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Abstract

The present study seeks to determine the convergence of the ecological footprint
pressure index for the Association of Southeast Asian Nations (ASEAN-5) countries
over the period of 1961-2017. For this purpose, traditional unit root tests in conjunction
with residual augmented least squares (RALS) type unit root tests have been applied
to examine the convergence of all countries under investigation. RALS type tests were
chosen due to showing a significantly improved power over conventional tests that
do not use information on non-normal errors. The traditional unit root results do not
show support for the ecological footprint pressure index convergence of the highlighted
ASEAN-5 blocs. However, the RALS type and nonlinear unit root tests results reveal
that the ecological footprint pressure index became convergent. Thus, governments
and policymakers need to adopt stricter policies to protect the environment. These
results have a more far-reaching effect on energy and environmental security for the
study region.

Keywords ASEAN-5 countries - Convergence - Ecological sustainability - Energy

security ecological footprint pressure index - Low-carbon economy - RALS unit
root - SDGs

1 Introduction

For decades, one of the biggest problems faced by mankind is global warming and
climate change (Rehman et al. 2021; Pata 2021; Adedoyin et al. 2020; United Nations
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2020). The greenhouse gas effect, which is due to carbon dioxide (CO2) emissions,
is one of the major causes of environmental problems (Le and Ozturk 2020; Shahbaz
et al. 2020). Increased use of non-renewable energy sources such as oil, coal, etc. and
economic growth i.e. anthropogenic activities have led to an increase in greenhouse gas
in the atmosphere. For this reason, the interest in economics and environmental topics
has increased considerably with a focus on the nexus between increased economic
activity and environmental quality. This relation has become popularized in the energy
literature as the EKC phenomenon by Kuznets (1955) who asserted that there is an
inverse relationship between income per capita and income inequality. He found there
to be an inverted U-shape between the variables. This indicates that economic growth
worsens the income inequality up to a certain threshold. It then improves it as the
income increases over time. Environmental economists have adopted this phenomenon
to examine the relationship between economic growth and environmental quality.
There exists a flourishing literature on the theme for several blocs and country specific
cases, including the works conducted by Alola et al. (2021a), Ahmed et al. (2021),
Gyamlfi et al. (2021; Umar et al. (2021), Ansari et al. (2020), Isik et al. (2019), Ozokcu
and Ozdemir (2017), Apergis and Ozturk (2015), Farhani et al. (2014), and Kaika and
Zervas (2013).

Several studies looking into the energy-environment-growth literature have tried to
identify other factors that affect the environmental degradation drivers apart from
economic growth. Many scholars have found that global climate change, energy
consumption, population, tourism, the fertility rate, globalization, and foreign direct
investment (FDI) can be factored into environmental degradation (Agboola et al. 2022;
Adebayo et al. 2021; Alola et al. 2021b, c; Uzuner et al. 2020; Akadiri et al. 2020;
Alolaetal. 2019; Shahbaz et al. 2018). For instance, Akadiri et al. (2020) examined the
effects of cooling degree days, heating degree days, and ecological footprint on envi-
ronmental degradation in the USA over the period 1960 to 2016. Their results show
that the cooling degree days, the heating degree days, and the ecological footprint
accounting increased the country’s environmental degradation. Specifically, FDI has
been identified by authors who have argued in two ways (the Pollution Halo Hypothe-
sis and the Pollution Haven Hypothesis) with respect of its impact on the environment.
According to the Pollution Halo Hypothesis, FDI can provide a green technology trans-
fer from developed to less developed countries (Hoffmann et al. 2005). This means
that investing in developed countries contributes to the developing countries’ reduc-
tion of emissions. On the contrary, the Pollution Haven Hypothesis claims that FDI
leads to an increase in emissions in less developed and developing countries due to the
disclaimer of environmental standards and taxes to produce more at a lesser cost and
to attract more foreign investors (Mert and Caglar, 2020; Blanco et al. 2013; Kirkulak
et al. 2011). The validity of the pollution hypothesis has been tested with the help of
various modeling and cointegration tests in the literature (Liu and Xu 2021; Xu et al.
2021; Repkine and Min 2020; Huynh and Hoang 2019; Shahbaz et al. 2015; Zugravu-
Soilita 2017; Solarin et al. 2017; Zhang and Zhou 2016; Kivyiro and Arminen 2014;
Al-mulali and Foon Tang 2013).

