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ABSTRACT

Shifting to sustainable and durable economic growth has become necessary considering the dangerous consequences of
climate change. The growing literature has tested the Environmental Kuznets Curve (EKC) hypothesis that links economic
growth and environmental degradation. The validity of the EKC hypothesis has sparked heated disputes among scholars.
The Autoregressive Distributed Lag approach, ARDL, examines the nexus between carbon dioxide (CO,) as a dependent
variable and real GDP, energy consumption, and trade openness as independent variables in the Egyptian setting. Unlike
prior studies, the findings validate the inverted N-shaped EKC hypothesis. Thus, the results do not support the EKC
hypothesis, implying that environmental degradation cannot be explained necessarily by economic growth. Although this
discovery is interesting and difficult to explain, it could be the result of Egypt's initial environmentally-friendly mindset.
Another interesting conclusion is that a 1 percent rise in per capita energy consumption increases CO2 emissions per capita
by 1.14 and 0.84 percent in the long and short run, respectively. Policymakers should think about establishing regulations to
ensure the use of green energy technologies in business, as well as investing in renewable energy to increase its share in the
energy mix. Future research should use a nonlinear ARDL methodology and longitudinal data to develop further and
corroborate these initial findings.

KEYWORDS: Economic growth; Environmental Kuznets Curve; Autoregressive distributed lag approach;
Egyptian economy.

1. INTRODUCTION EKC depicts the relationship between economic
growth, energy consumption, and the environment. It
takes an inverted U-shape, which means that
improving the level of development will increase the
level of pollution at a declining rate until it reaches a
particular level, after which it progressively begins to
decrease (Hanley et al., 2019) (Figure (1)).

Grossman and Krueger's (1991) pioneering work
was the starting point to delve into the analysis of the
nexus depicted by the Environmental Kuznets Curve
(EKC). Initially, Simon Kuznets hypothesizes that
inequality in income will first rise and then fall in
parallel with economic development.
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Figure 1. Environmental Kuznets curve (EKC).
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According to Toma et al. (2020), massive
economic growth requires the consumption of fossil
fuels, which leads to enormous greenhouse gases
(GHGs). Results, however, have not supported this
hypothesis in all cases (Karsch, 2019), causing young
researchers to engage in a heated dispute (Zhang,
2021).

Lorente and Ivarez-Herranz (2016), on the other
hand, explored the wvalidity of the N-shaped
hypothesis in the third stage, in which environmental
deterioration intensifies as income rise continues.
Furthermore, Bekhet and Othman (2018) validated an
inverted N-shaped EKC hypothesis linking carbon
dioxide (CO,) emissions, renewable energy usage,
and economic growth.

Egypt emitted 269.5 million tons of CO, in 2020
The emissions climbed dramatically from 25 to 269.5
million tons per year, with a rising annual rate
between 1971 and 2020. It peaked at 15.83 percent in
1976 and has since fallen to 4.53 percent in 2020
(Knoema, 2021). Around 40 percent of CO2
emissions are created by the electricity generation
industry, which is primarily reliant on oil and gas (90
percent) and renewable sources (10 percent).
(Abdallah & EI-Shennaw,2020). Having been a
significant energy consumer in Africa, Egypt may be
vulnerable to environmental challenges in its pursuit
of economic growth (Mahmood et al., 2021).

The main practical problem that confronts the
present work is that there have been inconsistent
results about the validity of the EKC hypothesis in the
Egyptian setting. It is of interest to know whether
EKC is a sound basis for environmental policy in
Egypt.

As a result, the current study investigates the EKC
hypothesis for the period (1965-2020) using the
Autoregressive Distributed Lag (ARDL) model.
Furthermore, the significance of this work is stressed
given the approaching UN Climate Change
Conference (COP 27), expected to be hosted in Egypt
in 2022. Although several previous studies have
confirmed specific EKC hypotheses in the Egyptian
setting, no study has confirmed the inverted N-shaped
EKC hypothesis. The unexpected findings indicate
that more research is needed to understand more
about this area.

The following is how the paper is structured: The
early work is presented in section 1 after this
introduction, while section 2 outlines the
methodology. The results and significant conclusions
are discussed in the final two sections.
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2. LITERATURE REVIEW

The seminal work of Grossman and Krueger
(1991) on studying the potential consequences of the
North American Free Trade Agreement (NAFTA) is
the foundation for investigating the different EKC
hypotheses. It is widely known that the findings of
testing these hypotheses rely mainly on the country
considered, the variables included, and the period
specified. Some studies have validated U-shaped and
N-shaped EKC hypotheses in the Egyptian setting,
and others have denied their existence. The most
prominent studies are reviewed in Table (1).

