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Abstract: Ever since the idea of sustainable development was proposed, how to achieve it has al-

ways been the focus of researchers and policymakers. At the same time, in the letters of sustainable 

development, two approaches of weak sustainability and strong sustainability have been mentioned; 

Two approaches with different assumptions suggest different policies and will have different con-

sequences. On the other hand, with the increase of environmental concerns in recent decades, the 

concept of natural capital and physical, human, and social capital has been added to the common 

literature of economics. Recently, with the collection of data related to the natural capital of nations 

by the World Bank, the possibility of statistical studies in this field has been provided. In the form 

of several regression models and at the international level, the present study will analyze the most 

fundamental difference between the two approaches of weak sustainability and strong sustainabil-

ity, i.e., the possibility or impossibility of replacing physical capital instead of natural capital. The 

study results show that natural capital has a direct, positive, and independent role in explaining 

sustainable development indicators. Even the addition of physical, human, and social capital indi-

cators does not threaten the significant coefficient of natural capital. Therefore, it can be concluded 

that under the assumption of a strong sustainability model, other types of capital can not replace 

natural capital. 

Keywords: Natural capital, sustainable development, environmental footprint, biological capacity, 

human development index, Ecological Economy, Sustainable Economy. 

 

1. Introduction 

All believe development to be a desirable phenomenon because, by definition, it will 

bring a better future, past, and present. But the model of achieving this goal as an influ-

ential issue in how society’s resources are allocated has always been of interest to econo-

mists[1]. One of the most important issues for policymakers is explaining and regulating 

the relationship between development, capital, and natural resources. On the one hand, 

nature consumes the energy and resources necessary for production, and as a result, pro-

vides utility, and on the other hand, by absorbing, refining, or storing pollutants and leav-

ing no traces of pollutants and wastes. Although some policymakers may still have this 

view of nature, there have been dramatic developments in the field since the idea of 

growth constraints [2, 3]. 

 The designers of the idea of growth constraints believed that the existing process of 

economic growth would lead to widespread degeneration and stalemate; Efforts to re-

spond to this idea, as well as to raise environmental issues, have led economists to develop 

concepts that today make up a significant portion of research related to the growth and 

development of the economy[4]. It specializes. Sustainable development is one of the most 
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influential concepts presented in this period. Sustainable development is a normative con-

cept that deals with the preservation and survival of integrity in the economic system and 

refers to establishing a kind of balance between economic, social, and environmental goals 

(2000). From this point of view, economists today are paying more and more attention to 

the two-way effect of the natural capacities of the environment and the process of eco-

nomic development so that nature, along with other types of capital, becomes a source of 

capital. Sustainable development, in which the four types of capital - physical capital (the 

sum of financial and productive capital (human, natural, and social - capital) - are not 

known to the economy and are as important to the economy. Goods and services result [5, 

6]. 

Over time, researchers’ efforts to develop the concept of sustainability and apply it 

to policy-making have led to two competing perspectives in this area: two perspectives 

known for poor sustainability and strong sustainability. Simply put, some experts believe 

in the possibility of substituting different types of capital and see the sustainability of a 

set of capitals as the goal of sustainable development (poor sustainability), while others 

do not[7]. The accumulation of natural capital - independent of other types of capital - 

alone must be stable over time (strong sustainability). There is no doubt that the ac-

ceptance of either of these two perspectives will have completely different policy implica-

tions in production, society, and the environment, but this article is more than a theoretical 

or theoretical study[8]. To analyze the political consequences of theories and their results, 

it is to explain the role and contribution of natural capital and social capital in the process 

with an empirical approach and with the help of econometric tools. Of course, it should 

be noted that the results of this study can be a basis for choosing between two competing 

theories of strong or weak sustainability. This study will examine the extent to which nat-

ural capital per capita can explain the differences in the indicators related to sustainability 

in different countries[9]. The answer to this question can be a criterion for assessing the 

importance that nations attach to their per capita natural capital; According to the results 

of this study, it can be examined whether the awareness of communities has reached a 

point where they prefer the growth of natural capital to the growth of national income in 

comparison[10]. 

In the field of experimental studies, one of the most important concerns of the re-

searcher is the measurement of each variable. Which indicators are appropriate and effi-

cient for measuring sustainability, physical capital, natural capital, or social capital, is a 

broad and controversial issue. This article will try to use a relatively comprehensive set of 

indicators used and valid to measure each of these variables, based on various previous 

studies[11]. 

In this study, cross-sectional data related to the year 2020 for 59 countries of the world 

have been used. In the continuation of the article, first, some previous studies in this field 

will be reviewed. After referring to the theoretical foundations in the third section, in the 

fourth section in two parts, first, the definitions and how to collect data and then the re-

sults of econometric models are presented, and finally, in the final section of the article, 

summary and conclusion is mentioned. 

