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Abstract: This paper investigates the nexus between trade and environmental sustainability, 
focusing on Asia and Africa, using CO2 emissions as the key variable and testing the moderating 
effects through digital payments, urbanization, and government expenditure. The diagnostic test 
validates the appropriateness of the data. The fixed-effects, random-effects, and GLS estimation 
baselines show that trade growth reduces the emissions of CO2 significantly, especially for countries 
with higher emissions. On the other hand, digital payments and urbanization are significantly and 
positively related to emissions. Government expenditure shows a mixed effect, but its interaction 
with trade is likely to amplify the environmental benefit of trade. Quantile regression presents some 
robustness checks, which provide evidence of the heterogeneity of these effects. While the 
relationship of population and emissions stands out to be statistically significant at higher quantiles, 
the relationship of GDP and inflation does not show any significant or consistent impact. The 
instrumental variables (IV) analysis also ensures that potential omitted variable bias and 
endogeneity issues are addressed. Therefore, the results emphasize the complex interaction between 
economic factors and sustainability. The study has a crucial policy implication, especially for high-
emitting countries, that balances trade, digitalization, and urbanization to achieve sustainable 
development. 

Keywords: CO2; Moderating Effect; Digital Payments; Quantile Regression; Environmental 
Sustainability 

 

1. Introduction 

Fossil fuel combustion is the prime catalyst for economic growth, but this process emits CO2, 
which very strongly contributes to the degradation of the environment. These days, countries in Asia 
and Africa increasingly suffer from the struggle between global warming and sustainable economic 
development. In 1900, over 90 percent of all emissions came either from Europe or the US; as late as 
1950, each emitted over 85 percent yearly. But in recent decades, this has dramatically changed. In 
the second half of the 20th century, there was an explosive increase in the rest of the world, particularly 
across Asia and, most significantly, China [1]. It is imperative to seek to isolate growth in the economy 
from CO2 emissions across Asia and the Pacific, which account for 60% of the world's CO2 emissions 
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[2]. In the meantime, most of the African countries, although not heavily industrialized, still 
experience population growth, and this has increased the energy demand that is mostly satisfied 
through the burning of fossil fuels. More than 50 percent of the top 20 polluters in Africa have shifted 
to more highly carbon-intensive methods [3]. On the economic side, only two countries, South Africa 
and Tanzania, have been able to decouple economic growth from CO2 emissions [4]. 

Trade growth may result in increased transportation and manufacturing, which will eventually 
raise the consumption of natural resources and likely increase CO2 emissions [5, 6]. According to 
scholars [7, 8], digital payments foster financial development that, in turn, helps lower CO2 emissions. 
In Asia, a greater number of transactions are taking place online that foster the growth of the 
manufacturing sector, and it may have a significant impact on emissions. The growing number of 
digital payments lays the pathways for sustainable trade growth in Africa. A study discovered that 
for readily available funding sources, consumers are more likely to make investments and have the 
opportunity to use environmentally friendly energy sources [9]. Digital platforms allow quicker 
interactions between buyers and sellers [10, 11]. The use of digital payments is more widely 
recognized and favored by the legislative and financial institutions [12]. The speed and reliability of 
transaction systems make trade more efficient, which ensures the growth of an economy [13]. 

Urbanization can be a moderating variable in the relationship between trade growth and CO2 
emissions. While the effects of higher population density, infrastructure construction, and 
transportation demand in an urban setup increase energy demand and are CO2- emitting sources. On 
the other hand, it can also facilitate more efficient energy use and access to greener technologies in 
dense areas at a reduced per capita level. Gnangoin et al. [14] noted in their study that, while assessing 
CO2, urbanization may perform as a complementary lever. In another study, Chang et al. [15] 
recorded that the environmental problems are worsening due to economic growth and urbanization. 
Emissions may increase if spending is used to induce industry growth without environmental 
controls. Bulut et al. [16] applied panel cointegration analysis to depict some useful information about 
government spending; as such, they showed that sustainable government spending policies 
contribute to economic growth while causing minimum harm to the environment. 

There are a few studies that examine the accompanying environmental effects, more specifically, 
CO2 emissions. Most of the literature on these issues either investigates the economic benefits of 
digital payments [17, 18] or examines the environmental impacts [19, 20] of trade independently but 
not in an integrated way in a comparative cross-regional context. This study presents new avenues 
through which trade, apart from moderating effects by digital payment, urbanization, and 
government expenditure, potentially influences environmental sustainability. Generally, carbon 
emissions across economies of varying diversity are missing in the existing literature. Therefore, the 
study will act as a bridge to address the substantial knowledge gaps identified among policymakers 
and businesses on how growth in trade, digital payments, urbanization, and government 
expenditure align with environmental goals that foster a more sustainable digital economy. 

The objective of this study will be to analyze trade growth, digital payments, urbanization, 
government expenditure, and CO2 emissions in Asia and Africa, thereby providing an interaction 
and moderating effect of the variables on environmental sustainability. Therefore, this study will 
highlight the trends and discrepancies that may exist; this could help policy analysts, business 
executives, and environmentalists develop appropriate strategies that ensure a balance between trade 
growth and environmental sustainability. Businesses, both new and old, are motivated to succeed by 
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efficient financial systems, and digital payment systems are likely to remain at the heart of future 
economic development [21]. This study tries to fill the knowledge gap through the assessment of the 
dual roles that digital payments, urbanization, and government expenditure have on trade 
facilitation and trade facilitation has on the environment in Asia and Africa.  

