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In recent years, information and communication technology (ICT) is used in every sphere of life, from business to services, education to culture, infrastructure to transportation, and art to entertainment. The current study aims to assess the impact of ICT, economic growth, and globalization on CO2 emission in the context of Pakistan. For empirical estimation, the current study applied an innovative methodological approach called generalized linear model (GLM) and robust least square (ROBUSTLS) technique for the years 1990–2019. The key finding of this study shows that economic growth has a positive and significant effect on CO2 emission, which confirm that economic growth accelerates the rate of CO2 emission, while the study also reveals that ICT usage (more specifically ICT-internet and ICT-mobilesubscription) has a negative but significant effect on CO2 emission, which confirms that the usage of ICT (more specifically ICT-internet and ICT-mobile subscription) does not contribute positively to CO2 emission. Furthermore, the coefficient of globalization has a positive and significant effect on the CO2 emission, which confirms that globalization accelerates the CO2 emission in the country. Also, the results indicate that ICT usage (more specifically ICT-internet and ICT-mobile subscription) could boost economic growth and mitigate climate change. Based on the policy perspective, the government of Pakistan needs to strategically focus on the ICT sector and more specifically on technological innovations to promote sustainable economic growth in the country.
Keywords: carbon neutrality, information and communication technology, economic growth, economic globalization, Pakistan
1 INTRODUCTION
Today in the modern era of globalization, it is well-documented that information and communication technology (ICT) has wide-ranging impacts on key global systems and plays a key role in terms of both socioeconomic and cultural activities (Zhang and Liu, 2015; Salahuddin et al., 2016). Like other innovations, the development of ICT reshaped the modern world and revolutionized many sectors including the industrial sector through structural changes (Park et al., 2018). ICT can have both positive and negative impacts on the environment. ICT is considered a leading growth enabler in countries that have realized its importance (Iqbal et al., 2019a). However, at the same time, ICT infrastructure has put significant pressure on the environment through resource consumption (Danish et al., 2019). It has been estimated that ICT generates 2% of global greenhouse gas (GHG) emissions via the use of digital PCs, internet servers, internet capability, fixed broadband, mobile telephones, local area network (LAN), and other related technologies (Bastida et al., 2019). On other hand, ICT also plays a positive role to minimize GHG emissions, particularly CO2 emissions through building smart cities, upgrading transportation systems, updating intelligent electrical grids systems, and industrial processes (Danish et al., 2018). Mainly ICT has two effects on CO2 emission: use effect and substation effect. The ICT usage effect comes from using digital PCs, internet servers, internet capability, fixed broadband, mobile telephone, LAN, and other related technologies to produce CO2 emission (Bastida et al., 2019), while the ICT substitution effect comes from using mechanizations to reduce CO2 emissions, for instance, using email in substitution of writing a letter, reading an e-book in substitution of a physical, printed book, using smart transportation systems for traffic, and other e-communication services (Asongu et al., 2018).
Today, global warming is not a prediction; it is an ongoing phenomenon. It is widely thought that economic activities produce different GHGs, especially CO2 emissions (Danish et al., 2019). Carbon dioxide (CO2) emissions enter the atmosphere through the burning of carbon-containing fuels about soil attrition, solid waste, deforestation, animal breeding, and other biological materials (Belkhir and Elmeligi, 2018; Lin and Raza, 2019). According to the 6th report by the Intergovernmental Panel on Climate Change (IPCC), the average global temperature will be rise from 1.1°C to 6.4°C within the next 100 years (Bastida et al., 2019; Sarfraz et al., 2021a). Anthropogenic climate change is caused by multiple climate pollutants, with CO2 emission, CH4, and and N2O being the three largest individual contributors to global warming. Burning either fossil fuels or biomass is associated with all three of these gases (CH4 and N2O). It has been estimated that farm gate and including related land use emitted six billion tons of GHGs, about 13% of the total global emissions (Mahmood et al., 2019). Like other agrarian economies, agriculture is considered the backbone of Pakistan’s economy, and agriculture contributes about 18.9% of Pakistan’s gross domestic product (GDP) and employs 42.4% of the labor force. Pakistan is currently transitioning from an agriculture-led economy to an industry-led economy. This has resulted in an increase in energy consumption, which has adverse effects on climate change. According to Lin and Raza (2019), Pakistan contributes approximately 1%2 of the world’s total CO2 emissions. A continuous increase in population size and country transitions from an agriculture-led economy to an industry-led economy increases the energy consumption in the country. It has been estimated that Pakistan is consuming more than 98% of nonrenewable energy sources that play a decisive role to pollute the environment in the country (Danish et al., 2017; Danish and Baloch, 2018).