On the other hand, environmental convergence is another issue related to environ-
mental economics and energy security. There are many different types of convergence
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in the literature. They can be classified as beta-convergence, sigma-convergence, abso-
lute (unconditional) convergence, conditional convergence, club convergence, and
stochastic convergence. In this study, the stochastic convergence approach is used to
determine environmental convergence. In this approach, stationary or unit root tests
are used to scrutinize the existence of convergence. If the ecological indicator used is
stationary, it can be said that the stochastic convergence is valid.

In the environmental economics literature, it is seen that CO, emissions are gen-
erally used as an ecological indicator. Carbon emissions and the emission of other
greenhouse gasses into the atmosphere is a major cause of global warming and cli-
mate change (Luo and Wu 2016). CO; emissions, on the other hand, are just a small
part of the overall impact of large-scale energy consumption (Al-Mulali et al. 2015).
In addition to CO, emissions, resource supplies such as forestry land, mining, and oil
reserves place a significant strain on the environment. Due to technical advancements
and increasingly strict environmental regulations, many of the individual contaminants
per unit of production have decreased in developed countries (Stern 2004). However,
another reason for the decrease in contaminants may be the transfer of the wastewater
mixture from sulfur and nitrogen oxides into solid waste. While the aggregate waste
is still at a high level, the per capita waste may not decrease (Bello et al. 2018; Solarin
2019; Stern 2014; Ulucak and Lin 2017). For this reason, in addition to specific indi-
cators such as CO», aggregate indicators should also be taken into account in studies
on environmental pollution.

In this context, the ecological footprint (EF) has been established by Wackernagel
and Rees (1996). The EF is divided into six sub-components: carbon footprint, crop-
land footprint, forest footprint, grazing land footprint, built-up land footprint, and
fishing grounds footprint, taking into account the environmental pressures of human
activities in all aspects (Ulucak and Lin 2017). The EF, defined as a combined index
of pressures on the environment, is a ratio that intends to reveal the impact of human
use on natural resources (Solarin 2019). For this reason, knowing the movement of
the EF is critical for determining appropriate environmental policies and forecasting
human pressure on the environment. In this context, the convergence of the EF means
that there is no need for a precautionary change in policies, otherwise an intervention
is needed. Furthermore, evaluating the convergence of EF is vital given that deter-
mining the environmental balance/security and taking precautions will also contribute
to environmental development. There are various assessment criteria studied in the
environmental literature (Gu et al. 2015; Huang et al. 2007; Wang et al. 2018; Yang
and Cai 2020). Ecological deficit, the ecological footprint pressure index (EFPI), and
the ecological and economic coordination coefficient are among these criteria, which
are explained in Sect. 2.

This research makes three contributions. First, we used the EF per capita as it is
a more comprehensive ecological indicator than carbon emissions in terms of energy
security and sustainability. Second, to our knowledge, this is the first study to test the
convergence of ecological pressure index instead of EF for the ASEAN-5 countries.
The aims of ASEAN, referring to a group of five countries, are to increase economic
growth, cultural development, and social progress in the region. To reach these aims, it
is inevitable for the nations to face environmental pollution. The ecological footprint
is increasing in these blocs. Furthermore, ASEAN-5 countries have had ecological
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deficits for the last 20 years. In this sense, the ASEAN-5 deserves increased attention
when it comes to examining the ecological dynamics in the context of environmental
sustainability. Third, we performed the analysis in three ways. We check whether
the residuals obtained from the equation used in the classical unit root tests hold to
the normality assumption. In addition, we examine the linearity property of the EF
pressure index and structural break case. On account of these, we anticipate that this
study will contribute to the existing literature in terms of policy formulation and serve
as a blueprint for the investigated region.

