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Abstract

This study examines the relationship between economic growth and environmental
sustainability in Indonesia, focusing on the validity of the Environmental Kuznets Curve
(EKC) hypothesis and the impact of various factors on a country’s ecological footprint.
Although extensive research has explored the connection between carbon emissions and
economic growth, the specific roles of economic growth, mineral rent, forest rent, and
human capital in determining the ecological footprint in Indonesia remain understudied.
This study aimed to investigate two primary aspects. First, it examines the EKC
hypothesis in Indonesia using a cubic representation of economic growth, which offers a
more nuanced understanding of the relationship between environmental degradation and
economic expansion than the traditional inverted U-shaped EKC curve. Second, it
analyses the long-term and short-term effects of mineral rent, forest rent, and human
capital on the ecological footprint using an Autoregressive Distributed Lag (ARDL)
model. Data for the study variables were collected from Indonesia for the period 1991Q1-
2021Q4. The ARDL findings revealed that human capital and forest rent contribute to
improving Indonesia's ecological footprint. Conversely, mineral rents demonstrate the
potential for reducing environmental impacts over time. The results indicate an N-shaped
Environmental Kuznets Curve, illustrating the relationship between the ecological
footprint and economic growth. This research has significant policy implications for
Indonesian decision makers, emphasising the need for efficient transformation of non-
renewable resources into a sustainable, eco-friendly environment. Additionally, this study
highlights the importance of continuously enhancing environmental awareness and
implementing educational reforms to achieve long-term sustainability benefits.
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INTRODUCTION
Indonesia has adopted the Sustainable Development Goals (SDGs) framework,
aiming for achievement by 2030, making sustainable development crucial. This
concept balances socio-economic growth and environmental preservation,
though economic priorities often overshadow environmental concerns, leading to
increased production, consumption, and environmental degradation (Shahbaz et
al., 2019). The Environmental Kuznets Curve (EKC) theory, first proposed by
Grossman & Krueger (1991), suggests an inverted U-shaped relationship between
economic growth and environmental quality. Initially, economic expansion
worsens environmental conditions, but over time, technological advancements
and awareness reduce ecological strain (Aytun et al., 2024).

Many studies explore environmental quality determinants, often using
CO2 emissions as a pollution measure (Adebayo, 2020; Idroes et al., 2024).
Others analyse sulfur dioxide (SO2) (Sinha & Bhattacharya, 2017) and nitrogen
dioxide (NO2) (Alola et al., 2023). This study utilises the ecological footprint, a
comprehensive measure of environmental impact, to validate the EKC
hypothesis. The ecological footprint assesses human demand for natural
resources and is widely recognised in empirical research (Balsalobre-Lorente et
al., 2024). Given its significance, numerous studies have examined its
determinants (Bello et al., 2018; Ozcan et al., 2019; Ragmoun, 2023), reinforcing
its role as a crucial indicator of environmental degradation.
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Figure 1: Ecological footprint in Indonesia (Global hectares per person). Source:
Global Footprint Network

The ecological footprint reflects human dependence on natural
resources to meet needs. These resources significantly contribute to Indonesia’s
economic growth. However, Indonesia faces an ecological deficit due to
importing biocapacity, liquidating national ecological assets, or emitting more
carbon dioxide than its ecosystems can absorb. Despite Law No. 32/2009
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mandating sustainable economic growth, implementation remains challenging.
Natural resource rents drive excessive resource use and production, expanding
the ecological footprint. While resource rents provide short-term economic gains,
they can hinder long-term growth and sustainability (Hoang et al., 2023; Tabash
et al., 2022). Mineral and forest rents, key sustainability concepts, must balance
resource extraction with environmental and social interests (Wang & Wang,
2024). Minerals are vital for construction, manufacturing, energy, and agriculture
(Nassani et al., 2021), but depletion leads to economic instability and ecosystem
degradation. Similarly, rising forest rents cause deforestation, biodiversity loss,
and climate change (Usman et al., 2023; Suriani et al., 2023, 2024).

