (Mar-
shall & Farahbakhsh, 2013). Globally, the generation and structure of
waste is influenced by industrialisation, urbanisation, population size, ed-
ucation level, public habits and intentions (Zaikova et al, 2022), house-
hold attitudes, age groups, local climate, consumption, behavior and cul-
ture (Moh, 2017), land size, household location (rural/urban), economic
status and monthly household income (Triguero et al, 2016; Zaman,
2015). In general, higher economic status corresponds to higher disposa-
ble income, higher consumption and higher waste generation (Roi &
Tarafdar, 2022). The waste hierarchy approach is mainly focused on re-
ducing material and energy flows, and therefore environmental pollution
caused by the nature of production processes. As such, it aims to increase
resource efficiency similar to the cleaner production approach (Bartl,
2014). 1t differs from the latter in its stronger emphasis on waste reduc-
tion and control of harmful substances. Emphasising the importance of
protecting the planetary ecological boundaries, this concept corresponds
with the vision of strong sustainability.

Industrial ecology is a research field interested in integrating sus-
tainability concepts into ecological and economic systems. Energy and
material use is optimised, waste generation is minimised to move from
linear permeability to closed loop materials and energy use (Ehrenfeld &
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Gertler, 1997). The basic elements of industrial ecology are the use of bi-
ological analogy, systemic perspective, introduction of technological
changes, and the dematerialisation of production (Lifset & Graedel, 2002;
Aires & Aires, 2002). The primary goal of industrial ecology is the pro-
motion and improvement of sustainable industrial development at global,
regional and local levels (Guinée, 2017).

The circular economy represents a regenerative economic system
in which resources, waste emissions and energy inefficiencies are signifi-
cantly reduced due to slowing down, rounding off and extending energy
and material cycles in production (Ekins et al, 2019). This is achieved,
first of all, by designing and creating products that extend their life as
much as possible, but also by maintaining, servicing and recycling. The
circular economy model is in complete contrast to the currently dominant
model of the linear economy, which promotes the concept of production
based on the principle of take (from nature), make (in the production pro-
cess), use, throw away (Potting, 2017). It is a concept characterised by a
holistic approach to SD, which aims to minimise waste and maximise the
use of resources (What is a Circular Economy?, 2020; Universal Circular
Economy Policy Goals, 2021). The concept of circular economy implies
the adoption of cleaner production patterns in companies, increasing the
responsibility and awareness of producers and consumers, the use of re-
newable technologies and materials wherever possible, as well as the
adoption of appropriate, clear and stable policies and implementation
tools. By promoting the adoption of closed-loop production patterns with-
in the economic system, the concept of the circular economy aims to in-
crease the efficiency of resource use, with a special focus on urban and
industrial waste, in order to achieve a better balance and harmony be-
tween the economy, the environment and society (Ramos, 2024).

Bioeconomy offers broad perspectives for progress in primary pro-
duction (e.g. plant and animal breeding), health (pharmacogenetics) and
industry, while reducing dependence on non-renewable resources and en-
suring food, environmental, social and economic security through job
creation and competitive position. Also, bioeconomy covers the use of
processes based on biological development in green industries. This is
mostly a micro approach since it aims to change the behavior of the firm.
Exceeding planetary boundaries, and especially climate change, requires
economies around the world to decarbonise production and respect the
principles and goals of sustainable development as much as possible. The
transformation of the traditional economy into a sustainable bioeconomy
by replacing fossil resources with renewable biogenic resources offers a
solution to these goals (Hinderer et al, 2021).

Nature-based solutions are defined as actions for the protection,
sustainable management and restoration of natural or modified ecosys-
tems that solve social challenges in an effective and adaptive way, while
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providing benefits for human well-being and the sustainability of biodi-
versity. Nature-based solutions provide benefits to both natural ecosys-
tems and human-managed systems, ensuring a healthier and better quality
of life for people at the same time. They must be able to adapt to changed
conditions of production and consumption, and provide long-term posi-
tive results. In simple terms, nature-based solutions are built on the use of
natural processes to combat the destabilisation and degradation of living
conditions on Earth. The result is the search for innovative solutions for
the management of natural systems that can achieve benefits for both na-
ture and society in a balanced way. In other words, by working with na-
ture, not against it, human communities can develop and implement solu-
tions that lead to a more resource efficient and environmentally sound
economy (Seddon et al, 2020). Applying nature-based solutions requires
designing multifunctional environments that contribute to sustainable re-
source management systems that induce the development of a green
economy. The application of nature-based solutions is aligned with the
criteria of strong sustainability (Mazza et al, 2011).

The concept of product-service system was defined in Europe in
the 1990s as a combination of tangible products and intangible services
designed to meet the needs of end customers (Tukker & Tischner, 2006).
Products are owned by companies throughout their life cycle, and the use
of the service is what the consumer pays for. That is why companies have
a strong economic interest in extending the life of their products, in order
to ensure that they are intensively used, that is, to make them as attractive
as possible in terms of price and quality. The concept of product-service
systems generally remains at the micro level and does not aim at system-
atic changes in the overall patterns of resource consumption (Mont &
Tukker, 2006). They are one of the pillars of improving energy efficien-
cy, because the focus is on the production of physical goods in a rational
way. Due to the fact that they speak to the sustainability of the entire pro-
duction chain, product-service systems also deal with the maintenance of
these products-services, recycling and, if necessary, product replacement.
In this way, the negative impact on the environment of the entire cycle is
reduced. The concept of product-service system is a paradigm shift to the
entire logic of designing new products and services, which leads to the
conclusion that its application implies strong sustainability (Roman et al,
2015). For example, IBM decided to rent servers instead of selling units
directly to companies. Philips, on the other hand, has a service where cus-
tomers buy a promised level of lighting for a given building. The British
company Drover is in the business of renting cars instead of selling them.