2. Literature review 

Literature and research in this field can be divided into two categories: First, the 

group of theoretical studies that have developed in developing the concept of natural cap-

ital and the need to pay attention to it in models of sustainable development. One of these 

is ref. [12]. While rereading the theoretical foundations of social capital and designing hu-

man interaction with nature on the path to sustainable development, he addresses some 

of the challenges facing nature as capital. Explains and discusses the economic value of 

natural resources and their role in maintaining the development process; And based on 

the theory of desirability, they examine how to make the best use of natural capital. But 
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the second group are relatively numerous studies that have been done for practical pur-

poses. In most of these studies - of course, by defining different measurement tools - the 

relationship between natural capital and one of the indicators of sustainable development 

(for example, happiness index) have been studied. Then the researcher has used the esti-

mation model by using the estimation model. For example, A study[13] examined the re-

lationship between natural capital and quality of life. They directly divide the lives of in-

dividuals (indirectly) and indirectly (provide resources for production) and, relying on 

this conceptual framework, identify possible paths for sustainable development by com-

paring different paths. Another study[14] also uses the investment criterion, which is quite 

common in the physical capital literature, to present a new method for measuring natural 

capital, and using the same method, according to the cost of government, The amount of 

investment in the field of natural capital b Calculates the vote for the fiscal year 2004-2015. 

Nevertheless, a study[15] may be considered the first study to examine the relation-

ship between happiness and the environmental conditions of countries at the international 

level. However, it has followed the same approach in two other studies and used how 

people’s life satisfaction changes with the change of two variables of income and environ-

mental quality; this study has thus succeeded in not only calculating the optimal rate of 

preventive measures to reduce the volume of pollutants, but also the monetary value of 

this improvement. In addition, it emphasizes the satisfaction index (as a multidimensional 

indicator for measuring happiness), indicating that the index has a high capacity for use 

in environmental analysis and is not. The basis of this index is the calculation of monetary 

value that improves the quality of the environment. 

Another research [16] has been one of the main role models in shaping this article. 

Their study examined the effect of physical, natural, human, and social capital on explain-

ing the life satisfaction index in 170 countries. Of course, this research has some shortcom-

ings and has been criticized in other articles such as ref. [17-20]. The main shortcomings 

of this article can be categorized into three groups: First. The study of ecosystem value 

index per square meter has been used to measure natural capital, an index that researchers 

do not agree on its comprehensiveness and efficiency. And have used the Human Devel-

opment Index as a tool for both human and physical capital, and finally, the data used in 

this paper are relatively old and, in addition, for countries with different data years. How-

ever, their econometric model has yielded significant results. Based on their findings, the 

end of the article proposes a new indicator for measuring sustainability called the Na-

tional Happiness Index, although we seek to compare the two competing perspectives 

empirically. 

However, comparing the two concepts of strong sustainability and weak sustainabil-

ity in the form of empirical models, as the main goal of the present article, is also one of 

the new topics in the field of environmental economics. Coherence and comprehensive in 

this regard have not been done. Of course, such issues seem quite justifiable given the not-

so-long history of data collection on sustainable development indicators and the lack of 

methodological unity in how these indicators are calculated. Other studies like [21, 22] 

can be included in this study with a little tolerance. After analyzing and comparing the 

political concepts and consequences of each of the two competing points of view, this ar-

ticle introduces its proposed indicators for measuring these two points of view. After list-

ing these characteristics’ characteristics, it presents its competing two points of view for 

measuring the two competing points of view. 

Also, a study in recent years[23] as one of the latest research in the field uses an in-

termediate approach, instead of rejecting or accepting one of the two competing views, by 

attempting to establish a common discourse between the two theories called sustainable 

developmental reflection to establish a kind of prophecy between these two theories. Niel-

sen bases his study on the assumption, albeit seemingly correct that proponents of the two 

concepts of weak and strong sustainability not only have a completely different interpre-
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tation of emotion but also consider the other side’s view to be irrational and invalid; How-

ever, by introducing weak sustainability as an appropriate description of the current state 

of the world and proposing strong sustainability as the normative target for environmen-

tal policies, he tries to emphasize the rule of law by emphasizing the rule of law. Proposals 

based on these two perspectives can be complementary rather than competing.  

3. Theories and framework 

 This section of the article pursues two goals; At first, definitions are presented as 

accurately as possible from the two competing perspectives under consideration, namely 

weak sustainability, and strong sustainability, and then after a detailed review of the def-

initions. 