The results will be instructive in identifying the extent to which trade growth can impact CO2 
emissions along with the moderating effects of digital payment, urbanization, and government 
expenditure, and, in effect, engender sustainable economic growth. Other determinants, such as 
population growth, educational attainment, inflation, etc., will also be analyzed in the attempt to 
explain the socioeconomic conditions for the adoption of trade growth and its impacts on the 
environment. Such findings might be useful for policymakers, business leaders, and environmental 
activists. It will also give a way forward on how to align the moderating variables with sustainable 
trade practices that will help in the promotion of economic growth while limiting environmental 
harm. It is particularly important in the emerging countries of today since trade is becoming 
fundamental to their economies, and their climate is significantly changing. 

2. Literature Review 

Trade growth and increasing emissions of carbon dioxide are associated with many theories, 
like the "pollution haven hypothesis" as well as the "environmental Kuznets curve." The former 
argues that economies with weaker environmental regulations tend to have more harmful industries, 
whereas the latter supports the theory that emissions surge with economic growth till a certain 
threshold point; thereafter, emissions fall as economies grow. In this way, the moderating influences 
of government expenditure, urbanization, and digital payments balance the trade-environment 
connection, either enhancing or reducing its effects on environmental sustainability. Prior studies 
have led to findings that are not entirely satisfactory for the formulation and implementation of 
appropriate environmental regulations. Each of the categories below may be employed to discuss 
previous empirical research. 

2.1. Trade and Environmental Sustainability 

The relationship between environmental sustainability and trade development is complex and 
multidimensional. Increased trade corresponds to higher energy consumption needed for increased 
production, which will therefore lead to higher CO2 emissions [22]. Dlamini et al. [23] mentioned that 
trade development in the long run negatively influences the environment. A study by Sun et al. [24] 
postulated that trade openness reduces the emission of CO2. Similarly, it was reported by Essandoh 
et al. [25] that trade decreases CO2 emissions in developed nations. Trade has a negligible to zero 
effect on the emission of CO2 in Bangladesh [26]. In addition, two studies conducted by Haug and 
Ucal [27] and Hasanov et al. [28] depicted the uncertain effects of trade on CO2 emissions. These 
conflicting impacts through trade on CO2 emissions do require further investigation. 

There is a bidirectional causal association between trade growth and CO2 emissions [29]. In 
another study, Iorember et al. [30] analyzed African OPEC economies, focusing on the effect of trade, 
income, and energy consumption on environmental sustainability. They fail to draw a clear finding 
about the effect of trade on CO2 emissions. Similar to this study, there are some related articles, 
including [31–36]. Most of their findings are still unclear and focused on the association among 
economic growth, renewable energy consumption, foreign direct investment, industrialization, and 



Shakil Ahmed Sabuz and Nusrat Tasnim / Journal of Risk Analysis and Crisis Response, 2025, 15(2), 315-333  

DOI: https://doi.org/10.54560/jracr.v15i2.598                                                          318 

CO2 emissions. The current study is significantly different from prior studies in terms of scope, area 
of focus, periodicity, and methodology. 

2.2. Digital Payments as A Moderator 

Digital payments refer to all payments using digital resources, including digital currency, mobile 
electronic wallets, online payments, and mobile money transactions [37]. Digital payment is one of 
the main forces driving the rapid growth of trade and the economy. The use of digital payments 
promotes economic expansion [18]. In recent years, the rise of digital finance has substantially 
boosted financial services' availability and affordability, mostly for people who used to be 
economically excluded, thus ensuring a positive effect on economic growth [17]. In a study, Ibrahim 
[38] specifies a positive connection between economic betterment and digital payment. Utilizing the 
fixed effect plus Driscoll-Kraay panel-adjusted estimators [39] found that a surge in digital payments 
has a beneficial impact on economic expansion.  

During an investigation on the nexus between financial inclusion and CO2 emissions, V. L. T. Le 
& Pham [40] stated that digital payments affect CO2 emissions. It increased the efficiency in trade by 
facilitating financial transactions, which in turn also led the higher energy consumption and CO2 
emissions. Mobile payments increase CO2 emissions by encouraging consumer spending [41]. On the 
other hand, digital payments lower CO2 emissions by reducing the production and transportation of 
physical cash. Per capita GDP improves dramatically due to digital financial inclusion, thus reducing 
CO2 emissions [42]. Digital payments moderate the trade-CO₂ emissions relationship in two ways. 
First, it reduces transaction costs and increases access, which can increase trade activities and 
subsequently raise emissions. Secondly, transparency and efficiency in digital transactions encourage 
eco-friendly initiatives and minimize carbon footprints. 

2.3. Urbanization as A Moderator  

Urbanization reshapes the production, consumption, and transportation patterns; thus, it 
significantly influences trade growth. Urbanization can affect the patterns of trade since it changes 
the relative concentration of production factors in an economy and therefore enlarges, or even 
reverses, what is normally predicted by the model of factor abundance [43]. In a study, Surec & 
Katircioğlu [44] found a significant positive association between urbanization and trade growth. In 
another study, Thia [45] stated that trade opportunities and the service sector develop with increased 
urbanization. In Asia, there is an adverse association between urbanization and trade between nations, 
especially for non-grain sectors [46].  