Figure 2 presents the previously analysed concepts important for
building GE and improving the efficiency and effectiveness of NCM de-
pending on two characteristics of sustainability: the degree of substitution
of environmental and economic benefits, and the required level of chang-
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es in the production system. The picture shows that, depending on which
of the considered concepts dominates NCM, it is possible to distinguish
their connections with visions of weak or strong sustainability.
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Figure 2. Concepts present in GE and NCM
depending on the two visions of sustainability
Authors based on: Loiseau et al, 2016: 368

RESEARCH MODEL: THE IMPACT OF CHANGE
IN GNI, MF AND CO2 EMISION ON SD

For this study, annual data spanning from 1990 to 2019 was uti-
lised for 166 countries worldwide. All the data for the SDI, GNI per capi-
ta at constant 2017 US dollars adjusted for Purchasing Power Parity
(GNI), Carbon Dioxide emissions per capita, measured in tonnes (CO,),
and MF per capita, measured in tonnes (MF) was collected from SDI
(2020). The exclusion of 2020, 2021, and 2022 is based on data availabil-
ity considerations, with the last documented year in the database being
2019. The decision to end the dataset with 2019 is also based on recognis-
ing potential outliers or anomalies due to global events, notably the
COVID-19 pandemic and the Russia-Ukraine conflict. It is assumed that
the inclusion of these years would lead to significant distortions in the da-
ta patterns, so deliberate exclusion is necessary to ensure the integrity and
reliability of the analysed data set.

The SDI serves as an overarching measure that combines multiple
dimensions of development and considers economic, social, and envi-
ronmental factors. It provides a holistic assessment of a country’s devel-
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opment and aligns with the principles of sustainable development, which aim
to reconcile economic progress with environmental and social well-being.

Specifically, the SDI is an innovative paradigm to quantify the com-
plex balance between human development and ecological preservation. Un-
like its predecessor, the Human Development Index (HDI), the SDI repre-
sents a groundbreaking innovation in contemporary environmental dis-
course, developed specifically to address the complex challenges of our
time of primarily anthropogenic environmental degradation. As such, the
SDI goes beyond the conventional HDI framework in which life expectan-
cy, education, and income serve as the established trinity of human devel-
opment metrics. The decisive factor lies in the inventive integration of an
ecological dimension into the SDI. In other words, the index recognises
prosperity and requires a harmonious alignment between human well-being
and environmental protection. The SDI appeals to and guides policymak-
ers, researchers, and practitioners into a new era of refined sustainability
metrics, forcing them to re-evaluate the fundamental principles of progress
in an age where balance is proving to be the prerequisite for a prosperous
future. For a comprehensive exposition of the SDI methodology and its un-
derlying rationale, please refer to Hickel (2020).

GNI per capita is an important economic indicator that is adjusted
for inflation and purchasing power parities, and provides insights into the
economic prosperity of a country’s residents. Using constant 2017 US
dollars and adjusting for PPP facilitates cross-country comparisons and,
thus, contributes to a crucial economic perspective in assessing sustaina-
ble development.

CO; emissions per capita measure a country’s carbon footprint and
reflect its contribution to greenhouse gas emissions. Monitoring this vari-
able is critical to understanding the environmental impact of economic
activities, and a country’s commitment to mitigating climate change, an
essential aspect of sustainable development.

The material footprint per capita measures the amount of raw ma-
terials and resources consumed by each individual in a country. This metric
sheds light on the environmental impact of consumption patterns and pro-
vides insights into resource efficiency and potential environmental impacts.
The assessment of material consumption is in line with the Sustainable De-
velopment Goals and emphasises the responsible management of resources.

The following research hypotheses were formulated:

H1 — An increase in MF has a negative impact on the Sustainable

Development Index.

H2 — An increase in Gross National Income has a negative impact

on the Sustainable Development Index.

H3 — An increase in CO2 emissions has a negative impact on the

Sustainable Development Index.
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METHODOLOGY

The methodology framework in this paper relies on panel regres-
sion modelling (Cameron et al, 2005; Wooldridge, 2013). The general
form of the panel model is represented by the equation:

Yit = ait+Xi{ﬁit+ Uit, 1 = 1,...,N, t=1, ..., T,

where yj: is the dependent variable (scalar), it is the vector of independent
variables, ui: is the stochastic error (noise), N is the number of countries,
and T is the number of time periods observed (humber of years). The
general form of the model allows the dependence of both parameters, the
intercept ait and the slope S of the regression, on both the individual and
time. However, such a model has more unknown parameters than the
sample size, making model estimation impossible. For this reason, vari-
ous assumptions should be made about the dependence of parameters on i
and t, as well as on the noise, in order to obtain parameter estimates. In
panel data analysis, the fixed and random effects panel models are two
distinct, but most commonly used approaches designed to address unob-
served heterogeneity among individual units within a dataset, such as
countries.

The fixed effects panel model incorporates individual-specific ef-
fects a; into the model. These fixed effects capture unobservable charac-
teristics unique to each unit that remain constant over time, representing
time-invariant individual heterogeneity. On the other hand, the random
effects panel model treats individual-specific effects as random variables,
assuming they follow a specific distribution. These random effects en-
compass both time-invariant and time-varying unobserved heterogeneity.
The model is estimated using Generalized Least Squares or Maximum
Likelihood Estimation, considering the assumed distribution of the ran-
dom effects.

In mathematical terms, we look at the model in the form:

Vit = ai + Xt + &,

where g; are i.i.d. If i and xjr are correlated, then the model is a fixed
effect panel model. Otherwise, if they are independent, the model is a
random effect model. In both models, we assume:

Eladai X1, .., xi1] =0,t=1,....T.

To determine the appropriate model to utilise, we conducted the
Hausman test. The null hypothesis states that random effects characterise
the optimal model, while the alternative hypothesis suggests a fixed ef-
fects model. The test examines whether a correlation between the distinc-
tive errors and the regressors within the model exists. The null hypothesis
asserts the absence of such a correlation between the two.
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RESULTS

The Hausman test is designed to guide the choice between fixed-
effects and random-effects models. The results of the Hausman test (chi-
square (3) = 64.34, p<0.01) give evidence to reject the null hypothesis,
suggesting that GLS estimates are consistent with the fixed-effects model.
That is, the implication is that fixed effects are preferred over random effects.

Hence, we built the fixed-effects panel model in this paper, which
incorporates t=4677 observations with N=166 cross-sectional units.

