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Abstract

In this study, the expected asymmetric relationship between trade openness and CO, emissions is investigated for the
Southern African Development Community (SADC). We make use of a nonlinear autoregressive distributed lag (NARDL)
framework proposed to capture the short- and long-run asymmetries for increases and decreases in trade openness
and its impact on CO, emissions over the period 1960-2020. We proxy trade openness using an innovative approach
that considers both a country’s trade share to GDP and its size of trade relative to world trade. Both short- and long-run
nonlinearity are tested by deriving the positive and negative partial sum decompositions of the trade openness vari-
able. The results show mixed evidence of asymmetric behaviour between trade openness and CO, emissions. Long-run
asymmetry is found for Botswana, Madagascar, Mozambique and Tanzania, while in Comoros, Namibia and South Africa,
there is evidence of both short- and long-run asymmetry. The remaining cases (Angola, Democratic Republic of Congo
(DRC), Lesotho, Malawi, Mauritius, Seychelles, Zambia and Zimbabwe) show ample evidence of symmetric behaviour
and linear long-run relationships between trade openness and CO, emissions. The policy implication is that the SADC
member countries should amend and reinforce environmental policies that can promote production and trade of envi-
ronmentally friendly goods. For instance, a “tax or subsidy” policy, which taxes the trading of environmentally damaging
goods, while subsidizing the trading of eco-friendly goods, can be implemented.
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1 Introduction

In recent years, several scholars have looked at how trade openness affects the environment [96, 106]. The theoretical
literature has identified a variety of pathways via which trade openness can have an influence on the environment, even
though the actual findings on the link between trade openness and the environment remain contradictory [63, 68, 70,
76, 771. Antweiler et al. [6] present a theoretical framework in which the environmental impacts associated to trade
openness are divided into scale, technique, and composition effects. This approach is inspired by the pioneering work
of Grossman and Krueger [36, 38]. Extensive literature has resulted from the search for empirical evidence of these many
environmental influences, with inconsistent and contradictory findings [79, 80, 82, 83, 85, 86, 90, 91, 107].

A growing number of people are now worried about climate change and global warming because of their detrimen-
tal consequences on people. A substantial study priority on the causes and effects of environmental deterioration has
resulted from this [95]. It is not shocking that the environment is recognized by Beeson [20] as the defining public policy
concern of the era. The policy of environmental protection has garnered the attention of several governments across
the world. For instance, from 1980 to 2005, the total amount of CO, emissions worldwide attributed to human activity
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on the African continent was little under 2.5% [106, 110-112]. More recently, the continent is responsible for 5.3% of the
world’s greenhouse gases (GHGs) from all non-land use sectors and 3.0% of the world’s carbon from fossil fuels [1]. These
figures support SADC'’s efforts to cut emissions in accordance with the UN Framework Convention on Climate Change.
However, Southern Africa has contributed 31% of Africa’s deforested land since 1990, which is the greatest pace in the
continent. 54% of the continent’s biomass carbon losses result from deforestation in SADC member states. Deforestation
and degradation together produce carbon emissions that are more than five times as great as all other sources com-
bined. The region is a strong option for this case study since stopping deforestation and lowering CO, emissions are the
highest priorities for climate change mitigation in the area. The SADC region is a particularly interesting case because
it has pushed for urgent measures to manage and conserve the region’s forests sustainably, implemented laws to help
people adapt to climate change, and taken part in campaigns to mitigate the effects of rising global temperatures and
lessen their potential harm to the region.

Earlier research on the relationship between trade and CO, emissions frequently assumes that the cointegrating
relationship between the nonstationary stochastic regressors is symmetrically linear; as a result, they frequently fail to
consider the possibility of a nonlinear relationship [2, 3, 5, 100, 101]. Thus, their findings imply that an increase in trade
openness causes a proportionate increase in CO, emissions, but a decrease in trade openness may cause a proportion-
ate decrease in CO, emissions. But how accurate is this statement? The existence of nonlinearity has received little to no
attention in previous research since the cointegrating connection is frequently represented as linear.

There may be nonlinearity in the link between trade openness and CO, emissions due to trade liberalization (such as
areduction in tariff barriers) and technology diffusion [7-14]. Reduced tariffs are expected to stimulate trade and have a
positive effect on the environment. According to the theory supporting the existence of a nonlinear and/or asymmetric
relationship between trade openness and CO, emissions, trade liberalization policies can have a nonlinear impact on
the relationship between trade openness and the environment when set against endogenous trade frameworks based
on imperfect competition. For instance, nonlinearity is conceivable in the case when a minimal reduction in existing
high trade barriers results in an improvement to the environment, while liberalization of low trade barriers results in an
increase in welfare [7, 16, 19]. Furthermore, historical trade data reveal that international tariff levels have only slightly
decreased despite multiple rounds of multilateral trade discussions at the WTO and GATT. Another significant potential
source of nonlinearity in the link between trade openness and the environment is technological diffusion resulting
from trade. Since the positive impacts of technology diffusion are susceptible to diminishing returns, it is predicted that
increased commerce may have nonlinear consequences on the environment.

In addition, many macroeconomic variables and processes have long been known to have nonlinear interactions. For
instance, Keynes [54] made a significant observation that had a lasting impact on the field: "The replacement of a down-
ward for an upward propensity always occurs aggressively and unexpectedly; however, as a rule, there is an absence of
such a sharp turning point when an upward for a downward inclination." Recent research in economics and behavioral
finance have provided compelling evidence that supports nonlinearity and asymmetry, highlighting how these ideas
are pervasive in the social sciences and, thus, essential to understanding human behavior.!

Additionally, since the mid-1990s, a large body of literature has included the combined topics of non-stationarity and
nonlinearity, which is heavily dominated by three regime-switching models: the threshold ECM of Balke and Fomby [17],
the Markov-switching ECM developed by Psaradakis et al. [75], and the smooth transition regression ECM associated with
Kapetanios et al. [51]. These works' development demonstrates that there is insufficient data in linear frameworks to draw
sound conclusions or make accurate predictions. This research suggests that the presumption of a linear relationship is
quite constrictive across a wide variety of economic phenomena, especially when it comes to the connection between
trade openness and CO, emissions. The literature mentioned above gives us reason to think that trade openness and
CO, emissions may have an asymmetric and nonlinear connection. If this were to occur, the implications for policy would
be considerably different than when this connection is linear.

Additionally, earlier studies that looked at the dynamic interaction between trade and the environment, such as Hus-
sain et al. [42], Hu et al. [41], Abbas et al. [1], Wen et al. [108], and Ali et al. [4], widely employed trade intensity (TI) as a
proxy for trade openness. This measure of trade openness, which is often calculated as the total of imports and exports
divided by GDP, exclusively considers a nation’s trading performance in relation to its own internal economy. The Tl-based
proxy, which penalizes larger economies owing to their higher GDP by categorizing and portraying them as the closed
economies, often overlooks a country’s openness to international trade and is unable to represent the precise impact of

! See Shiller [87, 88] and Kahneman and Tversky [49] for more detail.
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trade openness on the environment [92]. Although this metric makes sense, it is unable to fully address the ambiguity
surrounding the notion of actual trade openness and the methods used to quantify it. The main drawback of using the
TI-based metric is that it only accurately reflects a country’s portion of the income from international trade. The appar-
ent inability of this proxy to account for the importance of a nation’s trade in relation to global trade is another sign of
its flaw. As a result, the Tl-based proxy is unable to accurately reflect the benefits and drawbacks of dealing with other
countries, failing to adequately convey the impact of trade openness on the environment.

Against this backdrop, our work makes two contributions: First, by using a flexible and straightforward nonlinear
dynamic approach that can concurrently and clearly model the asymmetries between member countries of the SADC
region in the effects of trade openness on CO, emissions, the paper makes a contribution to the empirical literature.
As far as we are aware, there has not been any work done to investigate and model the potential for nonlinearity in the
trade-environment interaction for the SADC. Since the assumption of linearity has considerable policy consequences,
this is a notable gap in the research. The present research that are based on the assumption of linearity should be
reconsidered since their findings may be erroneous and deceptive if the connection between trade openness and
CO, emissions is genuinely nonlinear. By employing the methodology of Shin et al. [89]'s autoregressive distributed
lags (NARDL) framework, this study closes a gap in the literature. By calculating both positive and negative partial sum
decompositions of trade, short- and long-run nonlinearities are clearly checked for. Second, in contrast to other research,
the current analysis develops and makes use of a novel proxy for trade openness proposed by Squalli and Wilson [92]
that takes into consideration both the magnitude of trade relative to global trade in a particular year as well as SADC's
trade proportion to GDP. We are better able to capture the environmental consequences of trade openness using this
proxy for trade openness than we are using the Tl-based proxy, which sets our work apart from comparable studies in
SADC and sub-Saharan countries.

The remainder of the work is organized as follows: The trade-environment nexus is covered in detail in Sect. 2 of the
relevant literature. The framework for the methodology is covered in Sect. 3 Section 4 discusses the findings, and Sect.
5 ends with implications for policy.

2 Literature review

There are three parts to this section. In the first section, the theoretical literature is discussed. The empirical literature on
the connection between trade and CO, emissions is reviewed in the second section. The knowledge gaps in the extant
literature on the relationship between trade and CO, emissions are compiled in the last section.

2.1 Theoretical literature

The environmental Kuznets Curve (EKC) theory was the first to suggest a connection between trade openness and the
environment, and it gained prominence in the early 1990s. Among the pioneers in the field, Grossman and Krueger
[36-38] and Copeland and Taylor [24] investigated the relationship between trade and the environment. When the
environmental effects of the North American Free Trade Agreement (NAFTA) were being researched, Grossman and
Krueger [38] provided the fundamental theoretical framework for investigating the EKC hypothesis. However, after the
1992 Earth Summit in Rio de Janeiro, Brazil, literature on the growth-environment nexus began to appear. This was made
possible by Shafik and Bandyopadhyay [84]'s monumental work, which served as a crucial background study for the
World Development Report. It was stated that environmental improvement is essential for sustainable growth. Since then,
there has been a significant body of work examining the link between development and environmental quality, but due
to conflicting findings, there is now even less clarity on the true environmental effects of trade openness. Meanwhile,
conflicting findings has prompted more research on the subject by a large number of scholars throughout the globe.
Examples are Udeagha and Ngepah [102, 103], who used the EKC hypothesis, and Kearsley and Riddel [52], who used
the pollution haven hypothesis (PHH), neither of which were able to draw any firm conclusions on the environmental
effects of trade openness. Grether and De Melo [35] discovered that trade openness directly causes environmental
degradation due to inflows of trading activities from the affluent nations and indirectly promotes environmental deg-
radation by boosting economic development in third world countries. Dinda [27] stated that because affluent countries’
companies frequently confront strict environmental regulations, pollution is shifted to developing nations by their
industries when they move to less developed nations with laxer regulations. The well-known pollution haven hypothesis
(PHH) and its counterpart, the factor endowment hypothesis (FEH), are two examples of how this notion has acquired
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popularity. The final point relates to the exodus of polluting, capital-intensive businesses from relatively wealthy nations,
which has led to a decline in the environmental quality of emerging nations. A country with a competitive advantage
in producing filthy, capital-intensive commodities would constantly boost production to accommodate the expanding
export market, which raises pollution levels, according to the argument that trade openness will increase carbon emis-
sions in PHH and FEH [69].

The three trade impacts on environmental quality—scale, technique, and composition effects—were highlighted by
Antweiler et al. [6], one of the first writers to present a thorough theoretical framework. The scale effect is the increase
in environmental harm and depletion of natural resources brought on by an increase in economic activity and increased
demand [37, 60]. The technique effect refers to the potential for enforcing stricter environmental regulations that result in
a cleaner production process as income increases. Additionally, an increase in income further stimulates people’s desire
for a less carbon-intensive environment and better environmental practices [53]. The composition impact, on the other
hand, illustrates how the structure of the industry and the composition of output influence the environment, which is
primarily influenced by the degree of national openness together with comparative advantage [21]. The net effect of
the composition effect due to trade openness might be favorable or negative depending on the relative magnitude of
the capital-labor impact and the implications of environmental regulation [50].

2.2 Empirical literature

The trade-environment nexus literature is extensive on the empirical front. But the evidence provided by these inves-
tigations is generally contradictory or, at best, equivocal.? While some research found that trade openness improves
environmental quality through a variety of routes [104], others claimed that trade openness worsens the state of the
environment [106]. Contrarily, a different group of studies discovered solid proof that increased trade openness had no
effect on the environment 4

An empirical study by Pata et al. [72] discovered that, for the Association of Southeast Asian Nations (ASEAN) nations
between 1995 and 2018, trade openness enhances environmental quality. Mahmood [61] came to the same findings,
noting that from 1970 to 2019, trade in Latin America had a net positive environmental impact. Additionally, Ding et al.
[114] demonstrated that greater trade openness helps G-7 economies’ environmental quality. They did this by using
cross-sectional autoregressive distributed lag (CS-ARDL) and augmented mean group (AMG) methodologies. Addition-
ally, Ibrahim and Ajide [115] discovered that trade openness slows down environmental deterioration using the common
correlated effect mean group (CCEMG) and mean group (MG) in the instance of G-20 nations. Similar to this, Ibrahim and
Ajide [116], who utilized trade facilitation (TF) as a measure of trade openness for 48 Sub-Saharan African nations for the
period spanning 2005-2014, note that TF is ecologically friendly and supports environmental quality in the region. Khan
etal. [117] provide evidence for the expanding importance of trade openness using the AMG and CCEMG techniques.

In contrast, Suhrab et al. [93], who used annual time series data from 1985 to 2018 to assess the impact of GDP,
urbanization, trade openness, financial development, and renewable energy use on CO, emissions in Pakistan, discov-
ered evidence that trade openness worsens environmental quality. In a similar vein, Omri and Saadaoui [71] discovered
that from 1980 to 2020, environmental deterioration in France was greatly exacerbated by trade openness. In a simi-
lar vein, Ibrahim [43] discovered that trade openness contributed significantly to environmental deterioration in G20
nations utilizing a system generalized method of moments (GMM), fully modified ordinary least squares (FM-OLS), and
quantile regression estimators. Additionally, when trade openness is increased, environmental degradation is more
severe in low middle-income countries than upper middle-income countries, according to Chhabra et al. who studied
the impact of trade openness and innovation in reducing CO, emissions in middle-income countries. Furthermore,
Wenlong et al. [109] discovered that trade openness significantly impacted the decline of environmental quality in 10
Asian economies between 1995 and 2018. Similar to this, an empirical research by Khan et al. [118] shows that trade

2 Even though a limited number of recent research has generated evidence demonstrating the positive impact of trade openness on the
environmental quality [99, 105], a consensus has not been reached in the literature. Because of this, it is yet unknown how reliable these
results are [23, 26, 28, 29, 31-34]. These inconsistent findings in the literature are likely the result of the preceding research being hampered
by an imprecise concept of trade openness and how it is assessed. The ratio of trade (the sum of exports and imports) to GDP has historically
been the main indicator used to study the relationship between trade and the environment. Simply put, this proxy, commonly referred to
as "trade intensity (TI)," evaluates how well a nation’s trade performance stacks up against the health of its domestic economy. However, the
proxy frequently ignores how open a country is to trade internationally, failing to adequately depict how trade affects the environment [92].
The trade-environment relationship has not been fully explored in previous works, in part due to methodological disagreements and prob-
lems with misspecification.
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liberalization worsens Pakistan’s environmental situation. Ibrahim and Ajide [119], who find that trade openness causes
arise in CO, emissions in the G-7, also support this empirical evidence. Van Tran [120], who shows that trade openness
affects the environmental state in 66 emerging economies during the period of 1971-2017, obtained similar results.
Khan and Ozturk [121] conclude that trade openness increases CO, emissions for 88 developing countries during the
period of 2000-2014 using the difference and system generalized technique of moments. Additionally, according to Ali
et al.[122], opening up the OIC? nations’ markets to foreign goods has a negative impact and significantly worsens their
environmental circumstances. The analysis conducted by Aydin and Turan [123] for China and India between 1996 and
2016 lends more credence to this evidence:

2.3 Summarizing literature gaps

Despite the broad prominence of earlier research, a number of significant gaps remained, which are taken into account
in this work. The significant gaps that were found are listed below: First, the analysis of the aforementioned empirical
literature leads us to the conclusion that there is a wealth of evidence on the linear relationship between trade open-
ness and CO, emissions. The asymmetric impact of trade openness on CO, emissions, particularly with reference to the
SADC area, is not, however, well-examined in the literature. Prior research on the trade-environment interaction mostly
neglected the potential of nonlinearity until Awokuse and Christopoulos [7] recently emphasized it. The existence of
nonlinearities in the relationships between many macroeconomic variables has been amply supported by a large number
of empirical works on related subjects, including GDP growth, oil prices, exchange rates, stock prices, and many oth-
ers. It has also been shown that this idea is becoming more apparent in research on business cycles and exchange rate
dynamics. It is reasonable to anticipate the possibility of nonlinearity in the link between trade and the environment if a
business cycle, such as a change in GDP, is likely to display an expressively nonlinear tendency. Because of this, there is
still a need for study on the nonlinear/asymmetric consequences of trade openness. Asymmetry and structural breaks are
absent from most of the current studies, which is why our research makes a contribution by examining the asymmetric
link between trade openness and CO, emissions in the SADC area. Finally, a one-dimensional trade proxy that fails to
fully reflect the environmental effects of trade openness has been criticized in studies that examined the relationship
between trade openness and CO, emissions. The trade share in GDP and the magnitude of the trade relative to global
trade were two factors that earlier studies failed to consider since they did not use the composite trade intensity (CTI)
developed by Squalli and Wilson [92].

3 Methodology and data
3.1 Methodology

The asymmetric link between trade openness and CO, emissions among SADC area member nations is investigated in this
study using the following methodology. The first stage is the introduction of the dynamic adjustment process, which is
frequently utilized to mimic the dynamic interactions between | (1) variables utilizing an error-correction model-ECM [30].
In light of Pesaran et al. [73], the following is the ARDL specification without asymmetry in short- and long-run dynamics:

p—1 g—1
AInCO,, = u + pInCO,,_; + wInOPEN,_, + Z a;AInCO,,_, + Z B;AInOPEN,_, + ¢, (M
i=1 i=0

where A denotes the first difference operator and ¢, represents the white noise term. The investigation deals with two-
step procedures where Schwarz's Bayesian Information Criterion (SBIC) is used to select the optimal lag length and
thereafter OLS is used to run the equation [74]. This procedure helps to fix the problems associated with endogeneity.
More importantly, Eq. (1) is used to capture only the symmetric relationship between trade openness and CO, emissions
under the assumption that the fundamental cointegrating relationship is symmetrically linear. In addition, it is expected
that the decomposed partial sum processes of positive and negative effects of trade openness are both the same.