Sustainable development, concepts, theoretical foundations, and characteristics of 

non-measurement of sustainability and different types of capital in the economy will be 

discussed. As noted, sustainable development provides a good platform for study by na-

ture, social welfare, and holistic development. The concept of sustainable development 

was met with widespread acclaim by researchers and even policymakers, but in practice, 

there were differing and sometimes contradictory views on this issue, which ultimately 

led to the two perspectives of weak sustainability and sustainability. 

Poor sustainability is a condition for the survival and sustainability of total capital 

value (including physical capital, social assets, and natural endowments). According to 

this theory, the very weak state of which is called solo sustainability by one of the most 

famous theorists of economic growth (solo), it is sufficient for the general capacity of pro-

duction to remain constant over time in such a way that it is consumed domestically[23]. 

Despite the adjustments made, in general, poor sustainability addresses the sustainability 

of the economic capital complex, and in a sense, it can be argued that proponents of this 

theory substitute different types of capital for each other[24]. In poor sustainability, nei-

ther nature nor other types of capital have any intrinsic value and are only tools to reach 

the highest possible level of desirability. 

Calculating the compensatory values is one of the biggest shortcomings of this theory, 

that is, answering how much capital should be replaced to compensate for the destruction 

of an ecosystem. In addition, even the proponents of weak sustainability theory have de-

bated the assumption of capital substitution. Some have challenged the assumption of 

indefinite substitution, while others have argued for practical barriers to the replacement 

of physical capital with natural capital [22]. 

On the other hand, strong sustainability, relying on the role of nature, emphasizes 

that - at least some - 

Environmental characteristics must remain stable over time [23]. Capital is consid-

ered to be very low and close to zero instead of natural capital. This approach can be con-

sidered equivalent to the sustainability of natural capital overtime on the sustainability of 

natural resources. They consider each other that both must remain stable at the same time. 

The fact is that in today’s world, economic and environmental policies are more likely 

to be designed and implemented in the context of the concept of weak sustainable devel-

opment. Environmental Economics If it wants to introduce its proposed alternative as a 

basis for future policy-making, it must simultaneously take at least three different paths: 

first and foremost, its political implication; The present study can be the beginning of a 

step in this direction[23, 24]. 

Before examining econometric patterns, it is worthwhile to briefly examine the capi-

talist approach to explaining sustainable development, the different types of capital, and 

their measurement indicators. The United Nations [25] considers sustainable develop-

ment to be a development in which “by replacing or conserving the main sources of 

wealth, namely the volume of productive, human, social and natural capital, the non-de-

clining path of national wealth in the country. “ This definition, which is based on the 
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capitalist view of economic development, can provide a good basis for the present re-

search because it goes beyond classical theories of the physical and material views. Alt-

hough development is traditionally measured only by increased per capita income or 

GDP, researchers in various fields have sought to add new components, such as environ-

mental damage, education, and health. Today, they use them as a combination of indica-

tors. The United Nations report identifies the happiness index as an appropriate indicator 

of this goal, and even beyond that, it defines development as “increasing the well-being 

of members of society over time” [26]. P.44 introduces the Happiness Index as “a solid 

foundation for measuring sustainable development.” Similar views can be found on pages 

3, 2, and 19 of this report. Sustainable development encompasses diverse economic, social, 

and environmental aspects, and finally, research [27] has used the same indicator to meas-

ure sustainability in their studies. For this reason, in this study, the happiness index has 

been considered the main indicator for measuring sustainable development; in addition 

to this index, two indicators of life satisfaction and the happy planet index have also been 

used as indicators for happiness.  

The dependent variable indices to measure sustainable development will include 

econometric models in this paper. In rows, explanatory variables will be tried according 

to previous studies, instruments to measure different species of capital (physical, human, 

natural, and social) must be provided. In this way, it is possible to evaluate and compare 

the share of each of them in the happiness index. 

The first type of capital, namely physical capital, has long been considered the main 

component of development in the economic literature. Due to the richness of the writings 

and to avoid explaining the details, the concept of physical capital is not addressed. In this 

study, two per capita GDP and per capita national income indicators have been used to 

measure per capita physical capital. It should be noted that in addition to these two indi-

cators, in the literature [26-33]; two variables of the unemployment rate and inflation rate 

as important variables in explaining. These two variables, although they may not be a 

direct indicator for measuring physical capital, can certainly not be considered in addition 

to the general characteristics of income in general. On the one hand, almost all related 

studies have used GDP per capita or national income indicators to explain the happiness 

index or other similar indicators. They are considered constants, and their omission from 

the pattern leads to biasing of the estimated coefficients. On the other hand, a review of 

previous studies shows that physicians are more important than others. And Vemuri & 

Costanza Development Index considered human beings as the basis for measuring phys-

ical capital. In addition, physical capital is affected by the increase in the value of fixed 

assets (both land and inventory) and the amount of investment in the economy. Since, 

according to macroeconomic theories, these variables themselves are affected by changes 

in production or income, as well as inflation and unemployment in the economy, a set of 

these indicators can be considered a suitable combination for measuring physical capital. 

