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Abstract

While numerous studies have discussed the impact of economic growth on the environment, this paper advances in the empiri-
cal literature, aiming to validate the existence of an N-shaped environmental Kuznets curve (EKC) relationship between the
ecological footprint and economic growth in Algeria during the period 1975-2014. The proposed empirical model includes
as additional explanatory variables the foreign direct investment (FDI) and the electricity consumption aimed to increase the
relevance of the results, correcting the lack of studies that have previously analyzed the EKC for the case of Algeria. Through
the ARDL econometric approach, we confirm an N-shaped EKC between the per capita economic growth and ecological
footprint in Algeria, reinforcing these results using the FMOLS and DOLS techniques. In the long run, the empirical results
confirmed that the N-shaped EKC in Algeria is valid; electricity consumption and foreign direct investment directly impact
ecological footprint. Even though the main objective of this study is to assess the N-shaped EKC, the novelty of the paper
is the analysis of the interaction between FDI and electricity consumption. The empirical evidence reveals that FDI contrib-
utes to reducing the negative impact of fossil sources in the energy mix in Algeria through the transition to a cleaner energy
mix pattern. In the final step of our analysis, we explore the causal nexus among variables by applying the Toda Yamamoto
non-causality test. The Toda Yamamoto non-causality test reveals a unidirectional causality between economic growth and
ecological footprint; one-run relationship flows from electricity consumption to ecological footprint, and economic growth
leads to cause foreign-direct investment. These empirical results evidence the necessity of establishing suitable policies after
the gold decade of the FDI in Algeria, being required to advance in this line to come back to ascending levels of FDI after
the financial crisis of 2008 and the current COVID-19 crisis. In this sense, policymakers should consider the advantages of
FDI for promoting clean foreign investment, necessary for reaching a transition to sustainable development in Algeria. In
this sense, this study proposes a battery of environmental strategies to achieve this objective and sustainable growth in the
country. Thus, policy implications and directions for future research are suggested.
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Introduction

Between 2006 and 2011, Algeria experimented with a
golden era of FDI, which found inflows average $2.25bn
annually (UNCTAD 2020). After that period, investment
dropped to about $1.1bn a year, not recovering well from
the 2008 financial crisis. In addition, the government restric-
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property rights are relevant barriers to investment in Algeria.
Consequently, even FDI will imply a transition from self-
constrained economies (Gygli et al. 2019). This process also
directly impacts environmental pressure (Ansari et al. 2020;
Shahbaz et al. 2020).

By contrast, the ascending levels of FDI can impulse the
technological transference necessary for sustainable devel-
opment (Rudolph and Figge 2017; Alvarez-Herranz et al.
2017; Aziz et al. 2020). So, foreign investments can acceler-
ate the transition to sustainable economic growth based on
implementing high-tech industry in the host country.

Although air pollution is a severe problem in Algeria, the
desertification process is the leading ecological trouble of
Algeria, being necessary active policies for correcting this
process, where the ecological footprint analysis is essen-
tial for this aim. In addition, the increased pressure on the
ecological footprint results from increased demand for con-
sumption and usage associated with economic growth, trade
expansion, and globalization (Ansari et al. 2020).

Some researchers have debated the impact of environ-
mental degradation on national economic growth (Sarkodie
and Strezov 2019; Boufateh and Saadaoui 2020; Ike et al.
2020), confirming that, in the long run, economic growth
implies ascending demand for environmental quality (Lache-
heb et al. 2015; Xu et al. 2020). Hence, the N-shaped EKC
empirical evidence (Alvarez-Herranz et al. 2017; Balsalo-
bre-Lorente et al. 2018; Ekeocha 2021) admits the return to
an ascending environmental pressure after a certain income
level is achieved. This paper advances in the empirical lit-
erature, establishing the existence of an N-shaped linkage
between economic growth and ecological footprint (Bekun
et al. 2021; Naqvi et al. 2021; Gyamfi et al. 2021). Remark-
ably, this study is novel in the context of Algeria, covering
the period 1975-2014.

To our understanding, this is the first study that applied
in the long run by using ARDL and the FMOLS and DOLS
cointegration techniques in the context N-shaped EKC
hypothesis for Algeria to explain alternative influences of
shocks on the ecological footprint.

As a result of the absence of agreement and results of
previous studies, this study explores the impact of income,
FDI, and electricity consumption on the progress of environ-
mental quality, analyzing the association between ecologi-
cal footprint and FDI. We assume that pollution hypotheses
(pollution halo or pollution havens) are valid in Algeria and
practically useful for further policy consideration relating
to sustainable development. Thus, the current study con-
tributes to the empirical literature exploring the interaction
between FDI and electricity consumption on the ecological
footprint and how it is necessary to promote high-tech and
eco-friendly industries in Algeria.

In the instance of Algeria, we utilized the ARDL model.
We discovered evidence for an N-shaped connection

between per capita income and ecological footprint, con-
firming our hypothesis of an N-shaped EKC. The empirical
results, presented by different econometric techniques, vali-
date the N-shaped EKC relationship for Algeria. The empiri-
cal analysis also includes additional explanatory variables,
electricity consumption, and FDI, as a proxy of globaliza-
tion, which offers exciting policy implications, covering
previous literature gaps.

The remaining parts of the study are ordered: “Literature
review” reviews the studies on empirical and theoretical
issues. “Data and methodology” presents the data descrip-
tion, the econometric model, and the methodologies applied.
“Empirical results” contains the analytical findings and
discussion. The final section offers conclusions and policy
directions.

Literature review

The seminal study of Grossman and Krueger (1991) con-
cluded that environmental degradation increases with per
capita income to a certain level. After this turning point,
economies experiment with an environmental correction
process. The N-shaped environmental Kuznets curve indi-
cates that the traditional EKC theory will fail the test time,
considering that in the long run, ascending income levels
will generate ascending environmental pressure, mainly as
a consequence of technical obsolescence (Alvarez-Herranz
et al. 2017; Balsalobre-Lorente et al. 2018). Balsalobre-Lor-
ente et al. (2018) postulated that the N-shaped relationship
arises if the scale effect overcomes both the composition
and the technical effect due to an inadequate regulation for
improving technological advances. For the case of Algeria,
Wang and Dong (2019) and Génesis-Carolina et al. (2021)
validated the EKC between economic growth and the eco-
logical footprint in Algeria. Latifa et al. (2014) confirmed
the U-inverted EKC for Algeria between CO, emissions and
GDP both in the short and long term. Bouznit and Pablo-
Romero (2016) explored the linkage between carbon emis-
sions and economic growth in Algeria, taking into account
energy use, electricity consumption, and trade openness. The
study of Layachi (2019) confirmed that economic growth
has a positive and significant impact on carbon emission in
Algeria.

