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Abstract
 
This research paper aims to understand the effect of low-emission mobility strategy released by the European Commission towards the trade activity in the EU countries. The engagement of the EU in Paris Agreement has led to the implementation of several policies to achieve the goal of maintaining the global temperature change well below 2°C. Therefore, the European Commission published the low-emission strategy that consists of digitalization initiatives, the multi-modality transport pricing (taxes or penalties), and other fuels infrastructure improvements. However, this is feared to hamper the global trade activities as the trade highly depends on transportation usage. The data to observe the central topic of this paper is collected from Eurostat database from 2010 to 2017, with cross-section analysis being performed. The result indicates that there is a negative relation between the low-emission mobility strategy and trade growth. Nonetheless, the effect of this strategy is not proved to be significantly different in each region (Western Europe; Eastern Europe) and amongst the different type of traded goods (manufactured goods; services). However, this analysis is performed under several limitations that could be incorporated for future recommendations.
 



















1. Introduction
The transportation sector is one of the primary driving forces in economic growth and European integration. This is an indispensable part of the creation of a greater wealth of a country. Nearly all economic processes are directly dependent on the transportation system, starting from work commuting through outsourcing raw materials and services, up to the customer delivery process. Nonetheless, the transportation sector seemingly affects the environment and economic activities worldwide. Several actions are then taken by the European Commission to mitigate the negative ecological effects, while these actions are expected to maintain the growth of economic activities. 

This research paper aims to analyze the effect of the low-emission transport mobility policy made by the European Commission towards global trade activities in EU countries. Initially, this paper will explain the background problem of the topic and how transportation is a cornerstone in European trade. The central question and hypotheses are then elaborated in the introduction and research hypotheses section respectively. After that, qualitative and quantitative methods are used to observe the effect of several factors in the EU policies in minimizing the high level of emission on the international trade growth in EU. Lastly, the result and conclusion are addressed along with limitations and recommendations.

1.1.  Trends of transportation and its impacts
In modern society, a substantial amount of investment is progressively allocated in enhancing transport services (for passengers) and freight transportation in the European Union (EU). A research conducted by European Communities that was recorded in ‘European Energy and Transport’ explained all the transport trends up to 2030 (Capros, Mantzos, Papandreou & Tasions, 2008). One of the main findings is portrayed in figure 1. The figure illustrates the trend of transportation activities for passenger and freight purposes with the time interval of 1990 to 2030. This has been measured in Giga passenger-kilometer or 10^9 passenger-kilometer (Gpkm). The increasing trends in passenger and freight transport activities could be identified which are forecasted to end up at approximately 9000 Gpkm and 3600 Gpkm respectively by 2030.
  
[image: ]
Figure 1. Transport Activities by mode. Taken from “European energy and transport” by European Commission, 2008. Retrieved from https://ec.europa.eu/energy/sites/ener/files/documents/trends_to_2030_update_2007.pdf. © European Communities, 2008. The horizontal and vertical axis represent the years and the Giga passenger-kilometer measurement successively. 

Additionally, a substantial increase in the freight volumes is still expected in the following decades. This is forecasted to rise by approximately 70% by 2020 relative to the level in 1990. According to Mačiulis, Vasiliauskas and Jakubauskas (2009), international trade is projected to thrive even more than domestic trade due to the presence of globalization. These researchers have also found the increasing trend of intermodal transportation usage for freight purposes over time. They tried to analyze the root cause of these increasing trends and how it affected the competitiveness of national economic growth. Their brief finding is illustrated in figure 2 which reveals that the allocated transport investment by government has led to a greater capacity and a more efficient transport system with a better quality of services. This lowers the transport cost as shorter transit time occurred which eventually triggered more competitiveness. Hence, the investment in transport infrastructure has substantially affected the productivity and competitiveness of the regions in their trade activities. 

[image: ]
Figure 2. The effect of transport system development on economic growth. Taken from “Transport, 24(2), 93-99” by Mačiulis, Vasiliauskas and Jakubauskas, 2009. Retrieved from https://www.tandfonline.com/doi/pdf/10.3846/1648-4142.2009.24.93-99.

