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Abstract. This research investigates the correlation between economic growth
(GDP), foreign direct investment (FDI), and urban population in relation to the
ecological footprint (EF) while testing the Environmental Kuznets Curve (EKC)
hypothesis within the Indonesian context. Employing a robust time series
analysis, the study utilizes an Error Correction Model (ECM) to analyze annual
data spanning from 1971 to 2021. The novelty of this research lies in its approach
of using the ecological footprint as an environmental indicator, moving beyond
traditional metrics such as CO2 emissions. Furthermore, the study leverages a
more extensive time series dataset than previous research, providing a
comprehensive understanding of the dynamics between economic growth and
environmental impact in Indonesia. The research findings support the
Environmental Kuznets Curve (EKC) hypothesis, showing that while economic
growth initially increases the ecological footprint, it eventually leads to a
decrease as income levels rise, indicating a shift towards environmental
sustainability. Additionally, both foreign direct investment (FDI) and urban
population have a significant negative impact on the ecological footprint in both
the short and long term. This suggests that increased FDI and urbanization
enhance environmental efficiency, likely through cleaner technologies and
improved infrastructure. These results emphasize the need for sustainable
economic practices and the importance of integrating environmental
considerations into policymaking as economies continue to develop

Keywords: Ecological Footprint, GDP, Environment Kuznets Curve, FDI,
Urbanization, Error Correction Model.

1 Introduction

Environmental degradation is a significant global challenge, akin to issues like climate
change and biodiversity loss [1]. Human activities, including fossil fuel burning and
deforestation, are the primary causes of climate change and environmental degradation
[2]. These processes lead to various security risks, such as food shortages and natural
disasters. Globalization's impact on environmental
degradation varies, with overall and economic globalization potentially reducing
degradation in industrialized countries [3]. Governments and international
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organizations across the globe are enforcing strict environmental regulations and
adopting sustainable development practices to address this problem.

Trade-offs between human welfare and environmental sustainability have caused
some developing countries to experience faster environmental degradation. In the
initial stages of their pursuit of economic growth, many countries participating in the
global race for development failed to adequately consider the negative environmental
externalities associated with their progress. The intense focus on expanding
economies, increasing industrial output, and boosting GDP often overshadowed the
potential long-term harm being inflicted on natural ecosystems. As a result, issues
such as pollution, deforestation, and the overexploitation of resources were often
ignored or minimized in the early phases of growth strategies. This oversight has
contributed to significant environmental degradation, which many nations are now
struggling to address as they balance the need for continued economic development
with the imperative of environmental sustainability.

Developing countries like Indonesia, endowed with a wealth of natural resources,
often face a heightened risk of environmental degradation due to their reliance on
resource extraction. Indonesia’s economy remains heavily dependent on industries
such as mining, forestry, and agriculture, which exploit its rich reserves of minerals,
oil, gas, timber, and fertile land. This dependence has contributed to the formation of
what scholars refer to as an "extractive regime," where economic growth is driven by
the large-scale extraction of natural resources [4]. While this approach has spurred
economic development, it has also accelerated environmental degradation through
deforestation, habitat destruction, soil depletion, and pollution.

Moreover, Indonesia's integration into global markets, supported by regional and
international economic forces, has amplified this extractive process. The demand for
commodities like palm oil, coal, and timber has incentivized extensive land clearing
and resource overexploitation, contributing to severe deforestation, biodiversity loss,
and carbon emissions. Globalization has also intensified competition for resources,
often prioritizing short-term economic gains over long-term environmental
sustainability. This resource-driven economic model has led to significant ecological
damage, creating challenges in balancing development needs with environmental
protection. Consequently, Indonesia faces the pressing task of transitioning towards
more sustainable practices, addressing the ecological costs of its extractive economy
while continuing to meet the developmental aspirations of its population.