The link between economic growth, FDI, and ecologi-
cal footprint is contentious with many competing view-
points. Different studies have assessed the impact of FDI
on environmental degradation (Qian and He 2010; Du and
Zhang 2018; Ahmed et al. 2019; Sabir and Gorus 2019;
Yilanci and Gorus 2020; Kirikkaleli et al. 2021). Yilanci and
Gorus (2020) concluded that globalization directly impacts
the ecological footprint in the MENA area for 1981-2016.
Similarly, Du and Zhang (2018) discovered an N-shaped
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relationship between economic growth and CO, emissions in
China. Sabir and Gorus (2019) applied the ARDL method to
investigate how economic globalization influences the eco-
logical footprint. In the long run, their finding confirmed that
economic globalization harms the environmental footprint
in the ASIAN region, establishing the EKC and a nonlin-
ear linkage between globalization and the ecological foot-
print. Ansari et al. (2021) confirmed a negative connection
between FDI, renewable energy, and the ecological footprint.
Aziz et al. (2020) examined the link between globalization
and environmental degradation in MINT nations from 1995
to 2018, showing that globalization and carbon emissions
presented an inverted U-shaped linkage, offering evidence
of a transition to a high-tech pattern in the region.

Few studies have assessed the impact of foreign direct
investment on ecological footprint as a proxy of environ-
mental degradation. From 44 member countries of the Belt
and Road Initiative, Liu and Kim (2018) showed that FDI
inflows improve the total ecological footprint. In a study
in the USA from 1970 to 2015, Zafar et al. (2019) opined
that FDI inflows help curtail ecological footprint. Moreo-
ver, Balsalobre-Lorente et al. (2019) confirmed an inverted-
U-shaped association between FDI inflows and ecological
footprints for MINT countries (Mexico, Indonesia, Nigeria,
and Turkey) from 1990 to 2013. They found that although
FDI initially leads to environmental degradation, the impact
reverse beyond a certain level of FDI.

In contrast to previous research findings, Destek and
Okumus (2019) looked at the pollution haven hypothesis
(PHH) in 10 newly industrialized economies over the period
1982-2013. According to their results, the environmental
footprint tends to decline at lower degrees of foreign-direct
investment. Instead, this effect does not continue at a higher
level of FDI, resulting in a U-shaped relationship. Recently,
Chowdhury et al. (2021) investigated the impact of FDI
inflows on the ecological footprints of 92 countries in the
period 2001-2016. Their findings reveal that the FDI is posi-
tively associated with the ecological footprint. Similarly, Yin
and Hussein (2021) assessed the factors that influence eco-
logical footprint in 5 Southeast Asian countries and discov-
ered that FDI inflows positively contribute to environmental
quality.

Different studies have explored the link between elec-
tricity consumption and the ecological footprint for Algeria
(Akrour et al. 2021; Sahnoune et al. 2013; Rahmane et al.
2021; Belaid and Youssef 2017). For example, Rahmane
et al. (2021) concluded that policymakers should enhance
investment in renewable energy and control the overexploita-
tion of fossil energy, which reduces emissions and preserves
the environment. Belaid and Youssef (2017) concluded
that renewable electricity consumption could reduce envi-
ronmental pressure in Algeria. But so far, clean electricity
generation has not moved forward to a developed level that
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allows a substantial contribution to the energy-based emis-
sions reduction target.

Our study fills the gap in past literature, analyzing the
association between the connection of electricity consump-
tion and FDI on the ecological footprint in Algeria. Hence,
it is necessary to examine the role of FDI as a proxy globali-
zation process and how it impacts the ecological footprint
through changes in the energy pattern.

This research advances in analyzing the long-term con-
nection between economic growth, FDI, energy usage, and
ecological footprint in Algeria between 1975 and 2014. To
this end, we consider an N-shaped EKC pattern, introducing
the interaction between FDI and energy usage, where the
transition to a developed stage depends on proper regulations
to solve the technical obsolescence.

Data and methodology

As we have explained above, the current study aims to assess
the N-shaped EKC hypothesis between economic growth
per capita (LGDPP) and ecological footprint per capita
(LEFP) in Algeria for the period 1975-2014 (according to
data availability). Through the ARDL approach, as the main
empirical technique, we also investigate the nexus between
electricity consumption (LELE), foreign direct investment
(LFDI), and ecological footprint per capita (LEFP), as well
as the interaction between the electricity consumption and
the foreign direct investment (LFDI*LELE). We included
yearly data from the World Bank database (2021) for eco-
nomic growth per capita, electricity consumption, and for-
eign direct investment and the Global Footprint Network
(2021) for the ecological footprint in Algeria. For deleting
heterogeneity, the variables were transformed into a natural
logarithm for ensuring that series were normally distributed
(Kirikkaleli et al. 2020; Rjoub et al. 2021).

The variables utilized in this study are listed in Table 1.

The following Eq. 1 reveals the proposed model:

LEFP, = fjy + p(LGDPP), + p(LGDPP)? + f5(LGDPP);
+ B4(LELE), + Ps(LFDI), + fo(LELE * LFDI), + ¢, M
where LEFP is the natural logarithmic transformation of
ecological footprint per capita, and it is used as a proxy for
environmental degradation (Ulucak and Bilgili 2018; Has-
san et al. 2019). LGDPP, LELE, and LFDI are the natu-
ral logarithms of GDP per capita, electricity consumption,
and foreign direct investment. In accordance with previous
literature (Alvarez—Herranz and BalsalobreLorente 2015;
Alvarez-Herranz and Balsalobre Lorente 201 6; Balsalobre-
Lorente et al. 2018), LGDPP%explores if a high level of
GDP may contribute to the alleviation of ecological prob-
lems, the LGDPP? refers to the cubic of economic growth
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Table 1 Variable description

per capita and the return to an ascending pollution pattern
(Dogan and Inglesi-Lotz 2020), € is the error term, 5, f5,,
B, By, Bs, Pedenote parameters, and f represents the time.
Depending on the sign of the coefficients of exogenous vari-
ables related to GDPP, the EKC will assume various shapes'
(Balsalobre-Lorente and Alvarez-herranz 2016)

Unit root tests

Before embarking on the econometric analysis, the station-
ary of each variable ought to be checked through the tradi-
tional ADF (Dickey and Fuller 1979) and PP (Phillips and
Perron 1988) unit root tests (see Table 2) to establish the
order of integration of all series.