The remaining parts of the paper are organized as follows. Section 2 describes in
detail the ecological security criteria. Section 3 provides a summary of the empiri-
cal literature. Section 4 discusses the econometric methodology. Section 5 presents
the data used for the empirical analysis and the discussion of the empirical results.
Section 6 concludes the study with crucial policy implications and future research
avenues.

2 Literature review

In recent years, the convergence of environmental pollution indicators is one of the
most discussed topics in the current literature. The convergence of environmental
pollution indicators has a critical role in constructing climate change policies at the
international level. To improve the environmental quality, this approach can help pol-
icymakers to set better strategies and targets across the necessary countries (Ahmed
et al. 2017; Yang et al. 2016). Several types of convergence (stochastic, beta, sigma,
absolute, club etc.) have been studied in the literature so far. Tables 1 and 2 provide a
comprehensive review of the literature on the convergence of EF and other pollutants
(CO» and so on) respectively.

3 Assessment of ecological security
3.1 Ecological deficit

The difference between EF and biocapacity/carrying capacity (BC), defined as the
ecosystems’ capacity to reproduce what humans demand from these surfaces, is known
as the ecological balance (EB). If the EB expressed by Eq. 1 is positive, there is an
ecological deficit (ED). Vice versa indicates an ecological surplus (ES). The ED and
the ES can be used to calculate a region’s eco-security standard.

EB=EF — BC (1

The ED means that more ecological resources are used than natural sources, and that
human actions cause an ecological imbalance (Wackernagel et al. 1999). ES means
that although human activities consume ecological resources, they still remain within
the BC (Chu et al. 2017).
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Table 3 Eco-security assessment

based on ecological footprint Level EFPI Characterization state
pressure index

1 <0.50 Pretty safe

2 0.50-0.80 Relatively safe

3 0.81-1.00 Relatively unsafe

4 1.01-1.50 Quite unsafe

5 1.51-2.00 Very unsafe

6 >2.00 Completely unsafe

Source Wang et al. (2018)

3.2 Ecological footprint pressure index

The definition of the ecological footprint pressure index (EFPI) is the ‘danger level’
of ecological footprint compared to the bio-capacity. In other words, EFPI can also be
defined as the degree of human intervention in the eco-environment and the level of
eco-security (Yang et al. 2018). This indicator is defined in Eq. (2):

EF
EFPI = —— 2)
BC

If the EFPI is between O and 1, the ecological resource supply exceeds its demand.
If EFPIL s equal to 1, the ecological supply and demand are equal, and the eco-security
is in a critical situation. Finally, if the EFPI is greater than 1, the ecological resource
demand exceeds its supply and the eco-security is in a dangerous situation (Wang et al.
2018). The ecological security assessment index and classification standard developed
by Yuan (2010) are given in Table 3.

3.3 Ecological and economic coordination index

The eco-economic coordination index (EECI), which shows the ecological sustain-
ability, has been developed to overcome the deficiency of ED. The formula is shown
in Eq. 3 (Chen 2017).

EF + BC
EEC] = ————— 3)

VEF? + BC?

The criteria mentioned above are frequently used in the assessment of eco-security.
In this study, the ecological footprint pressure index will be used.