Thus, given the background, it is important to assess the impact of ICT, economic growth, and globalization on CO2 emissions. While some of the pioneer studies (Anwar, 2016; Ishaque, 2017; Shahzad et al., 2017) empirically investigated the nexus between CO2 emissions and macroeconomic variables on the economy as a whole, there is a lack of research that focuses on how ICT, economic growth, and globalization can affect CO2 emissions. Moreover, the empirical evidence on how ICT contributes to environmental sustainability particularly in the perspective of Pakistan is scarce. Therefore, the current study will assess the impact of ICT on CO2 emission in general and more particularly in the perspective of Pakistan. Additionally, the existing literature paid much more attention to the advanced countries, whereas less-developed countries like Pakistan need more attention. Pakistan is the world’s 6th most populous country, with unbalanced economic growth and development. As a result, the timely investigations of this study will assist Pakistan, as well as other developing countries in the region, in adopting policies that would maximize the benefits of ICT adoption to enhance their economies without damaging the environment.
The current study contributes to the existing research, as follows: first, this study assesses the impact of ICT and globalization on environmental quality in Pakistan. As per the authors’ knowledge, a number of studies extensively assess the relationship between ICT and economic growth by using different methodologies and data set, but this particular area still needs to be researched by considering the relationship between ICT, globalization, and environmental quality in the context of Pakistan. Second, this study included the well-known Narayan and Popp (2010) test, which is better than the number of econometric techniques in the terms of accuracy, size, and power in identifying breaks. Lastly, we applied the most reliable time-series data techniques for long-run estimation techniques, to adopt a structural break, known as a generalized linear model (GLM) and robust least square (ROBUSTLS). The econometric approach used in this study provides detailed insight for the policymakers in helping to answer the above questions and shaping sustainable environment policies for the country.
The rest of the paper is divided into the following section: Section 2 emphasizes the review of the literature and theoretical background. Section 3 focuses on corresponding data and research methodology. Section 4 discusses the empirical findings. Section 5 concludes the study.
2 REVIEW OF LITERATURE AND THEORETICAL BACKGROUND
2.1 Study Background
Several studies extensively discussed the nexus between economic growth and environmental degradation. Theoretically, the relation between economic growth and the environment was first established by Grossman et al. (1991), and later on, the concept of the environmental Kuznets curve (EKC) was extended by Panayotou (1993). According to the EKC hypothesis, an increase in income resulted in an increase in pollution in the early stages. However, upon reaching a threshold level, greater income leads to a reduction in pollution. However, the neoclassical economist Solow (1965) introduced the growth model. The growth model suggests that in the long run, economic growth is determined by exogenous factors like capital accumulation, population growth, and technological changes. These studies also identified that technological progress is an important factor of economic growth and development (Wan Lee and Brahmasrene, 2014; Salahuddin et al., 2016; Asongu et al., 2017). In the long run, the Solow Growth Model predicts that steady-state equilibrium growth is only possible through technological advancement. Here, the literature can be classified into two categories, part 1 emphasizes the role of ICT and CO2 emission, while part 2 emphasizes the role of economic growth and globalization on CO2 emissions in general (Abdullah et al., 2015).
2.2 Information and Communication Technology and CO2 Emission
The link between ICT and the environment has been examined by a number of studies. Recently, several empirical studies focused on analyzing how ICT adoption affects the environment. For instance, An Higón et al. (2017) initiated that there is a significant and positive correlation between ICT adoption and environmental degradation. Other micro-level survey data showed that using mobile phones consumes energy and that energy is generated in large powerhouses by large turban machines, which are mainly powered by burning oil, gas, or coal, which emit harmful gases that pollute the environment (Morello et al., 2016). Using the country-level data, Coroama et al. (2012) explored a positive correlation between ICT, environment, and economic growth, while the seminal paper by Hohne et al. (2011) analyzed the cross-sectional data and explored how mobile phones and the internet affect the environment. Mobile phones help people stay updated on the weather through reports and monitoring the environment, while the internet allows people to spread awareness and knowledge about the environment and take timely action to protect other people.
