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Abstract  This study explores the relationship between inclusive wealth, economic 
growth, and productivity of natural capital (including forestry, fishery, fossil energy 
reserves and minerals) for 140 countries between 1990 and 2014. For this objective, 
a Malmquist productivity index is developed, and regression analysis is performed. The 
results are threefold. First, we found that natural capital deterioration constituted the main 
driving force of declining wealth per capita following fossil fuel extraction. Second, the 
adjustment to a conventional productivity growth measure depends on GDP growth and 
an endowment growth shift of natural capital relative to other input factors. Third, we also 
found that the initial phase of GDP growth was accompanied by slower natural capital uti-
lization followed by a phase of deterioration as these countries continue to develop eco-
nomically. With further economic development, enhanced technology and effective natural 
resources utilization limit the material basis and result in reduced natural capital extraction. 
These results imply that natural capital extraction management for a broader income level 
can be implemented for sustainability in both the short and long term.
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1  Introduction

Wellbeing is defined as a function of the consumption of both market and non-market 
goods and services, including natural resources and environmental services (Mumford 
2016). The extraction of sub-soil assets has a significant role in production and contrib-
utes a considerable share to some nations’ GDPs, but the contribution of natural resources 
in production is missing (Halkos and Psarianos 2016). While ecological impacts are fre-
quently thought to be “non-market,” many of the effects are often reflected in market 
accounts through damages that might include factors such as the decreased productivity 
of agroecosystems due to land degradation (Reilly 2012). Typically, studies analyze Total 
Factor Productivity (TFP) by estimating average production functions or by non-parametric 
index approaches. In both cases, it is assumed that production is carried out by using only 
physical capital and labor. All forms of capital that serve both goods and services should 
be considered in the production function since neglecting natural capital tends to lead to an 
underestimation of countries’ productivity growth (Brandt et al. 2017).

Natural capital represents an essential pool of resources that can induce the growth 
of other capital assets. It has three social values, including intrinsic value, use value and 
option value, and these three values have varying combinations (Arrow et  al. 2012). A 
decreasing productive base, including natural capital, implies that the next generation may 
have decreasing levels of wellbeing (Arrow et al. 2012). Ecological resource efficiency is 
considered as an important aspect of sustainable development (Frye-Levine 2012). Deplet-
ing natural capital such as fishery resources is frequently uneconomical in most countries. 
Recognizing natural capital as an input may change measured productivity growth and the 
assessment of the sources of economic growth (Kurniawan and Managi 2017).

Few studies have incorporated natural capital in productivity measures. These include 
Murillo-Zamorano (2005), Liu et al. (2014), and Brandt et al. (2017). However, their natu-
ral capital data are limited to sub-soil assets such as oil, gas, and various minerals. The 
coverage of natural capital datasets in previous studies is constrained by data limitations. 
For example, the World Bank’s (2011) wealth dataset does not cover other types of natural 
capital that also contribute to the production process, such as fisheries and another renew-
able resources. While nations gather large quantities of data to produce national account 
systems, they collect relatively little natural capital, especially non-market data.

Having a wider picture of productivity by incorporating natural capital is important 
for researchers and policymakers. According to the definition by UNU-IHDP and UNEP 
(2012), productivity changes in resource utilization can lead to an increase (or decrease) in 
aggregate output over time. Massive resource utilization could also escalate pollution and 
emissions as undesirable outputs (Akao and Managi 2007). While ecological impacts are 
frequently thought to be “non-market,” many of the effects are often reflected in market 
accounts through damages that might include decreased productivity of agroecosystems 
due to land degradation (among others) (Reilly 2012).

Against this backdrop, there are three main objectives of this study. First, we aim to 
understand the natural capital contributions to countries’ wealth. In addition to natural cap-
ital accounts that consider non-renewable sub-soil wealth, we also include renewable capi-
tal such as fisheries and forests. Second, attempts are made to measure the contributions 
of renewable and nonrenewable natural capital to countries’ TFPs. Third, the changes in 
natural capital productivity in different countries are linked with their respective per capita 
income. We intend to investigate the relationship between natural capital productivity and 
income growth.
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To achieve the objective, we account for natural capital using data on 140 countries 
from 1990 to 2014. These data represents 99% of global GDP and 95% of the global popu-
lation from 1990 to 2014. Then, we conduct a two-step approach. Productivity measures 
are estimated by Malmquist productivity in the first step. This methodology is often used 
in measuring productivity (see Samut and Cafri 2016; Carboni and Russu 2015). The index 
based on a distance function is suitable for assessing the relationship between multivari-
ate inputs and outputs. In addition, the measurement takes into account the efficiency of 
resource use and productivity changes. In the second step, to understand the relationship 
between income and natural capital productivity, we performed regressions using a system 
generalized method of moments (GMM) model. This method eliminates the serial correla-
tion problem while analyzing TFP measurements, as was suggested by Zhengfei and Lan-
sink (2006).