The impact of human capital on the environment remains debated.
Traditional human capital theory (Danish et al., 2019) links it to skills, education,
and productivity. Education fosters awareness of sustainable technologies and
renewable energy, influencing behaviours that enhance energy efficiency and
resource conservation (Bano et al., 2018; Zall¢, 2019). Thus, human capital plays
a crucial role in mitigating environmental degradation. This study advances prior
research by analysing environmental degradation and economic growth from a
unique perspective. First, it focuses on the ecological footprint, offering a broader
measure of human reliance on natural resources beyond air pollution. A larger
ecological footprint in developing countries like Indonesia often correlates with
declining environmental quality. Second, it examines Indonesia’s ecological
footprint over the past 30 years regarding human capital, forest rent, and mineral
rent. Third, Indonesia, a country with one of the world's highest ecological
footprints (Global Footprint Network), is the focal point. Limited research has
explored the simultaneous relationship between ecological footprint, natural
resource rents, human capital, and economic growth in Indonesia.

Fourth, the study applies the Environmental Kuznets Curve (EKC)
hypothesis, utilising cubic GDP terms to assess the ecological footprint-economic
growth connection. On the basis of these aspects, the study addresses two key
questions: (1) Does Indonesia’s economic growth reduce environmental
pollution? (2) Do natural resource rents (mineral and forest rents) and human
capital mitigate or worsen Indonesia’s environmental challenges? This research
aims to contribute in two ways. First, it examines the Kuznets curve, using
ecological footprint as the dependent variable. Second, it employs time-series
data, which differs from conventional cross-section or panel data studies on the
EKC hypothesis. Time-series analysis provides a deeper understanding of
pollution trends across economic development stages. Third, it assesses the
impact of mineral rent, forest rent, and human capital on environmental
degradation, especially when natural resource dependence is high. By providing
insights into these relationships, this study enhances the literature on
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sustainability, economic growth, and environmental management in Indonesia,
ultimately guiding policy decisions toward sustainable development.

RESEARCH METHODOLOGY

The study employs time series data from 1991Q1 to 2021Q4 in Indonesia, and
the analysis period is related to the availability of mineral rent, forest rent, and
human capital data. Ecological footprint data is collected from the Global
Footprint Network. The World Development Indicator database provides
economic development, forest rent, and mineral rent information. The Penn
World Table, which calculates human capital using the human capital index, is
the source of human capital data. Table 1 defines the variables used in the
analysis.

Table 1: Description of Studied Variables

Variable(s) Symbol(s) Measurement(s) Data Source(s)
Ecological ECF Ecological footprint ~ Global Footprint
Footprint (global hectares per ~ Network
capita)
Economic Growth GDP GDP per capita World Development
(constant 2010 US Indicator
dollars)
Mineral Rent MRR Mineral resource World Development
rent (percentage of Indicator
GDP)
Forest Rent FRR Forest resource rent ~ World Development
(percentage of GDP)  Indicator
Human Capital HC Measured by human  Penn World Tables

capital index

This study evaluates the validity of the EKC hypothesis and the
relationship between ecological footprint, mineral rent, forest rent, and human
capital in Indonesia from 1991Q1 to 2021Q4. Environmental impact is proxied
by ecological footprint. Following Charfeddine & Mrabet (2017), some research
variables were converted from logarithms to natural logarithms because of issues
with normality. The following model investigated the relationship between
ecological footprint and other variables.

ECF, = 8y + 8,LGDP, + 8,LGDP? + 8;LGDP? + §,MRR, + 85sFRR, )
+ 0gHC; + &;

Where ECF represents ecological footprint (per capita), GDP per capita
or LGDP, is the natural logarithm of economic growth, (LGDP)? is square of the

logarithm of economic growth, (LGDP)? is cubic of the logarithm of economic
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growth, mineral rent (MRR) is expressed as a percentage, forest rent (FRR) as a
percentage, and human capital (HC) as determined by the human capital index,
which takes into account years of education and results from different educational
levels. This study investigates the cubic growth of the economy as it aims to
explore the more complex environmental Kuznets curve hypothesis. For this
purpose, if the slope coefficient for economic growth is as follows (6; > 0; 6, <
0;683 > 0), showing an N-shaped relationship consistent with the EKC
hypothesis (Arshad Ansari et al., 2020).