Cointegration tests

Once we have confirmed the stochastic properties of the
selected variables, it is necessary to explore the long-run
properties of selected variables, checking the traditional
Fisher-Johansen cointegration test (1991). The equation
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Variables Symbols Definitions Sources
Ecological footprint LEFP Ecological footprint per capita Global
Footprint
Network
Economics growth per capita LGDPP Constant 2010 USD WDI(2021)
Electricity consumption LELE Kwpc WDI(2021)
Foreign direct investment LFDI Net inflows WDI(2021)
Table 2 Main statistics and correlation
LEFP LGDPP LELE LFDI
Mean —0.2358 8.2359 6.3525 16.8603
Median —0.3147 8.2104 6.3276 19.2114
Maximum 0.4054 8.4557 7.2173 21.7337
Minimum —0.8675 8.0470 5.2765 — 17.7964
Std. Dev. 0.3267 0.1172 0.4765 6.95189
Skewness 0.3068 0.3636 —0.2878  —3.3638
Kurtosis 2.4851 1.9830 2.6880 16.6459
Jarque-Bera 1.0694 2.6054 0.7144 385.7908
Probability 0.5858 0.2717 0.69960 0.0000
Sum —9.4358 329.43 254.1031 6744138
Sum Sq. Dev.  4.1638 0.5359 8.8586 1884.8260
Correlation matrix
LEFP LGDPP LELE LFDI
LEFP 1.0000
LGDPP 0.8344%%* 1.0000
(0.0000)
LELE 0.9648%* 0.7299%* 1.0000
(0.0000) (0.0000)
LFDI 0.3839%* 0.3217%* 0.3094* 1.0000
(0.0000) (0.0429) (0.0521)

examining the null hypothesis for the Fisher-Johansen coin-
tegration test is denoted as follows:

-2 )" tog(I1) — 12N )

2 values are built on MacKinnon et al. (1999), and p-val-
ues are stated for Johansen’s cointegration trace and maxi-
mum eigenvalue tests.

In a second phase of the cointegration analysis, we apply
Bayer and Hanck (2013) combined test to cointegrate the

UIf B, =p,=p;=0, no Kuznets relationship between environmental
degradation and economic growth.

If p,>0 and p,=p;=0, increasing in GDPP leads to environmental
deterioration.

If §; <0 and f,=p;=0, decreasing in GDPP leads to environmental
deterioration.

If #, <0 and $,>0 and B;=0, a U-shaped EKC is found.

If ;>0 and 3, <0 and #;=0, an inverted U-shaped EKC is found.

If §;>0 and f,<0 and p;>0, it represents a cubic polynomial or
N-shaped EKC.

If §;<0 and B,>0 and f;<0, it represents an inverted N-shaped
EKC between environmental degradation and economic growth.

p < 10%; **p < 5%; **%p < 1%

analytic variables LGDPP, LELE, LFDI, and LEFP. This
recently revised cointegration approach incorporates the
results of several independent tests, including tests of Engle
and Granger (1987), Johansen (1991), Boswijk (1994), and
Banerjee et al. (1998), and provide a more comprehensive
result. The formula proposed by Bayer and Hanck (2013) is
as follows:

EG —J = =2(Ln (pEG) + Ln (pJ)) 3

EG —J — Bo — BDM = —2(Ln (pEG) + Ln (pJ) + Ln (pBo) + Ln (pBDM))
“
Fisher’s statistics are used to see if the underlying vari-
ables are cointegrated, where pEG, pJ, pBo, and pBDM
denote the p-values of cointegration tests of Engle and
Granger (1987), Johansen (1991), Boswijk (1994), and
Banerjee et al. (1998), respectively. When it is more than
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the critical values, we can reject the null hypothesis of no
cointegration (Bayer and Hanck 2013).

Econometric techniques

In addition, to emphasize the cointegration among the vari-
ables, we apply the auto-regressive distributed lag (ARDL)
model (Pesaran et al. 2001). The ARDL is allowed when
series are mixed either 1(0) or /(1) and none of them is 1(2)
since the presence of the /(2) component makes null and void
the predicted F-stat for estimating cointegration (Ouattara
2004; Adebayo and Demet 2020). This technique requires
suitable lag selection, and a suitable lag length may solve
the endogeneity’s problem. Likewise, this approach accom-
modates a limited sample size (Kirikkaleli et al. 2018; Ayo-
bamiji and Kalmaz 2020; Adebayo and Kirikkaleli 2021).
Besides, it is beneficial because it simultaneously generates
the short- and long-run relationship (Pesaran et al. 2001;
Nazir et al. 2018). This process empathizes the formulated
policy of this study to be efficient. If the variables series are
stationary at the first and second differences, the ARDL can
be used independently (Obobisa et al. 2021; Gill et al. 2018).
The symmetric relationship between variables is summarized
as shown below:

ALEFP, = w) + @, (LEFP),_; + @,(LGDPP),_,
+ 3(LGDPP)?,_; + w,(LGDPP)*,_,
+ws(LELE),_, + wg(LFDI),_, + w;(LELE % LFDI),_,
t t
+ L @IALEFP) + 3 @, MLGDPP),

t t
+ 2 PALGDPPY i+ 3 @, MLGDPP)

&)

t t
+ Z,-: | @sA(LELE), ; + Z,-= | eALFDD),;

t
++ Z./= | @7ALELE  LFDI),_; + p,

where @y is the drift constant,w,, @,, @3, w4, Ws, We W7
are the long-run multipliers, whereas the remaining expres-
sions with summation sign @, @5, @3, P4, @5, P> @7 TEP-
resent the short-run dynamics, ¢ is the lag length based on
Akaike information criterion (AIC), Aand g, represent the
first difference operator and the white noise component,
respectively.