4 Methodology

Dickey Fuller (DF) type unit root tests suffered from low power compared to recently
developed methods. Generally, these types of test focus on autocorrelation in terms
of the error of the DF model. Various parametric and nonparametric tests have been
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proposed to solve this issue (Said and Dickey 1984; Phillips and Perron 1988). It is a
common mistake in the literature to assume that non-normal error terms have a normal
distribution (Im et al. 2014). The ADF unit root test equation is shown as follows:

p
Ay =ai+By—1+ Zj:l §jAYa—j) +er “4)

where the corresponding test is 8 = 0 for the unit root test. The RALS version of the
test is as follows:

14 A~ A N A
Ay, = a1 + Byg—1) + ZUZI)&‘AY(F]') +W; +e, W =h()— K —éDy,
t=12,...,T

&)

where @, is the RALS term and K = (1/T)Y."_ h(&;), D2 = (1/T)Y."_ ' @). In
this test, the used moment conditions make use of the knowledge in non-normal errors.
The LM and RALS-LM unit root test procedures developed by Lee et al. (2011) and
Meng et al. (2014) are then applied to our convergence analysis of EFPIL.

Ve = 28 +x, xp = Bxi—1+e (6)
where z; = [1,1, Dy;, Dy, DT}, DT,;]’ includes exogenous components. DT} = 1

fort > Tp,+1,i = 1, 2 and zero otherwise, andDTlf; =t—Tp fort > Tp+1,i =1,2
and zero otherwise. The LM unit root test statistic is as follows:

~ p ~
Ay =d' Az + dFi +Zj:1chy,_j +e 7)

where y,_| = y; — @ — z,g, t=2,...,T; 8 is the vector of the coefficients. Finally,
under the null, the LM t-statistic is shown below:

TRLM —> pTim +v/1 — p2N(0, 1) (8)

The critical values of the RALS-LM statistics are given in Meng et al. (2014).
On the other hand, the researcher should be attentive to possible nonlinearities in the
macroeconomic time series. Otherwise, the unit root test can result in a tendency to not
reject the null hypothesis (Cuestas and Garratt 2011). We have applied the linearity
test of Harvey et al. (2008) to test the null hypothesis of linearity versus the alternative
of a nonlinear model. Harvey et al.’s (2008) method differs from classical linearity
tests in that it is a linearity test that can be applied to both I(0) and I(1) processes.
The Wald test statistic to be calculated where the I(0) or I(1) property of the series is
unknown:

Wy = (1= aWo+aWi. (Wi~ x3) ©)

where the null hypothesis of the test indicates linearity, while the alternative hypoth-
esis shows nonlinearity. We used the nonlinear unit root tests by Sollis (2009) and
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Kruse (2011) based on the test results of Harvey et al. (2008). A simple unit root test
against the alternative of symmetric or asymmetric ESTAR nonlinearity by Sollis was
examined (2009). The asymmetric ESTAR (AESTAR) model is as follows:

Ay = G (y1, ye— OIS (v2, ye—Dp1 + (L = S (v2, yi—1))p2}yi—1 + &
Gy, yr—1) =1 — €XP(—V1 (ytz_l» v1 = 08 (y2, yi—1) (10)

=[1+expnein] "] =0

where & ~ iid(0, o) and Y;—1 is a transition variable. Due to the existence of
undefined parameters under the null hypothesis, the model is restated using the Taylor
expansion as follows:

Ay =1y} + oy + (11)

where Hyj : ¢1 = ¢ = 0 is non-stationarity, iif it is rejected, Hp : ¢» = 0 hypothesis
is tested. Kruse (2011) allowed the location parameterl to be different from zero. It is
expressed as a Dickey-Fuller type regression model given by:

Ay = ayi— +¢yH(1 —exp[—y(yzfl —0)2}) + & (12)

where &, ~ iid(0, 02). Kruse (2011) constructed a first-order Taylor approximation
to exponential part around y = 0. Equation (12) can be written as follows:

Ay = alyf_l +a2y[2_1 + & (13)

where the null hypothesis Hy : a; = a» = 0 with the alternative hypothesis of
aj; < 0;ax # 0 to test unit root.