Urbanization is also an important moderator between trade growth and environmental 
sustainability relationships. In a study, Mignamissi & Djeufack [47] investigated the effect of 
urbanization on environmental pollution and concluded that in African countries from the year 1980 
to 2016, urban populations were the key emitter of greenhouse gases. Applying a panel study in Sub-
Saharan Africa (SSA) over the period from 1984 to 2016, Salahuddin et al. [48] identified the urban 
population as a key determinant of environmental pollution. Anwar et al. [49] noticed a long-term 
correlation between urbanization and CO2 emissions in Asia, but Sufyanullah et al. [50] reported a 
short-term, unilateral connection. The detrimental environmental impacts associated with trade 
development may be reduced or increased via urbanization. 
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2.4. Government Spending as A Moderator 

Government spending may act as a key catalyst for trade growth. It can increase trade through 
basic investment in infrastructure and innovation for doing business. Investments that emphasize 
growth in industries over sustainability issues will boost CO2 emissions. Empirical studies indicate 
that due to increased government spending, exchange rate changes have a separate impact on exports 
and imports. Both the Eurozone and Turkey have shown an upward association between higher 
expenditures by governments and greater imports [51, 52]. According to Mushtaq et al. [53]., 
government expenditure has the potential to substantially foster economic growth, which in turn 
stimulates exports. Domestic biases increase due to government procurement policies that stimulate 
trade [54].  

Government spending is one of the main causes of CO2 emissions, and its impact depends on 
the pattern of resource allocation. Spending on clean energy projects, energy efficiency, and 
environmental protection can reduce CO2 directly by supporting environmentally friendly practices 
and technologies. In their research, Hazem et al. [55] and Oh [56] find that government spending has 
an immediate negative impact on the release of CO2 emissions. In another study, Bouchoucha et al. 
[57] stated that fiscal spending connects with renewable as well as non-renewable energy sources and 
can reduce carbon dioxide emissions. Mukherjee and Chakraborty [58] claim that increased CO2 

emissions could result from subsidies that promote industrial development. Similar to this, H. P. Le 
& Ozturk [59] concluded that governmental expenditure can increase CO2 emissions because it 
promotes economic activity that needs greater consumption of energy. 

Overall, the above literature suggests that the debate on the relationship between trade growth 
and environmental sustainability is still unclear. Therefore, the current study aims to explore the 
impact of trade growth on CO2 emissions and the moderating effect of digital payments, urbanization, 
and government spending on this association.  

3. Methodology 

3.1. Data 

Table 1. Data and Sources. 

Variables Measurement Sources 
Dependent   
CO2 Natural log of CO2 emission (Mt CO2/yr) EDGAR 
Independent   
Trade Trade (% of GDP) WDI 
DP Natural log of digital payments (Billion $)  Statista 
Urb Urban population (% of total population) WDI 
GE General government final consumption expenditure (% of GDP) WDI 
GDP GDP growth (annual%) WDI 
Pop Population growth (annual%) WDI 
Inf Inflation, consumer prices (annual%) WDI 
Exg Official exchange rate (LCU per US$, period average) WDI 

The paper employed a balanced panel dataset from 2017 to 2023. A total of 50 countries are taken 
into consideration for analysis, including 25 from Asia and 25 from Africa, representing 



Shakil Ahmed Sabuz and Nusrat Tasnim / Journal of Risk Analysis and Crisis Response, 2025, 15(2), 315-333  

DOI: https://doi.org/10.54560/jracr.v15i2.598                                                          320 

heterogeneous economic and demographic contexts. CO2 emission is the dependent variable and is 
used as a proxy for environmental sustainability, the data was taken from the Emissions Database for 
Global Atmospheric Research (EDGAR).  

The independent variables include trade, urbanization (Urb), and government expenditure (GE); 
all the data are from the World Development Indicators (WDI). Another explanatory variable is 
digital payment (DP) in billion U.S. dollars, which is obtained from Statista and includes both digital 
commerce (online payments for goods and services) and mobile payments. Besides, the study 
considered GDP growth, population growth, inflation growth, and exchange rate. These data are also 
from WDI. In such a way, the current study analyzes how socioeconomic and environmental drivers 
of CO2 vary both in time and across regions. 

3.2. Method and Models 

Initially, to check multicollinearity, a Pearson correlation matrix and variance inflation factor are 
conducted, and for stationarity, it utilizes the Levin-Lin-Chu unit root test. In the baseline model 
estimation, the paper estimates random effects, fixed effects, and generalized least squares panel 
regression models to take care of the cross-country and time-series variations in the CO2 emissions. 
The moderating effects are explored by introducing the interaction terms among the variables into 
the models. In addition, for robustness, quantile regression across the 10th to 90th percentile is 
deployed, which captures the effects that may vary at higher and lower levels of emissions. The 
following baseline models are used to identify the impact of trade growth on environmental 
sustainability, along with other independent variables. 

 
𝐶𝑂ଶ௜௧ = 𝛽଴ + ෍ 𝛽௞
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The following models are used to identify the moderating effect of digital payments, 
urbanization, and government expenditure,  
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To ensure the baseline relationship and for robust findings the following quantile regression 
models are used,  
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Q୘(COଶ୧୲) = β୘,଴ + ෍ β୘,୩

଼

୩ୀଵ

X୩,୧୲ + ϵ୘,୧୲ 
 

      (7) 

With a moderating effect; 
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      (8) 

where, 
𝐶𝑂ଶ௜௧ : Dependent variable (CO2 emissions for country i at time t) 

𝑋௞,௜௧ : Independent variables (k=1, 2, …,8) 

𝑀௝,௜௧ : Moderating variables (j=1,2,3) 

𝛽଴, 𝛽௞ : Intercept and coefficients of independent variables, respectively 

γ௝ : Coefficients of moderating variables 

𝛼௜ : Fixed effect for country i (used in FE models) 

𝜇௜ : Random effect for country i (used in RE models) 

ϵ௜௧ : Error term 

T : Quantile level (T = 0.1, 0.2, …, 0.9) 

To address potential endogeneity, the following instrumental variable regression models are 
used, where endogenous regressors are instrumented using appropriate lagged instruments. 