With the next hypotheses, the existence of cointegration
is tested using F-test statistics:

H oy=w, #w0),# 03 # 0, # w5 #wg #0 @)

The variables are cointegrated if the F-statistics exceed
Pesaran critical values’ upper boundary at 5% (Pesaran et al.
2001). The critical values are presented for any number of
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predictors, every sample size, and the estimated model’s short-
run coefficients. The decision-making process is facilitated by
the p-values generated for both 7" and F-statistics. We use the
most reliable and recent set of crucial values to provide reliable
estimations for a limited number of observations.

By considering an error correction model (ECM) for
Eq. 5 into our short run, the following equation would pre-
sent coefficients of the ARDL model:

t t
ALEFP, = o + Z,-= | O1A(LEFP),; + Z,-= | 0,A(LGDPP),

t t
+ 2, ALGDPPY j+ 3 0,ALGDPPY, )

t t
+ 2 OAWELE),  + 3 66ALFDD),

t
4+ Z,-= | 0A(LELE % LFDI),_; + 6ECT,_; + i,

where 6,(i = 1...7) denotes the short run’s parameters
of variables, ECTt_j denotes the error correction, which
displays the adjustment o speed from short run’s shock
to the long-run balance, 6 represents the parameter for
ECT,_;.

Furthermore, we run a series of diagnostic tests to
rule out the false specification, serial correlation, heter-
oskedasticity, normalcy issues, and functional form. The
cumulative sum of recursive residual (CUSUM) and cumu-
lative sum of squares of recursive residual (CUSUMsq)
tests were also applied to check the stability of the model
(Brown et al. 1975).

After this, we evaluate the robustness of the long-run
coefficients of the ARDL Bound approach of the model
applying FMOLS (Phillips and Hansen 1990) and DOLS
(Saikkonen 1991; Stock and Watson 1993) econometric
methodologies.

According to Pedroni (2001a, b), the fully modified least
square (FMOLS) model can be represented as follows:

Y., = o + BX

i it

+£i,tvl=1’--~,T,i=1,....N (9)

The FMOLS technique ameliorates the serial correla-
tion and endogeneity through a semi-parametric correc-
tion. This process erases long-term correlation among the
cointegration equation and the stochastic regressor (Phil-
lips 1995). It admits the standard Wald test that applies
asymptomatic chi-square statistical inference (Hansen
1992a, 1992b).

The dynamic ordinary least squares (DOLS) econometric
methodology considers orthogonality in the equation term:
Y, =0+ fXI,+ DDy Y

j=—q AX/H_jp + Vl,r (10)

The DOLS technique uses intercept—trend specification
without additional deterministic components and one lag
and lead of the differenced cointegrating regressor to erase
the long-run correlation.
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Table 3 Stationarity test result
Unit root test (PP) Unit root test (ADF)

With constant ~ With constant and trend  Without With constant  With constant and trend  Without
constant and constant and
trend trend

At level
LEFP LEFP
t-Statistic  — 0.2260 —1.8510 — 2.0060%* t-Statistic  — 0.4257 —2.0006 — 2.0098%*%*
Prob. (0.9265) (0.6603) (0.0442) Prob. 0.8947 0.5828 0.0438
LGDPP LGDPP
t-Statistic  — 0.9231 —1.3884 1.5682 t-Statistic  — 0.5277 - 1.3152 1.1000
Prob. (0.7702) (0.8488) (0.9692) Prob. (0.8745) (0.8689) (0.9265)
LELE LELE
t-Statistic  — 1.6443 —3.0591 4.4674 t-Statistic  — 1.7840 —3.0775 5.5315
Prob. (0.4510) (0.1302) (1.0000) Prob. (0.3826) (0.1257) (1.0000)
LFDI LFDI
t-Statistic  — 4.1799%**  — 4 873k —-0.9172 t-Statistic  — 4.1951%%%  — 4 .9012%** —1.3181
Prob. (0.0022) (0.0017) (0.3129) Prob. (0.0021) (0.0016) (0.1702)
First difference
dLEFP dLEFP
t-Statistic  — 7.9087***  — 7.7905%** — 6.3884%**  rStatistic — 7.9054%**  — 50968%** — 6.2099%**
Prob. (0.0000) (0.0000) (0.0000) Prob. (0.0000) (0.0010) (0.0000)
dLGDPP dLGDPP
t-Statistic  — 3.6819%**  —3,6239%* —3.4788***  rStatistic — 3.7123%%*  —372]11%* — 3.5409%**
Prob. (0.0084) (0.0410) (0.0010) Prob. (0.0078) (0.0329) (0.0008)
dLELE dLELE
t-Statistic  — 5.9293%**  — 5.0396%** — 3.8541%*%*  rStatistic — 5.9082%**  — 59(073%%* — 3.7931%#*
Prob. (0.0000) (0.0001) (0.0003) Prob. (0.0000) (0.0001) (0.0004)
dLFDI dLFDI
t-Statistic  — 15.4282%**  — ]7.3622%** — 15.4971%**  ¢Statistic — 9.0799%**  — 8.974]**:* — 9.2043%%*
Prob. (0.0000) (0.0000) (0.0000) Prob. (0.0000) (0.0000) (0.0000)

*p < 10%; **p < 5%; ***p < 1%; *MacKinnon (1996) one-sided p-values

Causality test

Most of the literature uses the Dumitrescu and Hurlin (2012)
Granger causality test (Granger 1969), though it gives
ambiguous results. Moreover, due to a specification issue,
the Granger causality test produces erroneous and confus-
ing findings. To address this problem, Toda and Yamamoto
(1995) proposed a new causality approach. Their process
determines reliable and effective analytical results in the

LEFP,_, LEFP,_, LEFP,
LGDPP,_ LGDPP,_ LGDPP,_

LELE, L=+ LELEZI o Vi LELEIK
—1 —1 —K
LFDI,_, LEDI,_, LEDI,_,

absence of cointegration in the VAR method. Toda and
Yamamoto (1995) test employs an alternative methodology
to determine whether variables were neutral, bidirectional,
or unidirectional. Toda and Yamamoto (1995) approach is
more efficient in not requiring additional information about
the properties of the variables. Our study applies the test uti-
lized to explore the causality relationship between selected
variables and used the VAR, ;. gmax)-

LEFP,_,_, LEFP, ._,
LGDPP, LGDPP
" t—K-1 " t—K—-d
+ k+1 LELEt_K_l + k+d LELE[—K—d (1 1)
LFDI,_,_, LFDI,_,._,
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Table 4 Johansen cointegration test Table 3 shows that the variables examined using the
ADF and PP unit tests are stationary after the initial discrep-
ancy during the first level, except LEFP and LFDI, which are

Series: LEF LGDP LFDI LELE

Hypothesized Trace 0.05 stationary at level. So, we can conclude that variables are
No.of CE(s)  Eigenvalue  Statistic  Critical value  Prob.** mixed, either /(0) or /(1) and, nonetheless, not /(2). Hence,
None* 0.5821%%%  66.9835  54.0790 (0.0023) the ARDL method is preferred in such cases.