Given this condition, the importance of understanding the dynamic interplay
between human activities and environmental impact cannot be understated.
Traditional measures of environmental impact, such as carbon dioxide (CO:) and
sulfur dioxide (SO:) emissions, have long been used as proxies for pollution.
However, these indicators often capture only specific facets of environmental
degradation. The ecological footprint, by contrast, offers a more comprehensive
metric by assessing the total productive land and water required to sustain a
population's consumption patterns and assimilate waste [5]. While this approach has
spurred economic development, it has also accelerated environmental degradation
through deforestation, habitat destruction, soil depletion, and pollution. It quantifies
the total productive land and water required to sustain a population's resource
consumption and waste assimilation [6]. This metric thus allows for a broader
examination of environmental strain, extending beyond greenhouse gas emissions to
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encompass all forms of biocapacity usage, thereby presenting a holistic view of
human demand on the ecosystem [7].

This study focuses on three pivotal factors potentially influencing Indonesia’s
ecological footprint: Gross Domestic Product (GDP), Foreign Direct Investment
(FDI), and urban population. As GDP growth remains a central policy goal, the
environmental repercussions of economic expansion have raised concerns about the
sustainability of current development paths [8]. Moreover, there is an EKC hypothesis
that said connection between economic growth and environment degradation make
an inverted U-shaped curve. FDI, a major driver of industrial and infrastructural
development, is often double-edged, enhancing economic growth while potentially
exacerbating environmental degradation [9]. Similarly, urban population growth, a
hallmark of Indonesia's rapid urbanization, intensifies demand for resources and
contributes to pollution, further impacting ecological stability [10].

Given Indonesia’s unique ecological and socio-economic context, this study seeks
to quantify the impact of GDP, FDI, and urban population on the country’s ecological
footprint. Through this analysis, we aim to understand how these factors shape
Indonesia’s environmental sustainability and resource use patterns, providing insights
into balancing economic growth with ecological preservation.

2 Literature Review

2.1  Ecological Footprint and GDP

The correlation between Gross Domestic Product (GDP) and ecological footprint has
been a focal point in environmental and economic studies, as GDP growth often
intensifies the demand for resources, resulting in a larger ecological footprint. The
ecological footprint measures the biocapacity required to support a population’s
resource consumption and waste generation, providing insight into the environmental
impacts of economic activities [11]. As GDP reflects the economic output of a nation,
higher GDP levels typically correlate with increased energy consumption,
infrastructure development, and industrial production, which place additional strain
on natural resources [12].

Many studies support the EKC hypothesis, which suggests that environmental
degradation initially increases with GDP but eventually decreases as economies
develop and adopt greener technologies [13]. Several papers found evidence
supporting the EKC hypothesis in various contexts, including Uruguay [14], Chile
[15], and a panel of complex economies [16]. However, results varied across
countries and income levels. Some studies reported mixed findings, with EKC
supported in some countries but not others [17]. Research also indicates that while
high-income countries may experience a decoupling of GDP from ecological footprint
through technological advancements and environmental policies, middle- and low-
income countries often see their ecological footprint increase with economic growth
due to limited access to sustainable technologies (Knight & Rosa, 2011). For instance,
Jorgenson (2003) found that GDP growth in developing countries often intensifies the
ecological footprint, as economic expansion generally relies on resource-intensive
industrialization.
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Studies have further explored how economic structures impact the GDP-ecological
footprint relationship. In economies reliant on manufacturing and industrial sectors,
GDP growth tends to correlate strongly with a larger ecological footprint due to
significant energy demands and pollution. Conversely, in economies with a
substantial service sector, the correlation is generally weaker, as services typically
have a lower environmental impact [18]. For example, Wiedmann et al. [19]
highlight that economies with diverse, service-oriented sectors are often better
positioned to reduce the ecological footprint relative to GDP increases, as these
sectors are less resource-intensive.

In summary, the correlation between GDP and ecological footprint is influenced by
a nation’s economic structure, development stage, and environmental regulations.
While higher GDP generally correlates with an increased ecological footprint,
especially in developing nations, sustainable practices and green technologies can
help moderate this relationship. As nations strive for economic growth, understanding
these dynamics becomes essential for balancing economic and environmental
objectives.