Following Arshad Ansari et al. (2020), Cai & Magazzino (2019) and
Sun et al. (2023), this study employs time series approaches in the form of unit
root tests to examine integration ordering using the ADF test. The unit root
indicates which technique is suitable for further empirical investigation (Huang
et al., 2020). After examining the unit root qualities, cointegration analysis is
undertaken to analyse long-term equilibrium relationships and estimate long- and
short-run effects. The ARDL methodology needs stationary variables at 1(0) or
I(1), and the current research fits these criteria. We utilise the following model
within the ARDL framework to study the relationships between variables.

p p
AECF, = fo + ) Pucd(ECF) i+ ) BuA(LGDP),
k=1 o k=0 o
+ ) B (LGDPY e+ ) B (LGDPYE,
k=0 k=0
p o 5
+ ) BAMRR), e+ ) BA(FRR), @)
k=0 k=0

p

+ ) B (HC) i+ 6, (ECF)_y + 8,(LGDP),
k=0

+ 85(LGDP)?_, + 8,(LGDP)?_, + 65s(MRR),_,

The lag length is denoted by p in equation (2), the error term by &; and
the first difference operator by A. The first section uses the symbol. The short-
term relationship is articulated by the symbol (¥) in the first portion, while the
long-term relationship is stated in the second part by the coefficients §; to §;. In
the following phase, we run various diagnostic tests to determine the likelihood
of heteroskedasticity, normality, and serial correlation, as well as the commonly
used CUSUM and CUSUMsq tests to ensure parameter stability.
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RESULTS AND DISCUSSION

Table 2 presents descriptive statistics revealing that the average economic growth
is significantly high at 6.408065, ranging from 5.950 to 6.900. This indicates a
substantial impact of economic growth on Indonesia's ecological footprint
throughout the analysis period. The ecological footprint (ECF), which indicates
environmental damage, ranges from a minimum of 0.290 to 0.430. Mineral rent
(MRR) and forest rent (FRR) increase from 0.030 and 0.100, respectively, to
0.690 and 0.510. Human capital (HC) increases from 0.480 to 0.610 from 1991Q1
to 2021Q4.

Table 2: Result of Descriptive Statistics

Statistics ECF LGDP MRR FRR HC

Mean 0.351 6.408 0.212 0.189 0.559
Median 0.345 6.335 0.190 0.150 0.570
Minimum 0.290 5.950 0.030 0.100 0.480
Maximum 0.430 6.900 0.690 0.510 0.610
Std.Dev. 0.0378 0.288 0.150 0.088 0.036

The stationarity test results utilising the Augmented Dickey-Fuller
(ADF) method are shown in Table 3. The time series variable FRR is integrated
at the I1(0) level, as shown by the unit root test results, while ECF, LGDP, LGDP?,
LGDP?, MRR, and HC are integrated at the I(1). These findings suggest that the
time series variables have a varied order of integration. Given the heterogeneous
order of integration in the time series data, employing the ARDL model in this
investigation is appropriate.

Table 3: Result of Stationary Testing using Augmented Dickey-Fuller.

Variable At Level At First Difference
t-Statistic Prob. t-Statistic Prob.
ECF -3.3125% 0.0692 - -
LGDP -2.1371 0.5196 -3.5961%** 0.0344
LGDP? -2.0087 0.5903 -3.6466** 0.0301
LGDP? -1.8859 0.6556 -3.7038%** 0.0259
MRR -1.8083 0.6947 -3.4787** 0.0465
FRR -3.5548%** 0.0383 - -
HC -0.2373 0.9915 -8.4541*** 0.0000

Note: *, ** and *** are significance levels at 10 %, 5 %, and 1 % respectively.

The cointegration test findings in Table 4 demonstrate that the long-
term link is obvious in the model. Since the F-statistic of the model is bigger than
the crucial value at the 5% level, we cannot reject the presence of a long-term
link. Therefore, we may proceed with estimating both the long-term and short-
term associations.
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Table 4: Result of Cointegration Analysis using ARDL Bounds Testing Approach
Long-run result

Model Lower Upper Significance
bound bound level
Fc (lgdp, lgdp?, 1gdp?, mrr, fir, hc) 2.53 3.59 10%
F=7.152208 2.87 4 5%
3.19 4.38 2.5%
3.6 4.9 1%

The ARDL results in Table 5 indicate that economic growth, forest rent,
and human capital drive environmental degradation, while mineral rent enhances
environmental quality in the long run. Natural resource rents impact the
environment differently based on resource type and extraction methods. In
Indonesia, forest rent increases ecological footprints over time, as forest
exploitation surpasses regeneration capacity. This aligns with Zhang & Zhang
(2023), who found a negative environmental impact of natural resources in
developing countries, particularly due to deforestation. However, Bilgili et al.
(2023) argue that forest rent mitigates environmental harm in the MENA region,
while mineral rent exacerbates it. Mineral rent negatively correlates with
ecological footprints in the long run, suggesting that revenues from mineral
resources can fund sustainable mining practices, thereby reducing environmental
damage.