At most 1 0.4077%* 33.8253  35.1927 (0.0697) After confirming the stochastic properties of selected var-
At most 2 02616 13.9200 202618 (0.2949) iables, the empirical methodology also considers analyzing
At most 3 0.0610 239431  9.1645 (0.6986) the long-run connection among selected variables through

the Fisher-Johansen cointegration test (1991) that integrates
the individual tests and attaches them from individual cross-
sections (Table 4).

In a second step, the Bayer—Hanck test findings, depicted
in Table 5, indicate that EG-J and EG-J-Bo-BDM'’s F-statis-
tic values are 18.333 and 36.651 and are greater than 5% of
critical value, i.e., 10.637 and 20.486, respectively. Hence,
the alternative hypothesis of cointegration was accepted.
Therefore, Johansen and Bayer-Hanck cointegration tests
confirm a long-run cointegration between the selected vari-
ables in Algeria for the period 1975-2014.

Once the stationarity properties of the selected variables
are confirmed, we advance to estimate the ARDL frame-
work. Raza et al. (2013) stated that using more lags or using
leases lags might result in the model’s most strong evidence
being lost, as well as a one-sided or biased estimation. As a
result, having witnessed the state of perfect delays, the cur-
rent research focused on the Akaike information criterion

**MacKinnon-Haug-Michelis (1999) p-values: * p<10%; ** p<5%;
A <1%

Empirical results

Table 2 displays basic descriptive statistics and correlation
matrix between LEFP, LGDPP, LELE, and LFDI. The columns
show the variables’ mean, median, maximum, minimum, stand-
ard deviation, Skewness, Kurtosis, and Jarque-Bera normality’s
test check with probability values. LGDPP and LFDI have the
highest mean and median. All the variables are platykurtic since
their Kurtosis value is less than 3, except LFDI. Evidence of
normality exists, which is desirable. This can be deduced from
their various probability values, greater than 5%, except LFDL
Also, statistics shown from the correlation analysis and Jarque-
Bera test indicate a positive correlation and normal distribution
between LEFP, LGDPP, and electricity consumption.

Table 5 Bayer-Hanck test for

; A Test outcomes Underlying Tests
cointegration
Engle-Granger Johansen Banerjee Boswijk
Test statistics —5.0366 27.7104 —4.3822 21.3337
p-values (0.0022)*%** (0.0475)** (0.0087)*** (0.0121)***
Bayer-Hanck Test
Fisher Type Test statistics 5% critical value
EG-] 18.333 10.637
EG-J-Bo-BDM 36.651 20.486

*p < 10%; **p < 5%; ***p < 1%

Table 6 Lag length selection criterion

Lag LogL LR FPE AIC SC HQ Specification

0 61.84896 NA* 0.002639* —3.102720%* — 2.838800%* — 3.010605%* ARDL (1, 0,0, 0,0, 0, 0)
1 62.38123 0.857546 0.002713 —3.076735 —2.768829 —2.969268

2 62.83403 0.704347 0.002804 — 3.046335 —2.694442 —2.923515

3 62.90787 0.110756 0.002962 —2.994881 —2.599002 —2.856709

4 62.92660 0.027059 0.003141 —2.940367 —2.500500 —2.786841

LR, FPE, AIC, BIC, HQ represent sequentially modified LR test statistic, final prediction error, Akaike information criterion, Schwarz informa-
tion criterion, and Hannan-Quinn information criterion, respectively

*Optimal lag length

@ Springer



Environmental Science and Pollution Research (2022) 29:37660-37675

(AIC) to select the appropriate lag length for cointegration,
being confirmed that the AIC is preferred in lag length selec-
tion due to its higher characteristics (Udemba and Yalg¢intag
2021; Zhang et al. 2021). Thus, the AIC lag length criterion
statistic shows that the ARDL (1, 0, 0, 0, 0, 0, 0) is the best
lag order, and outcomes are stated in Table 6. In addition,
the inverse roots of AR characteristics of the polynomial
graph in Figure 1 show that the model is dynamically stable
because the two blue dots are inside the unit circle.

Table 7 highlights the ARDL bound test estimates. The
F-statistic value (4.83) is greater than the upper-bound criti-
cal value at 1%, implying the existence of cointegration.
Thus, the Johansen and Bayer—Hanck cointegration tests
were employed to verify the result of the ARDL bound test
and check the robustness of an existing long-run relationship
among the study variables.

The overall findings of the ARDL model are illustrated
in Table 8.

The values of R? and adjusted-R* show that 98.13% and
97.78% variation in the response of ecological footprint can
be explained by economic growth, electricity consump-
tion, foreign direct investment, and the interaction between
LEL and LFDI, as well as the rest of the percentage that
can be attributed to the residue. For the short run, results
show that the speed of adjustment is considered to facili-
tate the long-run relationship between coefficients with
significant negative ECM. ECT value (— 0.88) proves the
cointegration, and this signifies that the model can witness
a balance at 88% speed of adjustment toward the long-run
equilibrium. The econometric results reported in Table 8§
confirm a nonlinear connection between real GDPP and
the ecological footprint in the long run. So, these results
demonstrate the EKC empirical evidence in Algeria is

Inverse Roots of ARC haracteristic Polynomial
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Figure 1 Autoregressive root graph
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Table7 ARDL bound test result
Significance LB UB Cointegration
F-statistic = 10% 1.75 2.87 Yes
4.838482%**
5% 2.04 3.24
1% 2.66 4.05

***p < 1%, LB and UB indicate the lower-bound and the upper-
bound, respectively

consistent (Génesis-Carolina et al. 2021). We can observe
how, in the first stage of development, the EFP rises (w, >
0) along with ascending per capita income (GDPP). After
that, EFP decreases (w5 < 0). A final stage (w, > 0) confirms
the N-shaped connection between economic growth and the
ecological footprint in Algeria between 1975 and 2014. This
understanding is in line with previous empirical literature
(Al-Mulali 2011; Farhani et al. 2014; Sahli and Ben Reje
2015; Abdallh and Abugamos 2017). In other words, the
N-shaped validation implies that in the first step of economic
growth, environmental quality increases till a certain turning
point, where it starts to come down. In the last stage, typified
by high development and low growth rate, the pollution level
increases again due to technological obsolescence and inap-
propriate energy regulations (Alvarez-Herranz et al. 2017).
In the last stage, the scale effect starts to prevail again over

Table 8 Long-run and short-run coefficient results

Variable Coefficient ~ Std. error z-statistic Prob.