The results are given in Table 1. The gross national income is neg-
atively associated with SDI, with a coefficient of -2.68499e-06 and a sig-
nificant t-ratio of -11.27 (p<0.01). The SDI is expected to decrease by
2.68499e-06 units for a one-unit increase in gross national income. Simi-
larly, the variables CO; and Material Footprint exhibit negative associa-
tions with SDI, with coefficients of -0.00328723 and -0.00795721, re-
spectively. Both predictors are statistically significant, supported by t-
ratios of -4.293 and -25.32 and very low p-values (p<0.01). For a one-unit
increase in COy, the SDI is expected to decrease by 0.00328723 units.
The SDI is expected to decrease by 0.00795721 units for a one-unit in-
crease in material footprint. The model provides insights into the relation-
ships between these variables and the SDI, suggesting that gross national
income, CO», and material footprint significantly impact sustainable de-
velopment outcomes.

Table 1. Fixed effect panel model

Variable Coefficient Std. Error t-ratio p-value
Constant 0.729348 0.00475590 153.4 0.0000
GNI —2.68499¢-06 2.38280e-07 -11.27 <0.01
Cco2 —0.00328723 0.000765704 —4.293 <0.01
MF —0.00795721 0.000314292 —25.32 <0.01

The summary of the estimated model given in Table 2 provides
key insights from the regression analysis. The mean of the dependent var-
iable is 0.572383, with a standard deviation of 0.166024, suggesting vari-
ability around the mean. The sum squared residual of 19.94464, and a low
standard error of the regression (0.066515) indicate a well-fitted model.
The LSDV R-squared of 0.845257 suggests that the model explains a
substantial portion of the total variation. The within R-squared of
0.256646 indicates that a considerable portion of the variability is at-
tributed to individual-specific effects. The high LSDV F-statistic
(146.5728) with an extremely low p-value (0.000000) implies overall
model significance. The log-likelihood of 6125.875 and associated crite-
ria (Akaike, Schwarz, Hannan-Quinn) provide measures of model fit,
with lower values being preferable.
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Table 2. Model summary

Measure Value Measure Value
Mean dependent var 0.572383 S.D. dependent var 0.166024
Sum squared resid 19.94464  S.E. of regression 0.066515
LSDV R-squared 0.845257  Within R-squared 0.256646
LSDV F(168, 4508) 146.5728 P-value(F) 0.000000
Log-likelihood 6125.875 Akaike criterion —11913.75
Schwarz criterion  —10823.63 Hannan-Quinn —11530.39

We also performed two additional tests. The joint test on named
regressors, with a test statistic of F(3, 4508) = 518.801 and an extremely
low p-value (1.28579e-289), indicates that at least one of the regressors is
significant. The test for differing group intercepts rejects the null hypoth-
esis of common intercepts (F(165, 4508) = 110.866, p-value = 0), sug-
gesting heterogeneity among groups. Overall, the findings highlight the
significance of the model, the explanatory power of the regressors, and
potential serial correlation and group heterogeneity.

DISCUSSION

The obtained results confirm the existence of a statistically signifi-
cant long-term co-integrating relationship between changes in GNI pc,
MF and CO2 emissions, and FDI in 166 countries of the world in the pe-
riod between 1990 and 2019. Specifically, for a unit increase in GNI, the
expected decrease in FDI is 2.68499¢e-06 units. Similarly, for a one-unit
increase in MF, the expected decrease in FDI is 0.00795721 units, while
the expected decrease in FDI is 0.00328723 units for a one-unit increase
in CO2. With this, the research results confirmed hypotheses H1, H2 and
H3. In other words, the constructed model provides a respectable insight
into the relationships between independent variables and FDI as a de-
pendent variable at the global level. In light of the defined research objec-
tives, these results speak of the expressed need for the transition of busi-
ness models and national development strategies to the GE concept. They
also talk about the importance of NCM for the development of GE.

It should be emphasised that the constructed model fully abstracts
the numerous factors behind the observed relationship. Namely, it is evi-
dent that a whole series of factors have an influence on the relationship
between changes in GNI, MP and CO2 emissions on FDI. First of all, the
inadequate use of natural resources in many world economies, especially
in less developed economies, results in an increase in pollution and the
manifestation of negative externalities in the production process. The
share of consumed energy from green sources in the total energy con-
sumption is still the predominant characteristic of economically devel-
oped economies. The insufficient effectiveness of natural capital man-



Green Economy in Natural Capital Management: Implications for Sustainable Development 79

agement at all levels is also a factor that contributes to the increase of
MF, which implicitly implies growing CO2 emissions. Outdated technol-
ogy is associated with high consumption of natural resources per unit of
final production, which, as a rule, means growing CO2 emissions. In this
context, the purpose of NCM is to point out the importance of investing
in equipment that implies resource-saving production with lower CO2
emissions. In the discussion about the place of MF, CO2 emissions in the
GE, the NCM concept and their implications for SD, it is necessary to
point out the importance of improving general environmental awareness
in order to reduce CO2 emissions.

Less developed economies on the NCM plan should follow the
recommendations of the global environmental policy, such as the recom-
mendations of the conference of the parties (COP), making maximum ef-
forts in order to achieve the goals set by these and other international
agreements (Miti¢ et al, 2017). Also, economies at a lower level of eco-
nomic development can consider the implementation of CO2 storage
technologies, where the limiting factor of such policies is certainly the
high cost of that procedure.

Green taxes can significantly contribute to the reduction of CO2
emissions, especially if tax revenues are focused on solving current issues
related to the use of natural capital. Taxes on environmentally harmful
behavior have the potential to increase the amount of public revenue. On
the other hand, CO2 emission trading schemes mean that increases in pol-
lutant emissions from one source must be accompanied by an equivalent
decrease in pollution from other sources. Developed countries have these
programs to limit pollutant emissions and to stimulate businesses that
choose to pollute the environment less.

Many studies confirm the negative relationship between GDP and
domestic material consumption, as well as harmful emissions, which can-
not be said for the relationship between GDP and the material footprint
(MF). The primary reason for this discrepancy is that the former pertains
exclusively to local consumption, while the MF indicator encompasses
the consumption of material resources throughout the entire production
and consumption chain (Razzaq et al., 2021). Due to this fact, most eco-
nomically developed countries characterised by outsourcing products
with high material demands have not achieved the desired outcomes in
terms of resource decoupling. Hence, sustainability policies related to MF
are incomparably more complex than those addressing GDP decoupling
from domestic natural resource consumption, and can significantly con-
tribute to achieving the Sustainable Development Goals (SDGs).

