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This research aims to investigate the connection between logistic indicators, trade, renewable energy, and ICT on transport services in the selected 33 developed European countries. The researchers used the panel data from the 33 developed European countries to test the hypothesis. Panel GMM is an optimal modeling choice in this study from data sets ranging from 2007 to 2020. The results revealed that transport services have a significant positive relationship with trade, renewable energy, ICT, and internet usage. Also, the logistic indicators have a significant positive connection with transport services. Furthermore, renewable energy and transport services have a significant positive association with transport services. ICT adoption positively affects road freight transport by enhancing operations’ safety, suitability, visibility, and accountability. The effectiveness of these indicators is considerably affected by transport flow predictions and resource allocation strategy. Moreover, the management of high-quality operations requires optimization, and using transport and logistic management systems for transportation services makes it feasible to get optimal outcomes.
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INTRODUCTION
The economic environment developed over the last few years in developed economies, most significantly during the COVID-19 pandemic, has revealed certain behaviors and patterns among entities to boost their competitiveness. Due to the enforced modifications in the scope of activities and functions, entities and entire economies of the developed world have begun to concentrate on obtaining and sculpting information and communication technology from the environment. It also pertains to the transportation industry. In contrast, considerable volatility remains the primary link between individual market participants, sophisticated infrastructure, and logistic channels worldwide. These economies seek to maximize their cost-effectiveness through cutting-edge technology that enables the acquisition and processing of data to provide valuable logistic information. However, it is essential to evaluate strategies that may improve the quality of transportation services by lowering the cost of executing orders for existing clients or by increasing the efficiency of these processes by eliminating errors and leveraging the existing planning agility (Sałek, 2021).
The urgency to decarbonize the transportation industry has been emphasized in several kinds of research produced under the 2030 agenda for sustainable development goals.
Transport services are almost 95% oil-dependent and consume about 50% of the world’s oil. Transportation-related CO2 emissions are expected to continue their exponential growth, and energy-related CO2 emissions constitute 74% of total greenhouse emissions. Despite electricity and heat generation continue being the highest greenhouse gas-producing industries, accounting for 43% of total greenhouse emissions in 2017, transportation employed second with a 24% share of CO2 emissions in 2017 (Kulisic et al., 2021; Yu et al., 2022a; Din et al., 2022). However, 86% of emission from the transport sector comprises the road transport. Furthermore, 95% of the energy used globally in transportation is derived from petroleum-based products, and it also has the lowest renewable energy dissemination (Kulisic et al., 2021).
CO2 emissions are much heavier than they used to be at the start of the industrial revolution, with CO2 levels in the atmosphere reaching 409.8 ppm in 2019, the highest level in at least 800,000 years (Lindsey, 2019). Developed countries have increased their efforts in recent years to gain consent for industrial sector reform and to achieve relatively speedy development in energy consumption for the creation of products and services (Ahmed et al., 2022). Due to the recent alarming prevalence of carbon emissions, mitigation techniques must be developed to balance greenhouse gas concentrations. Unfortunately, there has been no worldwide agreement on strategies for reducing severe environmental damage. Significant advancements in renewable energy provide viable alternatives to conventional fossil fuel methods. Many renewable energy sources, unlike fossil fuels, are sustainable and emit low carbon, which justifies their growing prominence (Mohsin et al., 2021).
The transportation sector is undergoing considerable development in digitization and computerization these days. The process of transport digitization entails adopting digital communication services that facilitate compliance with existing rules and the management of logistic processes (The, 2021; Ziyadin et al., 2020). This has a considerable effect on the flow of information and may contribute to the growth of competitive advantage in the market (Gunasekaran, Subramanian, Papadopoulos, 2017). Moreover, it strengthens the possibilities for sustainable transportation on all frontiers: environmental, physical, economic, and social sectors (Sarkis et al., 2020).
Numerous research studies have already been conducted in recent years to determine the association between logistic indicators, renewable energy, trade, and the role of ICT on transport services (Rezagholizadeha et al., 2020; Sałek, 2021). Considering the uncertainties surrounding the current global pandemic, it is critical to examine the perspective and recommendations of transportation services from the relevant experts (Zhang et al., 2021). The significance of ICT integration in the transportation industry enables a quick and flexible link that assists enterprises in managing operations and control by assuring end-to-end, real-time visibility of each stage of the supply chain (E2E). In developed economies, the transport companies are competent carriers with extensive experience in offering freight delivery services through road transport. They provide comprehensive air and container transport services via vehicles.
