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ABSTRACT

The objective of this study is to identify the impact of economic growth, international trade, cross-border capital movement, institutional quality and
urbanisation upon the ecological footprints for the case of India for the period from 2000 to 2024. After checking the data for unit roots and ensuring
data stability, the ARDL model was calculated, with bounds test and error correction. The model is able to explain 66.8% of the total changes, bounds
test results indicate long-term equilibrium relations among the variables. Error correction term satisfies stability, showing a negative and significant
coefficient score of —1.20 rate of returning to equilibrium. Stability and diagnostic tests, recursive estimates indicate significant results. Impulse response
function results show an asymmetrical relation with all the dependent variables. Inclusion of institutional quality adds uniqueness to this study, and this
paper bridges the gap in identifying the role of institutional factors in impacting ecology considering economic factors and environmental challenges.

Keywords: Ecological Footprints, Institutional Quality, Urbanisation, Foreign Direct Investment, Economic Growth, Autoregressive

Distributed Lag
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1. INTRODUCTION

Climate change is becoming an important challenge to humanity.
Nations across different state of development are not immune
to such changes (Zhang et al., 2023; Danish and Ulucak, 2020),
Achieving sustainable development is the pressing need, and every
nation is trying to achieve this goal by managing economic growth
on the one hand and ecological balance on the other hand, as this
two are precisely entangled (Van Tulder et al., 2021; Ali et al.,
2024; De Neve and Sachs, 2020). Attainment of environmental
sustainability is significant as it plays a critical role in all dimensions
of development. Creating economic development is the need and
responsibility of every nation. International business development
and trade act as a catalyst for enhancing economic development.

With globalisation, the flow of foreign investments across borders
has opened the corridors of trade-related economic development

(Cil, 2023). Developing countries, due to their inherent qualities,
started giving importance to sustainable development only recently,
as the most pressing needs like poverty alleviation, employment
generation, and inflation control were their main targets during the
initial stages of development after attaining independence. Even
though they have come a long way in crossing the basic needs, the
realisation of the fact that economic development and ecological
balance can be synergistically attained with a better regulatory and
governance framework has emerged recently (Giingor et al., 2021).

Against this backdrop, this study investigates the outcomes
of economic growth, international trade, cross-border capital
movement, urbanisation and institutional quality upon the
ecological footprints for the case of India for the time period
2000-2024. India is one of the fastest-growing economies in the
Asian region, achieving 6-7% of economic growth measured
through gross domestic product (GDP), with 55% of rural to
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urban migration in 2023-2024, and 40% of the total population is
expected to live in urban areas by 2030 (MOSPI, 2024)

Ecological footprints indicate the environmental quality assessment
of land, water, all emissions and forest resources. It also provides
significant insights into human consumption of natural resources,
which makes it a novel indicator for assessing environmental
quality. People use more resources than they regenerate, which
results in ecological deficiency. The per capita ecological footprints
and biocapacity of 2.77 and 1.58 global hectares urge the need for
humanity to demand 75% more from the earth than its ecosystem
can produce (Global Footprints Network, 2025)

2. REVIEW OF LITERATURE

Environment and Economic Growth: There exist an inverse
relationship between economic growth and environment, as in
the initial stages of development of a national, resources are used
for the attainment of industrial and urban development surpassing
the environmental goals to the back seat (Grossman and Krueger,
1991), and this will continue until the economy reaches a threshold
level of development. So economic development has both positive
and negative sides on the environment (Dinda, 2004). Multiple
studies confirm that India is getting economic growth advantage
at the cost of the environment, as most of the developmental
activities are causing more carbon emissions (Rana and Sharma,
2019; Ozturk et al, 2024; Holtbriigge and Raghavan, 2025).
Recent studies also identified that India is creating development
in a more cautious and environmental friendly manner Gogoi and
Hussain (2024).