3. METHODOLOGY

To test the validity of the EKC hypotheses,
different model specifications have to be analyzed.
The annual dataset was collected from the World
Bank and the International Energy Agency during
period (1965-2020). First, CO, per capita (in metric
tons) represents environmental pollution, while real
GDP per capita (constant 2015 U.S. Dollar) is a proxy
for income. Following the literature, two other
variables are included: energy consumption per capita
(in kilograms), which refers to the utilization of
primary energy before transformation, and trade
openness, which is the total value of goods and
services exported and imported as a percentage of
GDP. The data was analyzed using EViews12.

The fundamental theoretical model for CO, emission
is:

COQPCt =f (GDPPCt, ECONPCt, TOPt)

To avoid any heteroscedasticity difficulties and
get direct elasticities, all possible models are
transformed into logarithms. They may be rewritten
like this:

INCO,PC; = Bo+P1INGDPPC; + B,InGDPPC4+
INCO,PC; = Bg+p:InGDPPC; + B,InGDPPC? +
B4|I’] ECONPCt + it

INCO,PC; = Bo+P1InGDPPC; + B,InGDPPC?% +
B4In ECONPC;, + BsInTOP; +y

INCO,PC; = Bo+p1INGDPPC;, + B.InGDPPC? +
BsInGDPPC?,

INCO,PC; = Bo+P1InGDPPC; + B,InGDPPC?% +
BsInGDPPC? + B4ln ECONPC; +

INCO,PC; = Bo+poINGDPPC; + B,InGDPPC? +
BsINGDPPC?, + B4In ECONPC+ BsInTOP + i
where:

M1

M2

M3

M4

M5

M6

o CO,PC: per capita CO, emissions.

o ECONPC: per capita energy consumption.

o GDPPC: (GDPPC? GDPPC?%: real GDP
(squared, cubic) per capita

o TOP: trade openness

o ¢ the error term



Table 1. Summary of the key important studies.
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Author(s) Period Methodology Major variables Results
Johansen Real per capita GDP,
Ibrahiem . . energy consumption trade  EKC does not exist in the short or
(2016) (1980-2010) cointegration opengn)éss and pf)opulation long term
analysis density ’ '
Real per capita GDP,
El-Aasar _ renewable energy EKC does not exist in the short or
(2018) (1971-2012)  ARDL consumption (% of total),  long run.
and trade openness.
Bese (2019) (1971 - 2014) VAR model Erf:‘r'g@e&)":spu'ﬁ;gs and o presence of EKC
Mahmood cointegration ~ GDP, energy usage, . .
etal. (2019) (1990-2014) technique FDI/GDP, trade openness The EKC hypothesis is confirmed.
GDP, energy
Sghaier et . consumption, and No. of . .
al. (2019) (1980-2014) ARDL intt_ernational tourist EKC hypothesis validates
arrivals.
Fethi & Real income, energy
Senyucel (1996 -2016) DSUR & DH consumption, and tourism  EKC hypothesis validates
(2021) tests. proxy
The EKC hypothesis holds for
natural gas consumption and all
proxies for renewable and
GDP per capita and nonrenewable energy.
Mahmood ARDL . . .
et al. (2021) 1965-2019 models energy consumption. N-shaped nexuses validate in oil

and coal cases.

An inverted N-shaped hypothesis
validates in the hydroelectricity
case.

VAR: vector autoregressive; DSUR: Dynamic Seemingly Unrelated Regression; DH Dumitrescu and Hurlin (2012).

Source: Author’s compilation.

Figure (2) shows the ARDL approach. The very
first prerequisite for time series data is to test the
variables' stationarity. As a result, the widely used
unit root test suggested by Dickey and Fuller (1979)
may be employed.

Pesaran et al. in 2001 developed the ARDL lag
bounds tests, which have the following benefits: (i)
using a combination of 1(0) and I(1) processes; (ii)
having a single-equation setup; (iii) decomposing
error terms ; (iv) assigning a sufficient number of lag
lengths (Rahman & Vu,2021).
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The ARDL bounds tests can be performed in the
following way: The joint F-statistic tests the null
hypothesis of no cointegration. As a result, the null
hypothesis fails to be rejected If the calculated
statistic is below the lower bound of critical value.
Alternatively, if it is above the upper bound of the
critical value, the null hypothesis is rejected.
However, no conclusion can be made if the calculated
statistic is between the upper and lower limits of
critical value.
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Figure 2. Flowchart of the ARDL approach.

Source: Rahman &Vu (2021).

The first step in estimating the long-run
connection is to examine the long-run association
between variables. If it exists, the next step is to
estimate the long-run model using least-squares as
well as the short-run error correction model. The
lagged error term ECM (-1) coefficient must be
negative and significant to be valid, indicating the
convergence speed from the short-run equilibrium to
the long-run equilibrium path.