LITERATURE REVIEW AND HYPOTHESIS DEVELOPMENT
Dynamic interfaces have dominated global change for decades among individuals, corporations, and entities. Trade performance requires strong acquaintances between all stakeholders on land, sea, air routes, telecommunications, financial markets, and knowledge acquisition.
Trade and transport services
At the end of World War II, significant economic expansion on an international market resulted from all economic and social indicator transformations that subsidized the emergence of globalization (Malkowska & Malkowski, 2021). The expansion of transport, on the one hand, provides the foundation for the economic development of competencies and the strengthening of their competitiveness. However, on the other hand, it leads to environmental degradation (van Veen-Groot and Nijkamp, 1999). Certain transport companies incorporate this issue into their development priorities and outline targets and long-term initiatives that can be categorized as quality standards in the relevant discipline (Gudmundsson et al., 2005; Khan et al., 2021b). The literature revealed that the transport services’ effectiveness is triggered by a variety of factors, including ecological location, innovativeness of applied technical and organizational solutions, quality of infrastructure, level of technological advancement of transport means, and implementation of sustainability considerations in the pursuit of transportation systems (Aditjandra et al., 2016). As a new concept for attaining regional and international competitiveness, green transportation is the remedy to these constraints (Khan et al., 2021c; Khan et al., 2021d).
This concept supports adopting innovative, eco-friendly technology and organizational alternatives in the transportation sector (Tsakalidis et al., 2020; Khan et al., 2022b; Yu et al., 2022b). The concept of green transportation is necessary to maintain equilibrium among economic, social, and natural components (McKinnon et al., 2015). It seems to have a considerable influence on the transport sector’s local and global functioning and development. It results in more significant international trade, the dissemination of information and innovation, and, perhaps, a better understanding of the need to balance economic and environmental goals. In Europe, the transport industry contributes to approximately 5 percent of the gross domestic product (GDP) and directly engages more than 10 million people in 1.1 million transport firms (Ali et al., 2018). Considering the importance of the transport sector on a regional and global scale, it is vital to conduct a theoretical and practical inquiry into the significant challenges and trends observed inside this sector of the economy (Ashmarina et al., 2020; Khan et al., 2021e). Therefore, based on the past literature, the following hypothesis has been proposed:
H1. Transportation services and trade have a positive relationship.
Renewable energy and transport services
Venturini (2019) revealed that persistent growth in global agility demand, paired with a long-standing dependence on fossil energy resources, poses a substantial obstacle to assuring the transport sector’s future sustainability. Transportation activity contributes to 23% of worldwide energy-related CO2 emissions. However, population, income, and trade expansion all contribute to a ramp-up in transportation energy demand, inadequate substitute fuels, notably in the heavy-duty component, coupled with lock-in effects in the fuel and transportation infrastructure, and have contributed to a slower rate of transformation to renewable energy than in other economic sectors. Venturini et al. (2019) investigated the effects and efficiency of transportation policy measures in attaining integrated energy and transportation system emission reduction targets in Denmark. They argued that CO2 and fossil fuels tend to substantially reduce carbon emissions from the transportation sector, while fostering mobility service is the most cost-effective strategy investigated. Long et al. (2021) studied the life cycle of CO2 emissions with hazel gasification methanation to create renewable biofuels to compare the RED recast’s heat and transport sustainability goals for 2026. They concluded that 97 percent of the greatest emissions associated were achieved by changing the arable land to transportation end-use.
Furthermore, Meneghetti et al. (2021) considered that refrigerated transport is witnessing rapid growth in terms of growing demand for chilled and frozen foods. Vehicles require gasoline for mobility and to power the diesel-powered refrigeration unit that preserves the vehicle inside at the desired temperature. This tendency makes things difficult for sustainable development as transportation substantially contributes to energy consumption and associated greenhouse gas (GHG) emissions globally. Transport accounted for 31% of total final energy consumption in the E.U. in 2017 (Meneghetti et al., 2021). Moreover, 27% of total GHG is due to transportation, including road transport accounting for 74%; heavy-duty vehicles contributed to 19% of these emissions (EEA, 2020).