COଶ୧୲ = β଴ + ෍ β୩

଼
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                                    (9) 

With a moderating effect; 

      COଶ୧୲ = β଴ + ෍ β୩

ଵଵ

୩ୀଵ

X୩,୧୲ + ϵ୧୲ 
 

(10) 

These models offer an inclusive framework through which the impacts of both direct and 
moderating influences of CO2 emissions could be analyzed while allowing for possible heterogeneity 
across countries and time. Additionally, the estimation has gone through robustness checks and 
diagnostic tests for reliable and valid empirical results. 

4. Research Result Analysis 

4.1. Descriptive Statistics, Correlation Matrix and Unit Root Tests 

Table 2 provides the descriptive statistics that demonstrate the variability and key insights, and 
provides the stages for analyzing their interconnected dynamics. 

For clarification and to reveal the relationship between trade and environmental sustainability, 
it is mandatory to analyze the variability and distribution of the key variables. Diversity in 
environmental sustainability is demonstrated in the mean of the dependent variable (CO2 emissions), 
which is 3.731. In addition, evaluating the environmental impact of trade (mean 28.731% of GDP) is 
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crucial. Urbanization and digital payments, at a mean of 56.358% and 1.423, respectively, reflect 
varied levels of adoption that might influence the trade-environment relationship. Government 
expenditure, at a mean of 14.763% of GDP, reflects fiscal planning concerning sustainability. The 
mean value of population growth (2.006%) along with exchange rate variation with a mean value of 
93.715, additionally contextualizes the sample set with sustainability. On the other hand, economic 
variability is illustrated through GDP growth at a mean of 2.805% and inflation at 11.742%. Thus, the 
statistics frame the investigation of the trade effect on environmental sustainability and the 
moderating effects, showing diversity in trade, government expenditure, and digital payments. 

Table 2. Descriptive Statistics. 

Variables Obs Mean Std. Dev. Min Max 

CO2 350 3.731 2.058 -.655 9.451 

Trade 350 28.731 18.079 2.21 32.98 

DP 350 1.423 1.821 -2.303 8.1 

Urb 350 56.358 23.631 12.71 100 

GE 350 14.763 5.939 2.36 36.14 

GDP 350 2.805 3.787 -12.05 11.92 

Pop 350 2.006 3.269 -4.17 34.24 

Inf 350 11.742 29.998 -2.81 59.09 

Exg 350 93.715 101.207 0.3 120 

Table 3. Correlation Matrix and VIF. 

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) VIF 

(1) CO2 1.000          

(2) Trade 0.016 1.000        1.67 

 (0.763)          

(3) DP 0.903*** 0.033 1.000       1.39 

 (0.000) (0.542)         

(4) Urb 0.404*** 0.556*** 0.323*** 1.000      2.12 

 (0.000) (0.000) (0.000)        

(5) GE -0.069 0.091* -0.113** 0.298*** 1.000     1.39 

 (0.199) (0.088) (0.035) (0.000)       

(6) GDP 0.000 -0.057 0.025 -0.160*** -0.274*** 1.000    1.13 

 (0.995) (0.284) (0.643) (0.006) (0.000)      

(7) Pop -0.205*** -0.106** -0.213*** 0.003 -0.120** -0.002 1.000   1.16 

 (0.000) (0.047) (0.000) (0.956) (0.025) (0.970)     

(8) Inf -0.034 -0.144*** -0.047 -0.033 -0.189*** -0.163*** 0.170*** 1.000  1.16 

 (0.526) (0.007) (0.384) (0.565) (0.000) (0.002) (0.001)    

(9) Exg 0.096* -0.032 0.002 0.014 0.007 -0.033 -0.013 0.033 1.000 1.00 

 (0.096) (0.580) (0.971) (0.803) (0.907) (0.575) (0.820) (0.567)   

Note(s): p values in parentheses, *** p<0.01, ** p<0.05, * p<0.1. 

The correlation matrix (Table 3) shows a significant relationship among the key explanatory 
variables and helps to simplify the dynamics between trade growth and environmental sustainability. 
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The result indicates that the direct impact of trade growth on CO2 emissions is limited. The CO2 
emission positively and significantly correlates with digital payments of 0.903, p < 0.01, and 
urbanization of 0.404, p < 0.01, showing their threats to environmental sustainability. Trade is 
positively and moderately correlated with urbanization at 0.556, p < 0.01. The CO2 negatively 
correlates with population growth of -0.205, p < 0.01, and government expenditure with the GDP 
growth of -0.274, p < 0.01. The variance inflation factor (VIF) values for all the variables are below the 
threshold value of 5, and they range from 1.00 to 2.12. Among the variables, the highest VIF is for 
urbanization, but it is still within the acceptable range. Thus, the findings show that there is no issue 
of multicollinearity, hence a robust analysis. The findings significantly capture the trade 
environmental dynamics and the moderating effect of the sustainable development policies. 