In recent years, numerous studies have emerged analysing MF trends
to investigate the achievement of SDGs. Some of the more notable ones
have focused on examining the role of ecological factors in achieving SDGs
(Adebayo et al, 2022; Adebayo et al, 2023; Zhang et al, 2023; Akadiri et al,
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2022; Wu et al, 2022), while others have concentrated on identifying the na-
ture of interactions between economic growth and environmental conditions
by testing the validity of the Environmental Kuznets Curve hypothesis
(Wang et al, 2023; Naveed et al, 2022; Kilinc-Ata et al, 2022).

Vavrek and Chovancovd (2016) noted the existence of absolute
decoupling between economic growth and greenhouse gas emissions in the
Visegrad Group countries (Czech Republic, Hungary, Slovakia, and
Poland). However, despite this finding, the authors emphasise the necessity
for these countries to develop new and rapidly applicable energy policies to
reduce greenhouse gas emissions and achieve sustainable development
goals by 2050. Wang et al. (2018) found that resource decoupling is more
pronounced in developing countries than in economically advanced ones.
These results are valid for three BRICS countries (China, India, and Brazil)
and three OECD countries (the USA, Australia, and Japan).

Bithas and Kalimeris (2018) concluded that the global economy’s
dependence on natural resources increased by over 60% during the period
between 1900 and 2009. They assert that the effects of resource decou-
pling achieved in post-industrial economies during the 1970s were entire-
ly negated by the intensified use of natural resources in several develop-
ing countries. Accordingly, the authors believe that the dematerialisation
of production is one of the prerequisites for achieving sustainable devel-
opment. For this reason, they stress that managing economic development
requires much clearer definitions of policies regarding natural resource
exploitation and environmental protection than is generally the case in
most global economies.

Kjaer et al. (2019) analysed product-service systems as tools for
achieving a circular economy and green growth. They concluded that
even a widespread implementation of such systems does not guarantee
absolute resource decoupling. The authors recommend a sequence of spe-
cific measures for policymakers aimed at supporting the broad adoption
of product-service systems to achieve absolute resource decoupling and
green transformation.

Lonca et al. (2019) examined the issue of resource decoupling
within the development of circular economy models in EU countries.
They concluded that three types of circularity measures must be imple-
mented to reduce greenhouse gas emissions in the steel, plastic products,
aluminium, and cement industries by 2050. These measures include mate-
rial circulation, material efficiency, and new circular business models.

Haberl et al. (2020) conducted an extensive review of the literature on
resource decoupling and impact decoupling as key premises for green
transformation. They noted that absolute decoupling is a rare phenomenon,
and that only a few industrialised countries have managed to decouple GDP
from CO2 emissions. This achievement has primarily been attributed to
changes in production models and fundamental consumption patterns.
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Hickel and Kallis (2020) concluded that it is unrealistic to discuss
the existence of resource decoupling on a global scale. They highlighted
that even under the assumption of limiting global warming to 1.5 °C or 2
°C annually, impact decoupling is nearly unattainable. Therefore, they ar-
gue that the concept of green growth is highly debatable, necessitating the
consideration of alternative development strategies.

Frodyma et al. (2020) investigated the decoupling between GDP
and fossil fuel consumption in 141 countries by analysing trends in do-
mestic material consumption and the material footprint (MF). Their find-
ings revealed that relative decoupling of domestic material consumption
and GDP exists in a small number of economies, while there is no evi-
dence of any decoupling between GDP and MF in the majority of the ana-
lysed countries.

Charlier and Fizaine (2023), based on panel analyses using exten-
sive datasets and diverse methodologies, found no evidence of resource
decoupling in a sample of 163 countries over the period between 1990
and 2015.

Using Brazil, one of the largest developing economies globally, as
an example, Rovere et al. (2018) expressed the view that, under the as-
sumption of implementing appropriate economic development policy in-
struments, it is possible to achieve both resource decoupling and impact
decoupling in Brazil.

The previous literature review indicates that the findings of nu-
merous studies focused on the existence of resource decoupling and im-
pact decoupling vary, but largely align with the results and confirmation
of the hypotheses presented in this paper. Additionally, it has becomes
evident that, while the phenomenon of decoupling is a frequent research
topic, the same cannot be said for studies examining the relationship be-
tween the material footprint (MF) and sustainable development. In this
context, assessing the impact of GDP growth, MF, and CO2 emissions on
the Sustainable Development Index (SDI) posed a significant research
challenge in itself.

The results of this study can provide policymakers with insights in-
to the challenges posed by economic growth, unsustainable natural re-
source consumption, and high environmental pollution. These findings
can undoubtedly assist macro-level managers in designing measures and
instruments aimed at reducing natural resource consumption and per capi-
ta CO2 emissions while achieving a satisfactory GDP growth rate.

It is crucial for future research to evaluate the impact of rising nat-
ural resource prices on their use in the production and consumption pro-
cesses, as well as the associated CO2 emissions. In addition to the meth-
ods used thus far, other econometric techniques and evaluation tools
could be employed to assess this impact. Moreover, research must go be-
yond advocating for continued GDP growth or its deceleration. It is es-
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sential to rigorously investigate the relationship between natural resource
consumption and social well-being, a topic that was robustly debated over
a decade ago by Steinberger and Roberts (2010), as well as Roberts et al.
(2012).

CONCLUSION

The links between the growth of GNI pc, MF pc and CO2 pc, on
the one hand, and sustainable development, on the other hand, are of es-
sential importance for understanding the essence and scope of GE, the
phenomenon of resource and impact decoupling, and NCM. In the 1980s,
this relationship was the focal point of theoretical and many empirical
studies, because the direct consequences of inadequate NCM were mani-
fested in the emergence of global problems such as climate change, glob-
al warming and many others.