Therefore, based on the past literature, the following hypothesis has been proposed:
H2. Transportation services and renewable energy usage have a positive relationship.
Information and communication technology service and transport services
Information and communication technology has been recognized as a growth enabler in developing and developed countries. Several scholars have analyzed ICT use in various scenarios (Sarfraz et al., 2022; Khan et al., 2022c). The acronym ICT has been used widely in the literature, encompassing cellphones, decision support applications, smart devices with applications, and technology gadgets. Ezenwa et al. (2020) examined ICT adaptation in road freight transport in Africa. ICT adoption positively affects road freight transport by enhancing safety, suitability, visibility, and accountability in operations. Furthermore, Hasegawa (2018) studied that the expansion of ICT may also significantly affect alternative concentration to enhance transportation systems. The study by Thomopoulos and Givoni (2015) shows ICT technologies as a remedy for transportation issues and creates a cognitive comprehension of the domain’s and related fields’ prevailing arguments. They explored mechanisms for innovation and commercialization inside the market for intelligent transport systems, with a particular emphasis on collaborative activities. However, they mainly elaborated on assessments of existing ICT implementations across Europe.
Bieser and Höjer (2021) studied that ICT enables new prospects to reduce CO2 emissions from passenger transport by reducing, transferring, or upgrading transportation. The research of Chatti and Majeed (2022) seeks to examine the relationship between information and communication technology usage in passenger transportation and a sustainable environment using a panel dataset of 46 countries from 1998 to 2016. Internet and phone penetration are used to quantify ICTs, whereas environmental degradation is quantified using three separate metrics of carbon emissions from various sources. They concluded that a strong correlation between ICTs and the passenger transportation activity seems to have the potential to transform environmental sustainability by reducing carbon emissions.
Hence, based on the available literature, the following hypotheses have been proposed:
H3. Transportation and information and communication technology services have a positive relationship.
H4. Transport services and internet usage have a significant positive relationship.
Logistic indicators and transport services
Since 2007, the World Bank has been compiling a survey-based index called the logistic performance index (LPI), which is generally accepted globally (160 countries are included in the 2018 version). The LPI is an efficient mechanism for countries to measure and evaluate their logistic performance worldwide and perhaps to recognize logistical hurdles and opportunities (Gogoneata, 2008; Sarfraz et al., 2021; Rehman Khan et al., 2022). LPI is acquiring recognition as a reliable technology rapidly used by governing bodies to design strategies. LPI has been employed by the European Commission in its Transport Evaluation Panel to review the performance assessment of the Customs Union. Therefore, the World Bank is accompanied by several international transport groups and agencies in developing and implementing LPI. Therefore, it is recognized that an increase in a country’s LPI score leads to growing trade volumes in a globalized economy. Many studies have discussed the significance of logistic indicators in transportation services. Observed that the business’s logistic chain develops a strategy regarding measures to be implemented inside transportation operations and then evaluates them competitively. Sirina and Zubkov (2021) argued that the mechanisms for regulating transportation services contribute in developing a transportation and logistic system. The effectiveness of these mechanisms is considerably influenced by the forecasting and planning of cargo flows and resource distribution. They further added that management of high-quality operations entails optimization. Implementing transport and logistic management systems for transportation services makes it possible to obtain a positive optimization outcome. Sałek (2021) exemplified the significance of specific logistical indicators in enhancing the quality of transportation services. The study also tested the application of dynamics, correlation, and regression analysis to specific logistic indicators that can be employed to forecast future actions to improve the quality of processes and services delivered. It further concluded that this insight could substantially impact the growth and competitiveness of transportation enterprises, specifically in quite an unpredictable market.
Therefore, based on the past literature, the following hypothesis has been proposed:
H5. Transportation services and logistic indicators have a positive relationship.