Short-run coefficients
D(LGDPP) 10.7510 6.9394 1.5492 (0.1312)
D(LGDPP*2) — 2.9695* 1.6942 — 1.7527 (0.0892)
D(LGDPP"3) 0.1919% 0.1032 1.8596 (0.0722)
D(LELE) 0.8621%** 0.2099 4.1061 (0.0003)
D(LFDI) 0.1423%* 0.0578 2.4594 (0.0195)
D(LELE*LFDI) —0.0229%*  0.0095 —2.4131 (0.0217)
ECT (- 1) —0.8844*** (),1448 — 6.1036 (0.0000)

ECT = LEFP — (12.1562*LGDPP — 3.3577*LGDPP2
+ 0.2171*LGDPP3 + 0.9748*LELE + 0.1610*LFDI —
0.0260*LELE*LFDI)

Long-run coefficients

LGDPP 12.1562% 7.2408 1.6788  (0.1029)
LGDPP*2 —3.3576* 1.7424 —1.9269 (0.0629)
LGDPP"3 0.2170%* 0.1053 2.0603  (0.0476)
LELE 0.9747#**  0.2017 4.8307  (0.0000)
LFDI 0.1609%* 0.0651 24693  (0.0191)
LELE*LFDI —0.0259**%  0.0106 —2.4286 (0.0210)
R-squared 0.981275

Adjusted R-squared 0.977764

p < 10%; **p < 5%; ¥*%p < 1%
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Table 9 Diagnostic tests for ARDL model

Test F-statistics p-value

Breush-Pagan-Godfrey test 0.158883 (0.9758)

Breush-Godfrey serial correlation 0.228025 (0.7974)
LM test

JarqueBera test 2.225337 (0.3287)

Ramsey Rest test 0.010911 (0.9175)

composition and technical effect where environmental pro-
tection measures would correct technological obsolescence
(Balsalobre-Lorente and Alvarez-herranz 2016; Balsalobre-
Lorente et al. 2018; Shahbaz et al. 2018). Otherwise, the
electricity consumption presents a direct connection with
the EFP (w5 > 0), suggesting that fossil sources dominate
the energy mix in Algeria. Otherwise, our empirical results
also reflect that FDI directly affects EFP, validating the pol-
lution haven hypothesis in Algeria (Udemba and Yalgintas
2021). The empirical evidence confirms that FDI increases
the EFP in Algeria (w, > 0). Finally, the interaction between
FDI and electricity consumption presents a negative connec-
tion with the EFP (w, < 0). The nexus between FDI-elec-
tricity consumption and the EFP confirms the necessity to
promote economic sectors supported by foreign investment.
This fresh evidence contains significant policy implications
for this country and the context of the FDI gold decade. In
this sense, the interaction effect confirms the positive effects
of FDI over the energy mix in Algeria due to the attraction
of a clean industry with more efficient energy usage. For
this reason, the Algeria administration needs to attract clean
and high-tech industries for reducing environmental pres-
sure. Additionally, this result indicates that in the absence of
stringent environmental protocols and forfeits for polluters,
the economic development for Algeria is related to ascend-
ing pollution levels (He 2006; Neequaye and Oladi 2015).

20

Subsequently, the administration should promote to attract
investment in clean industries and services, which will
increase environmental protection (Cole and Elliott 2003;
Managi et al. 2012). Otherwise, Algeria policymakers must
promote the purchase of clean inputs to restructure interna-
tional trade, improve the administrative structure necessary
for efficient capital liberalization, and attract additional FDI
inflows. The promotion of renewable sources and efficient
energy usage would contribute to reducing the ecological
footprint. Lastly, governments in this region should act
against corruption and perform correct property rights in
the country (Abdouli et al. 2018).

Table 9 shows the heteroskedasticity, serial correlation,
normality, and functional form testing, used as diagnostic
tests in the studies. Findings reveal the absence of heteroske-
dasticity and serial correlation, as pointed out by Breush-
Pagan-Godfrey’s F-statistic of LM tests, respectively. Thus,
results are void of the error correction definition (Farhani
et al. 2014; Pan and Dossou 2020). Besides, the p-value of
the Jarque-Bera test, which is greater than 10%, recommends
that errors are normally distributed. Ramsey RESET test
is also employed to check for the suitable functional form.
So, the model is well specified, as the probability value is
0.9175.

After performing the diagnostic tests (Table 9), the short-
and long-run ARDL estimates are examined by performing
the CUSUM and CUSUMsq experiments (Figure 2), reveal-
ing a constancy of the fitted model.

The empirical evidence is reinforced by applying the
FMOLS and cointegration techniques to bolster the ARDL
long-run econometric results (Table 10).