Normality, serial correlation, heteroskedasticity,
and Ramsey RESET are among the diagnostic tests
performed to measure how well a model fits the data.
Brown et al. (1975), as well as Pesaran and Pesaran
(1997), created the cumulative sum of recursive
residuals (CUSUM) and cumulative sum of squares of
recursive residuals (CUSUMSQ) stability tests. When
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these statistics are within the 5 percent critical
boundaries, the model parameters are stable in both
the long and short run.

The VECM Granger causality test (1969) can
compensate for the ARDL cointegration approach's
failure to consider the causality direction between the
variables.

4. RESULTS AND DISCUSSION

Testing the EKC hypotheses in the Egyptian
context is a critical step in developing effective
environmental policy. After converting the variables
to logarithmic form, the Augmented Dickey-Fuller
(ADF) test was used to check for stationarity. The test
concludes that the variables under study are integrated
of order one, denoted I(1) (Figure (3) and Table (2)).
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Table 2. Augmented Dickey-Fuller test for unit root.

les in logarithmic form.

Level Form First Difference
Variables Trend and Trend and
Intercept - None Intercept . None
intercept intercept
InNCO,PC -0.79 -2.32 0.15 -8.63** -8.55** -5.13**
INGDPPC -0.70 -0.91 3.06 -4,32** -4.62** -1.89
INnGDPPC? -1.66 -2.188 3.058 -4.414** -4 553** -1.806
InGDPPC? -1.27 -2.78 3.05 -4 49** -4 50** -1.73
INECONPC -5.52** -2.60 2.50 -8.09%* -8.21%* -1.50
INTOP -2.14 -2.51 -0.23 -5.98** -6.00** -6.04**

Notes: ** indicates a 5% significance level.
Source: Author’s calculations.

The Granger causality test stresses the
existence of a causal link between CO, and economic
growth, suggesting bidirectional effects. These
findings point out that environmental policies mainly
directed at reducing CO, emissions can substantially
affect production, while policies designed to
accelerate growth can significantly raise the stock of
CO, emissions. Additionally, energy consumption

appears to accelerate CO, emissions per capita, but
trade openness seems irrelevant (Table (3)). The latter
is consistent with what has been found by Mahmood
et al. (2019), highlighting the fact that increased trade
does not always lead to increased emissions, and that
increased emissions do not always imply increased
trade.

Table 3. Granger Causality Test.

Null Hypothesis: F-Statistic Prob.

INGDPPC INCO,PC 578 0.01
INCO,PC INGDPPC 5.89 0.01
INGDPPC? INCO,PC 4.26 0.02
INCO,PC INGDPPC? 5.42 0.01
InGDPPC® | G c INCO,PC 3.00 0.06
INCO,PC 0es not oranger Lause G pppc? 4.98 0.01
INECONPC INCO,PC 5.63 0.01
INCO,PC INECONPC 0.57 0.57
INnTOP INCO,PC 2.42 0.10
INCO,PC INnTOP 0.40 0.67

Source: Author’s calculations.
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Exploring the cointegration for a long-run
relationship between the variables, all potential model
specifications (from M; to Mg) were estimated using
ordinary least squares (OLS). Furthermore, because
the test statistic exceeds the upper critical bounds
value, the null hypothesis of no cointegration is
rejected. Using the Akaike information criteria (AlC),
a maximum lag order of two was determined for the
conditional ARDL vector error correction model
(Table 4). Accordingly, the variables included in M,,
Ms, Ms, and Mg specifications have long-run links.
The long-run model was then estimated using least-
square and a short-run ECM approach.

The inverted-U shape of the EKC was examined
using all the quadratic model specifications (M;, M,,
and Ms). Interestingly, the results show that this

hypothesis is not confirmed in the three
specifications. On the other hand, the N-shaped
hypothesis was examined using the cubic

specifications (M4, Ms, and Mg). Surprisingly, the
findings show that the inverted-N shape of the EKC is

valid in all cubic specifications. This hypothesis was
evaluated using two conditions: (i) B1, B3<0, p>0, and
(ii) P22-3 B1P3 > 0. (Sinha et al., 2018). Accordingly,
Ms proves to be the most efficient model to represent
the inverted N-shaped EKC in both the short and long
term.