For this reason, in this study, the same indicators have been used to measure physical 

capital. The second type of capital that plays a pivotal role in this study is natural capital. 

The idea of natural capital is not so new, but similar views can be found in the writings of 

economists such as Malthus, Ricardo, and even some neoclassical economists. However, 

the emergence of an independent field called environmental economics has led to a 

greater emphasis on the role of natural capital in the discourse of human well-being and 

happiness (Natural income) will follow goods and services [34, 35]. Natural capital can be 

divided into renewable and non-renewable hands. Fossils have very low reproduction 

rates, so that they can only be imagined once at a time. According to ref. [36], sustainable 

development is economic growth as long as the accumulation of natural capital remains 

stable. Equal to shocks, It should also be considered external. 

Natural capital combines the three components of land, natural resources (renewable 

and non-renewable), and ecosystems. Still, the valuation and measurement of environ-

mental goods and services do not face many difficulties. For this reason, the measurement 
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of natural capital follows complex patterns, which we do not intend to address at this 

time. This study uses two alternative indicators to measure the per capita natural capital 

of countries. The first indicator is the headline of natural capital based on the statistics 

presented in the World Bank report [36, 37]. This report can also consider the difference 

in environmental footprint and per capita biological capacity in each country as a tool for 

measuring natural capital, although I have not used such an indicator for measuring nat-

ural capital before. There are no studies - but their meaning may be the reason for these 

authors’ suggestions, which we will cover in more detail in the next section of this article. 

The third type of capital is social capital. Among the types of capital, social capital is 

the latest type, and therefore, as the United Nations report [33] points out, among the 

types mentioned above of capital, it has been studied less than others. The same report of 

social capital as the characteristics of social organizations such as the level of trust, norms, 

and networks (civic interaction) that improve the efficiency of society by facilitating coor-

dinated actions or institutions, relationships, and norms that improve the quality and 

quantity of interactions. Despite the existing complexities and the nascent literature on 

the subject, methods for measuring social capital have been introduced in recent years. 

Some researchers have introduced the trust index, some have introduced the average 

membership of individuals in voluntary organizations, and some have introduced a com-

bination of them to measure social capital. However, for measuring social capital, there 

are still no common methods accepted by most researchers, and this issue is also consid-

ered a topic worthy of further discussion. However, in terms of the role of social capital 

in sustainable development, various studies have been conducted on the consequences of 

social capital growth in economics. For a new research sample [34], the economic effects 

of the growth of social capital and another [35] study on the relationship between the 

growth of social capital and the happiness index have been studied. Based on the studies, 

social capital has been accepted as one of the most important components affecting life 

satisfaction. Although this indicator is less important in developing countries, it can affect 

people’s life satisfaction even more than income issues or income inequalities in rich coun-

tries. This study uses three valid factors to measure social capital; first, the Gini coefficient, 

which shows income inequalities in each society. This character has also been used in En-

gelbert. According to previous studies, this indicator is expected to be a suitable symbol 

of social capital, especially in less developed countries. In addition to the Human Devel-

opment Index and one of its main components, life expectancy has been used as two other 

tools to measure social capital. Because this index, as one of the most widely used compo-

sitional characteristics in society, deals with various aspects, including educational and 

health issues. In addition, this index can be considered as a tool for measuring human 

capital. However, in other studies, characteristics such as the public confidence index have 

been considered that have not been used in this study due to lack of access to relevant 

data [35-41]. 

Finally, it must be said about human capital that although it does not yet have a single 

and specific definition, everyone has accepted that the quality and capacity of human re-

sources affect the well-being of the economy. A winner of the Nobel Prize in Economics 

in 1992, he was one of the first designers of the term human capital, for which he listed 

the three components of education, on-the-job training, and health [41]. In the present 

study, the education index has been used to measure natural capital. Considering the 

presence of the human development index for measuring social capital, it is expected that 

the simultaneous presence of two indicators of education and human development in the 

models is a suitable tool for measuring human capital; A similar approach has been used 

in the study [42]. 

4. Materials and Methods 
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In this section, while briefly introducing the variables used in econometric models, 

we discuss how to collect and explore them. In the following, we will estimate the coeffi-

cients of the patterns and analyze the results by introducing alternative models. 