On the other hand, transport movements certainly produce the detrimental externalities on the environment and the safety of citizens, such as accident, pollutions, emissions (CO2), severe congestion, and others (Button, 1990). Button (1990) has identified these externalities by using the physical measurement for environmental damage and its valuation in monetary terms. The main counterpoint of growing transportation activities is its ecological effect which contributes to climate change. It supplies nearly a quarter of Europe’s gas emission which becomes the root cause of pollution in cities (‘Transport emission’, n.d.). These emissions are generated from various transport activities, including maritime, aviation, road, and rail mode.

An observation based on the OECD countries, conducted from 2010 to 2015, showed that emissions from the transport sector have been increasing by 2.5% annually (OECD/ITF, 2017). The emission volume is believed to be 60% higher compared within 1990. According to the European Commission (2018), approximately 4% of GDP refers to the external cost of transportation (gas emission). Also, the EU is in the frontline of supporting the international effort on tackling climate change (European Union, 2016). Therefore, some regulations and policies are taken by the Commission to tackle this problem without hampering the concerned economic activities.

1.2.  The transport Policy 

A streamlined transport system is crucial not only for the economic strengths (market growth) in EU regions but also to minimize environmental damage. To achieve this streamlined system, the transition of transport systems towards low-emission mobility is needed that would consistently keep the efficiency of the internal market and global connectivity. European transport policies generally target a 60% reduction of emission (excluding maritime activities) by 2050 relative to the level in 1990. For international maritime transport, it intends to reduce emission by 40% in 2050 from the level in 2005. For private and public transportation, society is advocated to move from conventionally fueled vehicles to more environmentally friendly vehicles, such as electric vehicles. These intend to fulfill their objective towards the Paris Agreement concerning climate change and greenhouse emission mitigation (Tuszyńska & Ratcliff, 2018).

In recent years, as globalization rises, international and domestic trade becomes increasingly important and competitive. Meanwhile, the environmental objectives and climate goals are progressively concerning due to the rise of CO2 and greenhouse gas (GHG) emissions. This is presumably because of the increase in the transportation movements that comes from trade activities. This has later become the primary problem in policy agendas (United Nations, 2011). To analyze this problem related to global trade, hence, the research question of this paper is as follows:


What is the effect of low-emission mobility strategy by the European Commission on the competitiveness of trade activity in the EU?

The EU is the leading trading partner that is responsible for 59 countries trade relations. Their mission is still to enlarge employment and to create a more sustainable economy (European Commission, n.d.). Any low-emission transport mobility strategies made by the Commission should also be able to improve or maintain the EU as the greatest outward-oriented economies worldwide. Therefore, transport policies and trade concession are crucial elements of global trade.   

1.3.  Social and scientific relevance

From the social and scientific relevance point of view, this paper would provide insights for policymakers or the European Commission members to be aware of the importance of trade effect when they are creating climate change policies. By considering the trade importance, it helps to enhance the countries’ economy which eventually benefits the whole society. Although this research paper focuses on the emission level and trade activity in EU countries, other policymakers outside the EU can also learn and be inspired by the obtained insights and recommendations of this paper. For example, countries that have a high level of CO2 can consider embracing new technologies to shift towards low-emission mobility instead of excessively taxing the manufacturer or transportation companies that would harm economic activity. Hence, the countries can make a regulation that would fit the best with their environmental conditions, taking into consideration the shipping activity and economic development of the state. 
 
Furthermore, the general works of literature have focused mostly on how effective the transport and climate change policies on the CO2 abatement (e.g. Pindyck, 2013; Robèrt & Jonsson, 2006) or the impact of trade activities on the greenhouse emission level (e.g. Perroni & Wigle, 1994). It is still very scarce for the scientific literature to focus on the long-term effect of emission mitigation policies on the competitiveness of trade activity, therefore, this thesis would contribute to filling this knowledge gap. 











2. Research hypotheses and related literature

The increasing level of emission is also argued to be caused by the trade activities by some researchers (e.g. Smale, Hartley et al., 2006; Ali, Zaman & Ali, 2015). It starts from the process of manufacturing companies that supply the export goods up to the transport processes for the import goods. Therefore, the emission reduction strategy might also influence global trade activities.