5 Data and findings

This study aims to determine the convergence of the EFPI defined as the per capita
EF divided by the BC of the ASEAN-5 countries (except for Singapore as its period
covers 1973-2017) over the period 1961 to 2017. The motivation behind the choice of
this time period is to capture the breaks by including the longest data range available in
which the time series analysis will be used. The dataset is taken from the Global Foot-
print Network (2021) in terms of the global hectare (gha) per person. The descriptive
statistics for the dataset are given in Table 4. The graphs of EFPI are given in Fig. 1.
It can be said that there is a clear trend in all countries except Singapore. In addi-
tion, structural breaks are clearly seen in the EFPI series of Thailand, Singapore, the
Philippines, and Malaysia. However, the graphical analysis does not provide objective
information about the stationarity of the series.

I Asitis known, the location parameter is zero in Kapetanios et al. (2003).

@ Springer



SoSTEYS 159} AJI[eULIOU BIdg—anbirel sajedIpur g "95()] Y I8 S[9AI] OUBIYIUTIS Y} MOYS 444

Environmental and Ecological Statistics (2022) 29:705-725

#xx9€E°C 9yl 0620 — 60C'C 8L8°0 18¥°0 9eL'l 08¢'1 pueftey,
SIS'T LIT'T 9800 1€6'vsT LT861 SI1°€9 95¥°9C1 097°sTl1 a1odegurg
S8L'I 801C L61°0 I1s¢C L9Vl 69C°0 €C6'1 S68°1 sourddifiyg
81y 8051 €00 CI8’l G8¢°0 LLYV'O 8L0'L w0l eIse[ey
wLe 0r8'1 6L1°0 €9¢'1 9¢¢°0 0520 LE60 868°0 elsauopu]

qar SISOJINY] SSOUMAYS WNWIXEA WNWIUTAL UOTBIAR(] URIPIN UBQAl saLuno))

714

xopur 21nssaxd (801301092 Jo sonsne)s 2Andiosa( ¢ a|qe]

pringer

As



715

Environmental and Ecological Statistics (2022) 29:705-725

Malaysia

Ecological footprint pressure index

k=
mhm‘
= Q
£53
=22
< @ © 5
S .98 g
80 &h oh o
2298
o oo &
0 O Q.=
[Sagysalyeayaa)

o | 1

. o~
uosJad Jad saleosy |eqo|9

@
4
(e}
o
©
o
£
%]
»
o
=1
g
jo3
2
=
2
2
2
o
g E
235 %
- 9
m.wmo <}
ESsa =
8 < © 5 <
L2 .98 8.9
e &hH 8n o an
222558258
© 0o & ©
38828
[Sagysalyeapyaagya)
e | 1
5
o
e

75-

=
I

uosJad Jad salejosy [2qo|D

25-

0.0-

Fig. 1 Ecological footprint and biocapacity for ASEAN-5 countries. Source https://data.footprintnetwork.

org/

pringer

A's


https://data.footprintnetwork.org/

Environmental and Ecological Statistics (2022) 29:705-725

716

Philippines

%

S

g

2

3

172

%

2

a

£ E

3 =€ E

a2 g &

£a 3 5]

5 993 S

Sde,.f

—_—— —

S 8§85 S

L .28 g.2

&b ‘&b B £ &b

S 98828

©c© o oo

QO 9O 9 = Q

[Sajusapyeaiyaapyial

o | I
o
o

'
e
o

M/

w

uosJad Jod mo.._.muom: 1eqo|9

1.0-

05-

Thailand

Ecological surplus
Ecological deficit

Ecological footprint
Biocapacity

Ecological footprint pressure index

~__~
m
%f
p-
\/,
4

' '

2 -
uosJad Jed salejosy [2qo|O

Fig. 1 continued

pringer

as



Environmental and Ecological Statistics (2022) 29:705-725 717

Indonesia

Ecological surplus
e Ecological deficit
- Ecological footprint

3 Biocapacity
R - Ecological footprint pressure index
S2-
o
o
Q
) -
a i —
o e /\ /\,/
5} T
8 - _ T ~
= N o e _/f =
< - g e
© —
[Ch /,)vf—/
o