Index of happiness. This index is extracted based on the polls of the World Values 

Survey Center. The happiness index is a combination calculated from the difference be-

tween the two indices of life satisfaction (LS) and satisfaction. These two indicators are 

determined as a result of direct questions from the audience. The Global Values Survey 

Center questionnaires are regularly distributed around the world in different periods, and 

the results of the surveys are also provided to the researchers through the website of this 

center. The data used in this article are related to (for some countries, due to lack of data, 

the closest year to 2020)[44]. 

Two indicators of happiness (HPI) and LS (life satisfaction) have been used as alter-

natives to happiness. According to the collectors of the Happy Planet Index, the purpose 

of its design was to measure happiness, and for this reason, it has been taken as a substi-

tute for happiness. Happiness car is a combination of economic, political, social, and en-

vironmental variables, and in addition, the third alternative is the use of the life satisfac-

tion index (LS), which is one of the most important components in the index. It is a meas-

ure of happiness, and for this reason, it has also been considered separately as an alterna-

tive, and life satisfaction index data have also been extracted from the (un) happy planet 

index report. 

Physical capital. Two indicators of per capita GDP and per capita national income 

were used to measure physical capital. Relevant data are taken from the World Bank data 

set[45]. Of course, the capital formation index can also be used to measure physical capital, 

but in most articles in this field, income indicators are considered a symbol of physical 

growth and growth as a symbol of growth. Explanations have been used in the models 

for measuring sustainable development, and they have been sufficient in this article. 

Natural capital is one of the most important components of a nation’s wealth. Ac-

cording to the World Bank, “Where is the Wealth of Nations?”, Natural capital in high-

income countries accounts for 2%, in middle-income countries about 13%, and in low-

income countries 26% of each country’s wealth. The data in this article are taken from the 

first appendix of the World Bank report. In addition, the per capita difference between 

ecological footprint and biological capacity has been used as an alternative. Although 

even in many studies, to measure the quality of the environment, only data related to one 

or more pollutants are sufficient, but the increasing scope of environmental studies re-

quires the introduction of a comprehensive index that represents the status of a variable 

The environment as a whole has become more apparent[32]. 

Table 1. Descriptive statistics of the studied variables 

Parameter 
Kurto-

sis 

skew-

ness 

Std. 

Dev. 
 Min   Max   Mean   Unit 

Happiness index 2.31 -0.55 1.13 -2.5 4.45 1.89 - 

Happy Planet Index 3.00 -0.08 10.22 16.9 67.90 42.90 - 

Life Satisfaction Index 2.51 -0.53 1.28 3.4 8.22 6.10 - 

GDP per capita 2.33 0.64 11479.21 1104.70 48915.91 14478.90 USD,2000 

GNP per capita 2.47 0.86 11470.18 598.90 38975.40 11328.22 USD,2000 

Natural capital per capita 11.66 2.88 10245.90 0.00 54829.98 7905.12 USD,2000 

Per capita environmental foot-

print 
2.28 0.44 2.22 0.66 9.60  3.66 Global acres 

Biocapacity per capita 13.43 2.93 3.67 0.18 22.88  3.12 Global acres 

Human Development Index 6.28 -1.56 0.16 0.20  0.96  0.81 - 

Education Index 5.31 -1.72 0.11 0.73  1.02  0.88 - 
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Gini coefficient 2.89 0.67 9.23 24.33  59.29  38.22 % 

Inflation rate 12.22 3.05 11.71 35.12  55.18  43.12 % 

Unemployment rate 4.51 1.22 4.12 7.8  27.3 17.24 % 

The environmental footprint index is the most important and widely used indicator 

that has been proposed in this field to date[46]. The environmental footprint states at what 

rate each country’s nature must reproduce itself to maintain the pattern of resource ex-

traction, production, consumption, and pollution. For example, if the fishing rate in the 

Caspian Sea is x units per year, the fish in the Caspian Sea must be produced at a rate 

equivalent to x units per year to maintain this pattern of harvesting in the long run. Envi-

ronmental footprint tries to provide a single number of the environmental system of each 

country by combining all perceptions, consumptions, and pollutants. On the other hand, 

bio-capacity shows at what rate the nature of each country can reproduce itself. If the fish 

of the Caspian Sea are reproduced at a rate of one unit per year, a comparison of x and y 

can map the future of the fish of this sea[47]. 