METHODOLOGY AND DATA SOURCE
The researchers in this study explored the nexus between transportation services, renewable energy, trade, ICT, and logistic indicators while addressing the panel data of 33 selected developed European countries. Renewable energy plays an integral part in an economy by subsidizing the framework for transportation services, which leads to substantial trade volume and logistic performance. However, the following econometric equation briefed hypothesis of this research study:
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where TNRS indicates transport services containing the percentage of services exports. Trade specifies with the percentage of GDP. However, RE is explained as the percentage of final consumption of renewable energy. ICT and INT are total exports of information communication technology services and internet usage by individuals, respectively. The logistic indicators have been explained as the ability of the consignment to track and trace efficiently (L1), the competitiveness of the logistic services (L2), the ability to place cost-effective shipment price (L3), efficient clearness process from the customs (L4), and frequency of the consignment received by consignee within the expected time (L5) and efficient transport infrastructure (L6). However, the index value ranging from 1 to 5 symbolizes low-to-high logistic performance, while α is constant, and ε designates an error correction in the model. The researcher used the panel data from 33 developed European countries to test the hypothesis. Hence, the following equation has been proposed to analyze the performance of transport services:
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Typically, the researchers experienced the issue of serial correlation and heteroskedasticity while dealing with the panel data, which might mislead the accurate estimation of the model. Serial correlation is the term used to denote the disturbance phrase linked with any variable in the model that the disturbance could not influence in another variable of the proposed model (An et al., 2021). FGLS permits heteroskedasticity and the absence of cross-sectional correlation in models. Due to the heterogeneity caused by the estimates, the asymptotic efficiency of FGLS may not hold on to small sample sizes. Griliches and Rao (1969) revealed that FGLS seems more appropriate and efficient than least squares for large sample sizes and that FGLS can resolve heteroskedasticity and autocorrelation constraints (Khan et al., 2018).
Equation 2 elaborated country’s time effect and country’s fixed effect as the model observed the country-specific heterogeneity issues. This research study addressed this issue by transforming these specified equations using first difference estimators, namely, dynamic panel GMM estimators, that effectively mitigated serial correlation and heterogeneity. Generally, the panel data are confronted with serial correlation, heteroskedasticity, and heterogeneity, all of which could be resolved through panel GMMs (the generalized method of moments) (Khan et al., 2019). Moreover, the GMM estimator is effective when the cross-sectional identities are large in number compared to the period identifiers (Alonso-Borrego and Arellano, 1999). A panel of 33 countries was selected for the study (Table. 1).
TABLE 1 | Source of data (period of review 2007–2020).
[image: Table 1]RESULTS AND DISCUSSION
As exhibited in Table 1, all variables have a strong mean and standard deviation and a prominent spike in their dispersion, demonstrating the transport service’s robustness with the panel of 33 developed European countries with good economic growth. The performance of logistic indicators has been explained as the ability of the consignment to track and trace efficiently, competitiveness of the logistic services, ability to place cost-effective shipment price, efficient clearness process from the customs, and frequency of the consignment received by consignee within the expected time, and efficient transport infrastructure. However, the index value ranging from 1 to 5 symbolizes low-to-high logistic performance. However, all logistic indicators have a positive mean and standard deviation. Furthermore, renewable energy, ICT, and trade also have significant positive mean and standard deviation.
Table 2 demonstrates the correlation among variables in this study. The researcher found that only renewable energy positively correlates with transport services. As the usage of renewable energy increases, the transport services will be more efficient in the 33 targeted countries. However, trade, ICT, Internet usage, and all logistic indicators negatively correlate with transport services.
TABLE 2 | Correlation matrix (developed E.U. countries).
[image: Table 2]Table 3 demonstrates the results of the static model while explaining the ordinary least square (OLS), fixed effect (F.E.), and random effect (RE). The results found that L2 has the ability to place cost-effective shipment price (L3), efficient clearness process from the customs (L4), and frequency of the consignment received by consignee within expected time and has a negative coefficient value with transport services on 1%, 5%, and 10% levels of confidence. In simple terminology, the competent logistic services, ease of competitive shipment prices, and efficient customs clearance process will significantly hurt the efficiency of the transport services. However, RE, ICT, INT, trade, and remaining logistic indices (L1, L5, and L6) significantly correlate with transport services. Renewable energy consumption will significantly improve the performance of transport services, and its less contribution to environmental degradation will help the country to achieve sustainable goals. Moreover, the efficient information and communication technology usage and usage of the Internet will significantly make the transport services efficient.
