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China has planned the Belt and Road Initiative to start collaborations among relevant economies in the technology innovation sector. This study examined the impact of technology innovation on environmental quality among the host economies of Belt and Road Initiative (BRI) countries by using panel data of 45 economies from 1991 to 2019. The study employed a fully modified ordinary least squares (FMOLS) panel to estimate the long-run associations among suggested variables. The outcomes validated a healthy cross-sectional dependence within the panel BRI economies. One estimated result of FMOLS specified that increases in patents and trademarks improved the quality of the environment in only Europe in the long run. Trademarks also enhanced the environment in BRI, MENA, and Central Asia. In the short run, the panel heterogeneous causality showed bi-directional causality among patents, trademarks, and CO2 emissions. The results of this study articulated the environment-friendly policies in technology innovation in BRI regions.
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1 INTRODUCTION
The Belt and Road Initiative (BRI) was developed as a new “global grand strategy” that supports reinforcing physical infrastructures, increasing regional economic development, redesigning economic activities, reorganizing interactions, and moving power within and between states (Beeson 2018; Jahanger et al., 2021). The BRI is building a global web of connections. The BRI runs through Eurasia, connecting the Asia Pacific economies to western European economies and a web of connectivity comprising over 100 nations, which account for 54% of CO2 emissions, 50% of the energy consumption, 64% of the population, 39% of the land, 35% of international trade, and 30% of the GDP worldwide (Fan et al., 2019; Usman et al., 2022a, 2022b, 2022c). The BRI has massively enhanced the participation of China with the affiliated economies in different projects of energy, finance, and technology development (Aung et al., 2020; Jahanger, 2022). Through these projects, the Chinese FDI not only supports the creation of an infrastructure in BRIs but also produces indirect and direct technologies that redesign domestic environments (Zhang et al., 2020; Chishti et al., 2021; Jahanger, 2021). Since the 2010s, the average growth rates of CO2 in China and BRI host economies are approximately 8% and 5%, respectively, suggesting that the BRI has a larger share of carbon emissions worldwide. The average CO2 emission trend in BRI regions from 1990 to 2019 can be explained graphically.
To analyze and discuss the basic facts of carbon emissions in BRI economies, we plotted data-based graphs. We focused on region-wide carbon emissions trends rather than the overall sample of BRI countries. Therefore, the BRI sample was divided into five regions: Central Asia, South Asia, South, and Southeast Asia, Europe, and MENA.
Regarding trends in CO2 emissions in Central Asia, Figure 1A shows a sudden upward trend from 1990 to 1992, followed by a rapid decrease until 2003. The spike in carbon emissions followed by a sudden downfall in Central Asia indicated successful green economic growth in these economies. However, carbon emissions showed an upward trend, with small ups and downs from 2005 to 2019. Since the BRI initiative was advocated in 2013 by Chinese authorities through investment in 70 economies (which has increased to approximately 147 economies according to the Green and Finance Development Center, Fudan University), BRI investment also triggered economic activities and increased combustion of different kinds of energy resources such as coal, gas, oil, solar, and wind. Ultimately, the huge combustion of conventional energy resources in Central Asian economies tended to increase carbon emissions.
[image: Figure 1]FIGURE 1 | Average CO2 emissions in the (A) central Asia, Europe, (C) MENA, (D) South Asia, and (E) Southeast and East Asia regions. Data Source; WDI.
Similarly, Figure 1B shows an upward spike from 1991 to 1992 and a sudden downward trend starting in 2000 in Europe. The trend was positive from 2000 to 2009, followed by a sharp decrease in CO2 emissions in 2010. The BRI projects started in 2013; from 2013 to 2019, CO2 emissions in the Europe region showed a nearly decreasing trend.
South Asia, MENA, and Southeast Asia have shown positive trends from1990 to 2019, indicating increasing carbon emissions in these regions. These regions have experienced the consumption of conventional energy resources, which ultimately causes carbon emissions in these regions. The data-based graphical findings showed a significant positive connection between CO2 emissions in all these regions, during which a surge in economic activities destroys the quality of the environment in these regions.