While other studies explored a positive association between the increasing usage of ICT and CO2 emissions per capita in developed countries (Sepehrdoust, 2018; Shah et al., 2021), the work of Zhang and Liu (2015) identified the direct and positive linkage between ICT and energy consumption by analyzing panel data for South Asian countries. In addition, Lu (2018) examined data on a sample of 38 countries over the periods 1990–2010 and identified the three-way relationship between ICT and the environment. Direct relationship—the ICT sector—is the major source of CO2 emissions due to its reliance on high-energy consumption. Indirect relationship—the indirect impacts of ICT on the environment— is greater than the direct impacts of the ICT sector on the environment. The uncertain relationship—the relationship of ICT with the environment—seems uncertain because of the rebound effects (Sarfraz et al., 2021b).
2.3 Information and Communication Technology, Economic Growth, and Globalization
The importance of ICT has been underscored in the growth literature over that the last couple of decades. The impact of ICT on economic growth has been documented comprehensively in the prior empirical and case studies. Moreover, the recent studies that used time series analysis (Cardona et al., 2013; Sepehrdoust, 2018) found that investment in ICT positively affects productivity growth in the United Kingdom. Similarly, Qureshi and Najjar (2017) explored the positive linkage between ICT and economic globalization in the long run. Additionally, the empirical results suggest that ICT increases productivity and reduces transaction costs (Iqbal et al., 2019b). Furthermore, other studies have found that ICT development had a significant relationship with globalization in advanced economies, due to greater access to technological advancement (Ollo-lópez and Aramendía-muneta, 2012; Niebel, 2014). Contrarily, the linkage between ICT development and globalization in developing countries is insignificant due to the lack of access to infrastructure and technological advancement in the less-developed countries.
So far, theoretically speaking, the impact of personal technology such as wearable devices and mobile phones has increased the socioeconomic connectivity that leads to an increase in productivity growth in emerging economies (Lu, 2018). One study used country-level micro-data in India (Erumban and Das, 2016) and found a positive relationship between globalization and ICT (more specifically internet and mobile phone use) in the country. Moreover, the empirical results of the study show that mobile phone and internet usage increase productivity and decrease poverty in the country. A recent empirical study revealed that the long-term impact of ICT on Korean economic growth is significant and positive (Jung et al., 2013). Likewise, some macro studies have focused on the relationship between ICT, economic growth, and the environment. It was noted that “ICT for the green” is minimizing the negative impact of ICT on the environment and improving environmental sustainability at the same time (Morello et al., 2016; Salahuddin et al., 2016).
3 DATA, MODEL CONSTRUCTION, AND ECONOMETRIC STRATEGY
3.1 Data Source
The main purpose of the current study is to empirically analyze the impact of ICT, economic growth, and globalization on CO2 emission from the perspective of Pakistan, by applying generalized linear model (GLM) and robust least square (ROBUSTLS) techniques. The data of all variables are collected from the World Development Indicators (WDI) (World Bank database) for the period of 1990–2019 based on data availability. We discussed the motivation of the study in the Introduction. The dependent variable of the study is CO2 emission, which is measured in metric tons per capita, and the data of CO2 emissions come from the World Bank, which is consistent with the literature (Hwang and Shin, 2017). ICT is the independent variable, which can be measured in two ways: monetary (includes ICT investment) and nonmonetary (includes mobile phones and internet broadband subscription) variables (Morello et al., 2016). Due to the nonavailability and limitations of the monetary variables, the current study will only focus on nonmonetary ICT variables. The data of nonmonetary variables (more specifically the number of internets and mobile users per 100 populations) are collected from the World Bank (Canarella and Miller, 2017), while the economic growth is measured as real GDP per capita (in constant 2010 USD) (Danish et al., 2019). Economic globalization is calculated through the KOF index of globalization (Hassan et al., 2019). To reduce the variable omission bias concerns, we use economic globalization as a control variable. Further trends of the investigated variables are represented in Figure 1.