Bearing in mind the results of the created research model of the
change impact in GNI, MF and CO2 emission on SDI on a sample of 166
countries, the transition process of the existing model of industrial pro-
duction to the GE model, which is based on the idea of resource decou-
pling and impact decoupling, is imposed as essential. This, in turn, logi-
cally implies an increase in the efficiency and effectiveness of NCM.

There are also numerous limitations of the model created here,
starting from the inappropriate and basically excessive use of natural re-
sources in many national environments, low technological innovation in
the field of exploitation of natural resources and environmental pollution
control instruments, insufficient efficiency and, especially, inadequate ef-
fectiveness of NCM. In this sense, including some of these variables in
the research model would undoubtedly be very useful. Here, variables
that are especially taken into account, are related to the achieved level of
ecological innovation, consumption of electricity from green sources and
others for whose values arranged statistical data can be found.

In perspective, NCM must become a management infrastructure
and a trial test of the success of every management practice without ex-
ception. Curbing the consumption of not only non-renewable but also re-
newable natural resources represents the modus vivendi of human surviv-
al. In this context, it can be concluded that NCM is a process that pro-
motes the sustainable use of natural resources and the emission of pollut-
ing substances without jeopardising the sustainability of vital ecosystems.
This management approach should integrate research on different types of
natural resources in a process of adaptive management and stakeholder-
driven innovation, in order to improve lifestyles, increase ecosystem resil-
ience, and increase the productivity of resources and environmental ser-
vices at the local, regional and global level.



Green Economy in Natural Capital Management: Implications for Sustainable Development 83

REFERENCES

Adebayo, T. S., Altuntag, M., Goyibnazarov, S., Agyekum, E. B., Zawbaa, H. M., &
Kamel, S. (2022). Dynamic effect of disintegrated energy consumption and
economic complexity on environmental degradation in top economic complexity
economies. Energy Reports, 8, 12832-12842. https://doi.org/10.1016/j.egyr.2022.
09.161

Adebayo, T. S., Bekun, F. V., Rjoub, H., Agboola, M. O., Agyekum, E. B., & Gyamfi, B.
A. (2023). Another look at the nexus between economic growth trajectory and
emission within the context of developing country: Fresh insights from a
nonparametric  causality-in-quantiles test. Environment, Development and
Sustainability, 25, 11397-11419. https://doi.org/10.1007/s10668-022-02533-x

Agenda 21. (1992). United Nations.

Akadiri, S., Adebayo, T. S., Asuzu, O., & Onuogu, I. C. (2022). Testing the role of
economic complexity on the ecological footprint in China: A nonparametric
causality-in-quantiles approach. Energy & Environment, 34(8). https://doi.org/10.
1177/0958305X221094573

Ayres, R., & Ayres, L. (2002). A Handbook of Industrial Ecology. Edward Elgar Publishing.

Bartl, A. (2014). Moving from recycling to waste prevention: A review of barriers and
enablers. Waste Management & Research, 32(9), 3-18. https://doi.org/10.1177/
0734242X14541986

Bithas, K., & Kalimeris, P. (2018). Unmasking decoupling: Redefining the resource
intensity of the economy. Science of the Total Environment, 619620, 338-351.
https://doi.org/10.1016/j.scitotenv.2017.11.061

Cameron, A. C., & Trivedi, P. K. (2005). Microeconometrics: Methods and Applications.
Cambridge University Press.

Charlier, C., & Fizaine, F. (2023). Decoupling gross domestic product and consumption of
raw materials: A macro-panel analysis. Sustainable Production and Consumption,
36, 194-206. https://doi.org/10.1016/j.spc.2022.12.020

Denona Bogovi¢, N., & Grdi¢, Z. (2020). Transitioning to a green economy: Possible
effects on the Croatian economy. Sustainability, 12(22), 1-19. https://doi.org/10.
3390/5u12229342

Dietz, S., & Neumayer, E. (2007). Weak and strong sustainability in the SEEA: Concepts
and measurement. Ecological Economy, 61(4), 617-626. https://doi.org/10.2139/
$sr.957994

Purovi¢ Todorovi¢, J., Dordevi¢, M., & Stojanovié, M. (2023). The impact of
environmental taxes on the reduction of plastic bag consumption in the Republic
of Serbia. Teme, 46(4), 767—786. https://doi.org/10.22190/TEME220529048D

Ehrenfeld, J., & Gertler, N. (1997). Industrial ecology in practice: The evolution of
interdependence at Kalundborg. Journal of Industrial Ecology, 1(1), 67-79.
https://doi.org/10.1162/jiec.1997.1.1.67

Ekins, P., Domenech, T., Drummond, P., Bleischwitz, R., Hughes, N., & Lotti, L. (2019).
The circular economy: What, why, how, and where. Background paper for an
OECD/EC Workshop on July 5, 2019, Paris.

El Kholy, O. A. (2002). Cleaner production. In Encyclopedia of Global Environmental
Change. John Wiley & Sons.

Frodyma, K., Papiez, M., & Smie, S. (2020). Decoupling economic growth from fossil fuel
use: Evidence from 141 countries in the 25-year perspective. Energies, 13(24),
6671. https://doi.org/10.3390/en13246671

Ghisellini, P., & Ulgiati, S. (2020). Circular economy transition in Italy: Achievements,
perspectives, and constraints. Journal of Cleaner Production, 243, 118360.
https://doi.org/10.1016/j.jclepro.2019.118360


https://doi.org/10.1016/j.egyr.2022.%0b09.161
https://doi.org/10.1016/j.egyr.2022.%0b09.161
https://doi.org/10.1007/s10668-022-02533-x
https://doi.org/10.1016/j.spc.2022.12.020
https://doi.org/10.%0b3390/su12229342
https://doi.org/10.%0b3390/su12229342
https://doi.org/10.2139/%0bssrn.957994
https://doi.org/10.2139/%0bssrn.957994
https://doi.org/10.1162/jiec.1997.1.1.67
https://doi.org/10.1016/j.jclepro.2019.118360

84 V. Kosti¢, A. Kosti¢, S. Mili¢evi¢

Guinée, J. (2016). Life cycle sustainability assessment: What is it and what are its
challenges? In Clift, R., & Druckman, A. (Eds.), Taking stock of industrial ecology
(pp. 45-68). Springer International Publishing.