Sustainable economic growth has become a primary target for policymakers in BRI partner economies. The reduction of pollution emissions is essential, which makes attaining sustainable social and economic development goals problematic. Therefore, technology innovation has become a focus for substantial policy change regarding the climate (Metz et al., 2007; Jahanger et al., 2022a, 2022b, 2022c, 2022d) to propose solutions to address the challenges of economic growth and environmental quality (Hübler et al., 2012). Therefore, technology innovation has appeared as the main factor for efficiency in energy production and certifying the sustainable development of both developing and developed economies. Technological progress is a key channel to attaining physical change toward economic growth (Schumpeter 1934). In growth theory, many studies have reported a link between the accumulation of human capital through innovation and economic growth (Romer 1990; Grossman and Helpman 1991; Young 1991), as the use of knowledge creates technological innovation because the structural shift in the economy promotes economic growth without increasing environmental pollution (Qiang et al., 2022; Zhang et al., 2022; Yang et al., 2021a, 2021b, 2021c).
The impacts of technological innovation on the evolution of the association between economic growth and environmental quality are described by the first theory of endogenous growth, which proposes that production activities are enriched by increasing the volume of polluting resources with other, more environmentally-friendly, resources (Stokey 1998). These theories are based on advanced economies that are devoted to the environment by using more resources for technology innovation. In the literature, (Fernández-caramés et al., 2018; Jiang et al., 2022) explains that technology plays a dynamic role in the mitigation of carbon emissions because the technology innovation process has low energy consumption and leads to environmental quality. Technological innovation also improves energy efficiency and provides environmental quality. The cumulative effect of technological innovation may also resolve the conflict between economic growth and environmental quality in the long run (Jaffe and Stavins 1994). Thus, investment in innovation could condense environmental pollution without disturbing economic growth. Therefore, technology innovation must include policies for the mitigation of environmental pollution.
The endogenous growth reasons for technology innovation are critical for stimulating economic growth. National and international research has demonstrated the crucial role of technological innovation in encouraging environmental quality (Malamud and Zucchi 2019). However, the effects of technological innovation effect on the environment are two-sided. These innovations can increase the efficiency of natural resource usage, encourage clean energy, and reduce environmental pollution; however, they have also promoted economic development leading to environmental pollution (Lin and Zhu, 2019; Qayyum et al., 2021; Usman and Jahanger, 2021; Ahmad et al., 2022). Therefore, there is some controversy in the literature regarding the positive or negative effects of technological innovations on environmental pollution. However, previous studies have reported biased, inconsistent, and meaningless results and policy implications. Studies linking technology innovation and carbon emissions have ignored two factors; first, there is little evidence regarding technology innovation and environmental quality in BRI economies. Therefore, no evidence from previous studies contributes to the policy-level implications of technology innovation and policy environment in BRI economies. Thus, recent studies have extended the empirical literature on BRI economies (Ke et al., 2022; Wan et al., 2022; Li et al., 2022).
In this way, the present study contributes to the existing empirical literature in several ways. First, this study compared the effects of technology innovation on environmental pollution in BRI host economies. Second, this study focused on countries and regions showing good environmental quality through technological innovations. These findings can guide the investments in technology innovations by the Chinese government in partner economies. These findings also increase evidence regarding the factors affecting CO2 emissions and help the BRI authorities to articulate policies to reduce pollution emissions.
This paper is organized as follows: Section 2 provides a literature review. Section 3 outlines the model, methodology, and data. Section 4 describes the findings regarding economic applications, and the last section concludes the study.