Environment and Institutional Quality: Institutional quality
favourably influences environmental quality improvement
and helps to reduce ecological footprints (Uzar, 2021) through
better allocation of resources (Wong et al., 2012; Ebeke and
Etoundi, 2017). But studies conducted by Le and Ozturk, 2020,
in 47 emerging markets and developing countries identified that
institutional quality if positively influencing carbon emission

Environment and Openness: Openness to trade is considered one
of the major and positive outcomes of globalisation, which can
enhance the trade relationship of nations unrestricted (Murthy
and Gambhir, 2017). But at the same time, the same authors also
indicate that openness is also one of the factors that creates more
pollution by examining the pollution haven hypothesis for India
(Murthy and Gambhir, 2018).

Environment and FDI: The literature indicates that inward FDI
brings multiple gains in the economic anatomy of nations (Lucas,
1988; Romer, 1990), as it can bring clean technology that can
help environmental management (Dorrenbacher et al., 2024).
Few studies also caution the fact that the combined outcomes of
inward FDI needs to be assessed by comparing and understanding
the overall outcomes of environment and FDI (Krugman, 2000;
Eskeland and Harrison, 2003; Zhang and Zhou, 2016; Fetscherin
et al, 2010; Klier et al., 2017; Paul and Benito, 2018), as the
implementation and realisation of such advantages depends
upon right policy adoption by host economies (Clunies-Ross
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Figure 1: Ecological footprints of India
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et al., 2009).

Environment and Urbanisation: Movement of people towards
urban cities enhances the pressure on cities and urban settlements,
infrastructure and resources that can cause more pollution and
environmental challenges (Azam et al., 2022). Increasing human
activities with industrial and service sector developments in urban
cities negatively pressurise the urban environment (Hatmanu et al.,
2022), but few studies contradict the above by indicating that the
urban population is more environmentally conscious and thereby
reduces pollution.

The aim of this research is to investigate the impact of globalisation
induced outcomes resulting in economic growth, cross-border
trade and capital movement and migration into urban areas
upon the environment, considering India, as it is a fast-growing
economy with year on year GDP growth of 6% on average in
year 2024 and is expected to becoming the third largest economy
in the world. Parallelly, India is also one of the highest polluting
economies by emitting 2.13 tons of Carbon dioxide (CO,) per
capita (CO, Emissions per capita, 2024), which raises concerns
towards environmental quality and sustainability. At the same
time, the initiatives of the government towards maintaining the
environment are also on the rise, as a result of which India can be
a better choice to study the overall effect of environmental effects
upon the globalisation-induced economic growth, trade, capital
flow, urbanisation and institutional quality. Ecological footprints
of India are shown in Figure 1.

3. METHODOLOGY

4.1. Data and Variables

This research is an applied research following an empirical
design. The objectives of this research are to identify the impact
of institutional quality, foreign direct investment, openness and
urbanisation towards the ecological footprints of India. The data
source is the World Bank World Development Indicators and
Global Footprints database, and the time period is from 2000 to
2024. Data descriptions with their proxies, unit of measurement
and sources are shown in Table 1.
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Table 1: Variables list

Ecological Footprints
Economic Growth

Ecological Footprints (Total)

Gross Domestic Product Per Capita (constant 2015UDS)

Global Footprints data
World Bank World Development Indicators

Institutional Quality Government Effectiveness (Estimate)
Openness Exports and import of goods and services upon gross domestic product
FDI Inward FDI
Urbanisation Urban population (% of total population
4.2. Model

Based on the discussions in the previous section, the main model
can be written as follows

EF = (GDPPC, 1Q, TOP, IFDI, UP) (1)

The above model is expressed in linear equation form below in
equation 2

EF, = f (GDPPC, 1Q, TOP,, IFDI, UP) )

All variables are converted into their natural logarithmic form
to maintain consistency and overcome multicollinearity issues
(Bekhet and Othman, 2017). The long run and short run forms of
the equation are shown in equation (3)

EF,, =40+ Y." PIAGDPPC,, +> " B2AIQ, |+

Zi [B3ATOP _; +>"" B4IFDI_, +» " BSAUP_, +
LAGDPPC, |+ A,AIQ, ,+4,A TOP,_ +,AIFDI,_,+
AsAUP,_ +&, 3)

Where t denotes the year from 2000-2024, 3 represents short-
run coefficient and represents the long run coefficients for the
dependent variables. 30 is the constant and ¢ is the error term. The
Cointegration test is conducted using the F test using the combined
significance of variables, which follows the path as mentioned in
the hypothesis below.