This paper is organized as follows. Section 2 provides the research background on pro-
ductivity and wealth studies. This section overlooks the importance of wealth inclusive-
ness and productivity by considering natural capital, which has several implications for 
the development of each nation. Section 3 describes the methodology. The results are pre-
sented in Sect. 4. Conclusions and policy implications are presented in Sect. 5.

2 � Background

Wealth and productivity have long been measured with metrics focused on economic indi-
cators such as GDP, income and human and physical capital. Recent literature suggests 
that such approaches to wealth and productivity are limited since they overlook important 
social and environmental components, that have several implications on the development 
of each nation.

2.1 � Wealth Metrics Overview and Inclusiveness

There have been criticisms toward GDP due to its role as a proxy for wealth. Regardless of 
its substantial role in measuring a country’s progress, GDP cannot describe the social and 
environmental status that may oppose the financial benefits (Talberth et  al. 2007). GDP 
also does not consider all dimensions of societal progress (Schoenaker et al. 2015). It also 
ignores developing countries’ irresponsible production of resources to boost their GDP 
growth (Costanza et al. 2014). Imran et al. (2014) argued that ecological welfare is not sec-
ondary but rather equal to human welfare. There are many market goods and services that 
are not calculated in GDP but actually have significant contributions to wellbeing.

Wellbeing includes income and other aspects such as health, educational, life satisfac-
tion, ecosystems services, and biocapacity (UNU-IHDP and UNEP 2014). Despite the 
challenges, there are now a number of proposed indicators that go beyond GDP and avail-
able to track the meaningful progress of nations in improving wellbeing, including (but 
not limited to) the genuine progress indicator (Kubiszewski et al. 2013), the human devel-
opment index (United Nations Development Programme 1990–2013), the happiness index 
(Helliwell et  al. 2012), and the better life index (OECD 2014). This multidimensional 
nature presents prominent deviance for providing quantitative measures within the robust 
theoretical framework.

By being theoretically consistent with the determinants of economic wellbeing, inclu-
sive wealth framework continuously shows progressive measurements (Mäler 2008; Arrow 
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et  al. 2012; UNU-IHDP and UNEP 2014; Dasgupta et  al. 2015). By adapting Mumford 
(2016), we present a schematic relationship between GDP, the productive base (human, 
physical, and natural capital), and wellbeing, as shown in Fig.  1. Dasgupta and Mäler 
(2000) argued that potential intergenerational wellbeing increases if the productive base 
increases. A rising productive base does not guarantee that wellbeing will increase, but 
the country does have the potential to produce more goods and services. Consumption is 
considered to comprehensively cover all non-market goods and services that provide well-
being. Then, the productive base must include all forms of capital that serve both goods 
and services. All these forms of capital (human, produced, and natural capital) and the 
social values are referred to as inclusive wealth or comprehensive wealth (See World Bank 
(2011), Arrow et  al. (2012) and UNEP/UNU-IHDP (2012, 2014). On an ideal develop-
ment trajectory, economic growth and wellbeing proportionally and concurrently increase. 
Therefore, current consumption can increase by decreasing investment, essentially reduc-
ing the capital stock such as natural capital. Arrow et  al. (2004) also discussed whether 
economic development in one country will not meet the sustainability development crite-
rion if a country’s wealth growth is negative.

2.2 � Productivity Metrics and Natural Capital Components

TFP is viewed as an important long-term driver of economic growth in both economic 
theory and empirical research. According to Klenow and Rodriguez-Clare (1997), TFP 
growth accounts for 90% of the global variation in output growth. Utilizing capital and 

Fig. 1   Productive base, TFP, and sustainability flow
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labor as inputs, Arrow et al. (2004) found that the contribution of TFP to the IW growth 
rate to be between 6.33% (China) and − 0.40% (Middle East/North Africa). Arrow et al. 
(2012) found that the contribution changed from − 2.12% (Venezuela) to 2.71% (China).

Therefore, previous studies on TFP ignore the effects of human capital and natural 
capital, which are key variables in the capital approach. Xepapadeas and Vouvaki (2009) 
suggested that the externality of the environment drives conventional TFP downwards. In 
addition, an explicit analysis of the role of natural capital in production is an important ele-
ment to better understand the sustainability of economic development.