Haberl, H., Wiedenhofer, D., Virag, D., Kalt, G., et al. (2020). A systematic review of the
evidence on decoupling of GDP, resource use and GHG emissions, part Il
Synthesizing the insights. Environmental Research Letters, 15(6). https://doi.org/
10.1088/1748-9326/ab842a

Harris, J., & Roach, B. (2021). Environmental and natural resource economics: A
contemporary approach. Routledge.

Hickel, J. (2020). The sustainable development index: Measuring the ecological efficiency
of human development in the Anthropocene. Ecological Economics, 167, 106331.
https://doi.org/10.1016/j.ecolecon.2019.05.011

Hinderer, S., Brandle, L., & Kuckertz, A. (2021). Transition to a sustainable bioeconomy.
Sustainability, 13(15), 8232. https://doi.org/10.3390/su13158232

Kallis, G. (2018). Degrowth. Agenda Publishing.

Kaza, S., Yao, L., Bhada-Tata, P., & Van Woerden, F. (2018). What a waste 2.0: A global
snapshot of solid waste management to 2050. World Bank Publications.

Kilinc-Ata, N., & Likhachev, V. L. (2022). Validation of the environmental Kuznets curve
hypothesis and role of carbon emission policies in the case of Russian Federation.
Environmental Science and Pollution Research, 29, 63407-63422. https://doi.org/
10.1007/s11356-022-20316-9

Kjaer, L. L., Pigosso, D. C. A., Niero, M., Bech, N. M., & McAloone, T. C. (2019).
Product/service-systems for a circular economy: The route to decoupling
economic growth from resource consumption? Journal of Industrial Ecology,
23(1), 22-35. https://doi.org/10.1111/jiec.12747

Lenzen, M., Geschke, A., West, J., et al. (2022). Implementing the material footprint to
measure progress towards Sustainable Development Goals 8 and 12. Nature
Sustainability, 5, 157-166. https://doi.org/10.1038/s41893-021-00811-6

Lifset, R. J., & Graedel, T. (2002). Industrial ecology: Goals and definitions. In Ayres, R.
U., & Ayres, L. W. (Eds.), A handbook of industrial ecology (pp. 3-15). Edward
Elgar Publishing

Loiseau, E., Saikku, L., Antikainen, R., Droste, N., Hansjurgens, B., Pitkdnen, K.,
Leskinen, P., Kuikman, P., & Thomse, M. (2016). Green economy and related
concepts: An overview. Journal of Cleaner Production, 13, 361-371.
https://doi.org/10.1016/j.jclepro.2016.08.024

Lonca, G., Muggéo, R., Tétreault-Imbeault, H., Bernard, S., & Margni, M. (2018). A bi-
dimensional assessment to measure the performance of circular economy: A case
study of tires end-of-life management. In Designing sustainable technologies,
products, and policies (pp. 33-42). https://doi.org/10.1007/978-3-319-66981-6_4

Malaval, F. (2008). Complexity, entropy production and industrial ecology. Institut du
Management des éco-innovations (durables), IMED

Marshall, R. E., & Farahbakhsh, K. (2013). Systems approaches to integrated solid waste
management in developing countries. Waste Management, 33(4), 988-1003.
https://doi.org/10.1016/j.wasman.2012.12.023

Mazza, L., Bennett, G., de Nocker, L., Gantioler, S., Losarcos, L., Margerison, C., et al.
(2011). Green infrastructure implementation and efficiency. Final report for the
European Commission, DG Environment on Contract ENV.B.2/SER/2010/0059.
Brussels and London: Institute for European Environmental Policy.

Mitic, P., Munitlak Ivanovié, O., & Zdravkovié, A. (2017). Cointegration analysis of real
GDP and CO2 emissions in transitional countries. Sustainability, 9, 568.
https://doi.org/10.3390/su9040568


https://doi.org/10.1016/j.ecolecon.2019.05.011
https://doi.org/10.3390/su13158232
https://doi.org/%0b10.1007/s11356-022-20316-9
https://doi.org/%0b10.1007/s11356-022-20316-9
https://doi.org/10.1038/s41893-021-00811-6
https://doi.org/10.1016/j.jclepro.2016.08.024
https://doi.org/10.1007/978-3-319-66981-6_4

Green Economy in Natural Capital Management: Implications for Sustainable Development 85

Moh, Y. (2017). Solid waste management transformation and future challenges of source
separation and recycling practice in Malaysia. Resources, Conservation and
Recycling, 116, 1-14. https://doi.org/10.1016/j.resconrec.2016.09.012

Mont, O., & Tukker, A. (2006). Product-service systems: Reviewing achievements and
refining the research agenda. Journal of Cleaner Production, 14, 1451-1454.
https://doi.org/10.1016/j.jclepro.2006.01.017

Naveed, A., Ahmed, N., FathollahZadeh Aghdam, R., & Menegaki, A. N. (2022). What
have we learned from Environmental Kuznets Curve hypothesis? A citation-based
systematic literature review and content analysis. Energy Strategy Reviews, 44,
100946. https://doi.org/10.1016/j.esr.2022.100946

Neumayer, E. (2013). Weak versus strong sustainability: Exploring the limits of two
opposing paradigms. Edward Elgar.

Our Common Future. (1987). World Commission on Environment and Development.

Potting, J., Hekkert, M. P., Worrell, E., & Hanemaaijer, A. (2017). Circular economy:
Measuring innovation in the product chain. Utrecht: PBL Publishers.