3 Organization of Islamic Cooperation.

@ Springer



Discover Sustainability (2023) 4:2 | https://doi.org/10.1007/543621-022-00117-3 Research

However, this approach may provide misleading results and flawed policy conclusions. To fix this problem, the study
adopts the nonlinear autoregressive distributed lags (NARDL) modelling strategy proposed by Shin et al. [89] to capture
the nonlinearity and asymmetries in the trade-CO, emissions nexus. Because of its effectiveness in the presence of mix
order of integration, the NARDL methodology is considered more appropriate which follows the lower and upper bound
F-values. By considering the first differenced stationary variables i.e. 1(1), the upper bound values are provided, whereas
by assuming level stationary variables i.e. 1(0), the lower bound values are given. Many economic variables are either 1(0)
or(1). Also, using this framework permits to test for the asymmetric effects of InOPEN and InOPEN on CO, emissions
for SADC region. Consequently, it enables us to examine the effect of a decrease in trade openness on CO, emissions in
relation to the effect of a rise in trade openness on CO, emissions. This analysis becomes crucial because the size of the
effect of a negative change differs from that of a positive change in the absolute terms. Remarkably, this methodology
has been fruitfully adopted to model short- and long-run asymmetric cointegrating associations between exchange rates,
stock returns and other financial variables for the industrialised and other emerging economies [15, 25, 39, 40, 44-47].

In addition, the NARDL framework can be used to get a unified model that is able to combine nonlinearities in the
long-run association and the error correction mechanism coherently unlike other nonlinear frameworks such as the
smooth transition regression ECM developed by Kapetanios et al. [51], the Markov-switching ECM of Psaradakis et al.
[75] and the threshold ECM associated with Balke and Fomby [17]. Meanwhile, it may be non-trivial*in practice to select
the regime-switching variables and the transition functional forms (Shin et al. Thus, developing an operational model of
this kind may be extremely challenging [55-58, 81]. Given this, in this paper, we use a nonlinear modelling framework
based on the ARDL approach that offers a simple and flexible vehicle for the investigation of joint long- and short-run
asymmetries. To this end, for instance, a negative shock is likely to have a more absolute impact in the short-run, whereas
a positive shock is likely to have a bigger absolute impact in the long-run (or vice-versa). The simple and flexible nature
of NARDL methodology makes it an ideal framework used to capture such a complex phenomenon. Thus, it includes
a regime-switching cointegrating relationship where regime transitions are controlled by the sign of change in the
explanatory variable (Ax,). Hence, reasoning from this direction suggests that equilibrium does not need to be unique
in a universally linear sense’

So, following Shin et al. [89], changes of trade openness variable are decomposed into partial sum processes of positive
and negative components to capture their asymmetric impacts on CO, emissions. The two components constructed to
capture these effects are as follows:

t t
InOPEN} = )" AInOPENT = ) max(AInOPEN;,0) )
j=1 j=1

t t
InOPEN; = )’ AInOPEN; = )" min(AInOPEN,,0) 3)
j=1 j=1

where A denotes the first difference operator; InOPENt* and InOPEN, represent respectively the partial sum processes
of positive (increases) and negative(decreases) changes in trade policy in the period t. A more general cointegrating
methodology is obtained by extending the ARDL approach in Eq. (1) and replacing the InOPEN, variable with InOPEN:r
and InOPEN to introduce the combined short- and long-run dynamics:

p—1 q-1
AInCO,, = p + pInCO,,_, + ¥ InOPEN | + n~InOPEN, | + 2 a,AInCO,,_; + Z (BfAInOPEN | + B AInOPEN, ) +¢,
i=1 i=0
4

By applying a similar procedure associated with Eq. (1), Shin et al. [89] demonstrate that Eq. (4) can be run and the
nonlinearity is thus added into the model by the partial sum decompositions of trade policy variable. The superscripts
(—)and (+) respectively represent the negative and positive partial sum decompositions of lagged levels. The short-run

# Take for instance, the case of the threshold ECM where the choice of the transition variable is important both theoretically and empirically.
In general, the asymptotic distribution of the test statistic for the null of linearity or symmetry is non-standard and dependent on these tran-
sition variables.
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adjustments of trade openness to CO, emissions are captured by the coefficients ﬂl.* and B The paper uses the Schwarz’s
Bayesian Information Criterion (SBIC) to select the optimal lag length specification of the models.

We follow Banerjee et al. [18] t-test, testing p = 0, againstp < 0in Eq. (4). Next, the pragmatic bounds-testing procedure
is applied following Pesaran et al. [73]. Thus, using an F-statistic, the joint null hypothesis (H, : p =zt = z~ = 0) is tested
against the alternative hypothesis (H, : p # zt # z~ # 0). This modelling methodology is advantageous because of its
validity ‘regardless of whether the basic regressors are 1(0), or I(1) or mutually cointegrated’ The two tests highlighted
above are respectively denoted by #5,,,, and Fpg. Shin et al. [89] demonstrate that the bounds-testing procedure can
equally be applied to Eq. (4). Hence, the InOPEN; and InOPEN; variables are seen as one variable® in which the same
critical values for the F-test used in Eq. (1) are employed, even though Eq. (4) has one additional variable. In general, the
appropriate critical value bounds for the Fpg test is dependent on the number of regressors which enter the long-run
relationship [89]. The values of k are 1, 2, 2 and 1 for symmetric ARDL, NARDL with combined short- and long-run asym-
metry, NARDL with long-run asymmetry and NARDL with short-run asymmetry respectively

Once the cointegrating relationship is established between the two variables, we subsequently obtain information
about three aspects of asymmetric effects following the estimation of Eq. (4). First, we obtain the short-run asymmetry
adjustment if AInOPEN | contains several lags which are different from AInOPEN,_,. Second, ifZ?;ol pr# Z?;()l B the
short-run asymmetry becomes valid. Lastly, there will be present of the long-run asymmetry if the coefficient on
InOPEN:r_1 is differ+ent from ImOPEN, . Using the Wald test, we test the null hypothesis that
0t = 07, where0" = ’_T—p and 0~ = f—p in Eq. (4) to draw a conclusion whether asymmetry exits. The model of Eq. (4) will be

transformed into the traditional ARDL framework (i.e. Equation (1)) suppose the null hypothesis is accepted, i.e. if sym-
metry exists in the relationship between trade openness and CO, emissions. But, suppose the null hypothesis is rejected,
the model is then reduced to the cointegrating NARDL, with short- and long-run asymmetries presented respectively in
Egs. (5), (6) below:

p-1 gq—1
AInCOy, = p + pInCO,,_, + xINOPEN,_, + ) a;AInCO,,_, + Y. (B AInOPEN | + p7 AInOPEN;_ ) +¢,  (5)
i=1 i=0

p—1 g-1
AInCO,, = p+ pInCO,,_, + x*InOPENY | + n"InOPEN_ | + Y a,AInCO,,_, + ). ,AINOPEN,_, +¢,  (6)
i=1 i=0

The responses of CO, emissions to increases and decreases in trade openness can be quantified through the asym-
metric dynamic multipliers as follows:

h 0InCO,, ; h 0InCO,,,;
m;:z 2t+j andmfj:ZA —ZHJ_ ,h=0,1,2, ...
=0\ 0InOPEN] =0\ 0InOPEN;

By construction, when — oo, m;l - 0, andm; — 07, then 6*and6~ are the asymmetric long-run coefficients as shown
above. We can see, through the estimated multipliers, the direction from the old to the new equilibrium arising from a
negative or positive shock and the corresponding period of the temporary disequilibria in the short run.

3.2 Data

The paper uses annual data covering the period 1960-2020. In this paper, CO, emissions (kg per 2010 US$ of GDP) rep-
resents environmental quality is treated as the dependent variable. The trade openness variable is proxied using the
composite trade intensity (CTI) as suggested by Squalli and Wilson [92] and it is demonstrated below. Both variables are
sourced from the World Bank World Development Indicators (WDI).

Table 1 presents the descriptive statistics and stochastic properties of both variables together with the results of the
normality and unit root tests. Based on top five countries in SADC region, CO, emissions have an average value of 1.313
(kg per 2010 US$ of GDP), 1.102, 0.978, 0.471 and 0.385 in South Africa, Lesotho, Zimbabwe, Mozambique and Botswana
respectively reach a peak of 1.611 (kg per 2010 US$ of GDP), 1.361, 1.333, 1.421 and 0.592 respectively over the period

5> Shin et al. [89] argue that, because of dependency between the two variables, such a treatment is crucial.
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Table 1 Descriptive statistics

Country Mean  Median Max Min Std.Dev  Skewness Kurtosis JB Stat ZA Obs

At level At 1st diff

CO,emissions
Angola 0.257 0.251 0.409 0.151 0.082 0.208 1.519 3452 —6.197*** —0.942%** 35
Botswana 0.385 0.393 0.592 0.029 0.124 - 1.091 4.400 12.048*** —4.701 — 8.334*x* 43
Comoros 0.130 0.126 0.199 0.081 0.031 0.387 2.339 1.511 —5.263** — 7.399%** 35
DRC 0.128 0.133 0.175 0.059 0.031 -0479 2.347 3.083 -4.619 —9.127*** 55
Lesotho 1.102 1.113 1.361 0.878 0.136 0.031 2.141 0.772 —20.192%**  —8.519%** 25
Madagascar 0.214 0.211 0.334 0.095 0.055 0.012 2.890 0.028 —5.112%* —8.920*** 55
Malawi 0.237 0.235 0.348 0.145 0.057 0.178 1.959 2.569 —9.077*** —13.997*** 51
Mauritius 0.337 0.361 0.436 0.200 0.067 —0.447 1.765 3.781 —5.262%* — 8.268*** 39
Mozambique 0.471 0.321 1.421 0.253 0.294 1.776 5.281 25.997***  — 8.250%** —9.204*** 35
Namibia 0.241 0.242 0.313 0.008 0.057 -2720 12.049 116.135**  —4.169 —10.959*** 25
Seychelles 0.378 0.322 1.026 0.042 0.242 0.705 2.885 4.348 —4.946*% - 11.678%** 52
South Africa 1.313 1.272 1.611 1.086 0.159 0.291 1.684 4.744* -4.400 — 8.134%** 55
Tanzania 0.207 0.197 0.290 0.156 0.036 0.685 2,622 2.274 — 5.683*** — 8.345%** 27
Zambia 0.360 0.308 0.766 0.123 0.184 0.449 1.991 3.875 —11.296***  —12.027*** 51
Zimbabwe 0.978 0.985 1.333 0.485 0.202 -0.310 2.313 1.819 — 7.584%** —9.732%%* 51

Trade openness
Angola 62.439 60.669 89.685 44.695 10.933 0.867 3.832 2.313 — 6.188*** —9.817*** 15
Botswana 47.161 49.705 75129 22772 12.965 -0.284 2428 1.488 -4.183 — 6.461%** 55
Comoros 8.924 8.836 9.956 8.221 0.297 1.790 7.643 50.150*** —3.409 —14.636*** 35
DRC 27304 26.813 41.111 11.449 9.026 —0.064 2.029 0.838 — 6.658%** — 8.432%** 21
Lesotho 22314 15.462 53.170 10.864 13.336 1.153 2.824 6.692**  —4.549 —10.595*** 30
Madagascar 19.154  17.151 32.758 10.030 6.357 0.673 2.264 5.400* —5.521%* — 8.368*** 55
Malawi 23961 23.287 35.659 15.860 4.256 0.588 3.199 3.268 —5.420%* —10.176*** 55
Mauritius 55.715 56.007 67.987 42670 7.036 -0.113 1.850 2.230 —-4.556 —13311%** 39
Mozambique 17.171  12.006 33.426 2524 10.638 0.351 1.472 4121 -4.029 — 6.830%** 35
Namibia 46.815 45.442 70.388 38.714 6.074 1.872 7.637 51.816 -3.771 — 7.264%** 35
Seychelles 43226 17.725 107.994 8.852 37.104 0.526 1.427 5.818* —-7.051 — 8.557%*x 39
South Africa 97.016 26.885 135.622  20.703 3.554 0.195 2.545 0.823 -3.799 —6.801%** 55
Tanzania 16.718 17.983 24074 10.025 4.042 -0.230 2.059 1.142 —7.120%** —9.072%** 25
Zambia 31361 30.610 40482 23.923 5.528 0.369 1.897 1.541 —8.361%* — 7.694%** 21
Zimbabwe 28216  24.606 43.393 16.442 7.491 0.306 1.756 3.203 —4.893* —9.268*** 40

Source: Authors’ calculations

JB denotes the empirical statistics of the Jarque-Bera test for normality. ZA is the empirical statistic of the Zivot and Andrews (1992) unit
root test which is robust to structural breaks. *, **, and *** indicate rejection of the null hypotheses of normality and unit root at 10%, 5%
and 1% statistical significance levels respectively.

1960 to 2020. For Angola, Comoros, DRC, Lesotho, Madagascar, Malawi, Mauritius, Seychelles, Tanzania, Zambia and
Zimbabwe, CO, emissions follow the normal distribution while the opposite is the case for Botswana, Mozambique,
Namibia and South Africa. Over the same period, trade openness has an average value of 97.016, 62.439, 55.715,47.161
and 46.815 in South Africa, Angola, Mauritius, Botswana and Namibia respectively and reaches a peak of 135.622, 89.685,
67.987,75.129 and 70.388 respectively. Table 1 further shows that both variables, after first differencing, become station-
ary using the Zivot and Andrews [113] unit root test which is robust to structural breaks.

3.3 Measuring trade openness

The measure of trade openness, which is used in this paper is called the composite trade intensity (CTI). The CTl-based
proxy was originally introduced by Squalli and Wilson [92] to address the problems with the traditional trade intensity
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Table 2 Critical values of the cointegration tests

Statistic k=1 (95%) k=2 (95%)

1(0) 1(1) 1(0) I(1)
tapmr -2.86 -322 -2.86 -353
Fpgg 494 5.73 3.79 4.85

k=1 (90%) k=2 (90%)

1(0) I(1) 1(0) 1(1)
taom -257 -291 -257 -3.21
Fpgg 4,04 4,78 3.17 414

Source: Pesaran, Shin and Smith (2001) tables.

k is the number of regressors entering the long-run relationship. In the symmetric ARDL model, k equals to 1, while in the asymmetric speci-
fication k varies between 1 and 2. The confidence intervals are presented in parentheses. The bounds critical values are taken from Pesaran,
Shin, and Smith (2001) with unrestricted intercept and no trend (Case IlI).

(T1) which has been widely used in the previous literature. The CTl contains more crucial information that shows the
contribution of a country to the world economy and its impact on the global economy. Intuitively, CTl represents Tl
adjusted by the share of a country’s trade level in relation to average international trade. The novelty of using the CTI-
based proxy is that it captures two dimensions of a country’s ties with the rest of the world. The CTl is presented as:

X+M), X+M),

CTI =
FEp X+ M) GDP, v

where: i denotes SADC in this case; j represents its trading partners; the first part of the Eq. (6) captures world trade
intensity (WTI) while the second part represents SADC's trade intensity.

As highlighted by Squalli and Wilson [92], the CTI-based measure of trade openness is advantageous over tra-
ditional Tl as follows: (i) CTl takes into consideration not only the trade share of a country’s GDP but also the rela-
tive size of trade in relation to world trade in a given period; (ii) it is considered a better measure since it is more
precise to capture the impact of trade openness on the environment; (iii) because it accounts for both Tl and WTI,
the adjustment is not always extreme; (iv) it considers two aspects of openness (i.e. Tl and WTI) that capture the
correct trade openness (the first dimension looks at the proportion of total income of SADC related to its interna-
tional trade, whereas the second aspect highlights the comparative importance of SADC’s contribution in world
trade); (v) it considers real trade flows instead of potential trade flows as emphasized by lax or liberal trade policies
as well as other important socioeconomic, geographic and demographic factors; (vi) it captures the gains derived
from trading quite rigorously with the rest of the world; (vii) as established by Squalli and Wilson [92], using the
TI-based proxies penalises bigger countries by seeing them as closed economies because their trade share of total
economic activities are considerably small by world standards, therefore closed to trade benefits. However, using
CTI, the world’s largest trading economies such as China, Japan, USA, Germany, etc. are now seen to be open rather
than closed economies. So, the proxy classifies more completely the degree of trade openness that countries enjoy.

4 Results and discussion
4.1 Asymmetric effects of trade openness on CO, emissions

Firstly, trade openness and CO2 emissions are tested for cointegration. The bounds of the critical values of 7,
and Fpgq are reported in Table 2.

To analyse the asymmetric effects of trade openness on CO2 emissions, this study uses the NARDL approach.
The general to specific approach is used to select the proper model specification associated with the appropriate
equations capturing the symmetric ARDL and NARDL models. The approach involves starting with max p =max
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g=12 and dropping all insignificant variables (i.e. stepwise regression). The Huber-White covariance methodology
has been applied for the diminution of heteroscedasticity and the estimation of results for SADC member countries
are individually reported and analysed below.

4.1.1 Angola

In the case of Angola (Table 3), the cointegration tests 7, and Fpg in the restricted symmetric model are — 3.635
and 5.710, respectively. This evidence leads to rejection of the null hypothesis of no long-run relationship at the
10% significance level. However, at the 5% significance level, there is no solid inference to be drawn. Similarly, in
the NARDL model with short-run asymmetry, the null hypothesis is rejected even at the 5% significance level. On
the other hand, no evidence of cointegrating relationship between trade openness and CO2 emissions is detected
when long-run asymmetries are examined.