We treat TFP as residual. TFP represents the contribution to the production of multiple 
implicit factors after produced, human, and capital items have been isolated, as shown in 
Fig. 1. Depleting natural capital often leads to higher economic growth in the short term, 
but this can only be sustained if sufficient associated revenues are used to build other 
assets, such as human or physical capital, in order to secure the economy’s ability to gen-
erate long run income. Utilizing this approach, we can capture to a closer approximation 
of the real contributions of technological innovation and efficiency in production as well 
as other implicit capital types not yet considered in developing the country’s productive 
assets.

2.3 � Wealth and Productivity Relationship

The environmental Kuznets curve (EKC) hypothesis reflects the idea that indicators of 
environmental degradation tend to worsen as GDP grows until average income reaches a 
certain point over the course of development (Stern et  al. 1996). Empirical evidence for 
the EKC hypothesis shows that it holds only for a specific subset of indicators. Chimeli 
and Braden (2005) found that TFP differences account for much of the variation in income 
across countries, which has important implications for environmental quality. By focus-
ing on India with several pollutants, including sulfur dioxide, nitrogen dioxide, and sus-
pended particular matter, Managi and Jena (2008) found that environmental productivities 
decreased from 1991 to 2003. Choi et al. (2010) specify that improvements in environmen-
tal quality with the help of environmentally friendly development paths cannot continue, 
and it would decline again. Wang et al. (2011) show agreement on this hypothesis using 
SO2 emissions as an environmental indicator.

Taking energy use as the indicator, Özokcu and Özdemir (2017) did not prove the 
hypothesis that environmental degradation could not be automatically resolved by GDP 
growth. Using forests as the indicator, Joshi and Beck (2016) found that OECD countries’ 
deforestation had reversed but then began to rise again, indicating that more valuable forest 
products and land will lead to further deforestation as income grows.

We attempt to find a relationship between GDP per capita and its respective natural cap-
ital productivity. Natural capital productivity indicates the difference between conventional 
productivity (which only considers human and produced capital) and productivity, which 
also considers natural capital as an input beside the conventional inputs. In this type of 
two-step approach, productivity measures are estimated by Malmquist productivity in the 
first step and regressed on explanatory variables in the second step.

We follow Dinda (2004), Galeotti and Lanza (2005), and Akbostancı et al. (2009), who 
develop the equation for the cubic model to test the EKC hypothesis as follows.

In this equation, Y denotes environmental indicators, X represents income (or GDP 
per capita), uit is the traditional error term, i symbolizes individuals and/or groups, and t 

Yit = �it + �1Xit + �2X
2

it
+ �2X

3

it
+ uit.
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is time. The signs of the coefficients of X, X2, and X3 determine the shape of the curve. 
Therefore, the existence of the EKC hypothesis can be verified or not as follows.

•	 When 1 > 0 and 2 = 3 = 0, there is a monotonically increasing relationship between X 
and Y.

•	 When 1 < 0 and 2 = 3 = 0, there is a monotonically decreasing relationship between X 
and Y.

•	 When 1 > 0, 2 < 0, and 3 = 0, there is an inverted U-shape relationship between X and 
Y. In other words, the EKC hypothesis is valid.

•	 When 1 < 0, 2 > 0, and 3 = 0, there is a U-shape relationship between X and Y.
•	 When 1 > 0, 2 < 0, and 3 > 0, there is an N-shape relationship between X and Y.
•	 When 1 < 0, 2 > 0, and 3 < 0, there is an inverted N-shape relationship between X and 

Y.

These different curve shapes have different interpretations. A monotonically decreasing 
curve means that the environmental indicator improves as income increases, while a mono-
tonically increasing curve refers to an environmental indicator that declines as income 
increases.

In addition, the inverted U-shape posited by the EKC reveals that the environmental 
indicator degrades as income increases up to the turning point. After that, the environmen-
tal indicator improves as income increases. The inverted U-shape suggests that environ-
mental quality improves as income rises, but after some point, it starts to decline as income 
increases (Fan and Zheng 2013). The N-shaped curve signifies that environmental degrada-
tion rises again after a reduction to a specific level. The inverted N-shaped graph implies 
the opposite of the N-shaped relationship; that is, environmental deterioration decreases 
again after an increase to a certain level.