Table 4 demonstrates the Levin, Lin, and Chu (LLC) unit root test analysis. Stationarity is 
essential because non-stationarity can lead to misleading regression results. The null hypothesis 
specifies that the variable has a unit root, while the alternative hypothesis suggests the variable does 
not contain a unit root, hence stationary. The test statistics and p-values provide evidence against the 
null hypothesis of a unit root. The unit root testing validates that every variable is stationary, 
confirming analysis of regression is not spurious. Among the variables, CO2, trade, digital payments, 
spending by governments, GDP growth, increases in population, and inflation are all significant at p 
< 0.01, and nearly all of the indicators are stationary in their level form. However, the currency 
exchange rate is stationary after first differencing, whereas urbanization is stationary in lag 
transformation. These findings support the suitability of the variables for the study of trade-
environment dynamics and their moderating effect.  

Table 4. Unit Root Test (LLC). 

Variables Transformation Test Statistic P Value Stationary 

CO2 No -22.8069 0.000 Yes 

Trade No -67.0903 0.000 Yes 

DP No -11.1712 0.000 Yes 

Urb Lagged -40.032 0.000 Yes 

GE No -13.8119 0.000 Yes 

GDP No -9.8642 0.000 Yes 

Pop No -15.1288 0.000 Yes 

Inf No -8.6531 0.000 Yes 

Exg First difference -18.8096 0.000 Yes 

Note(s): LLC: Levin, Lin, and Chu. 

4.2. Analysis and Discussion 

4.2.1. Regression Output 

The regression results (Table 5) reflect mixed relationships of the independent variables with 
CO2 emissions (used as a proxy for environmental sustainability) without considering the moderating 
effects. Trade has a significant negative association with CO2 emissions in our GLS model (coefficient 
= -0.0028, p-value = 0.006), which implies that trade growth has a beneficial impact on the 
environment as it reduces CO2 emissions. The fact may be for greener trade practices and 
improvement in technology. Digital payment (DP) is significantly and positively related to CO2 
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emissions, especially in GLS at p-value < 0.001, showing that increased digitalization might be one of 
the reasons for increased emissions, possibly due to higher energy consumption in digital 
infrastructure. It can be observed that the GLS model represents urbanization (Urb) very positively 
(coefficient = 0.0207, p-value < 0.001), hence confirming that urbanization is usually accompanied by 
environmental degradation due to increased resource use and emissions. Government expenditure 
(GE) showed a significant negative connection in the GLS model (coefficient = -0.0297, p-value < 0.001), 
confirming that fiscal policies may positively affect environmental sustainability.  

Table 5. RE, FE and GLS Regression. 

Variables Random Effects (1) Fixed Effects (2) GLS (3) 

Trade 0.0001 
(0.0007) 

0.0008* 
(0.0005) 

-0.0028*** 
(0.0010) 

DP 0.0327* 
(0.0170) 

0.0478*** 
(0.0162) 

0.8466*** 
(0.0245) 

Urb 0.0153*** 
(0.0055) 

-0.0069 
(0.0069) 

0.0207*** 
(0.0021) 

GE 0.0008 
(0.0034) 

0.0021 
(0.0024) 

-0.0297*** 
(0.0045) 

GDP 0.0044*** 
(0.0016) 

0.0045*** 
(0.0011) 

0.0019 
(0.0022) 

Pop -0.0000 
(0.0027) 

0.0009 
(0.0019) 

-0.0072 
(0.0085) 

Inf -0.0003 
(0.0003) 

-0.0001 
(0.0002) 

-0.0003 
(0.0008) 

Exg 0.0000 
(0.0000) 

0.0000 
(0.0000) 

0.0001*** 
(0.0000) 

Constant 2.8007*** 
(0.3279) 

3.9504*** 
(0.3723) 

2.2635*** 
(0.1096) 

R2 0.2656 0.0064  

Significance Wald chi2(8) = 42.64 F (8,242) = 5.32 Wald chi2(8) = 3430.13 

Prob > chi2 = 0.0000 Prob>F= 0.0000 Prob > chi2 = 0.0000 

Hausman Test chi2(8) = 15.87   

Prob > chi2 = 0.0443   

BPLM test chi2(01) = 399.27    

Prob > chi2 = 0.0000    

Modified 
Wald test 

 chi2(50) = 1500.05   

 Prob > chi2 = 0.0000   

Wooldridge 
test 

F (1,49) = 35.344   

Prob > F =0.0000   

Note(s): BPLM: Breusch-Pagan Lagrange Multiplier Test. Standard errors in parentheses, *** p<0.01, ** p<0.05, * 
p<0.1. 

On the other hand, variables like GDP, population, inflation, and exchange rate are showing 
little to no significant association with CO2 emissions, suggesting that these variables are minor 
drivers of environmental sustainability. Hausman test analysis supports the fixed effect model, so 
unobserved individual effects are associated with the regressors. The modified Wald test, the BPLM 



Shakil Ahmed Sabuz and Nusrat Tasnim / Journal of Risk Analysis and Crisis Response, 2025, 15(2), 315-333  

DOI: https://doi.org/10.54560/jracr.v15i2.598                                                          325 

test, and the Wooldridge test indicate the presence of heteroskedasticity and autocorrelation, which 
indicates that the GLS regression model is superior for addressing these issues and making robust 
results. 

Table 6. RE, FE and GLS Regression with Moderating Effects. 