Evidence from the Wald tests suggests absence of asymmetric behaviour for both short- and long-runs in the
specific pair-wise relationship in both cases under review. Therefore, CO, emissions in Angola appear to respond
similarly to trade openness increases and decreases. Given this evidence, the symmetric ARDL specification is thus
investigated henceforth. The long-run coefficient L,,,,, is negative (— 0.395) and highly statistically significant, sug-
gesting that a 1% increase (decrease) in trade openness brings about improvement (deterioration) in the environ-
mental quality by 0.395% in the long-run, holding other things constant. Our findings are in line with those of Pata
et al. [72], who found that, between 1995 and 2018, trade openness improved environmental quality for countries in
the Association of Southeast Asian Nations (ASEAN). Similar conclusions were reached by Mahmood [61], who noted
that trade in Latin America had a net beneficial environmental impact between 1970 and 2019. Additionally, Ding
et al. [114] showed that improved trade openness benefits the environmental quality of G-7 countries. In their study
of the effects of economic growth (EG), capital formation (CF), and consumption of renewable and non-renewable
energy (NRE) on CO, emissions and ecological footprint (EF) of 17 OECD countries spanning data from 1970 to 2016,
Mujtaba et al. [65] found that economic growth and gross capital formation dampen environmental quality in the
OECD region over the sampled period. The bottom part of Table 3 reports the results of diagnostic tests which show
that all the models are well fitted having passed all the diagnostic tests. The tests show absence of misspecification in
both symmetric ARDL and NARDL models, absence of serial correlation in all the models and residuals follow normal
distribution based on the Jarque-Bera statistic.

4.1.2 Botswana

The estimation results of the four specifications for the relationship between trade openness and CO, emissions in
Botswana are reported in Table 4.

The cointegration tests t5,,,,andFpgg in the symmetric ARDL model are — 4.614 and 6.251 respectively. Since the
tgpmandF pgq cointegration tests are higher than the bounds critical values at both 5% and 10% significance levels,
the null hypothesis of no cointegration is thus rejected. This evidence suggests presence of long-run relationship
between trade openness and CO, emissions in Botswana. The last-mentioned is also applicable to the NARDL model
with long-run asymmetry, whereas there is no evidence of cointegrating relationship between these two variables
under review in the case of NARDL model with short-run asymmetry.

Evidence from the Wald tests shows that there is a strong asymmetric behaviour in the long-run responses of CO,
emissions to trade openness variations. Nevertheless, in the short-run, CO, emissions in Botswana seem to respond
similarly to trade openness increases and decreases. Therefore, the most suitable framework to analyse this is the
NARDL model with long-run asymmetry. Given the fact that there is ample evidence of long-run relationship between
the two variables under review, the long-run coefficients L, ,,,+ and L;,,,,- being highly statistically significant are
negative (— 0.299) and positive (0.426) respectively. The results therefore suggest that a 1% increase in trade open-
ness leads to a fall in CO, emissions by 0.299%, whereas a 1% decrease in trade openness results in deterioration
of the environmental condition by 0.426% in the long-run, ceteris paribus. Also, the particular NARDL model shows
evidence of no general misspecification, absence of serial correlation and presence of normality in residuals. Our find-
ings are in line with those made by Pata et al. [72], who found that, for the countries of the Association of Southeast
Asian Nations (ASEAN), between 1995 and 2018, trade openness improves environmental quality. Similar conclusions
were reached by Mahmood [61], who noted that from 1970 to 2019, commerce in Latin America had a net beneficial
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Table 3 Full-information estimates of both symmetric ARDL and nonlinear ARDL (NARDL) models in Angola

Dependent variable=InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SR and LR asym- NARDL with LR asymmetry NARDL with SR asymmetry
metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
M ) (3) 4) (5) (6) @) (8
InCO,,_, —0.149%* (=220)  InCO,,_, - 0.356*** (-4.65) InCO,,_, -0.173** (= 2.23) InCO,,_, — 0.406*** (= 9.59)
InOpen, ;,  —0.059***(-~446) InOpen’,  —0.044*(-296) InOpen? —0.261*(-1.99)  InOpen,_, — 1.068%** (— 5.57)
AInCO,,_;  0.132** (4.24) InOpen,_, 0.123*** (4.90) InOpen,_, 0.835%* (2.47) AInCO,,_, 1.748* (1.99)
AInCO,,_;  0.233*(1.98) AInCO,,_;  0.241***(3.71) AInCO,,_, 1.381** (2.07) AInCO,,_, 0.630*** (7.93)
AInOpen —0.161***(=2.13) AInCO,,_;  0.454*** (4.50) AInCO,,_s 1.305* (1.98) AInCO,,_;;  0.267*** (4.06)
AInOpen,_,  0.159** (2.03) AInCO,,_,  0.215%(1.98) AInCO,,_y 1.148* (2.00) AInCO,,_;,  0.821**(9.23)
AInOpen,_g  0.156* (1.99) AInCO,,_s  0.215%(1.99) AInCO,,_,, 1.041*(2.00) AlInOpen”* 1.087***
(4.27)
Const 0.379** AlInOpen*™  0.174** AInCO,,_,, 0.841* AInOpen’ , ~ -0.698*
(2.22) (2.42) (1.99) (-1.98)
Liyopen —0.395%** AInOpen:’_1 0.124* AlInOpen —0.437%* AInOpen;’_2 —0.539%*
(0.000) (1.98) (—2.54) (—2.15)
R? 0.787 AInOpen’,  0.244%** AInOpen,_,  0.335** AInOpen’ . 0.307%
(3.44) (2.07) (1.99)
Adj.R? 0.702 AInOpen} . 0.168** AlInOpen, 5  0.378* AlnOpen’,  0.494%**
(2.47) (1.99) (6.22)
X§ C 7.131 AlInOpen~ —0.602%** AlnOpen,_s  0.469 AInOpen;r_ll 0.038***
(0.589) (- 6.45) (2.42) (5.60)
Xz 8.950 AInOpen,_, —0.203* AInOpen,_;; 0.435** AInOpen’ |, —0.184***
(0.102) (-=1.99) (2.07) (-7.93)
XzzvoR 1.821 AInOpen,_, —0.403*** Const —0.050%* AlInOpen™ — 0.944%**
(0.161) (—4.02) (—2.58) (-5.61)
tepum —3.635 Const 0.29* Lyyopen* —0.120** AlInOpen,_;,  —0.793***
(0.001) (1.96) (0.016) (—3.25)
Fpgs 5.710 Liyoper* —0.124%%* Liyopen- 0.384%** AInOpen”,  —1.728***
(0.006) (0.005) (0.000) (—3.03)
Liyopen- 0.345%** R? 0.764 AInOpen_,  —2.111%*
(0.000) (-7.25)
R? 0.763 Adj.R? 0.701 Const 1.93**
(2.31)
Adj.R? 0.670 X2 7.931 Liyopen —0.759%**
(0.630) (0.000)
X2 7.642 X2, 5.86 R? 0.712
(0.263) (0.121
Xz 7.250 X2 o 1.321 Adj.R? 0.692
(0.208) (0.382)
X2 0318 tepm -2913 X2 6.382
(0.436) (0.005) (0.115)
tepuM -2.231 Fpgg 3.260 X2, 4.22
(0.001) (0.012) (0.325)
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Table 3 (continued)

Dependent variable=InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SR and LR asym- NARDL with LR asymmetry NARDL with SR asymmetry
metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(M ) 3 @ ©) (6) 7 (8
Fpgg 4.721 Wir 0.052 X2 0.914
(0.000) (0.481) (0.501)
W,r 0.431 [ -3.718
(0.351) (0.003)
Wer 0.392 Fpgs 6.413
(0.297) (0.000)
W 0.090

(0.153)

Source: Authors’ calculations

The general to specific approach is followed for the selection of the proper ARDL specification. The latter is selected by starting with
max p=max q=12 and dropping all insignificant variables (i.e., stepwise regression). The Huber-White covariance methodology has
been applied for the diminution of heteroscedasticity. The long-run coefficients of the symmetric ARDL and NARDL asymmetric models
are denoted as Ly, q,0> Linopent @ndLy,0,.,- respectively. *, ** and *** denote statistical significance at 10%, 5% and 1% levels respectively.
T-ratios are in parentheses (). Xﬁc is the Lagrange multiplier statistic test for serial autocorrelation. X}%F is the Ramsey regression specifica-

tion-error test for omitted variables. XI%/()R is the test for normality. 5, stands for the BDM t-statistic, whilst Fpgg is the PSS F-statistic. The

Wald tests for long- and short-run symmetry are denoted as WLR and WSR respectively.

environmental impact. Additionally, Ding et al. [114] showed that improved environmental quality benefits from
higher economic openness among the G-7 nations. In their study of the effects of economic growth (EG), capital
formation (CF), and consumption of renewable and non-renewable energy (NRE) on CO, emissions and ecological
footprint (EF) of 17 OECD countries spanning data from 1970 to 2016, Mujtaba et al. [65] found that economic growth
and gross capital formation dampen environmental quality in the OECD region over the sampled period.

4.1.3 Comoros

In the case of Comoros (Table 5), there is a statistically robust long-run relationship between trade openness and CO,
emissions, where the null hypothesis of no long-run relationship is rejected across all four specifications (symmetric, SR
and LR asymmetry, LR asymmetry and SR asymmetry) at the 5% significance level. This evidence implies that the two
variables share a historical cointegrating relationship.

The next step involves conducting a test to determine the possible short- or long-run asymmetries using the Wald
test. The null of symmetry is rejected by both tests suggesting a different response of CO, emissions to trade openness
deviations both in the short- and long-runs. Following this evidence, the right methodology for hypothesis testing is
the NARDL model where both short- and long-term asymmetries are incorporated. The long-run coefficients L.+
and Ly, are statistically significant at 1% and affect CO, emissions in a negative and positive manner respectively. A
1% increase in trade openness results in a decrease in CO, emissions by 0.040%, while a corresponding drop gives rise
to a 0.467% increase. Finally, the precise NARDL model shows evidence of no general misspecification, absence of serial
correlation and presence of normality in residuals. Our findings support those of Pata et al. [72], who found that trade
openness improves environmental quality for the Association of Southeast Asian Nations (ASEAN) countries between
1995 and 2018. Mahmood [61] reached a similar conclusion and noted that trade in Latin America had a net beneficial
environmental impact between 1970 and 2019. Increased trade openness also improves the environmental quality of
G-7 economies, as shown by Ding et al. in [114]. In their study of the effects of economic growth (EG), capital formation
(CF), and consumption of renewable and non-renewable energy (NRE) on CO, emissions and ecological footprint (EF) of
17 OECD countries spanning data from 1970 to 2016, Mujtaba et al. [65] found that economic growth and gross capital
formation dampen environmental quality in the OECD region over the sampled period.

@ Springer



Research Discover Sustainability (2023) 4:2 | https://doi.org/10.1007/s43621-022-00117-3
Tab]e 4 Full-information ) Dependent variable =InCO,,
estimates of both symmetric
ARDL and nonlinear ARDL Model 1 Model 2 Model 3 Model 4
(NARDL) models in Botswana
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(1) (2) (3) (4) (5) (6) (7) (8)
InCO,_,  -0235** InCO, ,  -0.192** InCO, , —-0244* InCO, ,  —1.080%*
(- 2.65) (—4.90) (—2.38) (-4.37)
InOpen,_;  —0.143** InOpen’,  —0018** InOpen’,  -0073* InOpen_; -0216*
(—2.48) (- 3.08) (-2.32) (—2.44)
AInCO,,_;, —0.184* InOpen,_, 0.225***  InOpen,_, 0.104** AInCO,,_;  0.323**
(1.98) (2.09) (2.70) (2.49)
AInCO,, , —0314** AInCO, , 0565***  AInCO, , -0.132*** AInCO, , 0.656**
(—2.25) (4.51) (4.17) (2.42)
AlnOpen  1073**  AInCO,,_; 0469**  AInCO, s —0274* AInCO,,_; 0.789%*
(2.75) (4.98) (- 1.99) (3.97)
AlnOpen,_;  0.894* AlnOpen*  0.174**  AInCO,_y —0.171** AInCO,,_, 0.480**
(2.38) (2.42) (—2.24) (2.34)
AlnOpen,_,, —0871%  AlnOpen’, 0434%*  AInCO, ,, —-0326" AlnOpen*  3349%
(-2.38) (4.63) (- 2.50) (2.78)
AlnOpen,_;; —0854*** AInOpen’, 1.567***  AlnOpen 1.143**  AInOpen/, 0.302***
(- 2.20) (5.80) (2.83) (3.77)
AlInOpen,_;, —0.404* AInOpen;';9 0.283*** AlInOpen,_, —0.961** AInOpen;;3 0.949%*
(=3.11) (3.17) (—2.24) (2.47)
Const 3.138** AInOpent*_] ) 0.402** AInOpen,_, -0.897** AInOpenf_5 0.956*
(3.26) (2.82) (-2.14) (2.02)
Liyopen —0.608***  AInOpen’ , 0.769***  AlnOpen,_, —0988*  AInOpen’, 0.634**
(0.000) (3.23) (- 2.54) (2.23)
R? 0.865 AInOpen™  1.572%**  AInOpen,_,; —1.015**  AInOpen/, 0.710%
(3.63) (—2.44) (2.08)
Adj. R? 0.749 AInOpen_; 1.51 6*** Const 0.974%* Aanpenf_]2 -0.2471%**
(3.45) (2.62) (-4.62)
X%C 8.731 AInOpen,_;  1.241%* L, 5+ —0.299"**  AInOpen~  —0.813***
o (0.135) (3.33) (0.000) (-4.52)
X2, 7.89 AlnOpen”, -0.814*  Lyo.- 0.426***  AInOpen_, —0.571%*
(0.281) (-1.99) (0.002) (—4.25)
Xor 0714 AlnOpen_,, —0.654* R 0.720 AInOpen_, —1.634*
(0.641) (- 1.99) (- 1.99)
tepym -4614 AInOpen,_,, —1.565%** Adj.Rz 0.682 AInOpen,_, —1.864*
(0.026) (- 3.54) (-2.26)
Fpg 6.251 AInOpen,_, —1.126%** ch 7.32 AInOpen,_, —1.655%
(0.004) (-2.59) (0.168) (- 1.96)
Const 0.982%%%  x2_ 4.67 AInOpen_,, —1.351*
(3.44) (0.124) (-217)
Lisopert -0.093** X2 2416 AInOpen”,, —1.844*
(0.002) (0.19) (=2.50)
Lyopen- 0.575**  fpou -5162  Const — 4.740%
(0.025) (0.013) (-2.32)
R? 0.818 Fpgg 6.174 Liyopen —0.199%**
(0.002) (0.001)
Adj.R? 0.776 Wig 0.095 R? 0.927
(0.004)
X2 4512 Adj.R? 0.826
(0.337)
X2, 3.91 X2 7.720
(0.142) (0.206)
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Table 4 (continued) Dependent variable =InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(M (2) (3) 4) (5) (6) (7) (8)
X2or 1.814 Xz, 1.42
(0.328) (0.341)
Trom -3.146 X2op 1914
(0.019) (0.142)
Fpgs 4011 - -2.820
(0.008) (0.037)
W,k 0.503 Fpgs 3.379
(0.002) (0.004)
Wee 0.431 Wee 0.038
(0.173) (0.150)

Similar to those in Table 3

4.1.4 Democratic Republic of Congo (DRC)

The results for the asymmetric effect of trade openness on CO, emissions in DRC are reported in Table 6. The cointegration
statistics of the restricted model 75,,,andF ¢ are equal to — 5.671 and 10.215, respectively. This evidence shows that the
null hypothesis is rejected even at the 5% significance level, indicating a clear cointegrating relationship between the
two variables. Similarly, when an asymmetric behaviour is examined, evidence of this long-run relationship is also found.

Evidence from the Wald tests suggests absence of asymmetric behaviour for both short- and long-runs in the specific
pair-wise relationship in both cases under review. Therefore, CO, emissions in DRC appear to respond similarly to trade
openness increases and decreases. Given this evidence, the symmetric ARDL specification is thus investigated henceforth.
The long-run coefficient L;,,,, is negative (- 1.589) and highly statistically significant, suggesting that a 1% increase
(decrease) in trade openness results in improvement (deterioration) in the environmental quality by 1.589% in the long
run, ceteris paribus. Our findings are in line with those of Pata et al. [72], who found that, for the Association of Southeast
Asian Nations (ASEAN) countries between 1995 and 2018, trade openness improves environmental quality. Mahmood
[61] also reached the similar conclusions, indicating that from 1970 to 2019, trade in Latin America had a net beneficial
environmental impact. Furthermore, Ding et al. [114] showed that improved trade openness benefits the environmental
quality of G-7 countries. In their study of the effects of economic growth (EG), capital formation (CF), and consumption
of renewable and non-renewable energy (NRE) on CO, emissions and ecological footprint (EF) of 17 OECD countries
spanning data from 1970 to 2016, Mujtaba et al. [65] found that economic growth and gross capital formation dampen
environmental quality in the OECD region over the sampled period. In relevance to the diagnostic tests of the symmetric
specification, the model is well fitted since it passes all the diagnostic tests. The tests suggest that the model does not
suffer either from serial correlation or from some form of general misspecification. The Jarque-Bera statistic suggests
that the residuals follow normal distribution.

4.1.5 Lesotho

Table 7 reports the estimated results of the four models specified for the trade-CO, emissions relationship in Lesotho.
The cointegration tests show evidence of long-run relationship between the two variables when the symmetric ARDL is
examined. The null is rejected at 10% significance level, although there is no explicit conclusion to be drawn at 5%. By
contrast, when asymmetries are considered, the null hypothesis of no cointegration fails to be rejected.