2 LITERATURE REVIEW
Many studies have conducted empirical and theoretical research on the link between technology innovation and economic development (Yu et al., 2020; Yu et al., 2021; Jiang et al., 2022). The first study by Schumpeter (1912) reported that technological innovation positively affects economic growth through horizontal and vertical spillovers. Similar models had been built on Schumpeter (1912). Subsequently, Solow (1957) noted that technological progress affects economic growth but technological progress is considered exogenous. Simultaneously time, Lucas (1988) and Romer (1990) recognized the new growth theory and considered technological innovation as an endogenous variable that is a more decisive factor in economic growth. Thus, technological evolution is an excellent way to solve economic growth and environmental quality but can also encourage productivity and economic activities (Xiao et al., 2013; Evangelista et al., 2014). Zhou et al. (2016) contended that high economic growth occurs at the cost of environmental problems, while BRICS economies are revisiting their development models but increasing environmental quality through products and eco-friendly innovation processes.
The study of technological innovation has a long history in correcting the environment. Ehrlich and Holdren (1971) proposed that technological innovation can lessen environmental pollution produced due to economic factors. Grossman and Krueger (1991) categorized the indicators affecting environmental pollution into structural, scale, and technological effects and underlined the central role of technological impacts on fixing environmental quality. Academics and policymakers have agreed that technological innovation corrects environmental quality. Recent empirical research has focused on the association between innovation and environmental pollution. Innes and Carrio (2010) reported that technological innovation decreased environmental pollution in a sample of 127 manufacturing industries.
Similarly, Tursun et al. (2015) demonstrated that technological progress indicators accounted for a >60% effect in decreasing sulfur dioxide and CO2 emissions. Levinson (2009) reported the impacts of the US industrial sector on the environment, in which technological innovations reduced SO2 emissions by 39% between 1987 and 2001. While Mingyong et al. (2006) observed a negative link between environmental research expenditure and environmental pollution, Yang et al. (2014) showed that the development of innovation capabilities decreased CO2 emissions in the industrial sector of China.
Similarly, Shah and Hasan (2021) recently reported a statistically significant and negative association between patent applications and CO2 emissions in Asian countries. Khan et al. (2020) also evaluated the relationships between technological innovation and CO2 emission in BRICS economies from 1985 to 2014. The results from FM-LS and AMG indicated that technological innovation decreased CO2 emissions in BRICS economies and participated in economic growth.
Problems linked to the environment, including short and long-run and small and large-scale issues, particularly environmental change, have been argued to be positively affected by technological expansion (IPCC 1995). Deviations in energy-saving production technologies, fuel mix, and clean energy innovation are among the critical causes of diagnosing the significance of technological innovation in raising environmental quality (de Bruyn, 1998). Heavy government expenditures on R&D and the digital economy have been proposed as the primary sources of decreased carbon emissions (Jones 2002). Similarly, Gillingham et al. (2008) suggested that the future progress of technology innovation based on costs could be the main instrument to control the problem of climate change by aiming to decrease pollution emissions through economic activities. Moreover, Yeh et al. (2011) noted that long-run energy consumption and environmental issues depend on the level and nature of technology innovations.
Furthermore, the quality of the production stage can efficiently consume energy resources by considering technological innovation. Saudi et al. (2019) demonstrated the negative effects of technological innovation on CO2 emissions. Similarly, (2020) reported that technological innovation in energy was positively and negatively associated with carbon emission in the lower and upper quantile, respectively. Analyzing the effects of anticipated technology on pollution emissions from the rapid upsurge in air traffic, Sohag et al. (2015) reported that energy was consumed more efficiently through technological innovation by increasing economic activity.