Variables Random Effects (4) Fixed Effects (5) GLS (6) 

Trade -0.0014 
(0.0024) 

-0.0012 
(0.0017) 

0.0014 
(0.0034) 

DP 0.0584** 
(0.0239) 

0.0739*** 
(0.0209) 

0.9368*** 
(0.0379) 

Urb 0.0135** 
(0.0059) 

-0.0107 
(0.0071) 

0.0194*** 
(0.0026) 

GE -0.0011 
(0.0058) 

-0.0008 
(0.0041) 

-0.0235** 
(0.0108) 

Trade.DP -0.0003 
(0.0002) 

-0.0003* 
(0.0002) 

-0.0010** 
(0.0004) 

Trade.Urb 0.0000 
(0.0000) 

0.0000 
(0.0000) 

-0.0000** 
(0.0000) 

Trade.GE 0.0000 
(0.0000) 

0.0000 
(0.0000) 

0.0001 
(0.0001) 

GDP 0.0048*** 
(0.0016) 

0.0049*** 
(0.0011) 

0.0039* 
(0.0023) 

Pop 0.0002 
(0.0028) 

0.0012 
(0.0019) 

-0.0141* 
(0.0080) 

Inf -0.0003 
(0.0003) 

-0.0001 
(0.0002) 

-0.0014 
(0.0009) 

Exg 0.0000 
(0.0000) 

0.0000 
(0.0000) 

0.0001*** 
(0.0000) 

Constant 2.9010*** 
(0.3553) 

4.1767*** 
(0.3869) 

2.0726*** 
(0.2060) 

R2 0.2883 0.0001  

Significance Wald chi2(8) = 45.57 F (11,239) = 4.45 Wald chi2(11) = 2349.77 

Prob > chi2 = 0.0000 Prob>F= 0.0000 Prob > chi2 = 0.0000 

Hausman Test chi2(8) = 16.72   

Prob > chi2 = 0.1163   

BPLM test chi2(01) = 359.38    

Prob > chi2 = 0.0000    

Modified 
Wald test 

 chi2(50) = 22469.65   

 Prob > chi2 = 0.0000   

Wooldridge 
test 

F (1,49) = 32.731   

Prob > F = 0.0000   

Note(s): BPLM: Breusch-Pagan Lagrange Multiplier Test. Standard errors in parentheses, *** p<0.01, ** p<0.05, * 
p<0.1. 

The results (Table 6) provide valuable insight about the relationship between trade growth and 
environmental sustainability, also showing the moderated effects of digital payments, urbanization, 
and government expenditure. From the result, we found that trade has inconsistency across different 



Shakil Ahmed Sabuz and Nusrat Tasnim / Journal of Risk Analysis and Crisis Response, 2025, 15(2), 315-333  

DOI: https://doi.org/10.54560/jracr.v15i2.598                                                          326 

models (insignificant negative in the FE, RE model but insignificant positive in the GLS model), 
implying that trade alone has no direct impact on environmental sustainability. 

Digital payment, as well as urbanization, consistently exhibit significant and positive effects on 
CO2 emissions, specifically in the GLS model (coefficient = 0.9368, p < 0.001 for DP and coefficient = 
0.0194, p < 0.001 for Urb). Contrary to that, government expenditure is found to be significantly and 
negatively associated with CO2 emissions, suggesting that sustainable investment can be beneficial 
for the environment. Although the moderating effect of government expenditure (Trade.GE) is not 
significant in the models. The moderating effect of digital payment and urbanization (Trade.DP and 
Trade.Urb) both have a significant negative association with CO2 emissions, implying both moderate 
the trade environment dynamics significantly. The diagnostic tests confirm the presence of 
heteroskedasticity and autocorrelation. Thus, again, the GLS model ensures robust findings. 

4.2.2. Robustness Check 

Table 7. Quantile Regression (7). 

Variables 

 

Lower Order Middle Order Upper Order 

10th 20th 30th 40th 50th 60th 70th 80th   90th  

Trade -0.0017 -0.0038* -0.006*** -0.005*** -0.005*** -0.0064*** -0.007*** -0.009*** -0.0100*** 

 (0.0025) (0.0021) (0.0017) (0.0016) (0.0016) (0.0018) (0.0016) (0.0015) (0.0015) 

DP 0.960*** 0.950*** 0.893*** 0.923*** 0.948*** 0.925*** 0.945*** 0.919*** 0.914*** 

 (0.0622) (0.0534) (0.0419) (0.0404) (0.0408) (0.0454) (0.0392) (0.0379) (0.0383) 

Urb 0.0121** 0.019*** 0.0241*** 0.0211*** 0.0187*** 0.0212*** 0.0237*** 0.0284*** 0.0260*** 

 (0.0058) (0.0050) (0.0039) (0.0038) (0.0038) (0.0042) (0.0036) (0.0035) (0.0036) 

GE -0.0075 -0.0058 -0.0229* -0.0207* -0.0146 -0.0232* -0.0209* -0.037*** -0.0364*** 

 (0.0186) (0.0160) (0.0125) (0.0121) (0.0122) (0.0136) (0.0117) (0.0114) (0.0115) 

GDP -0.0183 -0.0107 -0.0047 -0.0151 -0.0103 -0.0087 0.0085 0.0013 -0.0089 

 (0.0258) (0.0222) (0.0174) (0.0168) (0.0169) (0.0188) (0.0163) (0.0158) (0.0159) 

Pop -0.0199 -0.0020 -0.0223 -0.0224 -0.0364* -0.0293 -0.0421** -0.0422** -0.0486*** 

 (0.0302) (0.0259) (0.0203) (0.0196) (0.0198) (0.0220) (0.0190) (0.0184) (0.0186) 

Inf 0.0011 -0.0016 -0.0042** -0.0023 -0.0001 0.00063 0.0003 -0.0008 -0.0004 

 (0.0031) (0.0027) (0.0021) (0.0021) (0.0021) (0.0023) (0.0020) (0.0019) (0.0019) 

Exg 0.0004** 0.0003* 0.0003** 0.0002** 0.0002* 0.0007*** 0.0005*** 0.0005*** 0.0005*** 

 (0.0002) (0.0002) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0002) (0.0002) 

Constant 0.795** 0.922*** 1.533*** 1.722*** 1.956*** 2.188*** 2.318*** 2.724*** 3.195*** 

 (0.373) (0.320) (0.251) (0.242) (0.244) (0.272) (0.235) (0.227) (0.230) 

Obs 300 300 300 300 300 300 300 300 300 

Note(s): Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. 