The beginning of the calculation and collection of data related to these two variables 

does not take long, and the data related to them are available to researchers only for a few 

years. The information used in this article is extracted from the report of the car in life in 

2018 and 2020, which published the information for 2016 and 2017. Given that the other 

report data are related to the year 2020, the average data of these two years are included 

as values related to the environmental footprint and bio-capacity in the year 2020. In ad-

dition, the two variables in question do not change much over short periods; A compari-

son of data for the years 2016 and 2020 illustrates this well[48, 49]. 

Indicators of human development and education. Data from these two individuals 

have been extracted from United Nations reports under the title Human Development 

Report[50]. 

Gini coefficient. The Gini coefficient is an indicator that shows the level of income 

inequalities in each country. Information related to this variable has been extracted from 

the set of world development indicators; Because for some countries, the information of 

the year closest to 2020 has been used[51]. 

Inflation rate and unemployment rate. Information related to these two variables has 

also been extracted from the set of world development indicators. 

3. Results 

As noted in the previous sections of this article, what is most important in analyzing 

the two theories of strong and weak sustainability by environmental economists is the 

substitution of physical capital for natural capital. To this end, we begin by examining the 

share of natural capital in sustainability indicators. Table 2 is the estimates related to the 

three models in which the characteristics of happiness, happiness, and life satisfaction are 

regulated on the natural resources of the regression (the pattern is exaggerated). Except 

for the third model in which the happiness index is used, the coefficient of natural capital 

is statistically significant in the other two models, and its sign is consistent with the theo-

retical expectations.  

𝑆𝐼 = 𝛽0 + 𝛽1𝑁𝐶 + 𝜀       (1) 

In other words, if we consider happiness or life satisfaction as an indicator of sustain-

ability, natural capital will play a significant role in explaining sustainability. 

Table 2. The share of natural capital in explaining the sustainability indicators 

 Welfare   Life satisfaction Happiness   

Y-intercept 55.44(12.47) 1.12 (0.98) -5.26(1.89) 
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Natural capital per cap-

ita 
-1.48(1.45) 0.60 (0.12) 0.92(0.22) 

R2 0.18 0.24 0.19 

Durbin-Watson 1.92 1.94 1.91 

Now, to examine the possibility of substitution of physical and natural capital, we 

estimate the patterns in the row of dependent variables, one of the three alternatives pre-

sented as an indicator of SI sustainability, the characteristics of happiness, happiness, and 

happiness in happiness and happiness in happiness. Physical PCs and NC Alternative 

Capital Features. Equation (2) shows the general form of the estimated pattern[52]: 

𝑆𝐼 = 𝛽0 + 𝛽1 𝑃𝐶 + 𝛽2𝑁𝐶 +  𝜀      (2) 

Considering all possible substitutions, it is possible to estimate 12 different patterns, 

of which the top five patterns are reported in Table 3. Heterogeneity is a common phe-

nomenon. The standard deviation of the coefficients of all patterns is reported after elim-

inating variance[53-60]. Heterogeneity is observed. Explanatory, it seems perfectly ac-

ceptable. With the introduction of physical capital into the model variables, the power of 

explanation has increased significantly from about 20% to more than 50%. This fact sug-

gests the undeniable role of income in explaining sustainability indicators. 

Nevertheless, despite the existence of physical capital, except for the fourth model, 

in all models, the coefficient of natural capital has been estimated to be statistically signif-

icant and opposite to zero. Therefore, relying on the assumptions made, one can challenge 

the assumption of a weak sustainability theory based on replacing physical capital with 

natural capital. Finally, it should be noted that the introduction of the marginal difference 

in biological capacity and environmental footprint, as indicators for measuring natural 

capital in the form of sustainable development models, has not been discussed in previous 

studies. The results of Table 3 show that four of the top five models have used the same 

indicator to measure the environment. This can be a confirmation of the researchers’ as-

sumption in defining this index[61]. 

Table 3. Estimation of patterns involving both physical and natural capital 

 
Life satis-

faction 

Life satis-

faction 

Life satis-

faction 

Happi-

ness   

Happi-

ness   

Y-intercept 
5.11(0.18)  4.17 (1.12) 4.13(0.41) 0.44 (0.27) 

-0.82 

(0.66) 

GDP per capita  -  - 0.89 (0.12)  - 1.17 (0.24) 

Per capita national income 0.66 (0.09) 0.61 (0.11) - 0.82 (0.09) - 

Natural capital per capita - 0.17 (0.11) - - - 

Per capita difference between ecologi-

cal footprint and biological capacity 
0.08 (0.05) - 0.06 (0.02) 0.09 (0.05) 0.08 (0.02) 

R2 0.62 0.58 0.54 0.53 0.42 

Durbine-Watson 1.69 1.75 1.71 1.88 1.79 

 

We now turn to patterns in which all four types of physical, natural, human, and 

social capital are considered. Equation (3) shows the general form of these patterns. 