The outcomes of the FMOLS method endorse the exist-
ence of N-shaped EKC between the ecological footprint and
economic growth as the signs of the coefficients of LGDP,
LGDPP?, and LGDPP? confirm a nonlinear N-shaped behav-
ior, statistically significant at 1%. The DOLS model result is

1.4

024"
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1.2
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Figure 2 Plot of the CUSUM and the CUSUM of squares
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Table 10 FMOLS & DOLS
main econometric results

areplica of the FMOLS model in terms of signs and signifi-
cance degree. The variable of interaction between electricity
consumption and FDI is appropriately signed with a nega-
tive coefficient across both econometric methods. Results
are reliable with the existence of a long-run relationship

Table 11 Toda-Yamamoto non-

causality analysis

Dependent Variable: LEFP

Sample: 1975 2014

Variable OLS FMOLS DOLS
LGDPP 17.07751%#%* 18.32820%#* 18.70728%*3%*
[3.223754 [3.715757] [3.208241]
(0.0028) (0.0007) (0.0069)
LGDPPA2 —4.520264 — 4.811152%%*%* — 5.350193%*:
[—3.519550] [—4.048318] [— 3.865229]
(0.0013) (0.0003) (0.0020)
LGDPPA3 0.286665%*** 0.3040327%** 0.34979 1 ***
[3.677213] [4.227451] [4.188691]
(0.0008) (0.0002) (0.0011)
LELE 0.885024#7*%* 0.838659%** 2.125080%**
[5.311521 [6.073901] [5.714565]
(0.0000) (0.0000) (0.0001)
LFDI 0.134955%3*%* 0.121419%** 0.525260%**
[2.468859] [2.741419] [4.676859]
(0.0187) (0.0098) (0.0004)
LFDI*LELE —0.021735%*:* —0.019447%3%%* — 0.085393%*:
[—2.421794] [— 2.672263] [— 4.604120]
(0.0209) (0.0116) (0.0005)
R-squared 0.981775 0.980181 0.992494
Adjusted R-squared 0.979094 0.977178 0.979215
S.E. of regression 0.047244 0.047853 0.041634
Sum squared resid. 0.075888 0.001368 0.000488
Log-likelihood 68.59005
Durbin-Watson stat 2.108168
Mean dependent var. —0.235896 —0.220894 —0.220347
S.D. dependent var. 0.326749 0.316757 0.288785
Akaike info criterion —3.129503 0.075566 0.022534
Schwarz criterion —2.876171
Hannan-Quinn criteria —3.037906

Values in brackets indicate z-statistics
*p < 10%; **p < 5%; ***p < 1%

among variables. In addition, the high values of adjusted-
R-squared disclose that the fit of variables in FMOLS and

DOLS models is strong (97.72% and 97.92%, respectively).

So, the findings from FMOLS and DOLS are also conclu-
sive and comply with the ARDL long-run estimates. The

LEFP

LGDPP

LELE

LFDI

LEFP
LGDPP
LELE

LFDI

7.173115%%* (0.0277)
5.007548* (0.0818)

2.787769 (0.2481)

0.902817 (0.6367)

0.543373 (0.7621)

0.373171 (0.8298)

3.330501 (0.1891)
0.783030 (0.6760)

1.870972 (0.3924)

0.493407 (0.7814)
5.676408* (0.0585)

2.694550
(0.2599)

*p < 10%; **p < 5%; ***p < 1%
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Figure 3 N-shaped EKC

consequences of our empirical results confirm that an effec-
tive pollution control policy will reduce through cleaner
energy use (Bilgili 2012; Lin and Moubarak 2014; Adewuyi
and Awodumi 2017).

Finally, we apply the Toda-Yamamoto non-causality test
(Toda and Yamamoto 1995) that explores the causal con-
nection among variables (Table 11). These findings show
a unidirectional causality between economic growth and
ecological footprint, just as had been shown in the research
on the United Arab Emirates by Shahbaz et al. (2020) or
by Danish et al. (2020) in Japan, Canada, Italy, USA, and
Germany, and Nathaniel et al. (2020) in the Middle East and
North African region. This evidence helped to clarify that
the increase in Algeria’s ecological footprint results from
increased economic activities.

Causality analysis reveals that electricity consumption is
a causal factor for ecological footprint. More so, the Alge-
rian government should adopt electric power sources in
their domestic or commercial activities. This finding com-
plements those of de Mehmood (2021), who also discovered
the same direction of causality for SAARC countries. Also,
this study confirms one-run relationship flows from eco-
nomic growth per capita toward foreign direct investment.
This outcome is corroborated by previous studies which
support the finding that FDI has a crucial role in stimulat-
ing the long-run economic growth (Kivyiro and Arminen
2014; Tan and Tang 2016; Sunde 2017; Goh et al. 2017,
Sarker and Khan 2020). In this regard, Algerian policymak-
ers should pay more attention to the policies for attracting
inward FDI.

@ Springer
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Discussion and policy implications

The empirical evidence (Tables 8 and 10) confirms an
N-shaped EKC connection (Sahli and Ben Reje 2015;
Abdallh and Abugamos 2017) between economic growth
and the ecological footprint in Algeria between 1975 and
2014.

Figure 3 illustrates how the EFP rises along with rising
economic growth in the first stage of development. This pat-
tern reveals a transition to a developed stage, where FDI
and electricity consumption directly affects the ecological
footprint. The econometric results confirm the interaction
between FDI and electricity consumption, and this result
is essential to avoid technical obsolescence and reduce
environmental pressure. After that, during phase 2, EFP
decreases until a certain turning point, where economic
growth contributes to increasing EFP. The final stage con-
firms the N-shaped connection between economic growth
and the ecological footprint. During phase 3 (see Figure 3),
the prevalence of the scale effect will generate ascend-
ing degradation (Balsalobre-Lorente et al. 2018; Shahbaz
et al. 2018). This result considers that ascending income
will contribute to growth rate, appearing a new increase of
the ecological footprint due to the absence of appropriate
innovations and the promotion of renewable energy sources
(Alvarez-Herranz et al. 2017).

Otherwise, the empirical evidence also supports the pol-
lution haven hypothesis in Algeria, revealing a direct con-
nection between FDI and the ecological footprint (Udemba
and Yalcintag 2021). This direct linkage implies the
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necessity of implementing a high-tech industry in Algeria
to reduce the pernicious effects of FDI on the environment.
For this proposal, the Administration should promote foreign
initiatives and strategies in energy innovation processes to
generate a transition to clean and high-tech economies.

The electricity consumption directly correlates with the
EFP, suggesting that fossil sources dominate the energy mix
in Algeria.

The key finding of this study is the existence of an
interaction (Cohen et al. 2013) between FDI and electric-
ity consumption, which negatively connects with the EFP.
This evidence is fundamental for understanding how the
attraction of foreign industry can generate more efficient
energy processes in the host country. In other words, the
nexus between FDI-electricity consumption and the EFP
confirms the necessity of advance in the promotion of more
efficient energy processes supported by foreign investment.
Therefore, the investment in clean industries will enhance
stringent environmental regulation, diminishing ecological
pressure (Cole and Elliott 2003; Managi et al. 2012). Being
imperative to act against corrupt practices, incrementing
rights policies for public goods, promoting more efficient
and cleaner energy usage (Abdouli et al. 2018; Sinha et al.
2017; Kasperowicz 2015; Bilgili 2012; Lin and Moubarak
2014; Adewuyi and Awodumi 2017); where advanced FDI
would provide investments in R&D, technologies, and
advances in the energy industry (Ndlovu and Inglesi-Lotz
2020; Wu et al. 2020).