The results of previous studies emphasized the possible effects of technology innovations and CO2 emissions. Using data samples from various economies, techniques, and methods to assess the association of technology innovation and CO2 emissions has generated mixed outcomes. Chishti et al. (2020) described different global and group-based estimation results. First, the authors reported the correlations of CO2 emission with research and development intensity among countries. The global analysis indicated that CO2 emission was not significantly affected by technological innovation. The group-based results reveal that technological innovation for high CO2 emission and high income in countries with high technological income not only hurt CO2 emission but also has a similar impact in other homogeneous countries. In contrast, technological innovation in countries with low income, low carbon emissions, and insufficient technological innovation promoted CO2 emissions. Most studies use patents as a proxy for innovation (Weimin et al., 2022; Ullah et al., 2020; Chishti and Sinha, 2022; Raiser et al., 2017; Khattak et al., 2020; Yang et al., 2022; Dogan et al., 2022), as these defend the intellectual property and other rights of firms addressing environmental issues through technology innovation.
Recently, Yu and Du (2019) reported the essential role of independent innovation ventures in decreasing environmental pollution in China. They also concluded that technological innovation had enabled the development of a capable energy market while allowing viable economic development across G7 and BRICS economies. Similarly, Yii and Geetha (2017) reported that technological innovation has contributed to decreasing carbon emissions in the short term, with no long-run relationship. Azevedo et al. (2018) proposed that increased knowledge and innovation in the member states regarding energy savings and efficiency will play essential roles in decreasing carbon emissions. While technology innovation significantly reduced CO2 emissions in OECD countries, Su and Moaniba (2017) reported mixed outcomes between technology innovation and carbon emissions.
The literature on the BRI is growing. However, studies on the impact of technological innovation on CO2 emissions within the context of the BRI are negligible. In addition, studies on the relationship between these variables under the BRI have utilized data only for selected countries but not the entire sample. Moreover, the BRI belongs to different regions like Asian countries, European countries, Southeast Asian countries, etc. To our knowledge, no studies have investigated the impact of technological innovation on CO2 emission separately for each region. For regional policy implications, empirically analyzing data for each region is essential. The present study aims to fill this gap by examining the relationship between these two variables across different regions and BRI. The results of previous studies related to this puzzle were extracted from panel data; however, results derived from panel data analysis are not applicable to specific countries. The policy implications or suggestions for a particular country can only be meaningful if those are made according to the results derived from analyzing that country’s data. The present study also focused on this issue to address the limitations of previous studies by analyzing the data at the country level. Based on this gap in the literature, this study applied a panel heterogeneous methodology to assess the effects of technological innovation related to environmental pollution in BRI partner economies.
3 EMPIRICAL STRATEGY
3.1 Model
Technology is an essential factor in the evolution of any economy and can increase the economy’s growth. The theoretical work of Fields (2004) on technological innovation was based on the efforts of Hagedoorn (1996), who noted that novel and modern technology could arrive at the market through invention, innovation, and diffusion methods. He also reported that the process of innovation and invention can be determined through the activities of research and development (R&D) in an economy. The adoption and execution of this innovation by individuals and firms can be defined as technology distribution. Thus, variations in technology in economies and the environment can be considered the combined effects of inventions, innovations, and diffusion. Often recognized as the “endogenous growth theory,” this new economic growth theory considers technology as an endogenous variable in the model. Technologies are conceived by individuals, firms, and industries to directly address environmental issues. The endogenous growth theory suggests that technology affects economic activities and the environment. At the same time, environmental innovation focuses on technologies for a green environment. Technologies for reducing pollution can be more helpful in a green and clean environment given the registration of patents.
This empirical study analyzed the impact of technological innovation on environmental quality among BRI economies from 1990 to 2017. Our econometric model formulation was based on earlier studies (Mensah et al., 2018; Ibrahiem 2020; Usman et al., 2021; Kamal et al., 2021). Studies on technology innovation policy and environmental quality have been performed in recent decades. Early studies have examined the effects of R&D on economic growth and environmental quality in developing economies (Fisher-Vanden and Wing 2007; Yang et al., 2022). The extension of this research has considered the links between R&D investments in energy and environmental quality in advanced economies. For example, Yi (2012) reported the role of technology innovation in reducing environmental pollution in China and endorsed technology innovation as a major catalyst for environmental quality. In this study, the panel model can be formulated as follows:
[image: image]
In Eq. 1, “i” = 1, 2, 3, … , 45 and refers to a country; “t” is the time period from 1991 to 2019, and CO2; and [image: image], Trademark, GDP, and FDI refer to carbon dioxide, patent, trademark, gross domestic product, and foreign direct investment, respectively; and [image: image] represents the error term. Finally,[image: image],[image: image]are coefficients, while[image: image] is the intercept in Eq. 1.