𝑆𝐼 = 𝛽0 + 𝛽1 𝑃𝐶 + 𝛽2 𝑁𝐶 + 𝛽3 𝐻𝐶 + 𝛽4 𝑆𝐶 +  𝜀    (3) 

Three indicators of happiness, happiness and life satisfaction have been used to 

measure SI sustainability in these models. To measure the physical capital of PC, two al-

ternatives of per capita income and GDP per capita were used to measure the natural 

capital index of NC. We used two alternatives of natural capital per capita and the differ-

ence between ecological footprint and biological capacity. The human development index, 
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education index, and Gini coefficient have also been considered measuring human and 

social capital. Of course, all the models in the absence of the education index have also 

been estimated due to the possibility of overlap between the education index and the hu-

man development index. In addition, two variables of the unemployment rate and infla-

tion rate are also included in the models. These features have always been the focus of 

researchers in similar studies in the past, including [41-52]. 

Table 4. Estimation of patterns involving all types of capital. 

 Life satisfaction Happiness   Happiness   Happiness   

Y-intercept 2.01 (1.22) 0.44 (2.02) -0.18(2.35) -4.81(1.92) 

GDP per capita 0.52 (0.31) - - 0.96 (0.33) 

Per capita national income - 1.17 (0.19) 1.17 (0.26) - 

Natural capital per capita 0.28 (0.18) - - 0.41 (0.32) 

Per capita difference between ecolog-

ical footprint and biological capacity 
- 0.09 (0.02) 0.05 (0.02) - 

Human Development Index 1.12 (1.55) 0.81(2.67) -2.44(3.05) 3.62(2.57) 

Education Index - -4.02 (1.62) - -4.31(1.23) 

Gini coefficient 0.05 (0.02) 0.11 (0.02) 0.08 (0.02) 0.07(0.03) 

The inflation rate -0.03 (0.01) -0.05(0.02) -0.05(0.02) -0.04(0.02) 

Unemployment rate -0.05 (0.03) -0.04 (0.03) -0.03 (0.02) -0.06(0.01) 

R2 0.64 0.69 0.66 0.59 

Durbin-Watson 1.81 1.75 1.78 1.62 

 
Thus, and taking into account all possible permutations, there were a total of 24 pre-

dictable models, with estimates for the eight selected models in Table 4. The selection of 

superior models has been done according to the degree of explanatory nature of the model, 

the significance of the whole model, and the significance of the coefficients. Increasing the 

model’s explanatory power was an expected phenomenon due to the increase in the num-

ber of explanatory variables, but according to the obtained results, it is necessary to point 

out a few points[62-67]. Adding an education index to patterns and increasing the explan-

atory power of the pattern also helps to make the pattern coefficients more meaningful. 

This can be well understood by comparing the fifth and sixth columns and the seventh 

and eighth columns. Since the addition of this variable is also discussed for the first time 

in this study, the obtained results can be considered assumptions of researchers. In addi-

tion, the coefficient of the education index in all models is estimated to be negative. It can 

be justified that with the increase of education in the society, the level of expectations and 

demands of the society increases, and as a result, more attention is paid to the shortcom-

ings and unstable factors of the development process. For this reason, if the level of edu-

cation in the society improves, assuming the sustainability of other conditions, the society 

will consider the previous situation more unstable[68]. 
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Table 5. Estimation of patterns involving all types of capital 

 
Life satisfac-

tion 

Life satis-

faction 

Life satis-

faction 

Life satisfac-

tion 

Y-intercept 3.58 (1.32) 5.07(1.24) 4.75(1.26) 2.24 (1.22) 

GDP per capita - - - 0.55 (0.21) 

Per capita national income 0.55 (0.15) 0.61 (0.14) 0.66(0.16) - 

Natural capital per capita 0.33 (0.13) - - 0.29 (0.14) 

Difference between environmental footprint 

and biocapacity 
- 0.08 (0.02) 0.05(0.01) - 

Human Development Index 1.67 (1.33) 2.11 (1.12) 0.028(1.59) 2.79 (1.33) 

Education Index -2.33 (1.15) -2.31(1.17) - -2.55(1.18) 

Gini coefficient 0.03 (0.01) 0.05 (0.02) 0.03(0.01) 0.02(0.01) 

The inflation rate -0.02 (0.01) -0.02 (0.01) -0.04(0.01) -0.02(0.01) 

Unemployment rate -0.04 (0.02) -0.03 (0.02) -0.03(0.01) -0.05(0.01) 

R2 0.71 0.69 0.65 0.68 

Durbin-Watson 1.85 1.67 1.70 1.73 

 