Several diagnostic tests were conducted to check
the selected model's validity for interpretation and
forecasting (Table (4)). The absence of
autocorrelation is confirmed using the LM
autocorrelation test. Furthermore, the residuals are
homoscedastic based on the Breusch-Pagan-Godfrey
and ARCH tests. The Jarque-Bera test stresses
residual normality, while Ramsey's test demonstrates
that the selected model has an appropriate functional
form. As the final stage in the ARDL estimate, the
stability of the long-term and short-term parameters is
tested. At the 5 percent threshold, the CUSUM and
CUSUMQ statistics persist within the critical value
interval, indicating the stability of the model's
coefficients (Figure (4)).
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Figure 4. CUSUM and CUSUMQ statistics.

Source: Author’s calculations.

The selected model suggests that economic growth
will enhance environmental quality, but only up to a
particular level of income. Then it will be negative for
a while before turning positive again. Despite the
difficulty in interpreting this finding, it might be a
result of Egypt's original environmentally favorable
attitude. In addition, the statistically significant
coefficient implies that a 1 percent increase in per
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capita energy consumption results in 1.14 and 0.84
percent increases in CO2 emissions per capita in the
long and short term, respectively. Moreover, the
significant coefficient of ECM (-1) is around -0.74,
implying that when CO2 emissions per capita are
above or below their equilibrium value, they will
adjust by 74 percent per year.
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Table 4. ARDL models and diagnostic results.

Quadratic Models Cubic Models

Variable M, M, M3 M, Ms Ms

Long-term
LPCGDP 5.83 -0.15 -0.64 -115.60** -169.10** -165.34**
LPCGDP? -0.33 -0.02 -0.001 15.55** 22.07** 21.52**
LPCGDP? -0.69** -0.96** -0.94**
LPECON 0.77 0.92 1.14** 1.19**
LOPS 0.008 0.04
Constant -24.99 -2.18 -0.21 283.44** 427.08** 418.36**

Short-run
LPCGDP 2.33 ** -0.08 -0.27 -75.91** -123.83** -128.10**
LPCGDP? -0.09 -0.008 -0.0006 10.99** 16.33** 16.87**
LPCGDP? -0.52** -0.71*%* -0.74**
LPECON 0.87 ** 0.88** 0.84** 0.93**
LOPS 0.003 0.03
Constant -6.94 -1.08 -0.09 186.11** 316.06** 327.99**
ECM(-1) -0.28** -0.50** -0.42** -0.66** -0.74** -0.78**
F-Bounds 1.72 4.65 ** 4.23** 2.71 8.70** 8.07**
Adjusted R? 0.979 0.983 0.983 0.981 0.986 0.987
DW stat. 1.796 2.032 2.266 1.889 2.111 2.144
F-stat. (Prob.) 406.21 (0.00) 510.05 (0.00) 518.28 (0.00) 288.48 (0.00) 409.06 (0.00) 315.32 (0.00)
Breusch-Pagan-Godfrey (Prob.) 10.33 (0.11) 8.65 (0.19) 5.70 (0.46) 7.64 (0.57) 10.29 (0.33) 11.57 (0.48)
ARCH (Prab.) 0.97 (0.33) 0.02 (0.90) 0.03 (0.86) 0.41 (0.52) 0.05 (0.82) 0.15 (0.70)
Serial Correlation (Prob.) 1.85 (0.40) 1.30 (0.52) 3.02 (0.22) 0.40 (0.82) 0.57 (0.75) 0.93 (0.63)
Jarque-Bera (Prob.) 2.03 (0.36) 1.35(0.51) 1.76 (0.41) 1.77 (0.41) 0.04 (0.98) 0.57 (0.75)
Ramsey RESET Test (Prob.) 3.76 (0.06) 6.01 (0.02) 1.59 (0.21) 9.64 (0.003) 2.79 (0.10) 3.82 (0.06)
an—-3aa3;>0 N. A 2.5105 0.0769 -3.1484
AIC -2.53 -2.68 -2.68 -2.60 -2.94 -2.93
SIC -2.27 -2.43 -2.42 -2.22 -2.57 -2.44

Notes: ** indicates a 5% significance level.
Source: Author’s calculations.
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5. CONCLUSION

The findings demonstrate the relationship between
environmental deterioration and economic growth.
Interestingly, the inverted-N shape is validated by
applying the ARDL approach, contributing to a new
understanding of the EKC hypothesis in Egypt. Thus,
the results do not support the EKC hypothesis,
implying that economic growth is not necessarily the
direct cause of environmental degradation. The
findings also show that a 1 percent increase in per
capita energy consumption raises CO, emissions by
1.14 and 0.84 percent in the long and short term,
respectively.

Policymakers should consider enacting rules that
would assure the use of green energy technology in
the industry, as well as investing in renewable energy
to raise its share in the energy mix. The main
limitation of the present study is that it deals with
energy consumption as a single variable due to
classification problems. Future work should tackle
this problem and implement a nonlinear ARDL
methodology using longitudinal data.
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