3 � Method and Datasets

In this study, our method consists of three steps. First, we develop and update the dataset 
that accounts for natural capital for 140 countries from 1990 to 2014 (see also UNU-IHDP 
and UNEP 2014; Managi and Kumar 2018). The aim of this step is to consider both renew-
able and nonrenewable natural capital as inputs to the production function. The natural 
capital accounts include fishery resources, one of the most threatened renewable resources. 
We also consider forest resources (timber and non-timber), and agricultural land (cropland 
and pasture land). The nonrenewable natural capital wealth consists of fossil fuels (oil, nat-
ural gas, coal) and minerals (bauxite, nickel, copper, phosphate, gold, silver, iron, tin, lead, 
zinc). Another conventional capital is human and produced (physical) capital. Human capi-
tal is derived from education, while produced capital consists of a country’s infrastructure 
and physical assets, such as equipment, machinery, and roads, among others. The following 
table illustrates the dataset and its sources (Table 1).

For the second step, we compute productivity measures using the previous dataset. We 
used a deterministic non-parametric analysis based on the data envelopment analysis. This 
methodology has previously been used in the measurement of productivity (see Samut and 
Cafri 2016; Carboni and Russu 2015; Tamaki et al. 2017). The index based on the distance 
function is suitable for assessing the relationship between multivariate inputs and outputs.
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As for the third step, to understand the relationship between income and natural capital 
productivity, we performed a regression using a system GMM model. This method elimi-
nates the serial correlation problem while analyzing TFP measurements, as suggested by 
Zhengfei and Lansink (2006).

4 � Result

4.1 � Natural Capital Contribution to Countries Inclusive Wealth

By using the natural capital calculation covered by both renewable and non-renewable 
resources, we provide a quantitative evaluation of natural capital’s contribution to inclu-
sive wealth per capita. Measuring stock, inclusive wealth is related to potential intergen-
erational wellbeing. We found that natural capital depreciation constitutes the main driving 
forces of declining wealth per capita in the majority of countries. Across 140 countries, 
natural capital has experienced a large decline while produced and human capital have 
experienced large increases. In particular countries, they simply extract more from nature 
than they have invested in healthcare, education, infrastructure and other physical capital. 
A decrease in inclusive wealth indicates that the next generation will inherit a smaller pro-
ductive base that will result in lower levels of wellbeing.

We found the interesting result in terms of the composition of natural capital from 1990 
to 2014. Renewable resources account for more than half of natural capital (53%), which 
consists of forests 37%, agricultural 14%, and fish 2%. In the other part, nonrenewable 
resources consist of oil (22%), coal (17%), gas (7%) and minerals (1%).

By grouping countries based on income levels, we obtain 42 high-income economies, 
35 upper middle-income economies, 37 lower-middle-income economies, and 26 low-
income economies. In the 26 countries classified as “low income,” we found that natural 
capital makes up 37% of the total productive assets. Natural capital, in several low-income 
countries in African region such as Central African Republic, Liberia, Mozambique, makes 
up more than 70% of their total capital. Assets like fossil fuels, minerals, forests, and agri-
cultural land that provide important goods and services make up a country’s natural capi-
tal. As these populations grow and the pressures on land and water increase, their natural 
resources might be under increasing threats.

We found that countries have high differences in their shares of natural capital’s con-
tribution compared to total wealth capital. In terms of composition, countries with higher 
shares of natural capital, tend to have a lower share of human capital, and vice versa. In 
several oil-producing countries such as Kuwait, Iraq, Qatar, and Saudi Arabia, the contri-
bution of natural capital to their productive assets is more than 60%. At the other extreme, 
in several countries such as Singapore, Japan, and the UK, their natural resources make 
small contributions to the total productive assets. These particular countries have a rela-
tively proportion of their wealth in human capital and a relatively low proportion in natural 
capital. It is largely explained by the relative stability of produced capitals, such as infra-
structure, in total wealth. Therefore, these natural capital shares must be interpreted with 
caution. It reflects the worth of natural capital formation in relation to the total wealth of a 
country, but it is not aimed to provide information about absolute wealth. For example, in 
Norway, natural capital is only 12% since they have a high level of human capital. Actually, 
Norway has a high level of total wealth in natural capital.
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For some countries, including Japan, Malaysia, and India, the annual reduction in natu-
ral capital decreases over time. In other countries, including Indonesia, Russia, Australia, 
the decline in natural capital is accelerating. Several countries, such as Bahrain, United 
Arab Emirates, and Qatar, show the largest declines in natural capital. It is related to the 
increased extraction of fossil fuels in particular countries. This decline leads to an overall 
decline in inclusive wealth.