The Wald tests, when implemented, show that there is no evidence of asymmetric behaviour because both short-
and long-run asymmetry cannot be observed, at least not a statistically significant one and, therefore, the symmetric
ARDL is under review. The long-run coefficient L, is highly statistically significant and equal to 0.517, suggesting
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Tab]e 6 Full-information i Dependent variable =InCO,,
estimates of both symmetric
ARDL and nonlinear Model 1 Model 2 Model 3 Model 4
ARDL (NARDL) models in . , , .
Democratic Republic of Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
Congo asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(M )] 3) 4) (5) (6) 7) (8)
InCO,,,  -0056*** InCO, ,  —0483*** InCO, ,  —-0.131* InCO, ,  —0.748%*
(—4.39) (=5.97) (=2.77) (=11.73)
InOpen,_;  —0.089%** InOpen’ —0.200***  InOpen, , —0.118*** InOpen,_, —0.455%**
(—3.47) (—4.48) (—2.53) (—4.08)
AInCO,,_; 0.510** InOpen,_, —-0.276*** InOpen,_, —-0.126*% AInCO,,_;  0.125%**
(2.60) (—4.63) (—1.99) (5.21)
AInCO,_, 0510%  AInCO,_, 1161%*  AInCO,_; —1351% AInCO,_, 0316%*
(2.75) (4.29) (—2.88) (4.56)
AInCO,,_; 0580%*  AInCO,_, 1.062**  AInCO,_, 0.503* AInCO,,_;  0.715%
(3.24) (4.20) (1.99) (2.32)
AInCO,,_, 0485**  AlnOpen*  —0.128** AInCO,_; 0573* AInCO,,_y  0.889***
(2.39) (- 6.01) (1.97) (4.19)
AInCO,, s 0.454%* AInOpen;, 0.168***  AInCO,_;  0.465* AInOpent  —0.067***
(2.33) (3.50) (1.99) (=5.76)
AInCO,,_s 0.798"*  AlnOpen*, 0.083* AInCO, s  0.808***  AlnOpent, 2402***
(3.66) T (2.10) (3.17) (10.83)
AInCO,,_, 0.570** AInOpen;4 0.154%** AInCO,,_; 0.617** AInOpen;2 0.575**
(2.82) (3.06) (2.48) (6.20)
AInCO, g  0557***  AlnOpen’, =—0.106*** AInCO, g 0582**  AlnOpen', 2.330%*
(3.38) (—2.86) (2.96) (11.35)
AInCO,_y 0526"*  AlnOpen’, =—0203** AInCO,_, 0549**  AlnOpen', 1.746**
(3.12) (—3.66) (2.80) (2.24)
AInCO,,_y, 0.540%** AlInOpen™ = 1.931***  AInOpen - 0.034* AInOpen::9 0.851%**
(2.88) (—6.81) (=1.99) (8.87)
AInCO,,_;; 0.348* AlnOpen_,  0.392%** AInOpen,_; 0.107** AInOpen;r_12 —0.854***
(1.99) (4.13) (2.67) (=10.10)
AInCO,,_,, 0409**  AlnOpen_, 0.249***  AlnOpen,_, 0.105*  AlnOpen~ - 0.804**
(2.53) (5.77) (2.35) (—7.78)
AInOpen —0.025* AInOpenl__5 0.187%*** AlInOpen,_; 0.080*% AInOpenl__1 3.323%**
(1.96) (3.66) (1.96) (11.65)
AInOpen,_, 0.089*** AInOpen,_, 0.157%** AInOpen,_,, 0.037*** AInOpen,_,  2.909%**
(3.03) (3.49) (4.89) (10.60)
AInOpen,_, 0.080** AInOpen,_,, 0.138*** Const —2.348**  AInOpen_, 1.472%
(2.77) (3.10) (—3.06) (10.87)
AlInOpen, ; 0.059* AlnOpen” ,, 0.123%% L, o . -0900  AInOpen_, 3.221%*
(2.03) (3.46) (0.025) (8.36)
Const —4307** Const —5019%% L, 00 -0.961** AInOpen_,, 0.261***
(—3.94) (- 6.09) (0.000) (7.06)
Linopen — 1589 Ly —0414%  R2 0.831 AInOpen_, 0.646**
(0.000) (0.000) (2.41)
R? 0.673 Lyopen- —0.571%*  AgjR? 0.752 Const —1.224%%%
(0.000) (=11.33)
Adj.R? 0.563 R 0.923 X2, 4858 Lipopen —0.608***
o (0.354) (0.001)
Xﬁc 2.096 Adj,Rz 0.759 X%F 7.66 R? 0.997
(0.147) (0.102)
X2, 9.08 X2, 2579 X0 0.042 Adj.R* 0.971
(0.207) (0.108) (0.170)
X2 e 0.831 X2, 257 tepm —-4.721 X2 6.917
(0.197) (0.112) (0.052) (0.217)
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Table 6 (continued) Dependent variable =InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(M )] 3) 4 (5) (6) 7) (8)
P —5.671 X 1.815 Fpgs 5.56 X2, 6.61
(0.000) (0.285) (0.006) (0.254)
Fpgs 1021 faom -6816 W, 0.218 X2 e 0614
(0.008) (0.008) (0.147) (0.231)
Fpgg 7.06 - —5.41
(0.000) (0.000)
W,k 0.743 Fpgs 8.41
(0.315) (0.002)
Wer 0.641 Wep 0.801
(0.109) (0.492)

Similar to those in Table 3

that a 1% increase (decrease) in trade openness makes CO, emissions rise (fall) by 0.517% in the long-run. Evidence
from the diagnostic tests shows absence of serial correlation and the model does not suffer from some form of general
misspecification, although there is non-normality in residuals. Our findings are in line with those of Pata et al. [72], who
found that, for the Association of Southeast Asian Nations (ASEAN) countries between 1995 and 2018, trade openness
improves environmental quality. Mahmood [61] also reached the similar conclusions, indicating that from 1970 to 2019,
trade in Latin America had a net beneficial environmental impact. Furthermore, Ding et al. [114] showed that improved
trade openness benefits the environmental quality of G-7 countries. In their study of the effects of economic growth (EG),
capital formation (CF), and consumption of renewable and non-renewable energy (NRE) on CO, emissions and ecological
footprint (EF) of 17 OECD countries spanning data from 1970 to 2016, Mujtaba et al. [65] found that economic growth
and gross capital formation dampen environmental quality in the OECD region over the sampled period.

4.1.6 Madagascar

The estimated coefficients of the four specifications for the relationship between trade openness and CO, emissions in
Madagascar are presented in Table 8.

The cointegration tests tg,,,andFpgs in the symmetric ARDL model are — 6.169 and 7.610 respectively. Since the
tepma@ndF pgg cointegration tests are higher than the bounds critical values at both 5% and 10% significance levels, the
null is rejected, suggesting presence of cointegrating relationship between trade openness and CO, emissions in Mada-
gascar. When the three NARDL models are examined, the evidence shows that the null hypothesis is rejected even at the
5% significance level, indicating a clear cointegrating relationship between the two variables.

Evidence from the Wald tests reveals the presence of a strong asymmetric behaviour in the long-run responses
of CO, emissions to trade openness variations. Nevertheless, in the short-run, CO, emissions in Madagascar appear
to respond similarly to trade openness increases and decreases. Hence, the most suitable framework to analyse this
is the NARDL model with long-run asymmetry. Given the fact that there is ample evidence of long-run relationship
between the two variables under review, the long-run coefficients L+ and Ly,,,.,- being highly statistically
significant are negative (-0.246) and positive (0.112) respectively. The results therefore suggest that a 1% increase
in trade openness leads to a fall in CO, emissions by 0.246%, whereas a 1% decrease in trade openness results in
deterioration of the environmental condition by 0.112% in the long-run, ceteris paribus. Also, the precise asymmet-
ric specification passes all the tests for general misspecification and serial correlation. However, the residuals are not
normally distributed. Our results are consistent with Pata et al. (2022), who discovered that, for the Association of
Southeast Asian Nations (ASEAN) nations between 1995 and 2018, trade openness enhances environmental quality.
Similarly, Mahmood (2022) came to the same findings, noting that from 1970 to 2019, trade in Latin America had a
net positive environmental impact. Additionally, Ding et al. (2021) demonstrated that greater trade openness helps
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Tab]e 7 Full-information i Dependent variable = InCO,,
estimates of both symmetric
ARDL and nonlinear ARDL Model 1 Model 2 Model 3 Model 4
(NARDL) models in Lesotho
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(M (2) (3) 4 (5) (6) (7) (8)
InCO,,_, -0.114**  InCO,,_, —0.538*** InCO,,_, —0.323***  InCO,,_, —0.530%**
(-2.10) (=5.39) (-3.92) (=2.79)
InOpen,_, 0.059** InOpen:r_] 1.325%** InOpent*_] —0.206*** InOpen,_, —0.426**
(2.61) (4.33) (—4.80) (-2.72)
AInCO,,_;  —0.758*** InOpen,_, 0.426*** InOpen,_, -0.110"**  AInCO,,_; —0.597***
(—4.26) (3.68) (-3.61) (— 4.56)
AInCO, , —0532* AInCO, 5 0476***  AInCO, , —0550%* AInCO, 5 0.429**
(-2.62) (2.03) (=3.17) (2.76)
AInCO,,_; —0402* AInCO,_, —0.145*% AInCO,_, —0.484* AInCO, 5 0.386**
(—2.45) (=3.21) (-2.52) (2.72)
AlnOpen  —0.162*** AlnOpen*t  —0.084** AInCO,_; —0355** AInCO,_, —0.134*
(4.81) (-3.07) (—2.34) (—2.13)
AlnOpen,; —-0.182%  AlnOpen’, =-1428"* AInCO, , 0.161%  AlnOpen*  —0.153%*
(-2.71) (~4.63) (2.07) (—2.45)
AlnOpen,_, —0.096*** AInOpen’, —1348%* AlnCO,_s 0.150* AInOpen’, 0227**
(-2.93) (—4.38) (1.99) (2.81)
AlInOpen,_s —0.117%%* AInOpen;';3 —1.423***  AInOpen 0.1471%** AInOpen;;3 0.205*
(-3.13) (—4.70) (5.24) (2.09)
AInOpen,_s —0.074* AInOpenf_]l - 1.491***  AInOpen,_; 0.191*** AInOpenf_ . 0279
(- 1.99) (=5.19) (4.43) (2.40)
AlnOpen,_; —0.188*** AInOpen’ , 0.852**  AlnOpen,_, 0221**  AInOpen/, 0.304*
(-4.72) (7.82) (4.80) (2.29)
AInOpen,_g —0.574***  AInOpen~  —0.731***  AInOpen,_; 0.202* AInOpen’, —0.098*
(-10.61) (—4.72) (4.72) (=1.99)
AInOpen,_g —0.473*** AlnOpen_, —0.501*** AlnOpen,_, 0.114** Aanpenf_]2 1.614%**
(—4.41) (=3.45) (2.48) (3.48)
AlInOpen,_,, —0.393*** AInOpen_, —0.388** AlnOpen,_s 0.099%* AInOpen~  0.298*
(-3.10) (—243) (2.42) (2.09)
AlInOpen,_;; —0.318%** AInOpenI__3 —0.626*** AlInOpen,_g —0.378%* AInOpenl__1 0.589%*
(-3.34) (-4.11) (-6.61) (2.69)
Const. 0.678* AInOpen,_, —0.922*** AInOpen, 43 —0.412*** AInOpen,_, 1.012%**
(1.99) (- 6.34) (=3.96) (3.17)
Liyopen 0517**  AInOpen_ —0.624** AlnOpen,_, —0.429%* AInOpen_, - 1.077***
(0.010) (— 4.68) (-3.47) (- 3.56)
R? 0.857 AInOpen” , —0063*  AlnOpen,_;; —0351*** AlnOpen , - 1.009%**
(=2.07) (-3.76) (=3.00)
Adj.R? 0.784 Const. —1.290***  Const. 0.359** AInOpen,_,  0.865*
(- 4.29) (2.58) (2.02)
X2 4.786 Liyopen* 2462 Ly -0637  AlnOpen_,, - 0.805**
(0.375) (0.000) (0.000) (—2.80)
X2, 8.54 Lyoper 0791 Ly —0.340%* Const. -~ 5.836%**
(0.193) (0.000) (0.000) (=2.75)
Xlz\l()R 151.815 R? 0.979 R? 0.894 Lyopen —0.803***
(0.000) (0.000)
Ly -6914 Adj.R? 0.936 Adj.R* 0.803 R? 0.983
(0.000)
Fpgs 8.42 X2 5.827 X2, 4836 Adj.R 0.885
(0.047) (0.158) (0.360)
X2, 8.19 X2, 8.68 X2, 5.886
(0.148) (0.218) (0.169)
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Table7 (continued) Dependent variable = InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(1) (2) (3) (4) (5) (6) (7) (8)
X2 150.152 X2 or 126.198 X2 8.08
(0.000) (0.000) (0.120)
Trom —5163 1y -6.416 X2 . 98.215
(0.000) (0.000) (0.000)
Fpgs 12,57 Fpgg 9.73 - - 493
(0.004) (0.003) (0.014)
W,k 0.657 W, 0.528 Fpgs 7.98
(0.170) (0.613) (0.079)
Wee 0.778 Wee 0.841
(0.263) (0.314)

Similar to those in Table 3

G-7 economies’ environmental quality. In their study of the effects of economic growth (EG), capital formation (CF),
and consumption of renewable and non-renewable energy (NRE) on CO, emissions and ecological footprint (EF) of
17 OECD countries spanning data from 1970 to 2016, Mujtaba et al. (2022) found that economic growth and gross
capital formation dampen environmental quality in the OECD region over the sampled period.

4.1.7 Malawi

In the case of Malawi (Table 9), the cointegration tests #,,, and Fpg in the restricted symmetric model are — 3.681
and 5.920, respectively. This evidence leads to rejection of the null hypothesis of no long-run relationship at both
5% and 10% significance levels. On the other hand, in all three NARDL models, there is no long-run relationship
between trade openness and CO, emissions as shown when short-and long-run asymmetries are examined.

Evidence from the Wald tests suggests the absence of asymmetric behaviour for both short- and long-runs in the
specific pair-wise relationship in both cases under review. Therefore, CO, emissions in Malawi appear to respond
similarly to trade openness increases and decreases. Given this evidence, the symmetric ARDL specification is thus
investigated henceforth. The long-run coefficient L,,,,, is positive (0.910) and highly statistically significant, sug-
gesting that a 1% increase (decrease) in trade openness brings about deterioration (improvement) in the environ-
mental quality by 0.910% in the long-run. The bottom part of Table 9 reports the results of diagnostic tests which
show that the symmetric ARDL model is well fitted since it passes all the diagnostic tests. The tests suggest that
the model does not suffer from the general misspecification and serial correlation. Also, the Jarque-Bera statistic
shows evidence that the residuals follow normal distribution. Our results are consistent with Pata et al. [72], who
discovered that, for the Association of Southeast Asian Nations (ASEAN) nations between 1995 and 2018, trade
openness enhances environmental quality. Similarly, Mahmood [61] came to the same findings, noting that from
1970 to 2019, trade in Latin America had a net positive environmental impact. Additionally, Ding et al. [114] dem-
onstrated that greater trade openness helps G-7 economies’ environmental quality. In their study of the effects of
economic growth (EG), capital formation (CF), and consumption of renewable and non-renewable energy (NRE) on
CO, emissions and ecological footprint (EF) of 17 OECD countries spanning data from 1970 to 2016, Mujtaba et al.
[65] found that economic growth and gross capital formation dampen environmental quality in the OECD region
over the sampled period.
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Tab]e 8 Full-information i Dependent variable =InCO,,
estimates of both symmetric
ARDL and nonlinear Model 1 Model 2 Model 3 Model 4
ARDL (NARDL) models in
Madagascar Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff Var Coeff Var Coeff
(M (2) (3) (4). (5). (6). 7). (8).
InCO,_,  -0616** InCO, ,  —0806** InCO, ,  —0784** InCO, ,  —0.874*
(—4.45) (—4.62) (—4.19) (=2.31)
InOpen,_;  —0215*** InOpen’ 0.151***  InOpen —0.193***  InOpen,_, 0.279**
(-3.74) (3.99) (-5.14) (2.68)
AInCO,,_4 -0.326**  InOpen,_, 0.317%** InOpen,_, 0.088*** AInCO,,_, - 0.720*
(—2.48) (2.42) (3.92) (—2.14)
AInCO,,_,, —0423** AInCO, ; -0271% AInCO, , 1.079%**  AInCO, , —1.048**
(-3.15) (=2.00) (2.94) (=3.37)
AInCO,,_,, —0.182% AInCO,,_,, —0283** AInCO, , 0945*  AInCO, 5 —0.913%*
(-2.69) (—4.83) (2.73) (-3.23)
AlnOpen  —0.142*** AlnOpent  —0.173*  AInCO,_, 0857**  AInCO, s —0.832***
(-3.41) (—2.01) (2.72) (—3.09)
AInOpen,_; —0.142* AInOpen:’_2 -0347**  AInCO,_, 0.710** AlInOpen™  —0.274%**
(-1.99) (=2.10) (2.48) (—4.21)
AInOpen,_s —0205**  AlnOpen’, -0392% AInCO, s 0654**  AlnOpen’ K - 1270%*
(—2.68) ©(-237) (2.56) (- 7.08)
AlInOpen,_q 0.204** AInOpen;';5 —0.443** AInCO,,_s  0.609** AInOpen;';4 0.445%**
(2.74) (-3.07) (2.89) (2.73)
AInOpen,_;, 0.185** AInOpen’ , —0.408** AInCO,_, 0558**  AInOpen! - 0.497***
(2.17) (—2.88) (2.89) (-=3.42)
AInOpen,_;; 0621  AlnOpen’, —0408% AInCO, g 0439%  AlnOpen’, - 0.843**
(3.89) (—2.25) (2.39) (=5.31)
AnOpen,_j, 0.121***  AlnOpen~  —0301**  AInCO,_,; —0263*  AInOpen’, —0.957***
(4.82) (2.47) (2.01) (—6.44)
Const —0.890***  AInOpen,_, 0.329% AInCO,,_;, 0.131** AInOpenf_]1 0.545%**
(—4.34) (1.99) (2.48) (3.30)
Liyopen —0.349***  AInOpen,_; 0.425** AlInOpen 0.216***  AInOpen~  —0.307**
(0.000) (2.27) (4.92) (-2.70)
R? 0.795 AInOpen,_, 0.424* AInOpen,_; —0.198* AInOpen,_, —0.384**
(1.99) (—2.06) (—2.46)
Adj.R? 0.746 AInOpen_,, 0410%*  AlnOpen,_s —0320*** AlnOpen_, - 0.377**
(2.15) (=3.19) (—2.44)
Xéc 7.192 AInOpen,_,, 0.289***  AInOpen, ; —0.223*** AInOpen,_, —0.959***
‘ (0.952) (3.17) (-2.45) (- 6.36)
X2, 173 AInOpen_,, 0.635***  AlnOpen,_g —0065** AlnOpen_, —0.615%*
(0.184) (2.89) (=2.51) (=3.77)
XﬁOR 168.823 Const -0.912***  AlnOpen,_,, 0.063* AInOpen,_,  0.402%**
(0.000) (-3.50) (1.99) (3.10)
toom -6.169  Ligper 0.187* Const -3.081*** AlnOpen_,, 0.916***
(0.000) (0.043) (—4.27) (4.64)
Fpgs 7.610 Lyoper 0393 Ly —0.246*** Const 3.979%
(0.002) (0.027) (0.000) (1.99)
R? 0.841 Lyyopen 0.112%%  Lpten 0.319%*
(0.000) (0.036)
Adj.R? 0.692 R? 0.803 R? 0.983
X§ - 0.126 Adj.R? 0.718 Adj.R? 0.866
(0.722)
Xz, 243 X2, 0.362 X2, 3.482
(0.973) (0.547) (0.281)
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Table 8 (continued) Dependent variable =InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff Var Coeff Var Coeff
(M (2) (3) (4). (5). (6). 7). (8).
X2 o 98.315 X2, 1.03 X2, 1.01
(0.000) (0.399) (0.532)
P - 6.261 X2 e 151.031 X2 125.903
(0.000) (0.000) (0.000)
Fpgs 8615 - —5.648 1y, -5815
(0.000) (0.014) (0.000)
W, 0310 Fpgs 7.410 Fpgs 7.581
(0.000) (0.061) (0.007)
Wee 0.137 W, 0.183 Wee 0.105
(0.294) (0.029) (0.460)

Similar to those in Table 3

4.1.8 Mauritius

The results for the asymmetric effect of trade openness on CO, emissions in Mauritius are demonstrated in Table 10.
The cointegration test results of the restricted model #,,,andF g are equal to — 4.961 and 6.364, respectively. This
evidence shows that the null hypothesis is rejected even at the 5% significance level, indicating a clear cointegrat-
ing relationship between the two variables. Similarly, when an asymmetric behaviour is examined, evidence of this
long-run relationship is also detected.