The quantile regression analysis (Table 7) brings out the differential impact of the key variables 
on environmental sustainability across quantiles. Trade shows an increasingly negative relationship 
with emissions, starting to be significant from the 30th percentile onward, which indicates that trade 
growth is beneficial for sustainability more in high-emission countries. Emissions and digital 
payments have always shown a positive and significant relationship. This may indicate that with 
more implications of the digital revolution, the higher the resultant emissions. The coefficient of 
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urbanization has consistently shown a positive and much higher magnitude in almost all the 
quantiles, showing that as growth becomes more comprehensive, it deteriorates environmental 
sustainability. Government expenditure is mixed but was positive and statistically significant at high 
quantiles; hence, it has the potential for the attainment of sustainability in countries where emissions 
have risen. The table shows that among the other results, GDP, population, and inflation reveal 
varying impacts at high quantiles, while the state of GDP and inflation reveals a weak or nil impact. 
Consequently, this will make policy intervene in high-emission countries, where the effects of trade, 
urbanization, and government spending are significant, to enhance prospects for environmental 
sustainability. 

Note(s): Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. 

Quantile regression analysis with moderating effects (Table 8) largely confirms the results from 
the baseline model. Trade consistently shows a negative effect on CO2 emissions, which is significant 
across all quantiles, similar to the baseline model, thus proving that trade growth is supportive of 

Table 8. Quantile Regression with Moderating Effects (8). 

Variables Lower Order Middle Order Upper Order 

10th 20th 30th 40th 50th 60th 70th 80th   90th  

Trade -0.041*** -0.044*** -0.037*** -0.029*** -0.026*** -0.018* -0.004 -0.004 0.003 

 (0.0114) (0.0106) (0.0091) (0.0092) (0.0089) (0.0093) (0.0095) (0.0084) (0.0083) 

DP 1.008*** 0.851*** 0.882*** 0.880*** 0.904*** 0.921*** 1.020*** 0.929*** 0.985*** 

 (0.111) (0.103) (0.0892) (0.0891) (0.0862) (0.0905) (0.0928) (0.0820) (0.0805) 

Urb 0.0016 0.0084 0.0104* 0.0131** 0.0110** 0.017*** 0.0207*** 0.0297*** 0.0330*** 

 (0.0067) (0.0062) (0.0054) (0.0054) (0.0052) (0.0055) (0.0057) (0.0050) (0.0049) 

GE -0.094*** -0.112*** -0.106*** -0.083*** -0.078*** -0.066*** -0.0344 -0.0504** -0.0405* 

 (0.0311) (0.0288) (0.0250) (0.0250) (0.0242) (0.0254) (0.0260) (0.0230) (0.0226) 

Trade.DP 0.0002 0.0029* 0.0014 0.0008 0.0011 0.0005 -0.0008 -0.0003 -0.0010 

 (0.00174 (0.00161 (0.0014) (0.0014) (0.0013) (0.0014) (0.0014) (0.0012) (0.0012) 

Trade.Urb 0.0002** 0.0001 0.0001* 0.0001 0.0001 0.00001 -0.00003 -0.00006 -0.00009 

 (-0.0009) (-0.0001) (-0.0001) (-0.0007) (-0.0001) (-0.0001) (-0.0008) (-0.0006) (-0.0007) 

Trade.GE 0.0016*** 0.002*** 0.002*** 0.0011*** 0.0011*** 0.0008** 0.0002 0.00013 -0.0002 

 (0.0004) (0.0004) (0.0004) (0.00036) (0.0003) (0.0004) (0.00038) (0.00033) (0.00033) 

GDP -0.0101 -0.00828 -0.00295 -0.0105 -0.0116 -0.0110 0.0129 0.00314 -0.0187 

 (0.0208) (0.0193) (0.0168) (0.0168) (0.0162) (0.0170) (0.0175) (0.0154) (0.0151) 

Pop 0.0170 -0.00168 -0.0138 -0.0185 -0.0201 -0.0229 -0.0339 -0.0400** -0.050*** 

 (0.0246) (0.0228) (0.0198) (0.0198) (0.0191) (0.0201) (0.0206) (0.0182) (0.0179) 

Inf 0.0026 0.00014 0.0017 -0.00030 0.00035 0.00051 0.00141 -0.00033 0.00166 

 (0.00261) (0.0024) (0.0021) (0.00210) (0.00203) (0.0021) (0.00219) (0.00194) (0.00190) 

Exg 0.00039** 0.0003** 0.0003** 0.00027** 0.0002** 0.0016*** 0.0005*** 0.0006*** 0.0004*** 

 (0.00015) (0.0002) (0.0002) (0.00012) (0.00012) (0.0012) (0.00013) (0.00011) (0.00011) 

Constant 2.600*** 3.277*** 3.214*** 3.080*** 3.195*** 2.878*** 2.281*** 2.606*** 2.587*** 

 (0.646) (0.598) (0.520) (0.519) (0.502) (0.527) (0.541) (0.478) (0.469) 

Obs 300 300 300 300 300 300 300 300 300 
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sustainability, especially for high-emitting countries. The moderating role of digital payments also 
supports baseline findings, where higher digitalization contributes to emissions growth, which is also 
tempered by trade at low quantiles. Urbanization reinforces emissions growth as well, and its 
magnitude grows stronger for the higher quantiles, a situation that supports what was obtained from 
the baseline model. 