In many countries with positive GDP per capita growth, inclusive wealth per capita 
declined for 1990–2014. Myanmar, Cambodia, Lao, Liberia, Mozambique, Iraq, Kuwait, 
Trinidad and Tobago, Mongolia, Nepal, Bolivia, Iran, Zambia, Paraguay, Pakistan, Malawi, 
Benin, Zimbabwe, and Afghanistan, experienced positive GDP growth per capita and a 
decline in inclusive wealth per capita.

4.2 � TFP Considering Natural Capital

We extend current measures of productivity by capturing the efficient utilization of natural 
capital and other conventional inputs using the Malmquist productivity index approach. 
Conventional productivity growth only considers labor and capital as inputs in the produc-
tion function. In this study, we treat each country’s produced capital, human capital and 
natural capital as inputs for GDP.

Productivity change is based on how many economic goods and services reflected by 
GDP are produced given specific inputs (human, produced and natural capital). Sepa-
rate frontiers and benchmarks are estimated for each year, and shifts in the frontiers over 
time are used to measure the efficiency/technological change. The arithmetic means of 
the Malmquist productivity indices for each country in each year are estimated under the 
assumptions of constant returns to scale in production technologies. Note that we also esti-
mate the productivities under the assumptions of variable returns to scale and find similar 
results (Fig. 2).

Using the framework, we found that the adjustment to the conventional productivity 
growth measure depends on the output growth (i.e., GDP) and the growth of natural capital 
relative to other input factors. By utilizing natural capital as an input, we found that 49 out 
of 140 countries had negative average TFP changes.

TFP growth of countries has undergone a powerful revival since 1990, but the economic 
crisis in 2008 that hit several countries had an impact on declining TFP scores. Since pro-
ductivity growth is measured as the residual between output and input growth, declining 
GDP growth definitely lowered TFP during the crisis.

Fig. 2   Productivity considering natural capital
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Considering natural capital makes a big difference for several countries, as 42 coun-
tries move from the positive to the negative bracket. We found that 24 out of 42 coun-
tries in the high-income group have negative differences after natural capital is con-
sidered, which lowers TFP rather than conventional TFP. This finding indicates that 
conventional TFP overestimates productivity. Even though the average difference is 
negative, we found the lower discrepancy at the end of study periods. These trends 
reflect declining natural capital endowments. Some countries, notably the U.S., Den-
mark, Spain, Ireland and the Netherlands, experienced a decline in natural capital inputs 
over the sample period. This is because oil and gas reserves were already decreasing 
over the largest part of the period considered here.

Productivity growth in these countries was stronger than the traditional TFP growth 
measure, which would suggest that the failure to account for declining natural capital 
inputs leads to an overestimation of aggregate factor input growth, which is equivalent 
to an underestimation of productivity growth. Since labor and capital generally tend to 
grow, (except in very severe recessions), the adjustment will be negative when natural 
capital input growth is negative.

By failing to account for a very fast-growing input factor, the traditional TFP growth 
measure overestimates productivity growth in these countries. The following table 
shows several countries with the highest discrepancies (Table 2).

Several countries such as Singapore, Canada, and South Africa show higher positive 
trends. Singapore is the country with the highest growth rate of the produced capital 
(6.5%), human capital (4.1%), and GDP (6.5%) during this period (7%). However, their 
utilization of natural capital is more modest compared to other countries (− 0.3%). The 
evolution of capital in the broad sense (including conventional and natural capital) is 
more modest, so Singapore’s TFP growth rate increases significantly when natural capi-
tal is considered.

South Africa, which joined the BRIC bloc in 2011, has positive TFP when consider-
ing natural capital. It increased 0.30% after being adjusted for natural capital. Histori-
cally, gold mining and minerals have long been the backbone of South Africa’s econ-
omy. However, there has been a shift to industrial and service industries. South Africa 
has a population much younger than the other members of BRICS countries. Accord-
ing to the United Nations Population Fund (2017), South Africa’s population is largely 
made up of young people. People below the age of 35 years constitute approximately 

Table 2   Conventional/natural capital TFP, and input/output growth

Country TFP natural capital TFP difference (%) Average growth

Produced 
capital 
(%)

Human 
capital 
(%)

Natural capital (%) GDP (%)

SGP 1.034 2.57 6.50 4.10 − 0.30 6.20
CAN 1.00502 0.59 3.40 1.70 − 1.00 2.40
ZAF 1.00684 0.41 2.60 2.40 − 1.10 2.60
NLD 0.99467 − 0.67 2.70 0.90 − 3.00 2.00
DNK 0.98954 − 0.79 2.80 0.60 − 3.80 1.50
GBR 0.99272 − 0.88 3.00 1.00 − 3.90 2.00
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66% of the total population. This allows South Africa to enjoy the benefits of dividends 
in the future, which has provided a substantial investment in human capital.