The Wald tests for short- and long-run symmetry show that the asymmetric behaviour is not present in the par-
ticular pair-wise relationship in neither of the cases under review. Therefore, CO, emissions in Mauritius seem to
respond similarly to trade openness increases and decreases. Given this evidence, the symmetric ARDL specification
is thus investigated henceforth. The long-run coefficient L,,,,, is positive (0.691) and highly statistically significant,
suggesting that a 1% increase (decrease) in trade openness brings about deterioration (improvement) in the envi-
ronmental quality by 0.691% in the long run. In relevance to the diagnostic tests of the symmetric specification,
the model is well fitted since it passes all the diagnostic tests. The tests suggest that the residuals follow normal
distribution and the model suffers from neither some form of general misspecification nor serial correlation. Our
findings are in line with those of Pata et al. [72], who found that, between 1995 and 2018, trade openness improved
environmental quality for countries in the ASEAN. Similar conclusions were reached by Mahmood [61], who noted
that trade in Latin America had a net beneficial environmental impact between 1970 and 2019. Additionally, Ding
et al. [114] showed that improved trade openness benefits the environmental quality of G-7 countries. In their study
of the effects of economic growth (EG), capital formation (CF), and consumption of renewable and non-renewable
energy (NRE) on CO, emissions and ecological footprint (EF) of 17 OECD countries spanning data from 1970 to 2016,
Mujtaba et al. [65] found that economic growth and gross capital formation dampen environmental quality in the
OECD region over the sampled period.

4.1.9 Mozambique

The estimation results of the four specifications for the relationship between trade openness and CO, emissions in
Mozambique are reported in Table 11.

The cointegration tests tz,,,andF p¢ in the symmetric ARDL model are — 4.814 and 5.948 respectively. Since the
teppandF pgg cointegration tests are higher than the bounds critical values at both 5% and 10% significance levels, the
null is rejected. This rejection suggests that there is ample evidence of long-run relationship between trade openness
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Tab]e 9 Full-information i Dependent variable =InCO,,
estimates of both symmetric
ARDL and nonlinear ARDL Model 1 Model 2 Model 3 Model 4
(NARDL) models in Malawi
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(M 2) (3) 4) (5) (6) (7) (8)
InCO,_,  —0527** InCO, ,  —0458** InCO, ,  —0.155** InCO, ,  —0.756**
(-3.07) (=7.22) (- 6.15) (—4.50)
InOpen,_;  0480***  InOpen’ 0.291***  InOpen 0.173***  InOpen,_, 0.193*
(4.42) (3.37) (3.98) (1.96)
AInCO,_, —0543** InOpen_,  0.657*** InOpen_,  0.205***  AInCO,_, 0619*
(—2.68) (5.77) (5.96) (2.63)
AInCO,, , —0402** AInCO,_, 1263**  AInCO, , 0353**  AInCO, 5 0.992%*
(-=2.20) (4.60) (2.49) (4.66)
AInCO,,_;  0.515* AInCO,,_, 1157  AInCO,_, 0614**  AInCO,_, 0.871%*
(2.03) (4.83) (2.89) (3.69)
AInCO,,_, —0985*** AlnOpent  —0697** AInCO,_s 1.057***  AInCO,_s 0.549*
(-3.05) (—5.28) (3.59) (2.02)
AInCO,_g  —0709*  AlnOpen', =0307** AInCO,_,; —0112*  AlnOpen*  —0917%**
(-1.97) (=2.39) (- 1.98) (—4.64)
AInCO,_y —0.178*  AInOpen’, —0879*** AlnOpen —-0231*  AInOpen’, -0.264*
(=231 "~ (-6.04) (-2.04) (-1.99)
AInCO,,_;, —0.201%** AInOpen;';6 0.363** AlInOpen,_; —0.605%*** AInOpen;';2 —0.424*
(—2.49) (2.74) (- 5.08) (- 1.96)
AInCO,_;, —0226"  AInOpen’ , 0547***  AlnOpen,_, —0336** AInOpen’, —0.691*
(—2.86) (3.20) (=2.50) © (-263)
AInOpen —0.162***  AInOpen’ , 0.332** AInOpen,_; —0.182*  AInOpen’, 1.020%**
(-2.78) (2.34) (- 1.99) (3.06)
AInOpen,_; —0.707*** AInOpen~  0399**  AlInOpen,_s 0456**  AInOpen/, 0.760**
(—=5.35) (3.01) (4.15) (2.67)
AInOpen,_, —0.306** AlnOpen_, —1.994*** AlnOpen,_q 0.567*** AInOpenf_7 0.667**
(-2.50) (=10.46) (3.65) (2.97)
AInOpen,_s 0.540***  AlnOpen_, —0.950*** AlnOpen,_; 1.036***  AlnOpen~  0.939%**
(4.25) (—5.34) (6.14) (4.75)
AlInOpen,_g  0.546*** AInOpenI__3 —0.675***  AlInOpen,_g 0.659*** AInOpenl__1 — 1.3771%**
(3.51) (- 3.59) (3.22) (- 6.76)
AInOpen,_;  0.814*** AInOpen,_, —0.985*** AlnOpen, 4 0.658*** AInOpen,_, 0.600*
(5.71) (—4.26) (4.15) (2.20)
AlInOpen,_g 0.421** AInOpen,_, —1.503*** AlnOpen,_;, 0.654***  AlnOpen,_, —0.562**
(2.72) (- 6.10) (3.95) (-237)
AlnOpen,_,, 0319  AInOpen”, - 1.414*** AlnOpen,_,, 0.263* AlnOpen_, 1.213%**
(2.62) (=7.41) (1.99) (5.76)
Const 9.884%** Const 9.477*** AlInOpen,_;, 0.167* AInOpen,_, 0.812%**
(4.25) (7.17) (1.96) (4.04)
Linopen 0.910%% Ly 0.635**  Const 4.908***  AlnOpen_,, 1367***
(0.000) (0.043) (6.13) (4.64)
R 0.817 Linopen- 1434%% Lo 1.116***  Const 6.350%*
(0.012) (0.004) (2.72)
Adj.R? 0.769 R 0.965 Linopen- 1322%% Lo, 0.255%*
(0.000) (0.046)
X%C 0.272 Adj,R2 0.912 R? 0.863 R? 0.985
' (0.602)
Xz, 5.05 X2 0.532 Adj.R? 0.704 Adj.R? 0.917
(0.184) (0.465)
X2 on 1.510 X2, 4.82 X2 2.807 X2, 3215
(0.274) (0.118) o (0.939) o (0.183)
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Table9 (continued) Dependent variable =InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(M 2) (3) 4) (5) (6) (7) (8)
[ —3.681 X2 o 132.075 Xz, 0.18 X2, 3.31
(0.000) (0.000) (0.673) (0.139)
Fpgs 5.920 Trom -1714 X2 . 135283 X2 158.519
(0.000) (0.008) (0.000) (0.000)
Fpgs 2.329 T —2731 ity -2612
(0.015) (0.000) (0.001)
W,k 0.172 Fpgs 3.018 Fpgs 3.158
(0.159) (0.051) (0.005)
Wee 0.382 W, 0.518 Wee 0.164
(0.201) (0.316) (0.181)

Similar to those in Table 3

and CO, emissions in Mozambique. The last-mentioned applies to all versions of the NARDL model and, consequently,
there is evidence of cointegrating relationship between these two variables under review.

Evidence from the Wald tests shows that there is a strong asymmetric behaviour in the long-run responses of CO,
emissions to trade openness variations. Nevertheless, in the short-run, CO, emissions in Mozambique seem to respond
similarly to trade openness increases and decreases. To this end, the appropriate specification for hypothesis testing is
the NARDL model with long-run asymmetry. Given the fact that there is ample evidence of long-run relationship between
the two variables under review, the long-run coefficients L+ and L, ,,.,- being highly statistically significant at 1%
are both positive 1.659 and 0.259 respectively. The results therefore suggest that a 1% increase in trade openness leads
to arise in CO, emissions by 1.659%, whilst a corresponding drop gives rise to a 0.259% decrease in the long-run, ceteris
paribus. Moreover, the specific NARDL model passes all the tests. The tests suggest that the residuals follow normal
distribution and the model suffers from neither some form of general misspecification nor serial correlation. Our find-
ings concur with those of Suhrab et al. [93], who discovered that trade openness deteriorates Pakistan’s environmental
quality. In a similar vein, Omri and Saadaoui [71] found that trade openness significantly aggravated environmental
degradation in France between 1980 and 2020. Similar to this, Ibrahim [43] found that trade openness greatly acceler-
ated environmental degradation. Furthermore, Chhabra et al. [22] discovered that environmental degradation is worse
in low middle-income nations than higher middle-income countries when trade openness is raised. Furthermore, Wen-
long et al. [109] found that, between 1995 and 2018, the degradation of environmental quality in 10 Asian economies
was considerably influenced by trade openness. In their study of the effects of economic growth (EG), capital formation
(CF), and consumption of renewable and non-renewable energy (NRE) on CO, emissions and ecological footprint (EF) of
17 OECD countries spanning data from 1970 to 2016, Mujtaba et al. [66] found that economic growth and gross capital
formation dampen environmental quality in the OECD region over the sampled period.

4.1.10 Namibia

In the case of Namibia (Table 12), there is a statistically robust long-run relationship between trade openness and CO,
emissions, where the null hypothesis of no long-run relationship is rejected across all four specifications (symmetric, SR
and LR asymmetry, LR asymmetry and SR asymmetry) at the 5% significance level. This evidence implies that the two
variables share a historical cointegrating relationship.

The next step involves conducting a test to determine the potential short- or long-run asymmetries using the Wald
test. The null of symmetry is rejected by both tests suggesting a different response of CO, emissions to trade openness
deviations, not only in the short-, but also in the long-run. Following this evidence, both short- and long-term asym-
metries are properly accommodated by the suitable NARDL specification for hypothesis testing. The long-run coefficients
Ly, opent @aNd Ly, 0,,,,- are both statistically significant at 1% and affect CO, emissions in a positive manner. A 1% increase in
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Tab.le 10 Full-information . Dependent variable =InCO,,
estimates of both symmetric
ARDL and nonlinear ARDL Model 1 Model 2 Model 3 Model 4
(NARDL) models in Mauritius
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(M 2) 3) 4) (5) (6) (7) (8)
InCO,_,  -0.149* InCO, ,  -0687** InCO, ,  -0418* InCO, ,  —0.188%**
(-2.16) (=229 (=2.56) (=3.97)
InOpen,_, 0.103** InOpen? | 1.220%* InOpen? | 0.055**  InOpen,_, 0.057***
(2.56) (2.28) (2.53) (6.13)
AInCOy_;  —0.631**  InOpen,_, 0.596* InOpen,_, 0.222* AInCO,,_, 0.772*%
(-2.70) (2.04) (1.97) (2.05)
AInCO,, , -0.184*  AInCO,_, 2327* AInCO,,_, —0818* AInCO,, _, 2.877*
(-=2.01) (2.04) (—2.08) (2.36)
AInCO,_; —0328* AInCO,_, 2321%*  AInCO,_, —0977%* AInCO,_, 0.915%*
(—2.41) (2.23) (—2.34) (8.09)
AInCO,_;  —0.198%  AInCO,_, 1.664* AInCO,,_, —0879* AInCO,_,, 0.423**
(-2.61) (1.99) (-2.22) (6.37)
AInCO,, ¢ —0.142*** AInCO, s 1.774* AInCO,_s  —0897** AlnOpen*  1.649%*
(—4.01) (1.98) (=2.76) (7.27)
AInCO,_y  —0521"*  AlnOpen*  0.784*  AInCO,_, -0668** AlnOpen*, - 0359%**
(—2.46) (2.89) (—2.28) (=9.91)
AInCO,,_y, —0.041** AInOpen:1 -1.232**  AInCO,,_, —0.559* AInOpen;;2 -1.378*
(—2.47) (—2.54) (—1.99) (—2.18)
AInCO,_;, —-0.103*  AInOpen’, —1025** AInCO, , —0482* AlnOpen*, -0.682*
(- 1.96) S (=237) (=1.99) © (=255)
AInOpen 0095  AlnOpen’, -0893*  AInCO, , —-0511% AlnOpen!, - 0343**
(3.89) (-1.97) (—2.23) (6.44)
AInOpen,_; —0.132% AmOpen~  0731%*  AInCO,_,, —0.347*  AInOpen; —0714*
(-2.02) (3.62) (=2.05) (=2.30)
AInOpen,_, —0.831**  AInOpen,_, 0.783% AInOpen 0.260%* Aanpe,nj_]2 —0.253*
(—2.49) (1.99) (2.28) (=1.97)
AInOpen,_s 0418  AInOpen”, —0521*** AlnOpen,_; 0053*  AlnOpen~ - 0.859**
(2.69) (—4.83) (1.96) (—2.63)
AInOpen,_g  0.174%%% AInOpen,_, -0.676**  AlnOpen, , 0.076* AInOpen,_;, —0.618%**
(3.37) (=257) (1.99) (=5.23)
AInOpen,_; 0.931*** AInOpen,_, 0.860* AInOpen,_¢ 0.183***  AInOpen,_, —0.437**
(3.92) (2.02) (3.82) (=2.53)
AInOpen,_g —0.145% AInOpen_,, 1.339% AlInOpen,_;, 0.185* AInOpen,_, —0.485%**
(-1.97) (1.96) (2.01) (—3.04)
AlnOpen,_,, 0792**  AlnOpen_,, 0.672**  AlnOpen,_;; 0614**  AlnOpen_, - 0.594%*
(2.64) (4.52) (2.02) (-6.57)
Const 0.515%** Const 0.567* AInOpen,_;, 0.803***  AInOpen,_,, —0.184*
(2.73) (2.13) (3.84) (—1.98)
Linopen 0.691% Liyoper- 1.775* Const 0.702**  AInOpen_,, —0.647***
(0.069) (0.081) (2.80) (6.37)
R? 0.791 Lipopen- 0.867**  Liygpent 0.131**  Const 3.409%%*
(0.026) (0.016) (6.15)
Adj.R? 0.706 R 0.727 Lipopen- 0531 Ly 0.303%**
(0.041) (0.000)
X%C 0.450 Adj,R2 0.691 R? 0.741 R? 0.931
' (0.502)
Xz, 6.22 X2 2,621 Adj.R* 0.693 Adj.R* 0.853
(0.101) (0.105)
X2 on 2362 X2, 13.41 X2, 0.840 X2, 5.410
(0.184) (0.110) (0.359) (0.138)
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Table 10 (continued) Dependent variable =InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(M 2) 3) 4) (5) (6) (7) (8)
tspm —4.961 X2 o 1.751 Xz, 3.66 X2, 2.84
(0.000) (0.302) (0.673) (0.160)
Fpgs 6.364 - -5810 X2, 0.583 X2oe 1.103
(0.004) (0.000) (0.274) (0.371)
Fpgg 8.815 - —-6.030 5y -5713
(0.000) (0.070) (0.023)
W,k 0.418 Fpgs 8.713 Fpgs 8.075
(0.371) (0.051) (0.017)
Wer 0.143 W, e 0.937 Wee 0.116
(0.382) (0.184) (0.370)

Similar to those in Table 3

trade openness results in a rise in CO, emissions by 0.943%, while a corresponding drop gives rise to a 0.345% decrease.
In addition, the asymmetric model passes the tests for serial correlation and general misspecification, although the
residuals do not follow the normal distribution. Our findings concur with those of Suhrab et al. [93], who discovered that
increased trade openness in Pakistan leads to a decline in environmental quality. In a similar line, Omri and Saadaoui
[71] found that, between 1980 and 2020, commercial openness significantly aggravated environmental degradation in
France. Similar to this, Ibrahim [43] found that increased trade openness greatly accelerated environmental degradation.
Furthermore, Chhabra et al. [22] discovered that lower middle-income nations experience more severe environmental
degradation than higher middle-income countries when trade openness is raised. Furthermore, Wenlong et al. [109]
found that between 1995 and 2018, environmental quality declined dramatically in 10 Asian nations. They attribute this
reduction in part to trade openness. In their study of the effects of economic growth (EG), capital formation (CF), and
consumption of renewable and non-renewable energy (NRE) on CO, emissions and ecological footprint (EF) of 17 OECD
countries spanning data from 1970 to 2016, Mujtaba et al. [66] found that economic growth and gross capital formation
dampen environmental quality in the OECD region over the sampled period.

4.1.11 Seychelles

Table 13 reports the results of all four models specified for the trade openness-CO, emissions relationship in Seychelles.
The two tests for cointegration display that there is a long-run relationship between the two variables when the sym-
metric ARDL is examined. The null is rejected at both 10% and 5% significance levels. Similarly, when asymmetries are
considered, the null hypothesis of no cointegration is rejected even at 5% significance level.