Fig. 1 continued

In many Asian countries, the total ecological footprint is much higher than its
biocapacity. This means that the country’s natural capital is degraded, or it produces
more carbon emissions than the country’s ecological system could handle (Ecological
Footprint Atlas 2010). For instance, Indonesia is one of the countries with the lowest
pressure index among the ASEAN-5 countries. Before the 1990s, Indonesia was a
relatively safe country but since the 1990s, it has become a relatively unsafe country.
Since the 2000s, the pressure index has been constantly above 1. It reached its highest
value in 2017. Malaysia is the second highest on average for the pressure index. While
it was in the pretty safe category for about 20 years from 1961, the environmental
pressure started to increase from the 1980s onwards.

Beginning from the 1990s, the pressure index has exceeded one and reached its
maximum value in 2014. The pressure index of the Philippines has been greater than
1 since 1960 and reached its maximum value in 2016. The pressure index of Thailand
has risen above 1 in the late 1970s. The pressure index has increased continuously
since 1985 and reached its maximum value in 2005. From this point of view, Singapore
differs from other countries. The footprint production of Singapore has the greatest
percentage overshot in Asia, and it is more than 195 times greater than the existing
biocapacity (Ecological Footprint Atlas 2010). The pressure index reached its maxi-
mum value in 2000 and then trended downward. According to Table 3, the Philippines,
Thailand, and Singapore are completely unsafe, while Indonesia and Malaysia are in
the quite and very unsafe categories respectively in 2017.

As shown in Table 4, Singapore has the highest mean value of the EFPI, while
Indonesia has the lowest value. Indonesia had an ecological surplus until 2000. Indone-
sia relies largely on agriculture and as a result, it exports more agricultural products
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(Nathaniel 2020). However, this situation has been reversed in recent years and it now
has an ecological deficit. Some countries—like Singapore—have a high population
density in low-productive areas which leads to a low biocapacity per capita and eco-
logical deficit (Syrovatka 2020). The standard deviation suggests that Singapore has
the most volatile EFPI. The series has a normal distribution, except for Thailand. The
plots of EF and BC of the ASEAN-5 countries are given in Fig. 1. Here, the red and
green areas show the ecological deficit and ecological surplus, respectively. As seen
in Fig. 1, the ecological deficits of Singapore and the Philippines are higher compared
to the other countries.

We examine, using unit root tests, whether there is the existence of stochastic
convergence in EFPIL. Initially, we used the ADF unit root test. As shown in Table
5, the null hypothesis that means the variable has a unit root was not rejected for
ASEAN-5. As is already known, the RALS unit root tests exhibit more power than
traditional unit root tests. Therefore, we employed the Jarque—Bera test to determine
whether the residuals were normally distributed. The results show that the normality
of the residuals for Indonesia, Malaysia and the Philippines is not provided. Next,
we applied the RALS version of the ADF to these countries. For Indonesia, Malaysia
and the Philippines, the results found in ADF were exactly the opposite. In the test
using the information that the residuals were non-normal, EFPI is stationary for these
countries. Correspondingly, any shocks will be temporary; these results are evidence
for stochastic convergence in Indonesia, Malaysia, and the Philippines. Im et al. (2014)
stated that the ADF and RALS-ADF tests are expected to have a similar performance
under the assumption of normality. As shown in Table 5, the ADF test results for
Singapore and Thailand are where the normality assumption is held. As expected, the
null hypothesis is not rejected according to both ADF and RALS-ADEF tests.