Hy: 21 =12=73=74=)5=0
Hy: Al #4243 #/4#15=0

The null hypothesis of H represents no cointegration against
the alternative H, when cointegration exists. Comparing the
F-statistics with the lower and upper bounds’ critical values helps
to check the hypothesis. We cannot reject the null hypothesis if
the F-stat value is below the 1(0). However, if the F-stat is above
the 1(0) value, we reject the null hypothesis of no cointegration.
It is vital to establish the cointegration relation, after which the
next step is to check for diagnostic tests to ensure model stability.

4.3. Econometric Specifications, Data Analysis and
Interpretation

The econometric analyses undertaken in this study are shown in
Figure 2.

Firstly, the data is checked for the presence of unit roots to
understand the stationarity properties. Augmented Dicky Fuller

unit root test is used to check the presence of unit roots for intercept
and trend and intercept. Results of the unit root test are given in
Table 2. All variables are integrated of order one I(1), and are
converted to their first difference, and the same is considered for
further analysis.

Since the variables are a mixture of I(0) at the level and I (1)
at the first difference, the data is suitable for further analysis
to understand their relationships (Narayan and Smyth, 2005).
Secondly, after establishing the stationarity of the data, further
analysis is carried out with the Auto Regressive Distributed Lag
(ARDL) model. This method is extensively used to understand the
long-run dynamic relationship among the variables studied, when
the variables are of a combination of 1(0) and I(1), and when the
sample observations are small, it also successively addresses the
endogeneity issues and helps to capture the dynamic relations of
the variables in the long run (Pesaran et al., 2001; Pesaran and Shin,
1995). Thirdly, ARDL bounds test approach indicates the presence
of long-term cointegrating relation among the variables. Fourthly,
error correction estimates indicate the speed of adjustments in
the disequilibrium for the model. Before running the model, the
lag order is identified by calculating the lag selection criterion,
as shown in Table 3.

Lag selection as per the VAR (Vector Auto Regression) Lag order
selection indicates that the optimum lag is at 0, as indicated by the
4 lag selection criterion recommendations of FPE, AIC SC and
HQ. This is shown in Table 3.

4.4. ARDL Model Results

ARDL bounds test is conducted to understand the presence of a
cointegrating relationship among the variables. From Table 4, we
can understand that there is cointegration among the variables,
as the F-stat value of 15.31 is above the lower and upper bound
at 1%, 2.5%, 5% and 10% levels of significance. So, we reject
the null hypothesis of no cointegration and accept the alternative
hypothesis, indicating the presence of a cointegrating relation
among the variables.

After establishing a cointegrating relation among the variables,
the long-run and short-run forms of the model are analysed
to understand the impact of the test variables upon ecological
footprints. From Table 5, we can understand the long-run and
short-run dynamics of the model along with the error correction
term. From the short-run coefficients, we can understand that
GDPPC has a significant positive score on ecological footprint,
followed by the fact that urbanisation is also significant, but shows
a negative relationship with ecological footprint. The long-term
results also show a similar pattern, indicating that economic
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Figure 2: Econometric Specifications
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Table 2: Unit root test — augmented Dicky Fuller test
(trend and intercept)

EF 0.48 0.00
(-2.16) (-4.57)
GDPPC 0.31 0.00
(-2.51) (—4.44)
1Q 0.49 0.00
(-2.14) (-6.59)
TOP 0.65 0.00
(-1.83) (-4.55)
IFDI 0.75 0.01
(-1.62) (-5.44)
UP 0.15 0.04
(-2.99) (-3.69)