Smale et al. (2006) have observed the impact of CO2 abatement policies towards the competitiveness of European industry. They examined how the EU Emission Trading System (EU ETS) in the UK affects the performance of UK firms and their rivals. EU ETS is a foundation of EU policies to prevent climate change and it uses the ‘the cap and trade’ principle in which the emissions can be traded between companies as needed. According to their finding, a reduction of volume in production by mostly 1% is identified. Whereas, the cement and steel are under the ‘toughest’ policy scenario which resulted in a reduction of approximately 5% and 10% respectively. Hence, EU ETS has caused a decrease in employment in certain sectors. Moreover, this system (EU ETS) applies to around 95% of the goods supplied in the UK which increases the marginal costs to the consumers. The rising prices and lower productions are then argued to be the impacts of the CO2 mitigation policies which eventually lead to weaker demand in the UK market. 
 
Trade activity is assumed to be increasing since the globalization and trade economy becomes increasingly important. There are several aspects in the world that can influence the trade progress in the future as it involves a lot of countries’ economy, such as exchange rates, trade policies, Brexit, heterogenous goods and other demographic changes. However, this paper would mainly focus on the effect of the low-emission mobility strategy on the increment of the trade activity, all else being equal. Hence, the first hypothesis is concluded as:

Hypothesis 1: The low-emission mobility strategy negatively affects the growth of the trade activity in EU


This paper focuses on EU countries since Europe has really integrated into the global market and is well-known for its prime position in the global trade (‘EU position’, 2019). However, the trade pattern in the Eastern European region differs from the Western European region. Both have a different political system, economic stability, market-based economy, access to technological opportunities, and others. 

The greenhouse gas emission per capita are collected annually in the Eurostat dataset with the average of the population is used as a dominator. This indicator measures the total greenhouse emission in tonnes of CO2 equivalent per capita. It is illustrated in figure 3 and shows that the emission per capita is higher in Western Europe in every year except for 2014. It could be due to a larger volume of trade the countries handle, hence, there is a significantly higher level of emission, with 17.7 being the highest in the Western Europe region. Based on this figure, it is expected that Western Europe would get a stronger impact from the low-emission mobility strategy on their trade activity.


Figure 3. The greenhouse gas emission per-capita in Western Europe (WE) and Eastern Europe (EE) from 2010 to 2017. Source: Eurostat. Generated from https://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&language=en&pcode=t2020_rd300&plugin=1

On the other hand, Wang & Winters (1992) provided literature about the liberalization of Eastern European. They argued that Western European has more decent market access to the world than the East because of a more developed and stable economic conditions, and larger opportunities for technological development in the Western region. His paper utilized the robust gravity model to estimate the trading potential for Eastern Europe and resulted in a huge potential this region can achieve. However, to boost the development of Eastern Europe market, the Western must also positively respond towards the import from the East. Hence, they assumed that the presence of the climate change policies (that would probably restrict some of the economics activities due to the environmental taxes, emission penalty, greenhouse-gas restrictions, etc.) can be properly handled by Western Europe regions than Eastern Europe.  The effect of the low-emission strategy towards Eastern Europe trading activity is expected to be different with Western Europe as each region has diverse capabilities to react on the policy. To elaborately explain this effect, the last hypothesis is formulated as:                                                                        

Hypothesis 2: The low-emission mobility strategy has bigger negative effect on the Eastern European region for their global trade compared with Western European region

Moreover, the heterogeneity of the traded goods and services is crucial to be considered to ana-lyze the precise effect of EU climate policies. For instance, the manufactured goods that are emission-intensive would get a more influential impact when the environmental taxes policy is applied since the trade openness towards these types of goods would certainly drive up the overall emission (Onder, 2012). A research done by Dellink et al. (2017), illustrates the different effects of climate change on international trade across the various type of products in the following decades. A qualitative analysis based on the literature review is used to identify the direct effects of climate issues. They also analyzed these effects based on the emission level produced in the production and shipment of each type of the product. Their report emphasizes the importance of regional differences and sectoral economic activities that would be the factors to show the different damages of climate change. The result shows that the trade volume in food, agricultural commodities, and other mining products are expected to be substantially impacted by climate change. Whereas, the trade in public services, utilities, and transportation services are projected to be weakly affected by climate damages. This indicates that agriculture and the manufactured goods are more energy-intensive that would be more sensitive towards the climate than services. 