The Wald tests, when implemented, indicates that there is no evidence of asymmetric behaviour since neither short-
nor long-run asymmetry can be detected, at least not a statistically significant one and, hence, the symmetric ARDL
is under review. The long-run coefficient L,,,,, is highly statistically significant and equal to 0.280, suggesting that a
1% increase (decrease) in trade openness makes CO, emissions rise (fall) by 0.280% in the long-run, ceteris paribus. The
diagnostic tests show that the ARDL specification does not have problems of any general misspecification and serial
correlation, although the residuals are not normally distributed. Our findings are in line with those of Pata et al. [72],
who found that, between 1995 and 2018, trade openness improved environmental quality for countries in the ASEAN.
Similar conclusions were reached by Mahmood [61], who noted that trade in Latin America had a net beneficial environ-
mental impact between 1970 and 2019. Additionally, Ding et al. [114] showed that improved trade openness benefits
the environmental quality of G-7 countries. In their study of the effects of economic growth (EG), capital formation (CF),
and consumption of renewable and non-renewable energy (NRE) on CO, emissions and ecological footprint (EF) of 17
OECD countries spanning data from 1970 to 2016, Mujtaba et al. [65] found that economic growth and gross capital
formation dampen environmental quality in the OECD region over the sampled period.
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Tab.le 12 Full-information . Dependent variable =InCO,,
estimates of both symmetric
ARDL and nonlinear ARDL Model 1 Model 2 Model 3 Model 4
(NARDL) models in Namibia
Symmetric ARDL NARDL with SRand LR~ NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(1) (2) (3) (4) (5) (6) (7) (8)
InCO,, , -0401** InCO,_, -0336* InCO, , —0.208** InCO,, , -0.338*
(—4.86) (—2.85) (-3.32) (-1.97)
InOpen,_, 0.136***  InOpen’, 0317**  InOpen;, 0.186***  InOpen,_, 0.147%**
(6.00) (3.64) (5.46) (3.26)
AInCOy_;  -0.951*** InOpen,_,  0.116%** InOpen,_,  0.034*** AInCO,,_;  —0.572%%*
(-=5.70) (5.20) (4.40) (-3.59)
AInCO,, , —0776** AInCO,_, —1.132%* AInCO,_, -1214* AInCO, , —0.372%*
(—3.64) (—7.66) (-2.89) (- 6.98)
AInCO,,_, —0345%  AInCO,_, —0320%** AInCO,_, —1.005%* AInCO,_,  0.303**
(- 1.96) (- 5.93) (-252) (2.92)
AInCO,_¢  —0812%* AInCO,_, 0772%**  AInCO,_; —0460*  AInCO,_g —1.057%*
(—4.63) (5.19) (- 1.99) (= 5.60)
AInCO,, , —0681*** AInCO, _, —0.829** AInCO, s —1.025* AlnOpen*  0.018**
(—3.54) (= 7.54) (—2.86) (2.76)
AInCO,_y, —0379%  AlnOpen* —0281%  AInCO,_, -0937** AInOpen’,6 -0323*
(- 1.99) (- 2.04) (- 2.26) (-2.97)
AInCO,,_,;, —0.427*% AInOpen;';1 -0.339%*  AInCO,,_,, -0.398* AInOpen:2 —0.327***
(-1.97) (—3.86) (-1.97) (-3.12)
AInCO,_j, —0651%* AlnOpen*, —0316"* AInCO,_;; —-0566*  AInOpen’, - 0306**
(- 3.07) (-=3.71) (- 1.99) C (=269
AlnOpen  0.064**  AInOpen*, —0302*  AInCO,_,, —0750**  AlnOpen*, - 0367***
(2.74) (-3.52) (—2.89) (=5.29)
AlInOpen,_; —0.696*** AlnOpen~  0.073%** AlInOpen 0.066** AInOpen::5 —0.320**
(—5.88) (3.19) (2.69) (=2.90)
AInOpen,_, —0.652*** AlnOpen_, —0.41 6***  AInOpen,_; —0.743*** AInOpen;r_6 —0.367***
(—5.76) (=5.71) (—2.64) (—4.71)
AInOpen,_; —0.693*** AlnOpen_, —1.367*** AlnOpen,_, —0.696*** AInOpen~ 0.0971%***
(- 6.64) (—4.15) (- 5.28) (4.95)
AInOpen,_, —0.750**  AlInOpen,_, —0.903***  AlInOpen,_; —0.738*** AlnOpen,_, —0.479***
(-5.62) (—4.57) (=5.91) (—7.68)
AInOpen,_s —0.707*** AInOpen;4 -1.679**  AInOpen,_, -0.799* AInOpen;2 —0.354**
(-6.11) (—2.49) (-5.21) (=2.55)
AlnOpen,_s —0693** AlnOpen_, —1.559*** AlnOpen,_; —0742*** AlnOpen_, —0.578***
(- 5.98) (- 3.04) (- 5.80) (- 8.90)
AInOpen,_; —0.685***  AlnOpen,_, —1.691*** = AlInOpen,_q —0.714*** AlnOpen,_, —0.603***
(-5.27) (—7.08) (—5.86) (-3.13)
AlInOpen, ; —0.652*** Const -0339**  AlnOpen,_, —0710%* AInOpen_, - 0.564**
(- 5.55) (—8.92) (-5.18) (—3.43)
AlInOpen,_y —0.618%** Lanperﬁ 0.943*** Const —0.021** AInOpen;_m —0.376%**
(-5.18) (0.000) (- 2.83) (4.84)
AlnOpen,_j, —0.204%* L, .- 03455 Lo+  0894%  Const 0.676%*
(=2.13) (0.000) (0.046) (3.23)
Const 1.540%%* g2 0.984 Lipopen- 0.163*  Liopen 0.417%*
(6.25) (0.036) (0.026)
Linopen 0.339* Adj.R? 0.902 R? 0.909 R? 0.952
(0.062)
R? 0.906 X2 6.214 Adj.R? 0.841 Adj.R? 0.936
(0.643)
Ang_R2 0.861 X%F 14.12 Xgp 0.010 X%F 6.714
(0.710) o (0.920) o (0.193)
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Table 12 (continued) Dependent variable =InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SRand LR~ NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry

Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.

(M ¥)] (3) 4) (5) (6) 7) (8)

X2 6.183 X2 151.415 X2 1.25 X2 8.81

sc : NOR : FF : FF :

(0.984) (0.000) (0.336) (0.261)

Xz 5.916 -~ -5614 X2 147.416 X2 e 148.416
(0.468) (0.027) (0.000) (0.000)

X2 on 143817  Fpg 7.350 oy -5.814 1y, - 4.637
(0.000) (0.000) (0.034) (0.041)

oM —6.489 Wik 0.357 Fpgg 6.531 Fpgg 6.195
(0.052) (0.000) (0.057) (0.032)

Fpgg 8.746 Wer 0.410 Wik 0.824 Wer 0.461
(0.000) (0.006) (0.003) (0.007)

Similar to those in Table 3

4,1.12 South Africa

In the case of South Africa (Table 14), there is a statistically robust long-run relationship between trade openness and
CO, emissions, where the null hypothesis of no long-run relationship is rejected across all four specifications (sym-
metric, SR and LR asymmetry, LR asymmetry and SR asymmetry) at the 5% significance level. This evidence implies
that the two variables share a historical cointegrating relationship.

The next step involves conducting a test to determine the potential short- or long-run asymmetries using the Wald
test. In this light, the null of symmetry is rejected by both tests suggesting a different response of CO, emissions to
trade openness deviations, not only in the short-, but also in the long-run. Following this evidence, the right meth-
odology for hypothesis testing is the NARDL model where both short- and long-term asymmetries are incorporated.
The long-run coefficients L,,,,+ and Ly,,,,- are statistically significant at 1% and affect CO, emissions in a negative
and positive manner respectively. A 1% increase in trade openness results in a decrease in CO, emissions by 0.532%,
while a corresponding drop gives rise to a 0.244% increase. Moreover, the diagnostic tests show, while the residuals
are normally distributed, the precise NARDL specification does not suffer from either general misspecification or
serial correlation. Our findings are in line with those made by Pata et al. [72], who found that, for the countries of the
ASEAN, between 1995 and 2018, trade openness improves environmental quality. Similar conclusions were reached
by Mahmood [61], who noted that from 1970 to 2019, trade in Latin America had a net beneficial environmental
impact. Additionally, Ding et al. [114] showed that improved environmental quality benefits from higher economic
openness among the G-7 nations.

4.1.13 Tanzania

The estimation results of the four specifications for the relationship between trade openness and CO, emissions in
Tanzania are reported in Table 15. The cointegration tests t5,,,andF g in the symmetric ARDL model are — 5.915
and 6.568 respectively. Since the t,,,andF ¢ cointegration tests are greater than the bounds critical values at both
5% and 10% significance levels, we reject the null hypothesis of no cointegration. This implies that there is ample
evidence of long-run relationship between trade openness and CO, emissions in Tanzania. When the three versions
of NARDL model are examined, the evidence shows that the null hypothesis is rejected even at the 5% significance
level, indicating a clear cointegrating relationship between the two variables.

Evidence from the Wald tests shows that there is a strong asymmetric behaviour in the long-run responses of CO,
emissions to trade openness variations. Nevertheless, in the short-run, CO, emissions in Tanzania seem to respond
similarly to trade openness increases and decreases. Therefore, the most suitable framework to analyse this is the
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Tab.le 13 Full-information . Dependent variable =InCO,,
estimates of both symmetric
ARDL and nonlinear ARDL Model 1 Model 2 Model 3 Model 4
(NARDL) models in South - - - -
; ymmetric wi an wi asym- wi asym-
Africa Symmetric ARDL NARDL with SRand LR NARDL with LR NARDL with SR
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(M 2) (3) 4 (5) (6) (7) (8)
InCO,_,  —0409** InCO, ,  -0813** InCO, ,  —-0673** InCO, ,  —0.152%*
(-3.90) (—6.91) (-3.92) (—3.84)
InOpen,_;  —0.025%  InOpen’ —0.433***  InOpen’ —0.247***  InOpen,_, —0.039%**
(- 1.96) (-7.75) (-3.12) (-3.76)
AInCO,,_,; 0418***  InOpen,_, 0.199***  InOpen,_, 0.125%*  AInCO,,_;  — 1.995%**
(4.83) (7.17) (3.08) (—3.75)
AInCO,,_, 0.272* AInCO,,_;  0.205* AInCO,,_, 0518*  AInCO, _, —1410%*
(1.99) (1.99) (2.74) (=3.75)
AInCO,,_; 0450  AInCO,_, —0221%  AInCO,_, 0.247* AInCO,,_,  —1.502%
(2.67) (-1.97) (1.99) (-3.32)
AInCO,_, 0404  AInCO,_, 0270%  AInCO,_, 0451%*  AInCO,_,, —1.223*
(2.41) (2.15) (2.22) (—2.21)
AInCO,, 4  0.282* AlnOpent  0.126**  AInCO,,_, 0497**  AlnOpent  —0.711%
(2.01) (2.38) (2.33) (=3.01)
AInCO,_;, 0523**  AlnOpen’, 0.641%**  AInCO,_ s 0434* AlnOpen® | - 0.712%
(2.95) (7.92) (2.01) (-=2.77)
AInCO,,_;, 0.650*** AInOpen;';2 0.227*** AInCO,_g  0.463** AInOpen;;4 —0.858***
(3.40) (3.08) (2.14) (—4.50)
AInOpen 0.083***  AInOpen;, 0354**  AInCO,_,, 0304* AInOpen’ ;- 0.805***
(5.82) ©(4.49) (1.98) (—3.82)
AInOpen,_; 0521%  AlnOpen~  —0223** AInCO,_;, 0289%  AlnOpen’, - 0.840%*
(2.57) (—5.43) (2.60) (—3.56)
AInOpen,_, 0.091** AInOpen,_,  0.085* AInOpen —0.056**  AInOpen;, - 1.743**
(2.73) (2.06) (—2.89) (—4.33)
AlInOpen,_; 0.071%* AlnOpen_, 0.138*** AInOpen,_;  0.120** Aanpenf_8 — 1.606***
(1.97) (3.22) (2.18) (—3.28)
AInOpen,_;, —0.097**  AlnOpen_, —0.126*** AlnOpen,_, 0.131%* AInOpen~  —0.345**
(-2.20) (-3.35) (2.68) (—2.87)
Const —0.430*% AInOpen,_,, 0.279***  AInOpen,_; 0.105***  AInOpen,_, —0.385***
(-1.97) (4.92) (2.00) (-=3.37)
Lyyopen —0.061*** Const -0.207**  AlInOpen, ; 0.099* AInOpen_, —0.690**
(0.009) (=5.11) (2.07) (=3.00)
R? 0.841 Liyopent -0532*  AlInOpen, ,, 0.095* AInOpen_, —0313*
(0.083) (1.98) (-2.33)
Adj.R? 0.717 Lyoper 0.244**  AlnOpen, ;, 0.042* AInOpen_, —0.528**
(0.000) (2.01) (—2.81)
Xﬁc 0.129 R? 0.882 AlInOpen,_;, 0.532** AInOpen,_, 0.255**
(0.719) (2.85) (3.09)
X2, 2.83 Adj.R? 0717 Const -0.014*  AInOpen_,, 0.590%**
(0.581) (—2.04) (3.49)
X2on 1.031 X2 6.767 Lyyopen* -0367*  Const —6.917%**
(0.410) (0.643) (0.071) (=3.72)
tapm -5842 X2, 1.51 Liopen- 0185  Lygpen —0.256%*
(0.004) (0.254) (0.021) (0.005)
Fpgs 8.935 X2 0.715 R? 0.842 R2 0.942
(0.001) (0.162)
I3 -6.053 Adj.R? 0.761 Adj.R? 0.883
(0.061)
Fpgs 8.731 X2, 1.280 X2 12.84
(0.058) (0.257) (0.305)
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Table 13 (continued) Dependent variable =InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(M 2) (3) 4 (5) (6) (7) (8)
Wir 0.142 X2, 0.86 Xz, 34.49
(0.001) (0.481) (0.124)
Wee 0414 X2 e 1.035 X2oe 1573
(0.006) (0.418) (0.103)
- —5.541 1y, —5.047
(0.008) (0.082)
Fpgs 7.491 Fpgs 8.791
(0.007) (0.068)
W, 0.618 Wee 0.534
(0.013) (0.000)

Similar to those in Table 3

NARDL model with long-run asymmetry. Given the fact that there is ample evidence of long-run relationship between
the two variables under review, the long-run coefficients L+ and Ly, ,.,- are statistically significant at 1% and
affect CO, emissions in a negative manner. The results therefore suggest that a 1% increase in trade openness leads
to a fall in CO, emissions by 0.381%, whereas a 1% corresponding decrease in trade openness results in decrease in
CO, emissions by 0.927% in the long-run, ceteris paribus. Additionally, the specific NARDL model passes all the tests
for serial correlation and general misspecification, although the residuals do not follow the normal distribution.
Our findings support those of Pata et al. [72], who found that trade openness improves environmental quality for
the ASEAN countries between 1995 and 2018. Mahmood [61] reached a similar conclusion and noted that trade in
Latin America had a net beneficial environmental impact between 1970 and 2019. More free trade also improves the

environmental quality of G-7 economies, as shown by Ding et al. [114].

4.1.14 Zambia

Table 16 illustrates the estimated coefficients of all four specifications for the trade-CO, emissions relationship in Zambia.
The two tests for cointegration display that there is a long-run relationship between the two variables when the sym-
metric ARDL is examined. The null is rejected at 10% significance level, although there is no explicit conclusion to be
drawn at 5%. By contrast, when asymmetries are considered, the null hypothesis of no cointegration fails to be rejected.

The implementation of the Wald tests documents that there is no evidence of asymmetric behaviour since neither
short- nor long-run asymmetry can be detected, at least not a statistically significant one and, hence, the symmetric ARDL
is under review. The long-run coefficient L, is highly statistically significant and equal to — 0.559, suggesting thata 1%
increase (decrease) in trade openness makes CO, emissions fall (rise) by 0.559% in the long-run. The diagnostic tests show
that the residuals do not follow the normal distribution, while there is no evidence of serial correlation or any general
misspecification. Our findings are in line with those of Pata et al. [72], who found that, for the ASEAN countries between
1995 and 2018, trade openness improves environmental quality. Mahmood [61] also reached the similar conclusions,
indicating that from 1970 to 2019, trade in Latin America had a net beneficial environmental impact. Furthermore, Ding
et al. [114] showed that improved trade openness benefits the environmental quality of G-7 countries.