On the opposing side, including natural capital as an input caused negative TFP adjust-
ments for several countries, including the Netherlands, Denmark, and Great Britain. The 
adjustment to the conventional TFP growth measure is negative, as natural capital grew 
faster than the traditional input index (which combined human and produced capital only) 
over the sample period. In GBR, during the study period, their produced and human capital 
growth are 3 and 1%, respectively and their natural capital extraction grew at 3.9%. In their 
case, this result is mainly related to the high rates of oil and natural gas depletion.

TFP with both renewable and nonrenewable natural capital is also useful in studying the 
changing role of natural capital to build countries’ wealth. It can provide important infor-
mation regarding the sustainability of growth, especially for countries where natural capital 
contributes to a high share to their wealth, such as China. TFP growth is also considered as 
an important underlying reason for China’s remarkable economic growth over the past sev-
eral decades, in addition to other proximate determinants such as physical and human capi-
tal accumulation (see, for instance, Ding and Knight 2011). Even though TFP still remains 
positive, considering natural capital lowered China’s TFP − 1.26% to 1.0315, as shown in 
the following figure (Fig. 3).

Natural capital plays a significant role in China. In 1990, natural capital contributed 
to 34% of total wealth. It consists of nonrenewable natural capital, which accounted for 
45% of total natural capital. Massive infrastructure in China allowed produced capital to 
increase to 35%, while natural capital declined to 15% of total capital. The share of nonre-
newable natural capital shrank to 35% at the end of study period.

Following this change, the adjustment of the conventional TFP and TFP considering 
natural capital growth shifted, especially in relation to resource utilization. In the years 
starting from 2006, when the rate of extraction of minerals and oil was fast, the use of 
natural capital grew faster. During 1990–2005, the declining rate of natural capital in 
China is 0.63%. From 2006 to 2014, this value became on average 1%. The decline of 
natural capital in China was related to massive extractions of coal and oil. As a result, the 
conventional TFP growth measure after 2005 underestimates input growth in those years 

Fig. 3   TFP conventional and TFP considering natural capital in China
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and productivity growth is overestimated. This remarkable result highlights that China, as 
the world’s largest consumer of natural resources, must become a leader in environmental 
innovation for sustainable development.

4.3 � Income and Natural Capital Productivity Relationship

To understand the relationship between income and natural capital productivity, we per-
formed regressions using a system GMM model. Natural capital productivity refers to the 
difference between conventional productivity (which considers only human and produced 
capital) and productivity, which also considers natural capital as an input along with con-
ventional inputs.

Result test of the model with natural capital productivity differences are shown in 
Table  3. This table provides the results of the GMM estimation for 140 countries for 
1990–2014. Income per capita as an independent variable has statistically significant 
impacts. This result indicates that economic development has a significant impact on natu-
ral capital productivity. The second-order test AR (2) cannot reject the null hypothesis of 
no autocorrelation, which indicates that serial correlation does not exist in the model. The 
Sargan test for overidentifying restrictions and the hypothesis of no second-order autocor-
relation imply that the instruments used in the GMM estimation are valid.

By examining the results in the table, we uncovered some important trends. It has 
approximately a third-order polynomial shape, indicating improved natural capital produc-
tivity at the initial phases of growth, followed by a phase of deterioration, and then further 
improvement once a critical level of per capita GDP is reached. For these countries, the 
initial deterioration of environmental conditions and its improvement in later stages of eco-
nomic growth manifest as an initial decline and then an improvement of natural capital 
productivity as measured by the indexes.

GDP per capita has positive and significant signs. This finding indicates that natural 
capital grew slower than the other traditional input index (which combines human and pro-
duced capital input growth only) and GDP growth. This result reflects a trend among lower 
income countries, 25 out of 26 of which have a positive adjustment after accounting for 
natural capital. This positive adjustment related to the utilization of the local natural capital 
is not captured in modern accounting. For example, in the energy sector, local fuels such as 

Table 3   Income and natural 
capital productivity relationship 
model

Values in parentheses are t–values
*, ** and *** indicate ‘‘significant’’ at the 10% level, the 5% level and 
the 1% level, respectively

Variable Fixed effect System GMM

Number of countries 140 140
Number of observations 3360 3220
Log GDP per capita 0.0289891** 0.0176911***
Log GDP per capita2 − 0.0096295*** − 0.0057661***
Log GDP per capita3 0.0009632*** 0.0003998***
R2 0.1325 –
Sargan test – 77.82216*
Arellano–Bond test AR(1) – − 3.9356***
Arellano–Bond test AR(2) – 2.467
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firewood, dung, crop residues, and other biomass-based products still contribute to a major 
share of energy requirements for rural populations in low-income countries. Filmer and 
Pritchett (2002) noted the importance of the local natural resource base in rural life.