2.2 Ecological Footprint and GDP

FDI is widely recognized as a catalyst for economic growth, enhancing technological
development, infrastructure, and employment opportunities in host countries [20].
However, this investment influx often comes with environmental trade-offs, as
increased industrial activities and resource extraction contribute to higher levels of
ecological stress, particularly in developing nations. Several studies suggest that FDI
can contribute positively to environmental sustainability under certain conditions,
particularly when investments are directed toward environmentally friendly
technologies [21]. However, this “green FDI” remains less common, especially in
developing countries where environmental regulations may be less stringent. Instead,
FDI in resource-intensive sectors often exacerbates environmental degradation,
expanding the ecological footprint by increasing demands on local ecosystems for raw
materials, water, and waste assimilation [22]. For example, Shahbaz et al. [22]found
that in emerging economies, higher levels of FDI correlate with a larger ecological
footprint due to increased energy consumption and emissions associated with
industrialization.

Further, the type of FDI plays a crucial role in determining its environmental
impact. Manufacturing and industrial FDI, for instance, tend to elevate ecological
footprints by intensifying resource extraction and energy use, whereas service-based
FDI may have a lesser impact on local ecosystems [23]. A study by Omri and Bassem
[24] specifically highlights that in countries where industrial FDI is predominant, the
ecological footprint tends to increase significantly compared to countries receiving
FDI in the services sector. This relationship suggests that FDI impacts vary widely
depending on the host country’s economic structure, regulatory framework, and type
of FDI received.
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2.3  Ecological Footprint and Urbanization

The correlation between ecological footprint and urban population has become a
focal point in environmental research, as urbanization intensifies globally. Rapid
urbanization is a leading factor influencing the ecological footprint, as cities
concentrate populations, intensify resource use, and increase environmental pressure
[10]. Urban population growth escalates resource demands through heightened
consumption of energy, water, and land, alongside increased waste and pollution,
leading to a larger ecological footprint [25].

Studies have shown a significant positive correlation between urban population
density and ecological footprint. Research by York et al. [12] indicates that as urban
areas grow, they tend to use resources more intensively, often exceeding the
biocapacity available locally or regionally. This relationship is attributed to higher
consumption patterns typically seen in urban centers, which are driven by increased
income levels, infrastructure demands, and transportation [26]. Urban residents also
generally consume more goods and services, increasing per capita ecological
footprints compared to rural populations [27].

Moreover, urbanization influences ecological footprints through lifestyle changes
that accompany urban living, such as shifts in dietary habits, housing, and energy use.
For example, urban populations typically exhibit higher meat consumption and
depend more heavily on imported goods, both of which significantly raise the
ecological footprint [28]. Urban areas also often promote an energy-intensive lifestyle
with reliance on fossil fuels, which further exacerbates their ecological impact [29].

However, some studies suggest that urbanization can, in certain contexts, have a
mitigating effect on ecological footprint through economies of scale and resource
efficiencies [30]. For instance, densely populated urban areas may enable more
efficient public transportation systems and reduce individual carbon footprints due to
shared infrastructure. Yet, even with these potential efficiencies, the net impact of
urban population growth on the ecological footprint generally remains positive, given
the concentration of economic activities and elevated consumption patterns within
cities [31].

In summary, research consistently underscores a positive correlation between
urban population growth and ecological footprint, with urbanization intensifying the
demand for resources and environmental impact. This relationship points to a critical
need for sustainable urban planning and policies that mitigate the ecological footprint
while accommodating urban population growth [7].

3 Methodology

This study adopts a quantitative approach, selected to rigorously test hypotheses
through the use of measurable data. Specifically, the research aims to examine the
relationships between economic growth, investment, and urbanization, and their
impact on environmental degradation, as measured by the ecological footprint.
Additionally, it seeks to determine whether the Environmental Kuznets Curve (EKC)
hypothesis holds true. This study utilizes secondary time series data sourced from
Footprint Network and the World Bank, covering period from 1971 to 2021. The
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research was conduct in Indonesia. A detailed summary of the operational definitions
and descriptions of the variables is provided in Table 1.

Widarjono [32] explains that time series data are often non-stationary, which can
lead to unreliable regression results, known as spurious regression. In this case, the
regression may show statistically significant coefficients and high R-squared values,
but the variables in the model may not be genuinely related. To address non-
stationary time series data, the error correction model (ECM) is an appropriate
approach. This method also allows for the identification of both short-term and long-
term relationships resulting from cointegration between the variables. Therefore, we
use the ECM model because the data used in the study is not stationary at the level.
Firstly, ordinary least square (OLS) has been conducted in order to establish a long-
term relationship between the variables.The model is expressed as follows.