[image: Figure 1]FIGURE 1 | The trend of CO2, gross domestic product (GDP), ICTint, ICTmob, and EGLB.
3.2 Model Specification
Previous relevant literature and methodology, such as the research by Hassan et al. (2019), are adopted for benchmark regression equation showing how ICT, economic growth, and economic globalization influence the CO2 emission, expressed as
[image: image]
In Eq. (1), logCO2 is the carbon dioxide (CO2) emissions; logICT is the ICT (the data of nonmonetary variables, such as the number of internets and mobile users); logGDP is the real GDP per capita; and LogGlob is economic globalization. Moreover, here in the equation, ω, i, and t are residual error terms and time, respectively.
3.3 Econometric Strategy
3.3.1 Unit Root Test With Two Structural Breaks (Narayan and Popp)
Several different unit tests have emerged to check the stationarity of data. Here, a series of unit root tests are applied to check the stationarity of the investigated variables. It is important to confirm the stationarity level in the time series data analysis for advanced econometrics techniques used in the analysis. For checking the stationarity among investigated variables, the current study applied the augmented Dickey–Fuller (ADF), Phillips–Perron, and Dickey-Fuller-Generalized Least Squares (DF-GLS) unit root tests. The procedure and unit root test analysis have been already discussed in the existing literature in detail. Moreover, here, the new unit root test is applied with two structural breaks developed by Narayan and Popp.14 Additionally, the simulation called Monte Carlo was also suggested by Narayan and Popp. The advantages of the two structural break unit root tests are their well-stabilized power and accuracy in differentiating actual break dates. Successively, this approach has been used to establish the integration order for each series. To test the integration, the authors developed two types of models: Model 1 examines structural breaks and intercepts only, while Model 2 incorporates trend breaks in both slope and intercept.
3.3.2 Bayer–Hanck Cointegration
In the existing literature, several cointegration methods are applied (Engle and Granger, 1987; Johansen, 1991; Banerjee et al., 1998). However, many of the techniques presented in the literature are out of date, which could lead to vague empirical results. To overcome this issue, Bayer and Hanck (2013) proposed a new combined cointegration method to address this issue and further strengthen the cointegration analysis. This method is quite helpful to improve the cointegration combination analysis from earlier cointegration approaches and uses Fisher’s F-statistics that are in line with empirical results. The order for this methodology should be I(I), whereas the value for the F-statistics if greater than the critical value should reject the null hypothesis and vice versa. Their cointegration can be shown as follows:
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The ultimate purpose of applying Fisher’s statistics is to find out whether the variables are cointegrated. Moreover, to get authentic results, the study also applied the bound testing technique.
3.3.3 Long-Run Estimation Technique
The GLM (Dutter, 1977) and ROBUSTLS (Baum et al., 2003) approaches were applied to estimate long run. The GLM helps in non-normal stochastic and nonlinear systematic components of linear regressions. Furthermore, it helps in the assumption in the association of distribution of the model with robust the motivational development of the estimators as well as the covariance of the quasi-maximum likelihood (QML), while ROBUSTLS resolves the issue of the outliers' independent and explanatory variables to make sure of unbiased results (Rousseeuw and Yohai, 1984). These advanced econometric models have significant contributions to the literature. The empirical steps are shown in Figure 2.
[image: Figure 2]FIGURE 2 | Procedure of long-run estimation.
4 EMPIRICAL RESULTS AND DISCUSSION
4.1 Unit Root Tests
The results will be considered significant only when the variables used in the regressions are either stationary or integrated. In the time series analysis, before applying Auto-Regressive Distributed Lag (ARDL), for long long-run estimation, the variable must be tested for stationarity; the results are reported in Table 1. To ensure the order of integration, three commonly used tests (Phillips–Perron, degree of freedom-flexible least square (DG-FLS), and ADF) statistics are employed. The main purpose of this study is to examine the impact of ICT, economic growth, and economic globalization on CO2 emissions in the context of Pakistan for the period of 1990–2019. Thus, there is a chance that the series may be nonstationary, and the results produced are not accurate economically and statistically (Wan Lee and Brahmasrene, 2014). Overall, the results of the unit root test in Table 1 indicate that there is no evidence for the existence of unit root for any of the mentioned variables. In this regard, this study concludes that ICT, CO2, economic growth (GDP), and globalization (Glob) are integrated at first-order difference Ι(1) or Ι(0). So the estimations conducted later are meaningful and would not suffer from spurious regression, and we claim that ARDL can be pursued.