Ramos, A. (2024). Afterword for the special issue “Circular economy strategies for
sustainable development: Applications and impacts.” Sustainability, 16(1), 311.
https://doi.org/10.3390/su16010311

Razzaq, A., Ajaz, T., Li, J. C, Irfan, M., & Suksatan, W. (2021). Investigating the
asymmetric linkages between infrastructure development, green innovation, and
consumption-based material footprint: Novel empirical estimations from highly
resource-consuming economies. Resources Policy, 74, 102302. https://doi.org/10.
1016/j.resourpol.2021.102302

Roberts, J., Peters, G., Baiocchi, G., & Steinberger, J. (2012). Pathways of human
development and carbon emissions embodied in trade. Nature Climate Change,
2(2). https://doi.org/10.1038/nclimate1371

Rockstrom, J., Steffen, W., Noone, K., et al. (2009). A safe operating space for humanity.
Nature, 461, 472-475. https://doi.org/10.1038/461472a

Roman, P., Thiry, G., Muylaert, C., Ruwet, C., & Maréchal, K. (2015). Defining and
identifying strongly sustainable product-service systems (SSPSS). Journal of
Cleaner Production, 97, 76-91. https://doi.org/10.1016/j.jclepro.2023.136295

Roy, D., & Tarafdar, A. (2022). Solid waste management and landfill in high-income
countries. In: Circular economy in municipal solid waste landfilling: Biomining &
leachate treatment: Sustainable solid waste management: Waste to wealth (pp. 1—
23). Springer International Publishing.

Schmelzer, M., Vetter, A., & Vansintjan, A. (2022). The future is degrowth: A guide to a
world beyond capitalism. VVerso Books.

Seddon, N., Daniels, E., Davis, R., Chausson, A., Harris, R., Hou-Jones, X., et al. (2020).
Global recognition of the importance of nature-based solutions to the impacts of
climate change. Global Sustainability, 3, e15. https://doi.org/10.1017/sus.2020.8

Steffen, W., Richardson, K., Rockstrom, J., et al. (2015). Sustainability. Planetary
boundaries: Guiding human development on a changing planet. Science,
347(6223), 1259855. https://doi.org/10.1126/science.1259855

Steinberger, J., & Roberts, T. (2010). From constraint to sufficiency: The decoupling of
energy and carbon from human needs, 1975-2005. Ecological Economics, 70(2),
425-433. https://doi.org/10.1016/j.ecolecon.2010.09.014

Stojkovi¢, D., Jovanovi¢-Kranjec, M., & Lukovi¢, M. (2021). Significance of green bonds
on contemporary financial market. Teme, 45(2), 621-637. https://doi.org/10.
22190/TEME200525036S

Sustainable Development Index Report. (2022). Paris.

Triguero, A., Alvarez-Aledo, C., & Cuerva, M. (2016). Factors influencing willingness to
accept different waste management policies: Empirical evidence from the


https://doi.org/10.1016/j.resconrec.2016.09.012
https://doi.org/10.1016/j.jclepro.2006.01.017
https://doi.org/10.1016/j.esr.2022.100946
https://doi.org/10.%0b1016/j.resourpol.2021.102302
https://doi.org/10.%0b1016/j.resourpol.2021.102302
https://doi.org/10.1038/461472a
https://doi.org/10.1016/j.jclepro.2023.136295
https://doi.org/10.1017/sus.2020.8
https://doi.org/10.1126/science.1259855
https://doi.org/10.1016/j.ecolecon.2010.09.014

86 V. Kosti¢, A. Kosti¢, S. Mili¢evi¢

European Union. Journal of Cleaner Production, 138, 38-46. https://doi.org/10.
1016/j.jclepro.2016.05.119

Tschiggerl, K., & Topic, M. (2019). Cleaner production and sustainable development. In:
Leal Filho, W. (Ed.) Encyclopedia of sustainability in higher education. Springer

Tukker, A. (2015). Product services for a resource-efficient and circular economy - A
review. Journal of Cleaner Production, 97, 76-91. https://doi.org/10.1016/
j.jclepro.2013.11.049

Umpfenbach, K. (2013). How will we know if absolute decoupling has been achieved?
Common Approach for DYNAMIX. Berlin: Ecologic Institute.

UNATATS. (2019)

UNEP. (2011). Decoupling natural resource use and environmental impacts from economic
growth: A report of the working group on decoupling to the International Resource
Panel.

UNEP Annual Report. (2016). UNEP

Universal Circular Economy Policy Goals. (2021). Cowes, UK: Ellen MacArthur Foundation

Vavrek, R., & Chovancov4, J. (2016). Decoupling of greenhouse gas emissions from
economic growth in V4 countries. Procedia Economics and Finance, 39(1), 526—
533 https://doi.org/10.1016/S2212-5671(16)30295-7

Wang, Q., Zhang, F., & Li, R. (2023). Revisiting the environmental Kuznets curve
hypothesis in 208 counties: The roles of trade openness, human capital, renewable
energy and natural resource rent. Environmental Resource, 216, 114637.
https://doi.org/10.1016/j.envres.2022.114637

Wang, H., Zhao, S., Wei, Y., Yue, Q., & Du, T. (2018). Measuring the decoupling progress
in developed and developing countries. Proceedings of the 8th International
Conference on Management and Computer Science (ICMCS 2018). Atlantis Press.
https://doi.org/icmcs-18.2018.77

What is a Circular Economy? (2020). Cowes, UK: Ellen MacArthur Foundation.

Wiedmann, T., Lenzen, M., KeyBer, L. T., et al. (2020). Scientists’ warning on affluence.
Nature Communication, 11, 3107. https://doi.org/10.1038/s41467-020-16941-y

Wood, R., et al. (2018). Growth in environmental footprints and environmental impacts
embodied in trade: Implications for resource efficiency. Journal of Industrial
Ecology, 22, 553-564. https://doi.org/10.1111/jiec.12735

Wooldridge, J. M. (2013). Introductory econometrics: A modern approach. Cengage
Learning.