LNEFt=f(LNGDPt, FDIt, UPt) (1)
LNEFt= 0+1LNGDPt+2 FDIt+3UPt+t  (2)

Equation (2) is linear model in this study, but in order to test EKC hypothesis we
need to capture the nonlinear relationship between GDP and EF, therefore we inject
log GDP per capita in quadratic form as the most appropriate functional form for
estimation which expressed as follows.

LNEFt= 0+1LNGDPt+2 LNGDPt2+3FDIt+4UP2+t 3)

The co-integration analysis typically requires the variables to be stationary, as
confirmed through the Engle-Granger [33] test. And for the short run we using ECM
model, the short-term regression equation is as follows after the logarithmic
transformation is carried out.

ALNEFt= 0+1ALNGDPt+2 ALNGDPt2+3AFDIt+4AUP2+5AECTt+t (4)

From the results of the ECM linear regression analysis, it is evident that the model
includes an Error Correction Term (ECT), which represents the residuals in the ECM
method and reflects the equilibrium between variables. If the ECT coefficient is
statistically significant, with a value of ECT < 1 and a significance level of o = 5%, it
indicates that the model specification is valid.The coefficient expected to form an
EKC curve in accordance with the Kuznets hypothesis is positive on LNGDPt and
negative on LNGDP?t so an inverted U curve will be formed.

4 Result

4.1 Data Stationarity Test

The purpose of the data stationarity test is to ensure that the data generation process is
stationary, which helps prevent spurious regressions. Before applying the ECM to
analyze short-term and long-term relationships, it is essential to conduct a stationarity
test. The Augmented Dickey-Fuller (ADF) test is used for this purpose. If the ADF
test value exceeds the 5% significance level, the data is considered stationary.
According to Table 2, the variables in the stationarity test are not stationary at their
levels. Therefore, it is necessary to proceed with an integration test by performing a
unit root test at the first difference.
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Table 1. Variable Description
Variable Symbols Unit Data Source
Ecological LNEF Gha (global hectares) Footprintnetwork
Footprint
Economic LNGDP GDP  per capita World Bank
Growth (constant 2015 USS)
Economic LNGDP2 GDP  per capita World Bank
Growth square (constant 2015 USS)
Forign Direct FDI net inflows (% of World Bank
Investment GDP)
Urban UP % of total population World Bank
Population
Table 2. Data stationarity test results
. At Level 1* Difference . .
Variables 70 b value 70 b value Stationarity
LNEF 0.8309 -6.8000 0.0000 I(1)
0.759
LNGDP - 0.7922 -4.6030 0.0001 I(1)
0.887
(LNGDP) - 0.8911 -4.6260 0.0001 I(1)
0.505
FDI - 0.0862 -5.4790 0.0000 I(1)
2.634
UP 0.235 0.9741 -5.1820 0.0000 I1(1)

Source : Stata 17 (processed), 2024

4.2

Cointegration Test

The cointegration test assesses whether a long-term relationship exists between the
independent and dependent variables. Its purpose is to determine if the residuals are
integrated. If the variables are integrated, it indicates a stable long-term relationship.
Therefore, before performing the cointegration test, a regression for the long-term
equation must be conducted to obtain the residual values. The results of the long-term
regression estimation are presented as follows:

Table 3. Long-run estimation of regression

Variable Coefficient Std. Error - Prob
statistic

LNGDP 1.421994 0.4405619 3.23 0.002
LNGDP2 -0.0554757 0.0305355 -1.82 0.076
FDI -0.008597 0.0046425 -1.85 0.070
UP -0.0656702 0.0108334 -6.06 0.000
R-squared 0.9911

Adjusted R-squared 0.9903
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Root MSE .03664
F-statistic 1274.06
Prob (F-statistic) 0.0000

Source : Stata 17 (processed), 2024

The cointegration test is conducted by applying the Augmented Dickey-Fuller
(ADF) unit root test to the residuals. The results of the cointegration test for the
equation are as follows:

Table 4. Cointegration test

Variable Coefficient Prob
ECT -5.182 0.0000
Source : Stata 17 (processed), 2024
Engle Granger residual cointegration test showed that error correction term (ECT)
was stationer at the level which states that there is cointegration, so the equation being
tested has a long-term equilibrium relationship. Then you can do the next Error
Correction Model (ECM) test to do the short-run estimation.