4.1.15 Zimbabwe

In the case of Zimbabwe (Table 17), the cointegration tests #5,,, and Fp¢ in the restricted symmetric model are — 4.813
and 6.754, respectively. This evidence leads to rejection of the null hypothesis of no long-run relationship at both 5%
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Tab.le 14 Full-information . Dependent variable =InCO,,
estimates of both symmetric
ARDL and nonlinear ARDL Model 1 Model 2 Model 3 Model 4
(NARDL) models in Seychelles - - - -
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
M v 4 ©) ) (8) (10) (1
InCO,,_,  —0.189** InCO, ,  -0378** InCO, , —-0248** InCO, ,  —0.670%*
(-3.54) (—4.71) (-=2.02) (=5.30)
InOpen,_;  0.053***  InOpen’ 0.170***  InOpen’ 0.189** InOpen,_, 0.105%**
(4.84) (9.48) (2.45) (4.21)
AInCO,,_; -0.238* InOpen,_, 0.350***  InOpen,_, 0.118%* AInCO,,_; -0391**
(—1.98) (8.34) (2.18) (—2.51)
AInCO,,_,  0.249* AInCO,,_, —1772%* AInCO,_, —0861** AInCO, , —0.412%
(1.99) (=9.47) (-2.32) (=2.59)
AInCO,_; —0.127%  AInCO,_, —1496** AInCO,_, —0574* AInCO,,_,, —0.265%*
(-=2.01) (—7.80) (-2.93) (—3.63)
AInCO,_y  —0392%** AInCO,_, —0928* AInCO,_, —0480* AInCO,_,, 0.273**
(—4.69) (—2.00) (—2.41) (5.65)
AInCO,,_;, —0200%* AInCO, , —0.525** AInCO, s —0500* AlnOpent  0.125%*
(=3.20) (=9.06) (=2.71) (4.37)
AlnOpen ~ —0032*  AlnOpen* —-0032*  AInCO,_; —0446* AlInOpen’ K 0.274**
(- 1.99) (—1.98) (-2.77) (8.07)
AlInOpen,_; 0.033* AInOpen;';1 0.650%** AInCO,_g  —0.680%%* AInOpen;;3 0.101%**
(1.98) (5.46) (—4.31) (3.75)
AlInOpen,_q  0.049** AInOpen?, 0353**  AlnOpen —0.053*** AInOpen’, 0.129%*
(2.48) (7.19) (—4.85) (4.32)
AInOpen,_,, 0.024* AInOpen? , 0.106***  AlnOpen,_,; 0.185** AInOpen’ ;  0.123***
(1.98) (8.39) (2.99) (4.06)
AInOpen,_;; 0.025* AInOpen~  —0.232***  AlInOpen,_, 0.161** AInOpen! - 0.109%**
(2.01) (—8.36) (2.28) (5.40)
Const 0.717*** AlnOpen_, 0.223*** AInOpen,_; 0.172** Aanpenj_] , 0.056%*
(3.88) (7.19) (2.68) (2.59)
Liyopen 0.280* AInOpen_, 0.102***  AInOpen,_, 0.111% AInOpen™  —0.249%**
(0.017) (3.58) (1.98) (- 6.55)
R? 0.785 AInOpen,_, 0.364***  AlnOpen,_s 0.108** AInOpen,_, -0.037*
(6.55) (2.22) (=2.02)
Adj.R? 0.707 AInOpen,_, —0.099**  AInOpen,_q 0.146** AInOpen,_, —0.085**
(=2.30) (2.30) (—2.84)
X2, 9.494 AlnOpen_, —0416*** AlnOpen,_, 0095**  AlnOpen_, 0.461%**
' (0.482) (-4.32) (2.30) (4.68)
X2, 1.09 AInOpen,_,, —0.220*  AlnOpen,_;, 0.080**  AInOpen_, 0.265***
(0.373) (—2.68) (2.22) (3.20)
XIZVOR 150.025 Const —2.661***  AlnOpen,_;, 0.073** AInOpen,_;  0.336***
(0.000) (—4.02) (2.35) (4.54)
toom - 4731 Lisopen* 0.449* Const 0.260* AInOpen_,  0.154**
(0.017) (0.067) (2.01) (2.88)
Fpgs 6.520 Lyoper 0.925* Lyyopen* 0.762***  Const 0.102*
(0.064) (0.096) (0.000) (1.99)
R? 0.942 Liopen- 0475 Ly 0.156%**
(0.000) (0.000)
Adj.R? 0.891 R? 0.882 R? 0.941
X§ - 3.147 Adj.R? 0.783 Adj.R? 0.901
(0.701)
Xz, 713 X2, 9.347 X2, 4.816
(0.933) ’ (0.142) o (0.282)
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Table 14 (continued) Dependent variable =InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(1) (2) (4) (5) (7) (8) (10) (11)
X2 125814 X2 7.23 X2, 9.77
(0.000) (0.871) (0.230)
P -5152 X2, 157915 X2 151.831
(0.008) (0.000) (0.000)
Fpgs 7.882 - —5152 gy - 4815
(0.004) (0.006) (0.004)
W, 0317 Fpgs 6.934 Fpgs 7.110
(0.360) (0.032) (0.015)
Wee 0.019 W, 0.637 Wee 0.048
(0.171) (0.208) (0.471)

Similar to those in Table 3

and 10% significance levels. On the other hand, in all three versions of the NARDL model, no evidence of cointegrating
relationship between trade openness and CO, emissions is detected when short-and long-run asymmetries are examined.

The Wald tests for short- and long-run symmetry show that the asymmetric behaviour is not present in the particular
pair-wise relationship in neither of the cases under review. Therefore, CO, emissions in Zimbabwe seem to respond
similarly to trade openness increases and decreases. Given this evidence, the symmetric ARDL specification is thus inves-
tigated henceforth. The long-run coefficient L,,,,, is negative (— 0.381) and highly statistically significant, suggesting
that a 1% increase (decrease) in trade openness brings about improvement (deterioration) in the environmental quality
by 0.381% in the long-run. The bottom part of Table 17 reports the results of diagnostic tests which show that the sym-
metric ARDL model is well fitted since it passes all the diagnostic tests. The tests suggest that the model does not suffer
from the general misspecification and serial correlation. Also, the Jarque-Bera statistic shows evidence that the residuals
are normally distributed. Our findings are in line with those of Pata et al. [72], who found that, between 1995 and 2018,
trade openness improved environmental quality for countries in ASEAN. Similar conclusions were reached by Mahmood
[61], who noted that commerce in Latin America had a net beneficial environmental impact between 1970 and 2019.
Additionally, Ding et al. [114] showed that improved trade openness benefits the environmental quality of G-7 countries.

4.2 Robustness check

We implemented a testing technique that can account for two structural breaks in the model because the traditional
unit root tests were unable to detect the presence of structural breaks in the variables. Following Mujtaba and Jena [64],
Jena et al. [48] and Mujtaba et al. [65], the study employs the Clemente-Montanes-Reyes (1998) detrended unit root test,
and the findings are shown in Table 18 (see Appendix). The variables exhibit two structural breaks in distinct years, as
seen in Table 18. Consequently, for robustness check, two dummy variables (D1993 and D2008) are created for the break
years of 1993 and 2008 respectively to account for the possibility of structural breaks in the variables. While the 1993
break year was a result of structural economic changes in the region, the 2008 break year was a result of the 2008 global
financial crisis, which had a substantial effect on the region. The results, which are shown in Table 19 and are available in
the Appendix, imply that structural breaks are not statistically significant. This finding thus suggests that the structural
breaks in our model have no impact.

4.3 Implication for sustainability
The Sustainable Development Goals (SDGs) of the United Nations provide a suitable framework for addressing develop-

mental challenges in order to realize a sustainable future free from social, economic, and environmental inequalities and
thereby guarantee a greener and healthier planet for future generations. The region’s impressive performance across
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Tab.le 15 Full-information . Dependent variable =InCO,,
estimates of both symmetric
ARDL and nonlinear ARDL Model 1 Model 2 Model 3 Model 4
(NARDL) models in Tanzania
Symmetric ARDL NARDL with SRand LR~ NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(M () (3) 4) (5) (6) (7) (8)
InCO,,_, —0.528*** InCO,,_, —0.483*** InCO,,_, —-0.288*** InCO,,_, —0.591**
(=5.18) (—5.42) (=5.13) (—2.67)
InOpen,_, —0.139*** InOpen;, —0.241**  InOpen/ —0.110***  InOpen,_, —0.250%**
(—6.14) (-2.72) (—4.32) (- 3.16)
AInCOy_;  —1.185*** InOpen,_, —0.183*** InOpen,_, -0.267**  AInCO,,_; —0.754%*
(—6.45) (—5.99) (—2.73) (—2.57)
AInCO,,_,  0.422** AInCO,,_; 0.163* AInCO,,_;  0.909***  AInCO,_, —0.980***
(2.74) (1.98) (8.31) (—3.93)
AInCO,,_; —0.123% AInCO,,_; —0.527*** AInCO,_, 0430***  AInCO,,_, —0.610%*
(—1.98) (—4.90) (4.58) (-=2.31)
AInCO,_, —0339*  AInCO,_, —0560%* AInCO,_; 0261%**  AInCO,_, —0.584*
(-1.97) (—6.58) (8.60) (—2.05)
AInCO,,_s  0396***  AInCO,_s 0.790%**  AInCO,,_,  0.097***  AlnOpen*  —0.261**
(7.08) (6.85) (3.85) (2.64)
AInCO,,_,  0450***  AInOpen™ —0.123* AInCO,,_s  0.583** AInOpen’ , —0351*
(4.32) (-=2.01) (4.62) (-1.97)
AInCO,,_g4 —0.342%** AInOpen:l 0.325%** AInCO,,_s  0.819%** AInOpen;2 0.250**
(—3.78) (5.77) (6.51) (2.20)
AInCO,,_,  —0.130% AInOpen’ , —0311%*  AlnOpen —0.813***  AInOpen , 0.851***
(—1.96) ~ (-5.16) (—3.59) (3.18)
AInCOy,_yy 0.647***  AInOpen’, 0.627***  AlnOpen,_; —0.835*  AInOpen’, 0.981*
(8.80) (6.71) (- 5.07) (1.97)
AInCO,,_,; —0.281%* AInOpen’, 0.587*** AInOpen,_, —0613***  AInOpen’, -—0.277*
(—4.21) (6.37) (—5.39) (—2.60)
AInCO,,_;, —0610%* AInOpen’ , —0.542%** AlnOpen,_; —0349*** AInOpen’ , -—0223*
(—8.33) (=7.18) (—3.53) (—2.03)
AInOpen —0.830"** AlnOpen~ —0.863*** AlnOpen,_s —0.185**  AlnOpen~ —0.814***
(—4.94) (—4.48) (—2.93) (— 4.64)
AInOpen,_, 0.186%* AInOpen,_, -0.168*** AlnOpen, s 0.353*** AInOpen_, —0.421**
(2.34) (—3.16) (6.40) (—2.63)
AlInOpen,_; —0.323***  AInOpen,_, -0.454*** AlnOpen,_; —0348** AInOpen,_, 0.486*
(-5.35) (= 5.25) (- 5.54) (2.04)
AlInOpen,_g —0.503*** AInOpen_, 0.486***  AlnOpen, g —0265*** AlnOpen_. 0.380**
(—4.30) (5.76) (—3.26) (2.73)
AlnOpen,_;, 0.499***  AInOpen_, 0.420** AlnOpen,_,, 0.762***  AInOpen_, 0.635*
(5.36) (2.81) (5.51) (1.98)
AInOpen,_;; 0.170%** Const —0.165***  AlnOpen,_;, 0.604***  AInOpen,_, 0.318***
(5.33) (- 6.35) (3.24) (3.83)
AInOpen,_;, 0.391%%* Ly opent —0.498**  Const —-0412***  AInOpen_,, 0.631***
(8.33) (0.015) (—7.20) (3.62)
Const =1.297%* " Lyopen = 0378 Lyopent —0.381**  Const — 1.488***
(—5.82) (0.000) (0.035) (—3.34)
Linopen —0.263*** R2 0.905 Liopen —0.927* Liopen —0.423**
(0.000) (0.084) (0.036)
R? 0.975 Adj,R2 0.873 R? 0.913 R? 0.915
Adj.R? 0.947 X§C 4326 Adj.R? 0.841 Adj.R? 0.862
(0.375)
ch 10.701 X%F 12.17 ch 8.914 ch 8.416
(0.115) (0.184) (0.105) (0.173)
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Table 15 (continued) Dependent variable =InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SRand LR~ NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(1) (2) (3) 4) (5) (6) (7) (8)
Xz, 17.27 X2 or 114.026 X2, 18.05 X2, 5.21
(0.158) (0.000) (0.142) (0.117)
X,ZVOR 126.742 tepM - 4628 X}%/OR 114518 X}me 135.607
(0.000) (0.037) (0.000) (0.000)
teom -5915 Fpgs 5.928 oy -5614 gy -5.831
(0.005) (0.004) (0.041) (0.000)
Fpgg 6.568 Wir 0.941 Fpgg 7.411 Fpgg 6.330
(0.001) (0.041) (0.071) (0.057)
Wer 0.635 Wik 0.816 Wer 0.821
(0.182) (0.095) (0.316)

Similar to those in Table 3

all five goals—Clean Water and Sanitation, Affordable and Clean Energy, Industry, Innovation and Infrastructure, Life on
Land and Peace, Justice and Social Institutions, and Climate Action—is substantially responsible for the target’s forward
movement. The results of this study strongly relate to the thirteenth goal of the United Nations (Climate Action); in order
to realize this goal, the results implore the policymakers and stakeholders of the sampled region to promote the growth
of international trade in order to lessen trade protectionism, particularly in terms of technology and the effective use of
renewable and non-renewable energy sources. Additionally, it is important to promote the interchange of environmental
products and services since they can aid in the fight against climate change. When attempting to better its environment
and encourage environmental sustainability, the SADC region should successfully boost its trade policies. Due to the
various beneficial effects of international trade on the region’s economy, the long-term harmful effects of trade openness
on the environment do not warrant serious measures to close the borders. Instead, appropriate action must be taken to
guarantee that global trade makes a constructive contribution to reducing the rising level of emissions and achieving
regional environmental sustainability. To ensure efficiency in the industrial processes, regional officials should step up
their use of eco-friendly technology to transition away from non-renewable energy sources and toward renewable or less
carbon-intensive ones. Meanwhile, switching from non-renewable energy sources to alternatives like solar power will
significantly lower CO, emissions in the area. Additionally, in order to address the growing transboundary environmental
deterioration and other associated spillover effects, global cooperation to reduce carbon emissions is very essential. To
guarantee strong ties with the rest of the world to exchange technologies that might reduce pollution, the SADC region
should work toward this goal. To enable a transition to cleaner sectors and a low-carbon economy, governments should,
more crucially, include thorough environmental chapters in their trade agreement rules. This will encourage the creation
of green goods and services. Additionally, trade policy might be complemented by additional measures to encourage
long-term GHG emission reductions and continuously assist the development of innovative technologies that enhance
regional environmental conditions and protect the environment globally.

5 Conclusions and policy implications

5.1 Conclusion

Using the Squalli and Wilson (5Q) measure of trade openness, this study examined the asymmetric impact of trade
openness on CO, emissions among Southern African Development Community (SADC) member nations within a NARDL

framework. The SQ proxy takes into consideration a country’s trade share of its GDP as well as the proportion of its trade
volume to the average global trade volume during a certain time period. The research tested for short- and long-run
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Tab.le 16 Full-information . Dependent variable =InCO,,
estimates of both symmetric
ARDL and nonlinear ARDL Model 1 Model 2 Model 3 Model 4
(NARDL) models in Zambia
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(M ) (3) (4) (5) (6) (7) (8)
InCO,,_, —-0.363**  InCO,,_, —0.908*** InCO,,_, —0.586*** InCO,,_, —0.512%%*
(—2.82) (- 6.97) (—7.25) (—4.01)
InOpen,_; ~ —0203** InOpen , —0.530"**  InOpen’ | 0.073***  InOpen,_;  —0.498***
(-3.22) (- 5.85) (3.85) (-=7.50)
AInCO,_; -0810%  InOpen,_, 0.798***  InOpen,_, 0.116***  AInCO,,_;  —0.152%*
(—1.98) (5.10) (7.26) (—2.76)
AInCO,,_, —1276*** AInCO,,_;, 0536***  AInCO,_, 0977***  AInCO,_, —1.117***
(—3.08) (5.61) (6.74) (—3.75)
AInCO,,_; —-0.985*  AInCO,,_, 0733***  AInCO,,_, 0.706***  AInCO,,_, —0.841***
(- 1.99) (5.71) (3.78) (—4.14)
AInCO,_,  —1309%*  AInCO,_; 0750%*  AInCO,_, 0576***  AInCO,_s —1.886"*
(—2.64) (5.91) (3.35) (—6.52)
AInCO,,_s  —1573*** AInCO,,_, 0.969***  AInCO,,_s —0438*** AlnOpen™  0.098**
(-2.72) (5.90) (—2.31) (2.57)
AInCOy_g  —0.069** AInOpen*t  0374%*  AInCO,_q —1.058*** AlnOpen’ 0.502***
(-=2.99) (4.73) (= 5.05) (6.65)
AInCO,,_;  —0.804%** AInOpen:l 0.510%** AInCO,_;  —1.945%%* AInOpen:2 0.384***
(—3.26) (5.52) (—5.93) (6.78)
AInCO,,_g  0.154%* AInOpen’, 0381***  AlnOpen = 0.152%**  AInOpen’ , 0.305***
(2.30) (4.76) (—3.62) ~ (5.86)
AInOpen 0.215%**  AInOpen’, 0374**  AlnOpen,_; —0.073**  AInOpen’, 0.494**
(3.72) (5.66) (—2.37) (2.60)
AInOpen,_, 0.188*** AInOpen: 4 0.527%** AInOpen,_, —0.067** AInOpen:5 0.464%**
(3.03) (7.51) (=2.11) (9.87)
AlInOpen,_, 0.179%* AInOpen; ; 0.607***  AlnOpen,_; —0.045*  AInOpen’, 0.311%*
(2.66) (7.54) (—1.98) (6.85)
AlInOpen,_; 0.154** AInOpen~  —0.299*% AlInOpen,_, 0.123**  AlnOpen~  —0.145***
(2.42) (—2.03) (3.91) (—8.80)
AlInOpen,_, 0.246*** AInOpenI__I —0.585***  AlnOpen,_s 0.165*** AInOpenI__I 0.661**
(3.60) (—3.88) (4.21) (2.57)
AlInOpen,_s 0.230***  AInOpen_, —0.830*** AlnOpen,_, 0.126***  AInOpen,_, -0.351*
(3.08) (—4.39) (3.05) (~=2.07)
AlInOpen,_g  0.152** AInOpen,_, —0.737*** AlnOpen, ; 0.169***  AlnOpen,_, 0.494**
(2.14) (—3.92) (4.40) (2.86)
AlInOpen,_; 0.221***  AInOpen_,, —0.826*** AlnOpen,_;, 0.095** AInOpen,_, —0.549%**
(3.37) (4.29) (2.71) (—5.07)
AInOpen,_q 0.129** Const 0.408***  AInOpen,_,, 0.033* AInOpen,_, —0.282%**
(2.37) (6.69) (1.98) (—3.58)
AlInOpen,_;, 0.209%*** L1;10pen* —0.583*** Const 0.256%** AInOpent’_” 0.274*
(3.37) (0.004) (7.23) (2.04)
AnOpen,_;; 0.145* Ly, ~0.878"  Lygper 0.124***  Const —4.799%**
(2.11) (0.063) (0.000) (—8.22)
Const —6.484%** R2 0.893 Linopen 0.197** Liyopen —0.972*%
(—4.08) (0.026) (0.010)
Lipopen ~0.559**  Adj.R? 0.764 R? 0.842 R? 0.864
(0.000)
R? 0.851 X2 7.012 Adj.R? 0.796 Adj.R* 0.807
(0.912)
Adj.R? 0.783 Xz, 332 X2 1.491 X2 5.031
(0.865) o (0.220) o (0.241)
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Table 16 (continued) Dependent variable =InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry

Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.