Table 3: Results of VAR lag order selection criteria

0 212.57 NA 6.37%  —17.96* —17.66% —17.88*
1 247.80  49.06 7.67 —17.89 —15.82 -17.37
*Indicates lag order selected by the criterion. LR: Sequential modified LR test statistic

(each test at 5% level), FPE: Final Prediction Error, AIC: Akaike information criterion,
SC: Schwarz information criterion, HQ: Hannan-Quinn information criterion

growth and urbanisation go together in influencing ecological
footprints. These results also reflect the rural to urban migration
as the urbanisation coefficient is negative, indicating increasing
pressure on land. Government effectiveness, trade openness,

s and Policy

Table 4: Bounds test results

Critical Values for the 10% 2.75 3.79 15.31
Bounds Test 5% 3.12 4.25
2.5% 3.49 4.67
1% 3.93 5.23

No long-run relationship ,=B,=B,=B,=p5, No short-run relationship: 21=A2=A3=14=15

Table 5: Long-run and short-run ARDL estimations

Long-run estimates

LNGDPPC1 0.74 0.19 3.92 0.00
LNGE1 0.00 0.00 0.53 0.59
LNTOP1 0.05 0.0. 1.00 0.32
LNUPI -23.48 12.25 -1.91 0.07
LNIFDI1 0.00 0.01 0.03 0.97
Short-run estimates
LNGDPPC1 0.90 0.19 4.55 0.00
LNGEI 0.00 0.00 0.53 0.59
LNTOPI1 0.06 0.06 1.04 0.31
LNUPI1 -28.27 15.01 -1.88 0.07
LNIFDI1 0.00 0.01 0.03 0.97
ECT(-1) -1.20 0.0. —11.06 0.00

R-Square-0.6680, Adjusted R-Square-0.51, Durbin Watson Stat-2.52, F Stat-4.31,
Prob (F-Stat)-0.00, Heteroskedasticity Breusch-Pagan-Godfrey: 0.83, Jarque-Bera
(Prob): 0.69, Breusch-Godfrey Serial Correlation LM test: 0.12

and inward FDI are showing a positive relation with ecological
footprints in the long and short run, indicating that all increase in
the same direction. The ARDL model is stable as indicated by the
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probability F-statistic scores of 0.00. The model is able to explain
the variations in ecological footprints to the tune of 66.8%.

The ECT is negative and significant, which indicates that the ARDL
model is stable and able to return to equilibrium at the rate of
120%. Diagnostic tests for checking heteroskedasticity, normality,
and serial correlation, indicated through Heteroskedasticity
Breusch-Pagan-Godfrey, Jarque-Bera, and Breusch-Godfrey

Serial Correlation LM test, respectively, are validated, which
ensures model stability. Recursive estimates, as indicated by
CUMSUM and CUSUM of squares, as shown in Figure 3, are
also significant.

4.5. Recursive Estimates
Recursive estimates as shown in Figure 3, indicated by CUMSUM
and SUMSUM of squares, are significant as shown by the blue line.

Figure 3: Recursive Estimates

1
VB UBLTBYNAL2BN

— CUSUM - S%%Significance

4
10 11 12 13 14 15 16 17 18 19 20 21 2 3 X

— CUSUMof Squares ----- 5% Significance

Figure 4: Impulse Response Function
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Table 6: Cholesky IRF Table

1 0.03 (0.00) 0.34 (0.25)
2 -0.00 (0.01) -0.12 (0.37)
3 -0.00 (0.01) 0.27 (0.40)
4 -0.00 (0.01) 0.10 (0.33)
5 0.00 (0.01) -0.09 (0.31)
6 -0.00 (0.00) 0.04 (0.24)
7 0.00 (0.00) -0.00 (0.20)
8 -0.00 (0.00) 0.01 (0.14)
9 0.00 (0.00) 0.04 (0.13)
10 -0.00 (0.00) 0.06 (0.13)