Table 5. Short-run using ECM

Variable Coefficient Std. Error . Prob
statistic

LNGDP -1.436309 1.720652 -0.83 0.408

LNGDP2 0.1188577 0.1144682 1.04 0.305

FDI -0.0026257 0.0041303 -0.64 0.528

UP -0.0140713 0.0207095 -0.68 0.500

ECT-1 -0.4831899 0.1311824 -3.68 0.001

R-squared 0.3055

Adjusted R-squared 0.2266

Root MSE 0.03069

F-statistic 3.87

Prob (F-statistic) 0.0054

Source : Stata 17 (processed), 2024

The results of the long-run estimation (Table 3) indicate a significant long-term
relationship between the dependent variable, ecological footprint (EF), and the
independent variables: natural logarithm of GDP (LNGDP), its square (LNGDP2),
foreign direct investment (FDI), and urbanization (UP). The coefficient for LNGDP is
positive (1.421994) and statistically significant (p = 0.002), suggesting that an
increase in GDP is associated with a substantial increase in the ecological footprint,
indicating that economic growth tends to increase environmental pressures.
Conversely, the coefficient for LNGDP2 is negative (-0.0554757) and marginally
significant (p = 0.076), hinting at a potential quadratic relationship where the positive
impact of GDP on EF may diminish at higher levels of GDP. The negative
coefficients for FDI (-0.008597, p = 0.070) and UP (-0.0656702, p < 0.000) suggest
that higher levels of foreign direct investment and urbanization are associated with a
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decrease in the ecological footprint, which could imply that these factors contribute to
more efficient resource use or cleaner technologies in economic activities.

The subsequent cointegration test (Table 4) results demonstrate that the residuals
from the long-run equation are stationary, as indicated by the significant error
correction term (ECT = -5.182, p < 0.0000). This implies a long-term equilibrium
relationship between the variables, suggesting that even if short-term fluctuations
occur, the system will tend to return to this equilibrium over time. Thus, the
cointegration confirms the hypothesis that these variables are linked in the long term.

Moving to the short-run estimation using the Error Correction Model (ECM)
(Table 5), the coefficient of the ECT (-0.4831899, p = 0.001) indicates that
approximately 48.3% of the deviation from the long-term equilibrium is corrected in
the following period. This strong negative coefficient suggests a significant
adjustment mechanism, where any disequilibrium in the ecological footprint due to
short-term shocks will be corrected over time. However, the other independent
variables (LNGDP, LNGDP2, FDI, and UP) show insignificant effects in the short
run, with p-values above 0.05, indicating that while they may play a crucial role in the
long run, their impact is less pronounced in the immediate term. The overall
goodness-of-fit measures reveal that the model explains approximately 30.55% of the
variance in the ecological footprint, as indicated by the R-squared value, while the
adjusted R-squared of 0.2266 accounts for the degrees of freedom in the model. The
F-statistic of 3.87 with a p-value of 0.0054 indicates that the overall model is
statistically significant, suggesting that the independent variables jointly influence the
ecological footprint, despite the individual coefficients being statistically
insignificant.

In summary, the statistical analysis indicates a robust long-term relationship
between economic growth, FDI, urbanization, and the ecological footprint, while the
short-run dynamics suggest that immediate adjustments towards equilibrium occur,
albeit with less significance in individual variable effects. Theoretically, these
findings align with the notion that economic growth influences environmental
outcomes, highlighting the importance of incorporating sustainability considerations
into economic development strategies to mitigate ecological impacts.

5 Discussion

The findings of the research align with the Environmental Kuznets Curve (EKC)
hypothesis, which posits that as an economy develops, environmental degradation
initially increases but eventually decreases after reaching a certain level of income. In
the long term, the results indicate that GDP contributes to an increase in the
ecological footprint during the early stages of economic growth. This pattern is
characteristic of developing economies, where initial industrialization leads to
increased resource extraction, higher fossil fuel consumption, and greater emissions.
As these countries strive for economic advancement, the immediate focus on
economic output often results in environmental degradation, reflecting the upward
trajectory of the EKC.