The results of employing traditional LM (for one break and two breaks) and one
break RALS-LM are shown in Table 6. According to the traditional LM test results,
it can be seen that Thailand and Singapore are stationary with two breaks, while
Malaysia is stationary with one break. However, Indonesia and the Philippines have a
unit root with one break. In addition, considering the non-normal residual information,
Indonesia and the Philippines are stationary according to the one-break RALS unit
root test results. Therefore, it can be said that the EFPI is stationary for all countries,
taking into account the non-normal residual information and structural break. This

Table 5 Traditional ADF and RALS-ADF unit root test results

Countries ADF Jarque-Bera RALS-ADF 0>
Indonesia —2.242 (0) 17.593* — 2.578 (0)*** 0.3
Malaysia —2.957 (0) 9.167%* — 3.158 (1)** 0.2
Philippines —2.511(0) 24.364* — 3.175 (0)** 0.4
Singapore — 1.728 (0) 2.749 — 1.486 (4) 0.1
Thailand —0.983 (0) 0.616 —2.192 (0) 0.3

p2 represents the correlation coefficient and the brackets are shown at optimal lag length
* k% and *** show the significance at the 1%, 5%, and 10% levels, respectively
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Table 6 Traditional LM and RALS-LM unit root test results

Countries LM TB-LM Jarque-Bera RALS-LM TB-RLM 02

Indonesia —4.094 1990 3.590 — 3.475 (10)*** 1990 0.9
(10)

Malaysia —5.774 1990 6.379%* —5.207 (2)* 1990 0.8
@

Philippines —3.637 1976 32.214% — 3.544 (1)** 1976 0.7
6]

Singapore —5.570 1998,2001 3.264 — 5.300 (6)* 1998,2001 0.9

Thailand —5.629 1988,2004 0.048 —5.516 (6)* 1988,2004 1

02 represents correlation coefficient and k and Tg show optimal lag length and structural break date,
respectively
* %% and *** show the significance at the 1%, 5%, and 10% levels, respectively

result shows that ignoring structural breaks and nor-normal residuals does not result
in a rejection of the false unit root null hypothesis. The structural break dates for each
country show the crucial turning points. The fall in oil prices in the 1980s was one of the
factors that led to the recession in Indonesia in 1982 and 1983. However, this negative
situation contributed to the rebuilding of the country’s economy. The structural reforms
induced in the late 1980s made the country’s economy more resilient.

The agricultural sector provides the livelihood of a significant portion of the work-
force in Malaysia. While 40% of the 4.8 million people employed in 1980 were engaged
in agriculture, by 1990, 20% of the 9.4 million total employment was dependent on
agriculture for their livelihood. Therefore while the total number of employed people
has more than doubled, the rate of employment in agriculture has remained almost the
same and even decreased (Rahman 1998). In the second half of 1998, the Singapore
economy entered a recession due to the impact of the Asian financial crisis. Singa-
pore’s economy declined to 1.5% in 1998 after an 8% growth in 1997. Despite its
rapid recovery from the recession, the country had a difficult time in 2001 due to the 3
main factors driving the Singapore economy (US economic growth, world semicon-
ductor sales, and the weakness of the regional economies) (Huxley 2002, p. 156). A
magnitude-7.9 earthquake in 1976 in the Philippines generated a tsunami in the Moro
Gulf. A tsunami was generated in the Moro Gulf causing considerable damage to the
economy and a loss of life (U.S. Geological Survey 2022). The Food and Agricul-
tural Organization (FAO) reported that "The December 2004 tsunami-ravaged coastal
communities off the Indian Ocean, claiming nearly a quarter of a million lives in 12
countries. India, Indonesia, Sri Lanka, and Thailand were among the hardest hit."