The quadratic form of GDP per capita shows a negative and significant outcome, reveal-
ing the N-shaped curve for natural capital productivity. Countries extract more natural 
capital such as forests and fossil fuels as they continue to develop economically. Defor-
estation rates rose with economic development in several low-to-middle-income countries. 
Deforestation then declined in particular countries due to pressure by environmentalists 
for better environmental policies, such as selective logging. Such additional deforestation 
can come from many different causes, but the key reason for this deforestation remains the 
harvesting of forest products for economic gain (Joshi and Beck 2016). Many OECD coun-
tries still cut down forests to create lumber or other products for export and domestic use, 
particularly as second-growth forests have matured (OECD 2015).

In addition, further technology has frequently implied a bigger need for natural 
resource-related products. For example, high-income countries have begun to rely more on 
wood chips and wood pellets for their biomass energy generation (Wong and Bredehoeft 
2014). Increasing income also may generate a larger middle class that has the predominant 
attitude of over-consumption in many developed countries.

5 � Conclusions and Policy Implications

This study has three main objectives. First, we provide a quantitative evaluation of natu-
ral capital’s contributions to inclusive wealth per capita. We covered 140 countries from 
1990 to 2014 and calculated their productive natural capital bases. Our natural capital 
calculations covered both renewable and non-renewable resources such as fisheries, for-
ests, agricultural land, fossil fuels, and minerals. Second, we measure the contribution 
of the updated natural capital to countries’ productivities. Third, we investigate the rela-
tionship between natural capital productivity and income growth. To achieve this objec-
tive, we include natural capital accounting for 140 countries. Then, we conduct a two-step 
approach. In the first state, we calculate the Malmquist productivity with natural capital 
and conventional inputs. Furthermore, we performed a regression using a system general-
ized method of moments (GMM) model.

We found several important results. Nonrenewable natural capital constitutes almost half 
of natural capital wealth. The depreciation of this particular capital constitutes the main 
driving forces of declining wealth per capita following massive extractions of fossil fuels in 
particular countries. This decline leads to an overall decline in inclusive wealth. In certain 
countries, natural capital depletion burdens both human and physical capital growth.

The adjustment to the conventional productivity growth measure depends on the output 
growth (GDP) and shift of natural capital relative to other input factors. The adjustment 
to the conventional TFP growth measure is negative, since natural capital grew faster over 
the sample period than the traditional input index that combines only human and produced 
capital input growth. It adjusted to be positively higher for several countries that utilized 
modest natural capital to accompany their GDP growth. The adjustment of the conven-
tional and TFP considering natural capital growth measurement may shift over time with 
respect to resource utilization.

Concerning the relationship between natural capital productivity and income growth, 
we found a third-order polynomial shape. GDP per capita has positive and significant signs, 
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which indicates that GDP growth in the initial stage is accompanied by slower natural capi-
tal utilization than the other traditional input index. It is related to the utilization of local 
natural capital such as traditional biomass. Then, it is followed by a phase of deterioration, 
possibly due to massive extractions of forests and fossil fuel as these countries continue to 
develop economically. At a further stage, natural capital productivity increased again as a 
result of more effective utilization of natural resources.

These results provide several noteworthy contributions. Having limited natural capital 
as a productive base, countries inclusive wealth accounting should be added to the national 
accounting departments in each nation. This approach will provide another metric to moni-
tor their performance, with special focus on the importance of environmental investments. 
Broadening the accounts will give a better picture of changing goods and services and 
also potential changes in wellbeing. Depleting forests or extracting fossil fuels and miner-
als will increase GDP in the short run, but will endanger future consumption potential. 
While demand for natural capital services such as agriculture, renewable energy, and food 
products is increasing, the natural resources available for production are decreasing. In the 
face of increasing scarcity, the natural direction should be toward investments in renewable 
resources to meet energy production requirements through renewable energy, such as solar, 
biomass, wind, and others.

Governments also need to increase the productivity of all resources used in production. 
Increasing investments in areas such as technology and efficiency measures (thought to 
make up the bulk of TFP) could be used to increase productivity. It also encourages poli-
cymakers to support the development of renewable resources technologies by showing the 
significant impact of these resources on productivity. The contribution of investment in 
technology is crucial to address dwindling resources and to achieve the desired productiv-
ity growth.
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Appendix

Wealth Accounting Method

The Brundtland Commission defines sustainable development as ‘development that meets 
the needs of the present without compromising the ability of future generations to meet 
their own needs’ (World Commission on Environment and Development 1987). Many pre-
vious studies, such as Arrow et al. (2004), define sustainable development as non-declining 
well-being in the future:

where V, U, C and � represent well-being, current well-being, consumption, and the social 
discount rate respectively.