However, the research also reveals a critical shift in the relationship as economies
mature. In the later stages of development, GDP begins to contribute to a reduction in
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the ecological footprint. This transition supports the latter part of the EKC hypothesis,
which suggests that after achieving a certain income level, economies prioritize
environmental protection and sustainability. Factors such as the adoption of cleaner
technologies, improved efficiency in resource usage, and heightened public awareness
of environmental issues play significant roles in this shift. Mature economies often
invest in renewable energy sources and implement stricter environmental regulations,
effectively mitigating the ecological impacts associated with earlier phases of growth.

In contrast, the short-term dynamics challenge the conventional EKC narrative, as
the immediate effects of GDP growth can lead to an increase in the ecological
footprint. During periods of economic boom, firms may prioritize maximizing
production, resulting in heightened resource consumption and waste generation. This
underscores the importance of effective environmental policies, which may be lacking
in rapidly growing economies. Consequently, while the long-term trends support the
EKC hypothesis, the short-term dynamics illustrate the complexities of managing
environmental degradation during phases of rapid growth. Policymakers must
recognize these nuances and develop strategies that encourage sustainable practices
throughout the entire economic development process to achieve a balance between
economic prosperity and ecological health.

The research findings indicate that foreign direct investment (FDI) and urban
population have a statistically significant negative effect on the ecological footprint,
both in the short run and long run. This result is particularly noteworthy as it suggests
that these two factors play crucial roles in shaping the environmental impact of
economic activities. The negative relationship between FDI and ecological footprint
can be attributed to several theoretical frameworks. Firstly, FDI often brings advanced
technologies and managerial expertise into host countries, leading to improved
efficiencies in resource use and production processes. Multinational corporations,
which typically engage in FDI, are often bound by stricter environmental standards
and sustainability practices, thereby contributing to lower levels of pollution and
reduced resource depletion. Additionally, FDI can facilitate investments in cleaner
production technologies and renewable energy sources, further mitigating
environmental impacts.

The urban population also demonstrates a negative effect on the ecological
footprint, which aligns with the concept of urbanization contributing to environmental
efficiency. Urban areas tend to be more efficient in resource utilization due to
concentrated infrastructure and services. Higher population density can promote the
development of public transportation systems, reduce per capita energy consumption,
and encourage the use of shared resources. Moreover, urban centers often foster a
more environmentally conscious population that advocates for sustainable practices
and policies. The shift towards urban living may also drive demand for greener
technologies and sustainable urban planning, further supporting the reduction of
ecological footprints.

Importantly, the findings highlight that the negative effects of FDI and
urbanization on the ecological footprint are consistent across both short and long-term
horizons. This consistency suggests that the mechanisms through which these factors
exert their influence are robust, regardless of the economic context or timeframe
considered. As economies continue to globalize and urbanize, policymakers should
recognize the importance of promoting FDI that prioritizes sustainability and
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investing in urban infrastructure that enhances environmental efficiency. By fostering
an environment conducive to sustainable practices, countries can effectively manage
the balance between economic growth and ecological preservation, ultimately
contributing to a more sustainable future.

6 Conclusion

The research findings highlight the complex relationship between economic
development, foreign direct investment (FDI), urbanization, and the ecological
footprint, aligning with the Environmental Kuznets Curve (EKC) hypothesis. Initially,
GDP growth is associated with increased ecological degradation due to
industrialization, but as economies mature, GDP begins to reduce the ecological
footprint. This shift emphasizes the need for sustainable practices, cleaner
technologies, and stricter environmental regulations as nations progress economically.

The negative effects of FDI and urbanization on the ecological footprint indicate
their potential to promote environmental sustainability. FDI often brings advanced
technologies that enhance resource efficiency, while urbanization encourages better
infrastructure and resource utilization. Policymakers should focus on attracting
responsible FDI and developing urban areas that prioritize sustainability.

In conclusion, while long-term economic development supports the EKC
hypothesis, short-term growth can pose environmental challenges. Effective
environmental policies are essential during periods of rapid growth to mitigate
negative impacts. By understanding the connections between economic factors and
environmental outcomes, policymakers can achieve a sustainable balance between
economic prosperity and ecological health, paving the way for a more sustainable
future.
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