Similar to the case of a structural break, ignoring nonlinearity does not reject the
false unit root null hypothesis. Table 7 presents Harvey et al. (2008) nonlinearity test
results. According to the results, the null hypothesis shows that the linearity is rejected
for all countries. This means that the linear unit root tests are unreliable. The nonlinear
unit root test results for EFPI are shown in Table 8. According to these results, the
EFPI in all countries does converge.
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Table 7 Harvey et al. (2008)

nonlinearity test results Countries Wi
Indonesia 63.83*
Malaysia 7.54%%
Philippines 13.67*
Singapore 9.25%
Thailand 5.23%%

W, test critical value is distributed X(22) * % and ***show the signif-

icance at the 1%, 5%, and 10% levels, respectively

Table 8 Nonlinear unit root test

results Countries Sollis Kruse
Indonesia 15.336 (0)* 29.861 (0)*
Malaysia 7.500 (1)* 17.605 (1)*
Philippines 6.962 (2)** 12.060 (2)**
Singapore 7.374 (9)* 11.279 (9)**
Thailand 9.872 (0)* 15.584 (0)*

* #% and ***Show the significance at the 1%, 5%, and 10% levels,
respectively

6 Conclusion

The ecological footprint pressure index is an important index used for assessing a
country’s eco-security. The demand for ecological resources exceeding their supply
is not sustainable for the country in the long run. A country’s ecological surplus is in
favor of the country’s ecological security. However, most countries have an ecological
deficit which plagues their ecological security. The ASEAN-5 countries have also had
an ecological deficit for about 20 years. As is known, the EFPI is a ratio obtained
by dividing EF into BC. An EFPI of less than one indicates that the country has an
ecological reserve. However, this ratio may change over time. In this study, we are
more concerned with the stability of this ratio rather than the low or high EFPI.

To the best of our knowledge, unlike the existing studies on the convergence of
the ecological footprint, we used the ecological footprint pressure index relative to
the previous studies that considered convergence with the use of EF, CO; emissions,
and so on respectively. The aim of this paper is to examine the convergence of the
EFPI in ASEAN-5 countries for the period 1961-2017. Firstly, we examine the con-
vergence of all the countries under investigation using traditional unit root tests. When
applying traditional unit root tests (such as ADF and LM tests), the error terms in the
equation are assumed to be normally distributed. However, when the assumption of
normal distribution in the error terms is not satisfied, the power of traditional tests is
significantly reduced. Based on this, the tests proposed by Im et al. (2014) and Meng
etal. (2014, 2016) show significantly improved power over traditional tests that do not
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use information about non-normal errors. Therefore, we also utilized RALS type unit
tests. The traditional unit root results show that EFPI is not convergent in ASEAN-5
countries. It is worth mentioning that a failure to account for structural break(s) and
nonlinearity can lead to spurious analysis and by extension, misleading inferences.
Our study therefore concludes that the EFPI is stationary where there exists a possi-
bility of structural break(s) and nonlinearity, and where the non-normal distribution
of the residuals is taken into account.

Subsequently, the empirical results obtained in this study provide evidence that EFPI
is stationary. The stationarity of the EFPI means that even if the EFPI deviates from
the equilibrium, it tends to return to its mean again. Due to the characteristic nature of
EFPI, it is possible to predict the future values of EFPI. Therefore, the decisions and
environmental policies to reduce the pressure index will be ineffective. The decision
makers are advised to consider this situation and take precautions accordingly.

From a policy perspective, given the results of this study, a policy direction exists
for the investigated ASEAN countries and the region at large to consolidate the already
existing environmental strides towards a sustainability path as it concerns ecological
balance. The following guidance is suggested, namely that the current study validates
the convergence of ASEAN ecological security over the ecological footprint, which
means that there is convergence. This implies that the three core moments of its
ecological footprint such as its average, variance and covariance are stationary over
the considered time horizon. This indicates that the policy inferences drawn from
these data generating processes are rendered ineffective. This has drawn attention
from environmental and energy economists regarding more caution when it comes to
understanding the key environmental indicator dynamics for robust policy decisions
which in our case focus on the ecological footprint for the ASEAN blocs. As a direction
for future research, other studies can be conducted for other blocs such as SSA, OECD,
MENA, and MINT to either validate or refute the current study preposition. The present
study can also be extended by investigation using disaggregated data for the ecological
footprint.
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