(1 )] (3) (4) (5) (6) (7) (8)

X3, 4.748 X2 or 98.501 X2, 10.62 X2, 8.58
(0.293) (0.000) (0.271) (0.258)

X2, 10.18 - -1815 X2 . 143842 X2 116.014
(0.217) (0.035) (0.000) (0.000)

X2 103514  Fpg 2.150 P —1.284 1y, -2014
(0.000) (0.069) (0.076) (0.083)

trou -3112 W, 0.830 Fpgs 3.087 Fpgs 3.013
(0.005) (0.392) (0.055) (0.021)

Fpgs 5.137 Wes 0.607 W, e 0.143 W 0.046
(0.009) (0.218) (0.115) (0.103)

Similar to those in Table 3

asymmetries and evaluated the impact of negative and positive trade openness on CO, emissions during the period of
1960-2020 using this approach to gauge trade openness.

The results were different for each country. More specifically, there was evidence of short- and long-run symmetry in
Angola, the Democratic Republic of Congo (DRC), Lesotho, Malawi, Mauritius, Seychelles, Zambia and Zimbabwe. This
result is in accordance with those reached by Twerefou et al. [94] and Ling et al. [59]. In contrast, long-run asymmetry was
present in Botswana, Madagascar, Mozambique and Tanzania, while strong evidence of short- and long-run asymmetry
was found in Comoros, Namibia and South Africa, supporting the results reached by Mahmood et al. [62] for the case of
Tunisia, Munir and Riaz [67] for Australia, China and USA and Rahmana et al. [78] for Pakistan.

5.2 Policy implications

These findings have important policy ramifications since they suggest that SADC members with both short- and long-
term asymmetric connections should work to enhance and change their trade policies in order to cut back on carbon
emissions. In this approach, environmental policies that can encourage the manufacturing and trading of eco-friendly
items should be strengthened and modified by policymakers [95, 97, 98]. A "tax or subsidy" policy, for instance, might
be used to penalize the trade in ecologically hazardous goods while encouraging the trade in eco-friendly ones. Along
with offsetting the damaging effects of trade on the environment, adoption of this strategy can speed up the transfer
of green technology to SADC member nations.

Furthermore, the area should develop stronger policies to guarantee that trade openness helps to improve their envi-
ronmental quality because there are many advantages to being open to international goods markets [68, 69]. Therefore,
governments should step up their efforts to encourage foreign investors to use modern, environmentally friendly, and
cleaner technology. In the end, this will make it possible for the area to switch from non-renewable energy sources to
renewable or less carbon-intensive ones, all while maintaining industrial process excellence. The environmental condi-
tion of the area will also be significantly improved by substituting solar electricity for non-renewable energy sources.

Additionally, it is crucial to work together globally to reduce the expanding transboundary environmental deterio-
ration as well as numerous spillover consequences. Considering this, regional leaders and governments should work
effectively to share technologies that can lower carbon emissions with the rest of the globe [69, 98]. In order to make
the transition to cleaner sectors and a low-carbon economy simpler, the SADC member nations should incorporate com-
prehensive environmental chapters into their trade agreement regulations. In the end, this will support the creation of
eco-friendly products and services. Last but not least, other developmental policies could be implemented in conjunction
with trade policy reforms in order to promote long-term value for reducing GHG emissions and continuously support the
development of new technologies that enhance regional environmental quality and safeguard the environment globally.
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Tab.le 17 Full-information . Dependent variable =InCO,,
estimates of both symmetric
ARDL and nonlinear ARDL Model 1 Model 2 Model 3 Model 4
(NARDL) models in Zimbabwe
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(M 2) (3) 4) (5) (6) (7) (8)
InCO,_,  -0299* InCO, ,  -0733*** InCO, , —-0262* InCO, ,  —0.359**
(—2.38) (—4.25) (—2.58) (=243)
InOpen,_;  —0.114**  InOpen’ | —0.195***  InOpen | —0.088**  InOpen,_, —0.292%**
(—2.43) (—3.88) (-2.71) (-362)
AInCO,_;  —0.532**  InOpen,_, —0.474*** InOpen,_, -0.070%**  AInCO,,_; —1.362**
(—2.46) (—4.07) (-6.77) (—3.27)
AInCO,, , —0457* AInCO,_, 0709**  AInCO, , —-0595* AInCO, , —1402**
(—2.48) (2.64) (—2.48) (=2.70)
AInCO,,_, —0707*** AInCO,_; —0523* AInCO,_, —0495* AInCO,_; —1.568%*
(—4.26) (—2.05) (—2.54) (—2.60)
AInCO,_s —0350*  AInCO,_, —1387** AInCO,_, —0688** AInCO,_, —2.177%*
(—2.01) (—5.49) (-3.79) (—3.45)
AInCO,, 4 —0527** AInCO,_s —0905*** AInCO, s —0413*  AlnOpen®  0.162%*
(—2.48) (—3.46) (- 1.98) (4.98)
AInCO,_, —0378%  AlnOpen* —0.153* AInCO,_, —0533** AInOpen’,6 0.793**
(-2.03) (—2.81) (-2.37) (2.78)
AInCO,_g  —0.258%* AInOpen;';1 -0.717***  AInCO,,_, -0.376* AInOpen;';4 —0.208***
(—2.43) (—3.64) (—1.99) (—2.13)
AInCO,, ,, —0347"* AlnOpen’, -0542%* AlnOpen  0080**  AlnOpen’, - 0.490%*
(-3.27) (-=3.43) (2.47) (=2.93)
AInOpen —0.104***  AInOpen’, —0.503*** AlnOpen,_, —0.090%*  AInOpen’, -—0321*
(—4.81) (—3.89) (=2.01) (—2.59)
AInOpen,_; —0.162*  AInOpen’, =—0.226% AlnOpen,_s -0.141%  AInOpen/, - 0.508*
(—2.06) (=2.93) (—1.98) (=1.98)
AlnOpen,_, —0.098*  AInOpen/, —0.203*  AlnOpen,_, —0218*** AInOpen, —0210***
(2.66) (=2.37) (-3.12) (=1.98)
AlInOpen,_; - 0.140% AInOpen~  —0.163**  AInOpen,_s —0.180** AInOpen~  —0.202*
(—1.98) (—2.85) (-2.31) (—2.01)
AInOpen,_, —0215***  AlnOpen,_, —1.040*** AlnOpen,_ —0.254*** AlnOpen,_, 0.717**
(-3.21) (—3.38) (—3.65) (3.79)
AInOpen,_s —0.158*** AlnOpen_, —0.867*** AlnOpen,_; —0.181**  AlInOpen,_, 0.849%**
(=2.25) (—3.86) (=251) (3.84)
AlnOpen,_q —0244*** AInOpen_, - 1229*** AlnOpen,_, —0.152** AInOpen_, 0.806***
(=3.71) (—3.76) (—2.46) (3.22)
AlnOpen,_; —0.161**  AlnOpen”, —1476*** AlnOpen,_,, —0.206** AlnOpen_, 0.928**
(—2.46) (—4.32) (—2.76) (2.42)
AlInOpen, s —0.151**  Const 6.712%*  AlnOpen,_;; —0.131*  AInOpen”, - 0.795%*
(-2.63) (4.06) (-2.03) (-262)
AlInOpen,_;y —0.201%*% Ly 50+ —-0.266**  Const —0.323**  AInOpen,_, -0.392*
(—2.84) (0.038) (2.61) (-1.97)
AInOpen,_j;, =051 Ly ~0.646** Ly 00 -0335*  Const — 8.406***
(—2.85) (0.019) (0.064) (=3.50)
Const —3.117% g2 0915 Linopen- —0267** Ly —0.813%
(-3.31) (0.035) (0.000)
Lipopen ~0381***  AgjR? 0.852 R? 0.746 R? 0.925
(0.000)
R? 0.884 X2 2.457 Adj.R? 0.653 Adj.R? 0.882
(0.117)
Adj.R? 0.810 X2, 6.43 X2 5.126 X2, 2235
(0.740) o (0.722) o (0.134)
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Table 17 (continued) Dependent variable=InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SR and LR NARDL with LR asym- NARDL with SR asym-
asymmetry metry metry

Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.

(1) (2) (3) (4) (5) (6) (7) (8)

X3 10.507 X2 or 1.413 X2, 3.74 X2, 4.52
(0.943) (0.120) (0.463) (0.684)

X2, 3.16 Trom -1010 X2 . 2.790 X2op 1314
(0.501) (0.016) (0.361) (0.280)

X2 or 1.091 Fpgs 2.095 Loy -2418 gy -1.042
(0.281) (0.009) (0.071) (0.083)

trou —4813 W, 0.104 Fpgs 3.030 Fpgs 2.081
(0.000) (0.308) (0.025) (0.015)

Fpgs 6.754 Wee 0.831 W, 0.628 Wee 0.735
(0.004) (0.172) (0.210) (0.201)

Similar to those in Table 3

5.3 Limitations and potential future study directions

In the instance of the SADC area, the current analysis produced strong empirical results, although it has a number of short-
comings that might be taken into account in further research. The limited availability of the data outside of the sample period,
which limits the breadth of the time series analysis used, is one of the investigation’s major limitations. Future research utiliz-
ing other econometric methods or micro-disaggregated pertinent data may focus on other emerging economies. Additional
growth-related elements that were not taken into account in this study, such as institutional quality and natural resources, can
be examined in future research. However, CO, emissions were utilized in this study as an indicator of the state of the environ-
ment. Additional research is required to determine whether consumption-based carbon emissions are a reliable indicator of
ecological harm, or whether other metrics of carbon footprints, such as ground-level gaseous pollutants, sulfur compounds,
volatile organic compounds, hydrocarbons, and unburned hydrocarbons, are more appropriate. The current study uses CO,
emissions as a reflection of environmental deterioration even though they are not the primary cause of ecological pollution.
Future research for the SADC area should investigate this connection by taking into account additional ecological contamination
factors, such as water pollution and hazardous contaminants. By combining time series data with panel estimate techniques,
further research may compare country-specific results to generic panel outputs using far more complicated methodology. This
can assist illuminate the existing evidence by providing a comparison analysis with the findings of this inquiry. Last but not least,
the investigation’s partial consideration of one area is a grave shortcoming. Therefore, for a more comprehensive view, future
research should concentrate on examining the moderating influence of trade openness on environmental quality through eco-
nomic growth, energy consumption, and foreign direct investment in the African panel setting and other regions of the world.
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Appendix

SeeTables 18, 19.

Table 18 Clemente- Innovative outliers Additive outlier

Montanes-Reyes detrended

unit root test T-statistic TB1 TB2 T-statistic TB1 TB2
Panel A: CO, individual information
Angola -4.371 1978 1993 -1.208 1977 1992
Botswana -5.715*% 1993 2008 —2584 1973 1984
Comoros -3.270 1978 1994 -1.693 1992 2008
DRC -2792 1973 1995 —3.841 1977 1995
Lesotho -3.830 1988 1999 -1.300 1987 2002
Madagascar —4.387 1965 1992 -2792 1973 1995
Malawi —5.538* 1993 2008 —-3.860 1978 2008
Mauritius —4.883 1987 1997 -4.113 1986 2008
Mozambique — 7.640% 1993 2008 -1.625 1977 1995
Namibia —2.543 1991 2006 -1514 1992 1996
Seychelles —3.408 1968 1983 -3.324 1980 1998
South Africa —4.443 1980 1999 -3414 1980 1999
Tanzania —4.534 1986 2002 -3.373 1985 2008
Zambia —2.350 1979 1997 —3.583 1981 2008
Zimbabwe —-4.240 1984 1993 —4.065 1966 1996
Panel B: Trade openness individual information
Angola -3.578 1998 2006 -2716 1997 2005
Botswana -3479 1973 1986 —3.753 1973 1985
Comoros -4.899 1978 2008 -6.713 1977 2008
DRC -3.530 1992 2005 — 5.864* 1991 2008
Lesotho —9.504*% 1993 2008 - 6.076% 1992 2004
Madagascar —5.503*% 1992 2008 -1.172 1990 1996
Malawi —-3.837 1992 2000 —1.451 1991 2008
Mauritius —5.503* 1993 2008 —1.945 1984 2008
Mozambique —5.824* 1979 2008 -2.510 1978 1991
Namibia — 6.445* 1978 1988 -3.077 1977 1989
Seychelles —5.937* 1993 1994 -2.092 1973 1997
South Africa -3.899 1987 2008 -3.188 1990 1997
Tanzania —6.183* 1992 2008 —2.547 1989 2008
Zambia —3.407 1992 2002 -0.216 1991 2003
Zimbabwe -3.792 1973 1990 -4.025 1972 1988

@ Springer
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Table 19 Full-information estimates of both symmetric ARDL and nonlinear ARDL (NARDL) models in SADC region
while controlling for structural breaks

Dependent variable=InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SR and LR asymmetry NARDL with LR asymmetry NARDL with SR asymmetry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
(1 () (3) 4) (5) (6) (7) (8)
D1993 -0.015 D1993 —0.021 D1993 -0.014 D1993 —-0.062
(0.98) (1.28) (0.73) (1.42)
D2008 —-0.058 D2008 -0.075 D2008 —0.093 D2008 —0.064
(1.05) (0.68) (1.23) (0.94)
InCO,,_; —0.390** InCO,,_, —0.908*** InCO,,_, — 0.552%** InCO,,_, — 0.546***
(-2.81) (-6.97) (=7.10) (—4.63)
InOpen,_, —0.285%** InOpen;r_1 — 0.530%** InOpentJr_1 0.0771%** InOpen,_,; — 0.405%**
(=3.01) (=5.85) (3.03) (=7.03)
AInCO,,_, —0.853* InOpen,_, 0.798%** InOpen,_, 0.179%** AInCO,,_, —0.117**
(- 1.99) (5.10) (7.03) (-2.83)
AInCO,,_, —1.276%** AInCO,,_, 0.536%** AInCO,,_, 0.915%** AInCO,,_, — 1.195%**
(—3.08) (5.61) (6.63) (-3.93)
AInCO,,_4 —0.985* AInCO,,_, 0.733%** AInCO,,_, 0.783*** AInCO,,_, —0.832***
(- 1.99) (5.71) (3.05) (—4.03)
AInCO,,_, - 1.309** AInCO,, 0.750%** AInCO,,_, 0.504%** AInCO,,_s —1.873%**
(—2.64) (5.91) (3.70) (- 6.02)
AInCO,,_s — 1.573%** AInCO,,_, 0.969%** AInCO,,_s —0.438*** AlInOpen* 0.091**
(-2.72) (5.90) (=2.31) (2.57)
AInCO,,_¢ —0.069*** AInOpen* 0.374%** AInCO,,_¢ — 1.058*** AInOpen;“_I 0.502%**
(-=2.99) (4.73) (- 5.05) (6.65)
AInCO,,_, —0.804*** AInOpen;;1 0.510%** AInCO,,_, — 1.945%** AInOpen:2 0.384***
(-3.26) (5.52) (-5.93) (6.78)
AInCO,,_y 0.154** AInOpenf_2 0.381%** AlInOpen —0.152%** AInOpen:r_3 0.305%**
(2.30) (4.76) (-3.62) (5.86)
AInOpen 0.215%** AInOpen:“_3 0.374%** AInOpen,_, —0.073** AInOpen:'_ 4 0.494%*
(3.72) (5.66) (-237) (2.60)
AlInOpen,_, 0.188%*** AInOpen: 4 0.5271%** AInOpen,_, —0.067** AInOpen;;5 0.464%*%*
(3.03) (7.51) (=2.11) (9.87)
AInOpen,_, 0.179** AInOpenf_ 5 0.607%*** AInOpen,_; —0.045* AInOpen:r_6 0.3171%**
(2.66) (7.54) (—1.98) (6.85)
AlInOpen,_; 0.154** AlInOpen™ —-0.299* AlInOpen,_, 0.123%** AlInOpen™ —0.145%**
(2.42) (-=2.03) (3.91) (—8.80)
AlInOpen,_, 0.246%** AInOpenl__1 — 0.585%** AlInOpen,_s 0.165%** AInOpenl__I 0.661**
(3.60) (—3.88) (4.21) (2.57)
AInOpen,_s 0.230%** AInOpen,_, —0.830%** AInOpen,_ 0.126%** AInOpen,_, -0351*
(3.08) (—4.39) (3.05) (-=2.07)
AInOpen,_g 0.152%* AInOpen,_ —0.737%** AInOpen,_, 0.169%** AInOpen,_, 0.494%*
(2.14) (-3.92) (4.40) (2.86)
AInOpen,_; 0.227%** AInOpen,_, —0.826*** AInOpen,_,, 0.095** AInOpen,_ — 0.549%**
(3.37) (4.29) (2.71) (-5.07)
AInOpen,_q 0.129** Const 0.408*** AInOpen,_,, 0.033* AInOpen,_ —0.282***
(2.37) (6.69) (1.98) (—3.58)
AInOpen,_,, 0.209%** Lyyopent —0.583*** Const 0.256%** AInOpen,_, 0.274*
(3.37) (0.004) (7.23) (2.04)
AlnOpen,_,, 0.145%* Lyopen -0.878* Lyyopen* 0.124% Const — 4.799%%
(2.11) (0.063) (0.000) (-8.22)
Const — 6.484*** R? 0.893 Liopen- 0.197%* Liyopen —0.972%*
(—4.08) (0.026) (0.010)

@ Springer



Research Discover Sustainability (2023) 4:2 | https://doi.org/10.1007/s43621-022-00117-3

Table 19 (continued)

Dependent variable=InCO,,

Model 1 Model 2 Model 3 Model 4
Symmetric ARDL NARDL with SR and LR asymmetry NARDL with LR asymmetry NARDL with SR asymmetry
Var. Coeff. Var. Coeff. Var. Coeff. Var. Coeff.
M ) 3) @ (5 (6) @) )]
Liyy0pen —0.559%** Adj.R? 0.764 R? 0.842 R? 0.864
(0.000)
R? 0.851 X2 7.012 Adj.R? 0.796 Adj.R? 0.807
(0.912)
Adj.R? 0.783 Xz, 3.32 X2 1.491 X2 5.031
(0.865) (0.220) (0.241)
X 4748 X2or 98.501 X2, 10.62 X2, 8.58
(0.293) (0.000) (0.271) (0.258)
Xz 10.18 tspM —-1.815 X2 e 143.842 X2 e 116.014
(0.217) (0.035) (0.000) (0.000)
X2 103.514 Fpgs 2.150 - —1.284 - -2014
(0.000) (0.069) (0.076) (0.083)
tepm -3.112 Wir 0.830 Fpgg 3.087 Fpgg 3.013
(0.005) (0.392) (0.055) (0.021)
Fpgg 5.137(0.009) Wer 0.607 Wir 0.143 Wer 0.046
(0.218) (0.115) (0.103)

Similar to those in Table 3
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