TABLE 1 | Unit root test.
[image: Table 1]4.2 Two-Structural-Break Unit Root Test
The results of the ADF and Phillips-Perron (PP) series unit root test one demonstrate that all the variables under investigation are integrated at I(1), which is ambiguous and also unable to identify a break year point. To tackle the issue of structural breaks, we used the Narayan and Popp structural break methodology. This method allows structural breaks, which reveals the level and trend of the series, which is not suggested by any other methodology. This gives very efficient two structural breaks as shown in Table 2. The unit root results indicate that none of the variables is nonstationary at I(0) and confirm that our two LONR and LOGTR are stationary at I(1). Therefore, we can move to the next step for checking the long-term relationship between variables by using ARDL bond cointegration.
TABLE 2 | Results of structural break unit root tests.
[image: Table 2]4.3 Bayer and Hanck Cointegration
In the Bayer and Hanck cointegration test, calculated statistics are compared with critical values. We reject the null hypothesis if the calculated F-statistics value is greater than the critical, and vice versa. The results of the combined integration analysis are shown in Table 3. By considering the calculated statistics, the finding of the study shows that there is a cointegration relationship between study variables for Pakistan. Hence, we need to apply the long-run estimation technique GLM and ROBUST.
TABLE 3 | Results of Bayer–Hanck.
[image: Table 3]4.4 Long-Run and Short-Run Estimations
Here, we assess the long-run and short-run coefficients of the study. For this purpose, we applied the GLM, ROBUSLS, and vector error correction model (VECM) econometric techniques. Table 4 comprises the estimated long-run and short-run results of the study. The CO2 emission is the dependent variable in the model, while the ICT (ICT-internet and ICT-mobile), economic growth, and economic globalization are independent variables in the model. All variables are transformed into logarithmic form in Eq. 1.
TABLE 4 | Long-run and short-run results.
[image: Table 4]The study’s main finding is presented in Table 4. All the coefficients have estimated signs; all the series are significant at a 0.05% level of significance. Focusing on the long run, the results indicate that GDP (real GDP), ICT (particularly ICT-internet and ICT-mobile subscription), and economic globalization have a significant link with CO2 emission. Moreover, in the long run, the coefficient of economic growth (real GDP) has a positive and significant effect on environmental degradation, which confirms that economic growth (real GDP) accelerates the rate of CO2 emission. A 1% increase in economic growth (real GDP) leads to an increase [1.5799% and 0.0324%] in environmental degradation. The results indicate that, in the early stages of economic growth, the level of pollution increases to a certain level, and after a certain level, the level of pollution starts decreasing. The results of this study are similar to those of the recent work of Dehghan and Shahnazi (2019). The work of Danish et al. (2019) also emphasizes that the increase in income is the main source of CO2 emission, based on the notion that an increase in production equals to increase in pollution.
In Table 4, the coefficient of ICT usage (particularly ICT-internet and ICT-mobile subscription) has a negative but significant effect on the pollution equation, which confirms that the usage of ICT (particularly ICT-internet and ICT-mobile subscription) does not contribute positively to CO2 emission. The results show that the effective use of ICT (particularly ICT-internet and ICT-mobile subscription) plays a positive role to reduce CO2 emission. Like other developing countries recently, ICT is one of the fastest-growing sectors in Pakistan. Approximately 70 million citizens have access to ICT (internet and mobile subscription) (Shaikh and Khoja, 2016). Most of the developing countries including Pakistan has started the usage of smart applications such as e-commerce, intelligent transportation system, e-communication, e-health, e-governance, e-banking, virtual education, smart building, manufacturing, GPS, travel services, virtual meetings, and logistics, mainly reducing CO2 emissions (Lu, 2018). Moreover, the coefficient of economic globalization has a positive and significant effect on the pollution equation, which confirms that globalization accelerates CO2 emissions. It shows that, in the early stage of development for any country, investing vast sums of money on infrastructure (including ICT), roads and communications, transportation, and other mega projects causes the environmental degradation of that country.