The direct measurement of well-being, V, might be a suitable approach in assessing sus-
tainability, along with Eq. (1). However, because of the difficulty of observing well-being, 
Arrow et al. (2004) proposed for an alternative approach, namely measuring the productive 
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base of V based on the determinants of well-being. This aggregated capital of productive 
based is termed as Inclusive Wealth (IW). It is includes produced capital, human capital, 
natural capital, and intangible capital, such as knowledge and institutions. Accordingly, we 
can define IW at time t.

Each P is shadow price of the capital asset, defined as δWt/δC, where K is each capital 
which is PC(t), HC(t) and NC(t) represent produced capital, human capital and natural cap-
ital at time t, respectively. We utilize gross domestic product (GDP) as the desirable output. 
This calculation is based on millions of constant 2005 US$.

Productivity Measure

There are several method to calculate productivity growth, such as data envelopment analy-
sis, parametric methods or econometric methods. Several methodological issues emerge 
when TFP is estimated using traditional methods, i.e. by applying ordinary least squares 
(OLS) to a panel of (continuing) firms. First, because productivity and input choices are 
likely to be correlated, OLS estimation of firm-level production functions introduces a sim-
ultaneity or endogeneity problem. We used a deterministic nonparametric analysis called 
Malmquist Productivity Index, based on the Data Envelopment Analysis (see review for 
Färe et al. 1994, Kerstens and Managi 2012). The index is suitable for assessing the rela-
tion between multivariate inputs and outputs. In addition, the measurement takes into 
account the efficiency of resource use and productivity changes. DEA is an established 
method in order to measure the relative efficiency of decision-making unit based on input 
and output in the sample (Mizobuchi 2014).

We apply physical, human and natural capital as a separate unit, each capital as an input 
and GDP as an output in our calculating of TFP. Using the distance function specification 
for the index, we can formulate our problem as follows:

Let x  = 
(

x1,… xM
)

∈ RM
+

 and y  = 
(

y1,… yN
)

∈ RN
+

 be the input and output vectors, 
respectively. The technology set, defined by Eq. (3), consists of all feasible input vectors, 
xt, and output vectors, yt, at time t, and satisfies certain axioms that are sufficient to define 
meaningful distance functions. The distance function is defined as:

where � is the maximal proportional amount to which yt can be expanded, given technol-
ogy T(t). In this analysis, we characterize production technology as having constant returns 
to scale. This formulation produces an output-oriented distance function. Equation 5 is a 
formulation of the Malmquist Productivity Index (M as TFP to inclusive investment), as 
follows:

where d is the geometric distance to the production frontier caused by production inef-
ficiency, while the frontier denote the best available technology from the given inputs and 
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outputs; i refers to the country under analysis, running i from 1 up to 140 nations in our 
sample; GDP is the corresponding value of gross domestic product; HC stands for human 
capital; PC represents produced capital; NC represents natural capital. Thus we capture the 
productivity change from the variations in inefficiencies between two years.

Kuznets Curve Relationship: Natural Capital Productivity and Income Level

According to the EKC literature (see Dinda 2004; Stern et  al. 1996), it is expected that 
per capita income has a negative relation with environmental degradation. After a suf-
ficiently high per capita income is reached, further increment in income is expected to 
reduce environmental degradation. We follow Dinda (2004), Galeotti and Lanza (2005), 
and Akbostancı et al. (2009) which develop the equation for cubic model to test the EKC 
hypothesis as revealed below:

In this equation, Y denotes natural capital productivity, X represents GDP per capita, uit 
is traditional error term, i symbolizes individuals and/or groups, and t is time. The signs of 
the coefficients of X, X2, and X3 determine the shape of the curve.

We employ panel regression techniques to estimate Eq. (6). Panel data approach encom-
passes data across cross-sections and over time series, thus provides a comprehensive anal-
ysis to examine variables of interest. However, the use of panel data and dynamic specifica-
tions make this problem more complex. Alternatively, to eliminate the serial correlation 
problem, Zhengfei and Lansink (2006) suggest the use of a dynamic generalized method 
of moments (GMM) model to analyze TFP measures estimated by DEA. Therefore, we 
employ system GMM to analyze productivity change in this article.
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