He et al. (2024b) describe mineral rent as a tax that ensures fair
corporate contributions for resource extraction, minimising long-term harm.
Kang et al. (2023) also found that mineral rent lowers ecological footprints in the
U.S. because mining often occurs in isolated areas, reducing its environmental
impact. Human capital increases Indonesia’s short- and long-term ecological
footprint, suggesting weak environmental education. This aligns with Nathaniel
(2021), who found ASEAN’s human capital lacks environmental conservation
awareness, similar to Zia et al.’s (2021) findings in China. Danish et al. (2019)
also link human capital to a higher ecological footprint in Pakistan due to limited
environmental knowledge. However, Nathaniel (2021c) suggests that educated
human capital fosters sustainability through efficient resource use, energy
conservation, and green technology adoption. Sahoo & Sethi (2021) emphasise
that populations with higher human capital indices are more environmentally
conscious and take measures to protect the ecosystem.
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Table 5: Result of ARDL Estimations

Variable(s) Coefficient Std. Error t-Statistic Prob.
Short-run results

D(ECF(-1)) 0.3943#** 0.0845 4.6675 0.0000
D(ECF(-2)) 0.1237 0.0878 1.4089 0.1631
D(ECF(-3)) 0.2611%** 0.0878 2.9732 0.0040
D(LGDP) -33.1502 51.2526 -0.6468 0.5198
D(LGDP(-1)) -137.1707** 57.1292 -2.4011 0.0189
D(LGDP(-2)) -45.6964 59.0028 -0.7745 0.4411
D(LGDP(-3)) -197.0605***  52.8914 -3.7257 0.0004
D(LGDP2) 4.7334 7.8915 0.5998 0.5505
D(LGDP2(-1)) 21.3795%* 8.8089 2.4270 0.0177
D(LGDP2(-2)) 7.142042 9.1054 0.7844 0.4354
D(LGDP2(-3)) 30.6183*** 8.1708 3.7473 0.0004
D(LGDP3) -0.2209 0.4042 -0.5467 0.5862
D(LGDP3(-1)) -1.1079%** 0.4518 -2.4522 0.0166
D(LGDP3(-2)) -0.3697 0.4674 -0.7909 0.4315
D(LGDP3(-3)) -1.5825% 0.4198 -3.7689 0.0003
D(LGDP3(-4)) -0.0001 0.0005 -0.2102 0.8341
D(LGDP3(-5)) 0.0004 0.0005 0.8411 0.4030
D(LGDP3(-6)) 0.0007 0.0005 1.3524 0.1804
D(LGDP3(-7)) -0.0011** 0.0004 -2.5949 0.0114
D(MRR) 0.0066 0.0151 0.4401 0.6612
D(MRR(-1)) 0.0292* 0.0154 1.9006 0.0613
D(MRR(-2)) -0.0029 0.0144 -0.2057 0.8375
D(MRR(-3)) 0.0319%* 0.0139 2.2999 0.0243
D(MRR(-4)) 0.0293** 0.0140 2.0902 0.0401
D(HC) 0.3879%#** 0.1338 2.8999 0.0049
D(HC(-1)) -0.7895% 0.1745 -4.5240 0.0000
D(HC(-2)) -0.6509%** 0.1719 -3.7867 0.0003
D(HC(-3)) -0.5974%** 0.1691 -3.5326 0.0007
D(HC(-4)) -0.6612%** 0.1644 -4.0211 0.0001
D(HC(-5)) -0.4213%%* 0.1589 -2.6498 0.0099
D(HC(-6)) -0.1218 0.1525 -0.7986 0.4271
D(HC(-7)) -0.1812 0.1492 -1.2143 0.2285
D(HC(-8)) 0.3110%* 0.1417 2.1948 0.0314
CointEq(-1)* -0.4928*** 0.0669 -7.3607 0.0000
Long-run results