TABLE 3 | Static model: the results of OLS, FE, and RE effects.
[image: Table 3]Table 4 demonstrates the panel estimation regression of GMM and FGLS. The results disclosed that transport services have a positive and significant relationship with trade, renewable energy, ICT, and internet usage at a 5% confidence level. The association between transport service and trade is directly proportional with a 0.0776 coefficient value. The significance of transport efficiency in trade cannot be denied. The economies can have a strong capacity to boost their trade balance by applying efficient transport services that drastically reduce cost and time.
TABLE 4 | Dynamic model.
[image: Table 4]Information, communication, and technology have a significant positive connection with transport services having a coefficient value of 0.038. The results revealed that ICT adoption positively affects road freight transport by enhancing safety, suitability, visibility, and accountability in operations. However, the expansion of ICT may also significantly affect the alternative concentration to enhance transportation systems. ICT technology is a means of resolving transportation difficulties and developing a cognitive understanding of the domain and related fields’ dominant arguments. Moreover, strategies for innovation and commercialization within the intelligent transport systems’ domain focus on collaborative endeavors. However, the findings mostly focus on evaluating existing ICT deployments in developed countries in Europe. It suggested that a significant association between ICTs and passenger transportation operations has the potential to transform environmental sustainability by reducing carbon emissions.
The results found that renewable energy and transport services have a significant positive association with transport services with a 0.045 coefficient value. The transportation sector produces 23% of global energy-related CO2 emissions. The population, income, and trade-economic expansion all lead to a rise in transportation energy demand; however, insufficient substitute fuels, primarily in the heavy-duty component, and lock-in effects in the fuel and transportation infrastructure have resulted in a slower rate of transformation to renewable energy than in other economic sectors. In 2017, the E.U.’s total final energy consumption for transportation accounted for 31% approximately. Additionally, 27% of total GHG emissions with road transport accounting for the majority (74%) of these emissions; heavy-duty vehicles accounted for 19% of these emissions.
Furthermore, the result findings revealed that logistic indicators positively connected with transport services, even though to develop a strategy for measures to be implemented within transportation operations and to evaluate their competitiveness within the business’s logistic chain. The efficiency of these indicators is significantly influenced by cargo flow forecasts and resource allocation planning. In addition, the management of high-quality operations requires optimization. By applying transport and logistic management systems for transportation services, it is feasible to achieve optimal outcomes.
CONCLUSION
Under transport services, the significance of global logistics in expanding financial operations is examined rigorously and debated. This debate is enlarged to include environmentally friendly logistical operations associated with renewable energy to tackle environmental degradation issues related to the economic expansion of developed nations. The research used the GMM and FGLS approach to predict the link between logistic indicators, trade, renewable energy, and ICT on transport services in selected 33 developed European countries. The use of renewable energy sources will considerably improve the performance of transportation services, and their reduced contribution to environmental deterioration will assist the country in achieving its sustainable goals. In addition, the use of information and communication technologies and the Internet will considerably improve the efficiency of transport services. Transport services have a considerable positive link with trade, renewable energy, ICT, and internet usage with a 5% confidence data level. The correlation between transport services and trade is directly proportional. The importance of transport efficiency in trade cannot be denied. By implementing cost-effective and time transportation services, economies can significantly improve their trade balances. The adoption of ICT positively influences road freight transport by improving operational safety, integrity, visibility, and accountability. However, the growth of ICT may also substantially impact the accumulation of opportunities to improve transport networks. However, there is a strong correlation between logistic indicators and transport services, although to establish a strategy for measures to be implemented within transportation operations and then evaluate their effectiveness within the business’s logistical system.
The effectiveness of these indicators is considerably affected by transport flow predictions and the resource allocation strategy. Moreover, the management of high-quality operations requires optimization. Using transport and logistic management systems for transportation services makes it feasible to get optimal outcomes (Table 5).
TABLE 5 | Summary statistics (developed E.U. countries).
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