4 METHODOLOGY
4.1 Cross-sectional dependence tests
Step 1 is a precondition for the execution of the cross-sectional dependence (CD) test to classify the cross-sectional support in the panel analysis. The cross-sectional dependence test reduces the means in the calculation of correlations. The null hypothesis of the CD test is that there is no cross-sectional dependence in the residuals, while cross-section dependence occurs in residuals. The Pesaran (2004) dependence test is considered, as below:
[image: image]
where [image: image] is the estimator of
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[image: image]is the residual pairwise correlation that is calculated by the simple linear equation. We applied cross-section dependence tests through random- or fixed-effects models. In the literature, two semi-parameter tests were described by Friedman (1937) and Pesaran (2004), while one parametric test was applied by Frees (2004, 1995) in a short data period and a large number of cross-sectional individuals in panel models. Our analysis included 45 BRI economies and 29 years of data.
4.2 Panel unit root tests
Owing to the presence of cross-section dependence in our data, we used panel unit root tests to detect the order of cointegration. As traditional panel tests of unit root cannot deliberate the cross-sectional dependence, we have applied a new panel unit root for the existence of cross-section dependence CIPS and CADF tests to compute the cross-sectional support.
4.3 Cointegration tests
The Padroni panel data cointegration test is used to identify links among data series. The Pedroni (2004) test is suitable for data with many Ns and Ts. The null hypothesis was that there is no cointegration exhibited in our data; rejection of the null hypothesis implied that our data showed cointegration. The Westerlund cointegration test, developed by Westerlund (2007),was applied to counter panel cross-sectional dependence. One advantage of this method is that the technique does not depend on the order of integration of the variables. The OLS and instrumental variable (IV) methodologies can be used to calculate the Durbin–Hausman statistics.
4.4 Panel long-run coefficient estimator
After determining the long-run cointegration among model indicators, the next phase was to estimate the long-run coefficient of the proposed hands. This analysis used FMOLS regression to estimate the long-run parameters. The FMOLS approach is better than other approaches because it controls for the problem of serial correlation and endogeneity in the parameters of panel data. FMOLS is also suitable for a small sample of data and is the most appropriate technique for panel data.
4.5 Panel DH causality test
This study also applied the Dumitrescu and Hurlin (2012) causality test to determine the possible causal connections between model variables. The test is the modified version of that described by Granger (1969) in econometrics; however, the DH causality test is superior to others. This methodology provides consistent and reliable results in cases of cross-sectional dependence and small samples. The DH causality test null hypothesis is that there is no homogeneous causality in the panel.
4.6 Data sample
Based on the above empirical model and methodology, this study composed annual panel data from 1991 to 2019 for 45 selected BRI countries. The selection of these 45 countries was based on data availability. We chose these economies from the South Asia, East and Southeast Asia, MENA, Europe, and Central Asia regions, as listed in Table 1. All datasets were taken from World Development Indicators (WDI). We chose these variables in the model from previous studies to more deeply understand technology innovation and climate change. Therefore, studying the outlook and challenges observed by host BRI economies regarding environmental quality is important. Each variable is described in Table 2. We used the log values of CO2, patent, trademark, and GDP, but not FDI.
TABLE 1 | List of a selected panel of BRI countries.
[image: Table 1]TABLE 2 | Description of the variables.