Moreover, in the paper of Smale et al. (2006), as previously discussed in the first hypothesis, shows how the climate policy through EU ETS affect the competitiveness of UK firms in the European industry. Their paper used empirical data from five energy-intensive sectors and applied the concept of Cournot competition model to represent the oligopoly UK market. The result represents that a sector with high energy intensity would get a more output reduction impact when the policy is implemented because it involves the carbon emission penalties. This, however, has been successfully compensated with the larger profit due to the rising prices. Whereas, the trade volume reduction in the medium energy-intensive sector is relatively low, with less than 1%. Fortunately, the impact on profits is still significant, being approximately +15%. To analyze the effect of low-emission mobility on different types of product, the last hypothesis is formulated as follows:

Hypothesis 3: The impact of the low-emission mobility strategy is larger for the exchange of manufactured goods than the services

















3. The mission of European Commission

The economics and quality of life’s improvement have always been a core mission for EU regions. Global warming is one of the issues that threaten the ecosystem, tourism, and many social and economic sectors. Climate change has also increased the probability of flooding in some of Europe regions. The sea-level is expected to accelerate in the following decades due to the ocean expansion as a result of warming (‘How will we be affected?’, n.d.). Therefore, several European strategies are initiated on low emission mobility to tackle this problem.

3.1.  The Paris Agreement
In 2014, the climate and energy policy 2030 was agreed by EU leaders in which the European Council targeted the following missions:

•    Reduction of the greenhouse emission by 40% in 2030, relative to 1990
•    Having 10% of existing electricity connection in 2020 and acquiring a 27% improvement in energy efficiency compared with the estimated target. 
•    Ensuring to have enough financial support for low-carbon improvement and climate resilience.

The main objective of the agreement is maintaining the temperature change below 2°C (with the effort to limit it to 1.5°C). This is expected to have reduced the emission by 50% in 2050 and below or nearly zero in 2100. Moreover, in 2016, the Paris Agreement was officially entered into force and ratified by at least 55 countries. EU member states have contributed approximately €20.2billion and confirmed its determination to increase its climate finance contribution up to $100 billion annually in the following years (‘Paris Agreement’, n.d.). 

3.2.  Low-emission strategy
Since the EU has committed towards Paris Agreement which aligns with the 2030 Agenda to resolve climate issues, several policies are then made to enhance the mobility efficiency through the low-emission mobility strategy. A set of initiatives to support this strategy are listed in “The Action Plan” by Commissions to improve the EU regulatory framework. The main goals of these actions are to provide a more efficient transport service; increase the usage of low-emission energy for all vehicles; and to reach the low- or zero-emission (European Commission, 2016). ‘European Strategy of Low-Emission Mobility’ was adopted by the European Commission in 2016 to maintain the competitiveness of Europe while balancing the increasing need for mobility. The following initiatives have been highlighted and implemented as a part of the low-emission mobility strategy (European Commission, 2016):

· Digital Mobility 
In the digitalization era, digital technology is becoming the source of opportunities for every aspect of life. It can transform business operation, business processes, or other transport activities into more efficient, safer operations and to a better inclusive service. To maximize this potential, the Intelligent Transport Systems are then used in all transport modes to support the multimodal Trans-European Transport Network (TEN-T network). 

Some other digitalization initiatives are also implemented for port, aviation, and road transport system. For instance, Automated Guided Vehicles (AGVs) has been well-known for making a complete automated container terminal. For Rotterdam’s newest port at Maasvlakte 2, the battery-powered AGVs has led to a 50% increase in efficiency compared traditional system and the new AGVs also induce zero CO2 emission which helps Port Authority and the community in reaching the CO2 reduction goal (‘Celebration of 20 years AGV's’, 2013).