As expected, a positive sign for the physical and natural capital coefficients indicates 

that an increase in income or an improvement in environmental conditions indicates 

greater sustainability of the development process. Regarding other variables, it should 

also be said that although no meaningful estimates have been obtained for them in some 

models, the sign of the coefficients is following the theoretical expectation, and due to 

their distance from the object of study, it has been studied. Examining the coefficients of 

natural capital and their standard deviation in the patterns in Tables (4 and 5) shows that 

physical, human, and social capital is not a factor in removing natural capital from econ-

ometric models[69]. In other words, it can be claimed that the experimental results of this 

study confirm strong environmental sustainability. This means that increasing physical 

capital cannot be a substitute for natural capital in the process of sustainable develop-

ment[70]. Natural capital, as evidenced by the estimation of econometric models, plays a 

positive and independent role in explaining the characteristics of sustainable develop-

ment. Therefore, if policymakers and researchers seek to propose and implement sustain-

able development policies, they should be aware that, contrary to popular belief, the de-

struction of the environment can not be achieved by the growth of any other species. Road 

construction, expansion of industries, and other development policies, if they are done at 

the cost of destroying forests, lakes, and the environment in general, which will not guar-

antee the sustainability of the development process, why none of the types of capital can 

replace the natural capital[71-73].  

5. Conclusions 

While reviewing the literature on sustainability and comparing the two perspectives 

of strong sustainability and weak sustainability, this article, using econometric models, 

has evaluated the degree to which the claims of the two perspectives of strong and weak 

sustainability are in line with real data. For this purpose, 36 patterns were estimated, of 

which the best patterns are reported in the text of the article. The choice of superior pat-

terns has been due to the explanatory power of the patterns and the significance of the 

coefficients. The results show that natural capital alone can explain about 20% of the 

changes in sustainable development indicators. In addition, natural capital still retained 
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its independent role, even after considering other related types of capital in econometric 

models. Considering the simultaneous significance of the coefficients of physical and nat-

ural capital, in addition to the theoretical criticisms made by researchers empirically, the 

assumption of the replacement of physical and natural capitals can be seriously consid-

ered in theory. As noted in the text, this idea has been quantitatively explored using the 

proposed econometric model for the first time. Therefore, it is not possible to compare the 

estimated coefficients with similar studies. The main finding of the present development 

research is that any other form of capital can not replace natural capital in achieving sus-

tainability. For this purpose, the significance of the estimated coefficient has been used in 

various econometric models. The results obtained in this respect are consistent with the 

results of other studies. In addition, the political recommendation of this article is also 

based on. 

The irreplaceable role of natural capital is consistent. Although the use of cross-sec-

tional data, the multiplicity of variables and the multiplicity of their collection sources, 

and consequently the variety of sampling and differences in aggregation methods, make 

the article’s data somewhat challenging. Still, the researcher tries various alternatives for 

different types of capital to overcome this unwanted and imposed caste as much as pos-

sible and show that the results obtained are sufficiently stable. Finally, it can be concluded 

that physical capital has the greatest role (the greatest coefficient) in explaining sustaina-

bility indicators, but this issue can not play the role of natural capital in the development 

process. Natural capital, independent of physical capital, affects the indicators of sustain-

able development. Most environmental economists believe that poor sustainability will 

lead to the depletion of natural resources and environmental capital. To realize this theory, 

the concept of strong sustainability and its policy requirements and consequences must 

first be precisely explained; this issue has also attracted the attention of many environ-

mental economists at the international level. Second, efforts should critique the adverse 

environmental consequences of policymakers’ adherence to poor sustainability. In addi-

tion, many of the key variables used have recently been introduced in the environmental 

economics literature and have not been collected for a long time. It will not be far-fetched 

if, in the not-too-distant future, with access to more consistent, high-quality data, more 

sophisticated econometric models can be proposed for the empirical purposes of this pa-

per. 
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Appendix A 

Study countries: Argentina, Germany, Albania, South Africa, USA, Austria, Jordan, 

Uruguay, Spain, Australia, Estonia, Algeria, El Salvador, Indonesia, Ireland, Italy, respec-

tively. Pakistan, Portugal, Peru, Turkey, Dominican Republic, China, Denmark, Israel, 

Russia, Romania, Zimbabwe, Japan, Singapore, Sweden, Switzerland, Chile, France, Fin-

land, Philippines, Southern Canada, Canada, Cambodia, Canada Lithuania, Hungary, 
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Morocco, Egypt, Mexico, Moldova, Norway, Nigeria, New Zealand, Venezuela, Nether-

lands, India, Greece. 
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