[image: Table 2]The descriptive figures and correlation matrix results are shown in Table 3. The mean CO2, patent, trademark, GDP, and FDI values were 315745.1 ± 1109338 kilotons, 11115.7 ± 84089.3, 35088.3 ± 180469, $7396.51 ± 8594.82, and 3.961% ± 6.165%, respectively. The CO2 emissions and trademark were more volatile than patents, GDP, and FDI. Positive relationships were observed between CO2 emissions, patents, trademarks, and GDP and negative relationships between FDI and CO2 emissions, patents, and trademarks.
TABLE 3 | Descriptive statistics and correlation matrix of the BRI countries.
[image: Table 3]4.7 Empirical results and discussion
The panel regression analysis comprised assessments of panel cross-sectional dependence, unit root, cointegration tests, and FMOLS to estimate the panel-type second-generation model. The first stage of panel data estimation suggested that CD statistics were the focus in environmental economics. Table 4 shows the results of the CD tests. The CD tests nullified the cross-sectional independence and confirmed the presence of the cross-sectional dependence in the BRI sample. However, these outcomes varied in each sample. These outcomes suggested that a shock in one of the sample economies would likely spread to other economies. Thus, country decisions and policy implications are concerned with CO2 emissions and technology innovation and their influences on other BRI economies.
TABLE 4 | CD test results.
[image: Table 4]After confirmation of CD among the BRI panel, the next step was to apply the CIPS and CADF tests to confirm the order of integration in the unit root. Table 5 shows the outcomes of CIPS and CADF unit root tests applied at level I (0) and the first difference I (1) in the entire sample. The results confirmed that the CO2, patent, trademark, and GDP variables were stationary at I (1), while FDI is static at I (0) in the CIPS test. Similar results were observed in the CADF test, except for one variable. We observed identical outcomes to those reported in other data samples.
TABLE 5 | Panel unit root statistics.
[image: Table 5]For cointegration analysis, we used Westerlund’s (2005) test of no cointegration among groups of variables in the full sample and subgroups in Table 6. This specific finding resulted in an enormous significance level and offers firm support in favor of the study variables that suggest their long-run relationships based on cointegration. Our results nullified the no cointegration in Ga (within-group), Gt (between-group), Pa (within-panel), and Pt (between-panel) statistics. Thus, the results of the Westerlund cointegration test supported a long-run link between the BRI and its host regions.
TABLE 6 | Results of Westerlund cointegration test.
[image: Table 6]4.8 Regional long-run magnitudes
Table 7 shows the long-run estimates of the FMOLS of regions of BRI. The FMOLS estimator suggests a significantly positive coefficient for patents on CO2 emissions in BRI South Asia, East, and Southeast Asia, and MENA economies. This indicates that patents do not help reduce environmental pollution in these regions. Meanwhile, the coefficient of patents is negative in Europe, indicating a 0.08% decrease in CO2 emissions due to a 1% increase in patents. This finding is consistent with those reported by Pazienza (2015). The long-run outcomes revealed that technological innovation is negatively linked to environmental pollution in Europe. The production process is a crucial element of economic growth and a source of environmental corrosion. Technology change has a healthy positive effect on the environment; however, this beneficial effect is more prominent in each stage of economic development in advanced economies.
TABLE 7 | FMOLS estimates (sample-wise).
[image: Table 7]Table 7 shows that trademarks significantly positively influenced CO2 emissions in South Asia. While the coefficients of BRI, MENA, Europe, and Central Asia are negative, this finding implies that firm trademarks are correcting the environment. These outcomes are consistent with those reported by Piao and ID (2020) and suggest that innovation as trademarks continues to change energy, travel, tourism, and logistics to promote the environment. Another method through which technology innovation is changing existing less-efficient energy consumption is increased efficiency and environmental friendliness. This implies that economies with income levels have a higher technology innovation gap compared to countries with higher income levels, leading to challenges in workable green technologies. Consequently, CO2 emissions are higher in poor economies.