· Fair and Efficient Transport Pricing
The charging system is widely used to reduce the negative externalities from transport users. The externalities include traffic congestion, noise, gas emission, air pollution and others. In the EU level, this system was used mostly for rail and lorries. EU is advocated to change the charging system towards a distance-based charging (based on kilometers). Therefore, this would accurately illustrate the user-pays and polluter-pays principles. Commission intends to improve the new tolling service providers in order to lower the total of the system cost. Additionally, they are planning to enable the charging based on the level of carbon dioxide produced and apply this system to buses, coaches, cars and vans.

· Promotion of Multi-modality
Multimodal integration is one of the crucial ways to reach zero- or low-emission mobility. This refers to a shift towards a lower emission transportation mode for the same distance of journeys, such as inland waterways and rail. For instance, in the railway sector, the Commission is planning to maximize the application of combined transport modes by enlarging the capacity and improving the efficiency of the rail corridors usage for freight purposes. 

Furthermore, in 2018, the Commission will bring together the initiatives and events related to the Combined Transport Directive to promote the importance of EU multimodality transport system. Commission has also released the transport charges and taxation analysis to properly inform people to choose the right modal transport (‘Logistics and multimodal’, n.d.).

· Many other initiatives
Other initiatives, such as the alternative fuels infrastructure; standardization of electro-mobility; and other post-2020 strategy for all transport means are also included in “The Action Plan” of Low-emission Mobility Strategy 2016.

3.3.  The competitiveness of EU trade activities
As the world’s biggest exporter of goods and services (for around 80 countries), the EU’s trade is valued for approximately €3,936 billion worldwide in 2018. Table 1 illustrates the international trading activities (exports and imports) of the EU with its partner around the world. It shows that the US has the highest trade volume activity with the EU, reaching €673,642 billion in total. According to the fact sheet published by European Parliament, the trade volume has increased from 2017 to 2018, with 4.1% increment in total exports and 6.7% in imports; and are worth for the value of around €1,956 billion and €1,980 billion successively (Damen & Przetacznik, 2019).


Table 1. The International trade activity of EU in 2018 (million €). 
	Country (Main trading partners)
	Exports
	Imports
	Total

	United States
	406,372
	267,270
	673,642

	China
	209,906
	394,698
	640,604

	Switzerland
	156,484
	108,980
	265,464

	World
	1,955,746
	1,980,361
	3,936,107


Source: Fact Sheets on the European Union – 2019 by Damen, M., & Przetacznik, J., 2019


Furthermore, the transportation sector plays a major rule on international global trade as in 2016, transport-related services represented around 17% of the total exports (European Commission, 2018). The agreement on EU transport system encompass a complicated network connection between companies/their trading partners and involving over one million private and public companies with roughly 10.5 million employees in the EU. The speed of technological development that provides proper mobility of goods and services would boost the trade activity in the EU. 

The transport policies in the European region has maintained the development EU economy by providing some digital innovations and better infrastructure network which lead to short-time travel. Transport is also one of the influential contributors to the EU economy as it contributes roughly €664 billion of EU gross value added (GVA) in 2016. The policies are generally created to tackle the congestion; sustainability; air quality (60% emission reduction by 2050); quality of infrastructure; and the market competition (‘Transport’, n.d.).

On the other hand, the increase of trade activities also (in)directly affects the level of CO2. For example, 940 million tonnes of CO2 were emitted from the maritime shipping industry annually, hence, the maritime transport contributes 2.5% of global gas emission. EU has later stepped in to create the ‘Monitor, Reporting, and Verification’ regulation to control the CO2 produced by large vessels in EU ports. Afterwards, the Commission can set a reduction target of the greenhouse gas emission for maritime transport. This is expected to eventually lead to a significant decrease in gas emission without hampering the shipping activities (‘Reducing emissions’, n.d.).

To conclude, the main mission of the European Commission towards international trade activity is to have mutually beneficial access between the EU and other countries’ markets. By implementing the low-emission mobility strategy, it is expected not only to promote the abatement of the high emissions level but also enhance the efficiency of the transportation system which supports this mutual-benefit collaboration for EU countries. EU has actively engaged in determining the trade agreement/rules with the World Trade Organization (WTO) to boost the import and export activities. This agreement is also intended to provide practical information for foreign companies to access markets in the EU. These trade rules and policies are created to maintain the competitiveness of EU trade in the future (‘Trade’, n.d.). 






