LGDP 57.1883%** 17.610 3.2474 0.0018
LGDP2 -9.4639%** 2.7541 -3.4363 0.0010
LGDP3 0.5210%** 0.1439 3.6209 0.0005
MRR -0.0629%** 0.0161 -3.9142 0.0002
FRR 0.1426%** 0.0519 2.7473 0.0076
HC 1.9873%** 0.3745 5.3057 0.0000
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Variable(s) Coefficient Std. Error t-Statistic Prob.
Diagnostic Tests

Jarque-Bera 0.113751[0.944712]

LM test 0.5098

Breusch-Pagan-

Godfrey 0.6784

Ramsey 0.7361

Note: *, ** and *** are significance levels at 10 %, 5 %, and 1 %, respectively.

We further observe the presence of EKC for ecological footprint in
Indonesia from the positive/negative coefficients of LGDP/LGDP2/LGDP3 in
Table 5. The examination of results indicates an N-shaped correlation between
economic growth and ecological footprint. The N-shaped EKC curve illustrates
that ecological footprints undergo three phases: "increase, decrease, and increase"
in response to economic expansion (Nugraha et al., 2024). In addition, Shahbaz
& Sinha (2019) posit that when 6, > 0, 653 <0, and 6, > 0, the correlation between
environmental degradation and economic growth exhibits an N-shaped curve
(Figure 2).

Ecological footprint
F 5

Scale effect

Technical
obsolescence
effect

I: Compositional
:, & technical

i effect

— Economic growth

Figure 2: N-shaped relationship between GDP and environmental degradation
Source: Baris-Tiizemen et al., (2020) and Zhang (2021)

The study reveals a transition from scale effects to composition and
technique effects through changes in energy consumption patterns. This contrasts
with Rahman et al. (2024), who found that Indonesia rejects the Environmental
Kuznets Curve (EKC) as air pollution rises with economic growth. However,
Alam et al. (2016) observed that Indonesia follows the EKC for CO2 emissions
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in both the short and long term. The N-shaped EKC suggests that pollution may
resurge at advanced economic stages if innovation lags behind economic growth
(Alvarez-Herranz et al., 2017). This model indicates that pollution declines
initially but rises again with further progress (Wang et al., 2024). Theoretical
research suggests the N-shaped EKC emerges when environmental protection
efforts and clean technologies slow down. Based on findings, the N-shaped EKC
is supported, implying that pollution decreases alongside economic success in the
second phase, albeit with a relatively low coefficient.

8 1.6

1.2

0.8 4

0.4 -

0.0

n 1 v I m v U Ul v | I n v
2020 2021 2020 2021

\ —— CUSUM —— 5% Significance \ \ —— CUSUM of Squares --— 5% Significance

a) CUSUM Test b) CUSUM Squares Test
Figure 3: Result of CUSUM and CUSUM Squares Test

The findings of the diagnostic tests for normality, serial correlation, and
heteroscedasticity, shown in Table 5, indicate that this research model is stable.
Additionally, the CUSUM and CUSUM Squares plots in Figure 3 are within the
required 5 percent boundaries, confirming model stability.

CONCLUSION
Indonesia must understand the Environmental Kuznets Curve (EKC) to address
its ecological footprint. This study examines EKC validity and the effects of
mineral rent, forest rent, and human capital on Indonesia’s ecological footprint
using the ARDL test. Findings indicate an N-shaped EKC, suggesting that
environmental degradation may persist if green innovation fails to counterbalance
economic expansion. Economic growth, forest rent, and human capital increase
the ecological footprint, while mineral rent reduces it in the long run. These
findings offer key policy insights. First, Indonesia must reduce reliance on forests
and minerals by investing in research, development, and technology to enhance
energy efficiency and sustainability. Second, resource exploitation, from
extraction to production, contributes to environmental damage.

Imposing proportional taxes on mined resources can mitigate these
effects. Third, the government should promote renewable energy while
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discouraging environmentally harmful resource use. Raising public awareness
and implementing stricter standards can support this transition. This study has
limitations. It does not explore broader economic factors such as international
trade and financial development. Additionally, it focuses on mineral and forest
rent, excluding natural gas, coal, and oil rent. Future research should incorporate
these variables for a more comprehensive analysis.
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