In Table 4, the value of R-squared is 0.985,680, which shows a 98% deviation in the model. The F-statistics shows that the joint significance is 1%, which is confirmed when the independent variables are included. The value of the Durbin–Watson statistics is 2.334, which indicates that no autocorrelation exists. This number is not equal to the Durbin–Watson standard value, but it is sufficient to reveal any autocorrelation in the model.
4.5 Granger Causality Analysis
This study examines the causal relationship among variables in the short run and long run by using the Granger causality approach to detect the direction. Table 5 summarizes the findings. These results can be discussed as follows: for internet usage, no causal relationship has been detected among the mentioned variables. However, in the short run for mobile usage, bidirectional causal relationships were found between the GDP and CO2 emission, suggestion feedback hypothesis. Furthermore, there is no causal relationship found between mobile usage and CO2 emission. In addition, in Figure 3, we construct various theoretical graphs for quantiles on quantiles. All chosen variables are measured by quantiles on normal distribution quantities. The study reveals that the variables under investigation are normally distributed, and data points fall in a roughly straight path.
TABLE 5 | VECM Granger causality analysis.
[image: Table 5][image: Figure 3]FIGURE 3 | Various theoretical graphs for quantiles on quantiles.
4.6 Structural Stability Test
Several diagnostic tests are also carried out to make sure the reliability of the model, which includes the Ramsey reset test for normality, autoregressive conditional heteroscedasticity (ARCH) for heteroscedasticity, and Lagrange multiplier (LM) for serial correlation. The results of mentioned tests are stated in Table 4; the Ramsey reset test, ARCH, and LM test suggest that the model is reliable and independent of the issues of heteroscedasticity and autocorrelation.
5 CONCLUSION
The main goal of the current study was to investigate the impact of ICT, economic growth, and economic globalization on CO2 emissions in the context of Pakistan. For empirical estimations, we employed the GLM and ROBUSTLS econometric techniques for the period 1990–2019. The key findings of this study revealed that the intensity of ICT usage (more specifically internet and mobile subscription) has a negative but statistically significant effect on the pollution equation, which confirms that the usage of ICTs does not contribute positively to CO2 emission in the long run. The empirical results of the study also revealed that economic growth (real GDP) had a positive and statistically significant effect on CO2 emission, which confirms that economic growth (GDP) accelerates the rate of CO2 emission. Furthermore, the coefficient of globalization has a positive and significant effect on the pollution equation, which confirms that globalization accelerates CO2 emissions in the long run, whereas in the short run, the empirical results indicate that economic growth (real GDP) has a positive but insignificant association with CO2 emission, while ICT (internet and mobile subscription) has a negative but significant association with CO2 emissions.
To reduce CO2 emissions, the current study offers several policy recommendations, particularly for Pakistan to reduce CO2 emissions. Like the few other service sectors, the ICT sector has the potential to play an important role in reducing CO2 emissions in developing countries, including Pakistan. ICT has sophisticated and user-friendly applications that, in turn, widen the population segment and result in reducing CO2 emissions in the country. The following recommendations are suggested for the policymakers in Pakistan: first, compile ICT policies for up-to-date applications in the country to reduce CO2 emissions. Second, strengthen the infrastructure and connectivity (internet and mobile subscriptions) to increase sustainable development in the country. Lastly, promote e-culture (digitalization) in the country to reduce CO2 emissions and increase sustainable development.
In short, the global economic structure has changed drastically because of advancements in ICT. In addition, an increase in ICT usage has a significant impact on long-term CO2 emissions and economic growth. As a result, development policies should be designed to increase ICT penetration rates, which further ensured long-term sustainable economic growth and minimize CO2 emissions. Due to the nonavailability and limitations of the monetary variables, the current study only focuses on nonmonetary ICT variables. In the future, similar studies can be carried out for other countries by including nonmonetary variable data.
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