Wu, X., Fu, B., Wang, S., Song, S., Li, Y., Xu, Z., Wel, Y., & Liu, J. (2022). Decoupling
of SDGs followed by re-coupling as sustainable development progresses. Nature
Sustainability, 5(5), 447-458. https://doi.org/10.1038/s41893-021-00846-9

Zaman, A. U., & Lehmann, S. (2013). The zero waste index: A performance measurement
tool for waste management systems in a ‘zero waste city.” Journal of Cleaner
Production, 50, 123-132. https://doi.org/10.1016/j.jclepro.2012.11.041

Zhang, Y., & Shcherbakova, A. (2016). Sustainable land use and forest management:
Comparing China and Brazil. Resources, Conservation and Recycling, 112, 101
115. https://doi.org/10.1016/j.resconrec.2016.01.004

Zhou, Y. & Geng, Y. (2020). Circular economy strategies for low-carbon urban
development. Resources, Conservation and Recycling, 161, 104884. https://doi.org/
10.1016/j.resconrec.2020.104884


https://doi.org/10.1016/%0bj.jclepro.2013.11.049
https://doi.org/10.1016/%0bj.jclepro.2013.11.049
https://doi.org/icmcs-18.2018.77
https://doi.org/10.1038/s41467-020-16941-y
https://doi.org/10.1111/jiec.12735
https://doi.org/%0b10.1016/j.resconrec.2020.104884
https://doi.org/%0b10.1016/j.resconrec.2020.104884

Green Economy in Natural Capital Management: Implications for Sustainable Development 87

3EJIEHA EKOHOMUJA
Y MEHAIIMEHTY NPUPOJHOI" KAIIUTAJIA:
NMIIVIMKALIUJE 3A OAP’KUBU PA3BOJ

Baagumup Kocruh', Anexcannap Kocruh?, Cphan Musmhesuh®
! AkajieMHja TEXHMYKO-BACTIMTAYKHUX CTPYKOBHHUX CTyauja Hu,
Opncex Bpame, Cpbuja
2Vuusepsurer y [IpulITHHY ca IPUBPEMEHMM cenuiuTeM y KocoBckoj MuUTpOBHILIH,
Exonomcku daxynrer, KocoBcka Murposuna, Cpouja
3VuusepsuteT MerpononuTan, dakyTeT 3a MeHaUMeHT, beorpan, Cpouja

Pe3ume

Hemnpecrano yrposkaBajyhn Onodusmuke Kamamurere reorpadckor IpocTopa,
HajIpe Ha JIOKAJTHOM U PErHOHAJHOM, a 3aTUM U Ha INIOOATHOM IUIaHY, YOBEYAHCTBO
ce Beh Iy>ku BpEMEHCKH IIepHOJ MTOHAIIa Ha HAUYUH KOjH je Y CYHIPOTHOCTH Ca OCHOB-
HHMM 3aKOHMUMa npupoje. ITuTame JbyACKe er3ucTeHuuje, u3Mehy ocranor, cBe BUILE
ce TocMaTpa y cBeTiy OpojHHX MpoOiieMa MOBE3aHUX Ca PACIIONOKHUBUM MPUPOIHUM
pecypcuMa 1 orpaHHYCHUMa KamaluTeTa 3eMibe Aa arcopOyje OTmaz Kao MOCIeANIe
pactyhe npousBoame u noTpowkhe. Vnentudukyjyhu kaTeropujy mpupoIHOT Kamu-
Taja cajapikajeM HPUPOIHUX pecypca W KHUBOTHE cpeluHe, Moryhe je TOBOPUTH O
e(MKaCHOCTH M e(EeKTHBHOCTH YIpaBJbarba TUM (HaKTOPOM HPOU3BOAE Ha HHUBOY
Pa3IMYUTHX EKOHOMCKHMX €HTHUTETa y CBETUIy MHOTHX H3a30Ba OJP)KHBOT pa3Boja ca
KOjHMa Ce CyouyaBa CaBPEMEHH CBET.

IIuTama xoja ce oqHOCE HAa HMIIEPATUB TpaH3MLH]je mocTojeher obnrka mpou3BoOA-
e Ha MOJEN 3eJIeHe eKOHOMH]jE 3ay3MMajy CBE MCTaKHYTHj€ MECTO y KOHLIUIHPAKY
OJIP’KUBHX MOCJIOBHHUX MOJIENA M CTPATErrja OAPKUBOT pa3Boja 3eMalba. Y pany je Ko-
pumrhemeM MaHen PerpecHoHOr MOoJielia carjie/laBaH yTHIAj IPOMeHa MaTepujaIHorT
OTHCKa, IpOMeHa OpyTO HALMOHAIHOT JIOXOTKa MO CTaHOBHUKY U emuchje CO2 1o
CTaHOBHHUKY Ha WHJICKC OJPXKHMBOT pa3Boja 3a rpymy o 166 3emaba cBeTa y MEPUOILY
ox 1990. mo 2019. ronune. Pesynratu Mozena ykasyjy Aa 3a jeQHHAYHHU ITOPacT OpyTo
HAI[MOHATHOT JI0XOTKA [0 CTAHOBHHUKY, OYCKMBAHO CMAaCHE HHACKCA OJIP)KUBOT Pa3-
Boja m3HOCcH 2,68499¢-06 jenmanma. CiudaHo, 32 moBehame MaTepHjaTHOT OTHCKA 3a
JEOMHUITY, OYEKHBAaHO CMambCHhe MHIEKCa ONpKUBOT pas3Boja m3Hocu 0,00795721 je-
MUHUIA, TOK je 3a noBehame emucuje CO2 1O CTAaHOBHHKY OJ1 jeIHE jeAUHHIIE, OUe-
KHABaHO CMameHhe UHICKCa OApKuBor pasBoja 0,00328723 jenunuiia. OBU pe3ynraTu
ynyhyjy Ha nmotpeby ycrocraBibarma IOCIOBHUX MOJIENa M HAallMOHAIHUX CTpaTeruja
pa3Boja Ha NMPUHIUIMMA O3eliekhaBamba eKoHoMHuje. OHM Takole yKasyjy Ha BaXKHOCT
nocTojama epUKacHOT U e()eKTHBHOT MEHAIMEHTA MPHPOJHOT KalUTalIa KOju MPOMO-
BUIIIE OJPKUBO KOpHIIheme MPUPOTHUX pecypca W peryiuiie eMucHjy 3aralyjyhnx
Mmarepuja 0e3 yrpoxkaBamba OJP)KUBOCTH BHTAJIHHX €KOCHCTeMa. Y TEPCIeKTHBH,
00y3/1aBame MOTPOIIHE HE CaMO HEOOHOBJBMBHX, Beh 1 OOHOBJBHMBHX NPHPOTHUX pe-
cypca, Kao U CMamee 3araljera JXMBOTHE CPEIMHE MPEACTaBIbajy BaKaH YCIIOB JbY/-
CKOT OIICTaHKa.