Economic growth positively impacted CO2 emissions in BRI, East, and Southeast Asia, South Asia, MENA, and Central Asia, suggesting every economy still consumes large amounts of fossil fuels to accelerate its economic growth, which enhances CO2 emissions. This also indicates that GDP increases the economic size and dirty economic activities, which creates more pollution. Overall similar outcomes were observed in all regions except for Europe. European economic size showed an insignificant negative impact on environmental pollution.
While the negative coefficient of FDI in BRI, East and Southeast Asia, Europe, and Central Asia support the “pollution halo” hypothesis, these findings are consistent with those reported by Pazienza (2015) in OECD economies. Zhang and Zhou (2016) and Liu et al. (2017) concluded that FDI regulates the quality of the environment in China. Thus, FDI inflow is a main catalyst for the diffusion of technological skills and innovation in green production. These economies allow only green FDI, which provides a more positive effect on environmental quality. Another channel of FDI is improving technological innovation by inducing social, human, and physical capital, thus affecting environmental pollution. The spillover influence of FDI also enhances the environmental efficiency of host nation enterprises through social, human, and physical capital. FDI is also positively influenced by CO2 emissions in South Asia, suggesting that South Asia economies can serve as “pollution havens” for polluting industries worldwide. This also means that developed economies have harsh pollution rules; therefore, industrial sector pollution may likely be shifted to developing economies. This result of FDI indicates that foreign investors in South Asia economies must focus not on the quantity but rather on the quality of the environment.
4.9 Regional causality
Regional causality is validated in Table 8. The DH causality indicated a bi-directional causality between patents and CO2 in BRI, East and Southeast Asia, MENA, Europe, and Central Asia but not in South Asia. Similarly, bi-direction causality was observed between trademarks and CO2 in BRI, South Asia, East and Southeast Asia, MENA, and Europe but not in Central Asia.
TABLE 8 | Panel heterogenous causality results.
[image: Table 8]4.10 Economy-wise long-run magnitudes
The findings presented in Table 9 revealed that patents negatively affected CO2 emissions in seven of the 45 BRI economies, with the economies of Mongolia, Philippines, Mongolia, Jordan, Azerbaijan, Croatia, Hungary, Latvia, Poland, Romania, and Uzbekistan showing emission increases of 0.23%, 0.08%, 0.21%, 0.28%, 0.07%, 0.08%, 0.06%, 0.14%, 0.11%, 0.11% and 0.05, respectively. In contrast, patents positively affected CO2 emissions in 20 of the 45 BRI economies. Innovations due to patents showed positive effects on CO2 emissions by 11% in Pakistan, 12% in Sri Lanka, 17% in China, 0.09% in Indonesia, 15% in Malaysia, 0.11% in Thailand, 0.07% in Korea, 0.16% in Russia, 0.09 in Iran, 0.18% in Iraq, 0.17% in Saudi Arabia, 0.09% Source: Author's estimation in Yemen, 0.04% in Morocco, 0.04% in Tunisia, 0.11% in Armenia, 0.15% in Belarus, 0.19% in Bulgaria, 0.05% in Estonia, 0.15% in Lithuania, 0.37% in Ukraine.
TABLE 9 | FMOLS estimates (economy-wise).
[image: Table 9]An increase in innovations by trademark led to carbon emission decreases of 1.05% in Singapore, 0.14% in Russia, 0.04% in Morocco, 0.41% in Azerbaijan, 0.39% in Belarus, 0.13% in Bulgaria, 0.12% in Latvia, 0.05% in Lithuania, 0.51% in Moldova, 0.09% in Poland, 0.17% in Ukraine, 0.11% in the Kyrgyz Republic, and 0.25% in Uzbekistan. In contrast, increased trademarks led to upsurges in carbon emissions of 0.69% in Bangladesh, 0.31% in Pakistan 0.43% in Sri Lanka, 0.18% in Indonesia, 0.32% in Malaysia, 0.51% in the Philippines, 0.13% in Korea, 0.24% in Iran, 0.06% in Iraq, 0.05% in Jordan, 0.47% in Yemen, 0.11% in Israel, 0.03% in Armenia, 0.17% in Croatia, 0.44% in Georgia, 0.15% in Hungary, 0.08% in Slovenia, and 0.41% in Tajikistan.