The interaction between (Trade.Urb) and the influence of government expenditure further 
reinforces the conclusions of the baseline model by showing that government spending is so 
important in high-emission countries to address CO2 emissions. All in all, the moderating effects add 
to the robustness of the baseline model and confirm that trade, urbanization, and government 
expenditure play an indispensable role in environmental sustainability. 

4.2.3. Instrumental Variables (IV) Estimation 

Table 9. Instrumental Variables (IV) Regression (2SLS). 

Variables Coefficient (9) Coefficient (10) 

Trade -0.0054*** 
(0.0011) 

-0.0269* 
(0.0141) 

DP 0.9552*** 
(0.0381) 

0.9573*** 
(0.0735) 

Urb 0.0194*** 
(0.0032) 

0.0129*** 
(0.0050) 

GE -0.0118 
(0.0093) 

-0.0714*** 
(0.0269) 

Trade.DP  0.0004 
(0.0011) 

Trade.Urb  0.0000 
(0.0000) 

Trade.GE  0.0010** 
(0.0004) 

GDP -0.0119 
(0.0113) 

-0.0112 
(0.0115) 

Pop -0.0360*** 
(0.0105) 

-0.0257*** 
(0.0097) 

Inf 0.0001 
(0.0014) 

0.0004 
(0.0013) 

Exg 0.0011*** 
(0.0003) 

0.0013*** 
(0.0003) 

Constant 1.6971*** 
(0.1853) 

2.8434*** 
(0.7131) 

R2 0.8526 0.8621 

Significance  
(First-Stage F-statistic) 

Wald chi2(8) = 1451.54 
Prob > chi2 = 0.0000 

Wald chi2(8) = 1606.04 
Prob > chi2 = 0.0000 

Shea’s Partial R-squared: 

 Trade 0.9491 0.2471 

 DP 0.9511 0.7761 

 Urb 0.9796 0.6996 

Endogeneity Test chi2 (3) = 15.96 (p = 0.001) 
F (3,238) = 7.90 (p = 0.000) 

chi2 (3) = 17.58 (p = 0.000) 
F (3,235) = 7.92 (p = 0.000) 

Note(s): Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. 
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Instrumental variables estimation (Table 9) provides a comprehensive analysis and deeper 
insights into the relationship among the variables in our analysis. The value of Shea’s partial R-
squared in the first stage IV analysis provides strong evidence that the instrument is strong and 
relevant. In both models, the significant F statistics suggest the use of this instrument. The variability 
in the coefficient value across the variables implies that there may be other factors that can alter the 
trade environment nexus. The endogeneity test further confirms the validity of IV and ensures that 
potential omitted variable bias is addressed. The findings are also consistent with our baseline as well 
as our robustness model. This consistency further ensures the robustness of our analysis and findings. 

5. Conclusion 

The findings confirm that trade growth significantly reduces the level of CO2 emissions in the 
Asian and African regions, especially in highly emitting countries, hence its contribution to 
increasing environmental sustainability. This outcome is consistent across the baseline model as well 
as quantile regression estimation, hence adding to the robustness of the analysis. More interesting 
insights from moderating effects show that although digital payments have a direct positive impact 
on emissions, at lower quantiles, the interaction between (Trade.DP) reduces such impact; that is, 
trade could offset part of the environmental costs brought about by digitalization. Urbanization also 
presents an increasing impact along all quantiles, with higher impacts for higher emission levels, and 
reflects the challenges in terms of sustainability that rapid urban growth brings with it. Government 
expenditure has a direct emission-reducing effect at lower quantiles but mixed effects at higher 
quantiles. The interaction between trade and government expenditure (Trade.GE) points to the 
potential of fiscal measures in leveraging the environmental sustainability of trade growth, especially 
in high-emission countries. The results are closely aligned in both the baseline and quantile analyses, 
hence robust, and underline the need for targeted policies that balance trade, digitalization, and 
urbanization to attain sustainability. Further, the IV analysis addressed the potential omitted 
variables bias and endogeneity issue.  

These results provide critical implications for policymakers to achieve sustainable development. 
The government should reduce trade barriers to promote free trade across boarder. Policymakers 
need to promote environmentally friendly technology and goods. Their proposed and implemented 
investment priority should be based on green logistics. They should also use trade strategically as a 
means for the mitigation of emissions while responding to the environmental consequences of 
digitalization and urbanization. The findings of this study detail real-life pathways to integrate 
economic growth with environmental sustainability and, therefore, feed into global efforts toward 
mitigating climate change. 

The study is, however, limited to the data accuracy as collected from secondary sources. Long-
term implications of such moderators as digitalization and urbanization are also yet to be realized. 
Future studies may also conduct in-depth sub-regional analysis, and the studies might engage in 
more dynamic models or add further variables to obtain more accurate perceptions about sustainable 
outcomes.  
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