-0.20 (0.06) -0.03 (0.02) 5.09 (2.1)
0.05 (0.10) -0.04 (0.03) 0.00 (4.4)

-0.12 (0.10) -0.05 (0.03) 0.00 (0.00)
0.04 (0.01) -0.00 (0.03) 0.00 (0.00)
0.01 (0.09) -0.00 (0.03) 0.00 (0.00)
-0.00 (0.08) -0.01 (0.02) 0.00 (0.00)
-0.04 (0.06) -0.00 (0.02) 0.00 (0.00)
0.00 (0.06) 0.00 (0.01) 0.00 (0.00)
-0.03 (0.05) 0.01 (0.00) 0.00 (0.00)
-0.00 (0.04) 0.00 (0.01) 0.00 (0.00)

Cholesky One S.D. (d.f. adjusted). Cholesky orering: LEF1 LGDPPC1 LGE1 LIFDI1 LTOP1 LUPI1. Standard errors: Analytic

4.6. Impulse Response Function

In the Impulse Response Function (IRF) shown in Figure 4, the
red line shows 95% confidence intervals, computed as 2 standard
error confidence bands, and the blue lines show the IRF of the
variable. The X axis represents periods (quarters) and the Y axis
represents percentage variations. IRF measures a one-standard-
deviation change in the independent variable with the dependent
variable. This change can be a shock, an impulse, or an innovation
to FDI flow to the dependent variables.

The Cholesky table, as shown in Table 6, indicates the short and
long-run outcomes of shocks in the dependent variable.

In the IRF as shown in the Cholesky table, GDPPC exhibits positive
flow in the 1%, 5", 7%, and 9'" periods and negative flow in all other
periods, with ecological footprints. Government effectiveness is
showing positive results in 1%, 3%, 4% 6% 8% 9" and and 10" periods.
Inward FDI is showing a positive relation only in the 2™, 4, and
5t periods, trade openness is showing a positive relation only in
the 4%, 8 and 10" periods, and urbanisation is showing a positive
relation across the 10-year periods. This phenomenon indicates
that changes in ecological footprints upon the variables are not
the same, and the outcomes of FDI flows upon all the dependent
variables are asymmetrical.

4.7. Discussion of Results

The objective of this study is to identify the impact of economic
growth, international trade, cross border capital movement,
institutional quality and urbanisation upon the ecological
footprints for the case of India considering the time period from
2000 to 2024, data was collected from the World Bank’s World
Development Indicators and Global Footprints data for the proxied
variables like gross domestic product per capita, trade openness,
inward foreign direct investment, government effectiveness and
ecological footprints.

After checking the data for unit roots and ensuring data stability,
the ARDL model was calculated, with bounds test and error
correction. The model is able to explain 66.8% of the total changes
occurring for ecological footprints for India happening as a result
of fluctuations in GDP, trade openness, governance effectiveness,
inward FDI and urbanisation. Bound test results indicate that
there are long-term equilibrium relations among the test variables.
Results of ARDL analysis indicate that urbanisation is showing
negative relations with ecological footprints in the long and short
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run, and GDPPC and urbanisation are significant in the long and
short run. Other variables are positive with ecological footprints.
The ECT satisfies stability, showing a negative and significant
coefficient score of —1.20 rate of returning to equilibrium. Stability
and diagnostic tests, recursive estimates indicate significant results.
Results of the impulse response function indicate that ecological
footprints are showing an asymmetrical relation with all the
dependent variables.

5. CONCLUSION AND POLICY
IMPLICATIONS

An increasing number of studies have considered carbon
emission as an influencing factor for identifying environmental
challenges, but in this study, ecological footprints are considered
for identifying the implications of economic growth on the one
hand and environmental challenges on the other hand, considering
government effectiveness, which adds novelty to this study.

Studies that identify the individual impact of the various
governance indicators upon the functioning of macroeconomic
factors on the one hand and the environment on the other hand in
the case of developing countries considering regime shifting into
focus are few of the areas for future exploration.
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