GDP enhanced CO2 emissions in 33 BRI countries: Bangladesh, India, Sri Lanka, China, Mongolia, Indonesia, Malaysia, Singapore, Thailand, Vietnam, Korea, Russia, Mongolia, Egypt, Iraq, Jordan, Saudi Arabia, Yemen, Morocco, Tunisia, Israel, Armenia, Azerbaijan, Belarus, Croatia, Georgia, Slovenia, Ukraine, Kazakhstan, Kyrgyz Republic, and Tajikistan. The GDP alleviated pollution emissions in Bulgaria, the Czech Republic, Estonia, Hungary, Lithuania, Latvia, Poland, Romania, and the Slovak Republic. Overall, these outcomes showed that GDP created more environmental problems in BRI economies.
However, FDI positively affected environmental pollution in Bangladesh, Pakistan, China, Egypt, Iran, Yemen, Bulgaria, Croatia, Estonia, Hungary, Lithuania, Latvia, Poland, Romania, and the Slovak Republic, consistent with previous literature. In contrast, FDI negatively affected environmental pollution in Sri Lanka, Malaysia, Russia, Iraq, Tunisia, Armenia, Georgia, Moldova, Kazakhstan, and Tajikistan.
5 CONCLUSION AND POLICY PROPOSITIONS
BRI economies contain 39% of the land area, 64% of the population, 50% of the energy consumption, 35% of the international trade, 30% of the GDP, and 54% of the CO2 emissions worldwide. As a foremost sponsor of BRI, China holds the main share in world trade volume, GDP, and energy consumption and is the most significant CO2 producer. Technology innovation and the environment are a fresh debate among policymakers and environmental scientists. The key focus of the present study was to offer strategies for BRI economies regarding the technology innovation-environmental quality nexus of BRI regions and countries. Our analysis employed FMOLS estimators to account for heterogeneity, providing robust results. No previous studies have assessed technology innovation and CO2 emissions in BRI host economies.
The results of the empirical analyses of the BRI regions showed that trademarks and patents combated carbon emissions in the BRI economies, with trademarks better controlling pollution emissions compared to patents. We also found that GDP increased CO2 emissions in the BRI regions of South Asia, East, and Southeast Asia, MENA, and Central Asia. While FDI improved the environmental quality in East and Southeast Asia, Europe, and Central Asia, different outcomes were observed in South Asia. The results of the country-wise analysis of BRI indicated that patents had a positive effect on CO2 emissions in 20 economies and led to decreased CO2 emissions in seven economies. Trademarks improved and deteriorated the environmental quality in 13 and 18 economies, respectively.
We recommend some policies based on our results. Government authorities and policymakers should inspire firms, individuals, and industries to register their brand names after demonstrating their competencies in providing products, services, and technology for climate alleviation. Environmentally related technologies will stimulate the industrial sector and improve production methods, among others which could earn more from trademarks. Technological innovation can help the environment and provide increased profit, encouraging individuals, firms, and industries to innovate at all stages. This process would assist in the pollution emission problems in the BRIs. Patent and trademark applicants should be encouraged in all segments of Europe and all others along with BRI. At the same time, patent and trademark applications should focus on environmental quality in South Asia. In BRI and MENA host economies, patent applicants should emphasize pollution abatement products and clean and green environments. BRI host government authorities should also reduce the hurdles in patent innovation.
Patents caused increased environmental pollution in 20 countries, which enhanced both economic activities and pollution. Therefore, sustainable environmental policies are needed in BRI countries to alleviate environmental quality through the green production of patents. Considering BRI regional and country-wise policies, government authorities and policymakers should focus on green production through patents in the economy.
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