Hence, Algeria should promote the attraction of cleaner
and high-tech foreign businesses to control environmental
pressure and reach sustainable economic growth, related to
a new FDI golden decade (UNCTAD 2020). By contrast, in
the absence of strict protocols, FDI would be part of pol-
lutant manufacturing firms (He 2006; Neequaye and Oladi
2015).

Based on the stated results, some significant policy
implications should be implemented. For instance, both
government and private industry should coordinate active
measures. In this sense, the Administration promotes clean
energy sources increasing renewable sources, while the pri-
vate sector should implement measures in strategic sectors
like tourism or the high-tech industry, attracting foreign
business to Algeria.

Final conclusions

This study examines the effect of electric consumption, FDI,
the interaction between them, and economic expansion on
the ecological footprint in Algeria from 1975 to 2014. In
particular, we find evidence of an N-shaped environmental
Kuznets curve (N-shaped EKC). This study enhances the
EKC literature by clarifying the relationship hypothesis

between economic growth per capita and ecological foot-
print in a globalized economic system. The main objective
of this study has been to present a battery of recommenda-
tions aimed to achieve a transition to sustainable growth
based on technology and more efficient energy processes.
For this purpose, we consider that promoting advanced FDI
and clean energy usage are fundamental driving forces to
advance to a developed stage of economic growth.

The ARDL econometric technique is employed to con-
firm the long-term presence of the N-shaped EKC hypoth-
esis after checking the stationary properties of selected vari-
ables through the traditional ADF and PP unit root tests.
We have also applied Johansen-Fisher and Bayer Hanck
cointegration methodologies, demonstrating long-run con-
nections among selected variables. In a second step, we have
applied the FMOLS and DOLS econometric to confirm the
empirical procedure’s robustness. The causality direction is
also checked in the final empirical strategy by applying the
Toda-Yamamoto non-causality test.

According to the N-shaped relationship between eco-
nomic growth and the ecological footprint, both FDI and
electric consumption increase the ecological footprint in
Algeria; as a result of the need for agreement, uniformity
of analyses, and results of previous studies on the impact
of economic growth on the quality of the environment and
its contribution to the ecological footprint in the case of
Algeria. So, we clarify the relationship between these study
variables and ask the following questions: To what extent
can Algeria contribute to balancing the usage of its electric
energies and the sustainability of its environment to preserve
for future generations? Is it possible that the foreign-direct
investment contributes to increasing the ecological footprint
in the case of Algeria, and what is the effect of economic
growth per capita on the ecological footprint?

Electricity consumption increases the ecological foot-
print. Similarly, foreign direct investment positively impacts
ecological footprint, while the interaction term between FDI
and electricity consumption contributed negatively to the
EFP. The current study fills the research gap by investigating
the N-shaped EKC hypothesis in Algeria by using several
variables to estimate and elucidate the connections between
economic growth, electricity consumption, foreign direct
investment, the interaction between electricity consumption
and FDI, and the ecological footprint.

This evidence implies that it is necessary to adopt measures
related to the transition from a developing industry to a high-
tech and clean industry in Algeria, where adopting environ-
mentally friendly measures will generate sustainable growth.

Furthermore, the Algerian government must improve the
economy’s structure to limit the overuse of fossil resources,
protect the environment for future generations, and develop
systems for assessing and monitoring the impacts of FDI on
the Algerian economy.
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The findings indicated that the economic growth sector
presents an N-shaped linkage with the ecological footprint
in Algeria, validating the EKC hypothesis. So, initially,
environmental degradation increases in the early stages of
economic growth; however, at the later stages of the growth
process, the ecological footprint starts decreasing, till a cer-
tain point, where without the proper measures, the ecologi-
cal footprint would present ascending behavior again. On the
other hand, without the share of fossil sources in their energy
mix, it implies ascending pollution in Algeria, being neces-
sary to promote renewable sources in the region. Finally,
the FDI presents a positive connection with the ecological
footprint in Algeria, validating the PHH.

Algeria should transfer energy from resource-rich indus-
tries to industrial sectors to boost economic growth, promot-
ing economic development. Economic and environmental
policymakers should advance in creating environmental
rules and standards to minimize the negative impacts of
dirty foreign industries protecting Algeria from sources
of pollution that may enter the country. Concerning other
environmental quality factors, energy consumption and clean
foreign investment should be considered by policymakers.
In this respect, fossil energy sources still have a high share
in the energy mix of Algeria.

On the other hand, long-run growth indications require
low-carbon strategies to develop an economic model based on
environmental sustainability. Algeria should proceed in imple-
menting stringent regulations, promoting renewable sources
and attracting high-tech foreign investment. We have outlined
that the connection between FDI and energy consumption
contributes to controlling the harmful effects of fossil sources
in the energy mix. Even the FDI presents a direct link with
the ecological footprint in Algeria. Foreign investments can
contribute to implementing clean and more efficient energy
sources. So, the policymakers attract innovation measures to
reduce the scale effect, advancing implementation.

Hence, for Algeria, deregulation in the energy industry is
necessary, which will allow diversification of energy sources
and promote cleaner energy sources. So, the private sec-
tor should invest in renewable sources. This country also
requires an increase of high-tech products affordable for
public and private economic activities. At the same time,
there should be the implementation of different tax policies
for carbon-intensive industries aimed to avoid dirty business.
In other words, regulation of carbon emission through these
energy policies will contribute to decarburizing Algeria.

Consequently, it would be helpful to increase efforts
to improve environmental policies and institutions rather
than restricting foreign activities that reduce environmental
quality.

Finally, this study was prepared without a few limita-
tions. Firstly, the scope of this research is limited to Alge-
ria, which includes data from 1970 to 2014, where future

@ Springer

studies should extend the period for prospective analyses.
Then, future research might give an immersive word for a
specific aspect of globalization (economics, social, and cul-
ture), focused on the crisis COVID-19 and the analysis of
the natural resources crisis in the region.
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