4. Research Data & Methodology
4.1. Available data 

This paper started with the interest in low-emission mobility strategy, the development of international trade, and the level of CO2 that occur in the area of mobility. The European Union countries are the main location in this research. The EU consists of 28 countries with a unique political and economic union. It creates a large internal market (also known as ‘single’ market) which encourages the free movement of trade activities until it becomes the largest trade block worldwide. Recently, it is also the biggest exporter and importer of goods and services for more than 100 countries (‘The EU in brief’, n.d.). Nevertheless, the previous section has discussed how these goods and passengers mobilities might substantially affect the environment, and how the European Commission is committed to set out the strategy to mitigate this issue (joining the Paris Agreement). Therefore, EU regions would be the perfect fit for the main topic in this paper.

Moreover, the datasets from 2010 to 2017 are selected as the most recent and to avoid the outdated effect from the past data. The data in 2018 is excluded because most of the data are reported annually for the year t-2 (with 2017 or 2016 as the latest, therefore, half of the datasets are missing for 2018). The main EU low-emission strategy is represented in several variables which are ‘Government Intervention’, ‘Environmental Taxes’, and ‘ICT’. The interaction variables are expressed in ‘Labour Productivity’ and ‘Emission level’. These factors[footnoteRef:1] are elaborately explained in the following: [1:  The overview of all variables can be found in appendix A, table 2] 


· The level of emission
This factor refers to greenhouse gasses which contains CO2, HFC in CO2 equivalent, CH4 in CO2 equivalent, SF6 in CO2 equivalent, NF3 in CO2 equivalent, PFC in CO2 equivalent, N2O in CO2 equivalent. These emissions come from the fuel combustion with sectoral approach, as recorded in the European Environment Agency (EEA) report. This is measured in thousand tonnes.

· Government Intervention
This variable refers to actions and regulations carried out by the government and legal entity (European Commission) to properly implement the low-emission mobility strategy. This consists of the statistic calculation of environmental taxes and government spending to specifically improve the quality of EU mobility. The two following factors are combined into one variable to remove the multicollinearity effect from the raw data.  
· Environmental taxes
It is recorded as the environmental tax revenue which consists of energy taxes, pollution taxes, resource taxes, transport taxes, and the sum of both resource and pollution taxes (for certain countries, the pollution and resource taxes are combined). These taxes are charged from the economic mobility activity that could damage the environment and measured in million euros. 
· Government spending 
The expenditures of government to invest for the development in each EU countries are recorded in this variable. The expenditures specifically cover for the transport development; environment protection; pollution abatement; R&D environmental protection; public order and safety; more efficient fuel and energy. This is measured in million euros.

· The share of renewable energy
This factor shows the share of renewable energy provided for transportation sector and this is also part of the low-emission strategy. It is obtained from the Sustainable Development Indicator (SDI) which is used to monitor the progress towards the goals of renewable energy targets of Europe 2020 strategy. This indicator is calculated through SHARES[footnoteRef:2] (Short Assessment of Renewable Energy Sources) tool which applied high standards methodology with high degree of comparability and is measured in percentage. [2:  SHARES (Short Assessment of Renewable Energy Sources) basically converts all the product’s units into ktoe (‘one thousand tonnes of oil equivalent’) to have a harmonised calculation procedure. It removes the irregularities from various parameters. SHARES tool is used by all EU Member States to obtain the desired values. More complete information can be accessed from https://ec.europa.eu/eurostat/documents/38154/4956088/SHARES+2017+Manual/f7a8632a-1955-4259-be5e-52074f62f8ff] 


· Labor productivity
The labor productivity in each country is one of the essential factors that would influence the effectiveness of policy and the amount of government spending in developing the countries. Different level worker productivity would lead to a different need of monetary spending by government. For instance, a country with high level of labor productivity in transport sector can deal with a small amount government spending to enhance its transportation activity, while, a low level of labor productivity countries would need more help to optimally achieve their goals. The real labor productivity per person is recorded in index series which are obtained by applying the annual price’s growth to an index value 100 in the reference year.  The reference year 2010 is used as it is easy to be referenced to the following year (2010, reference year = 100).

· Trade volume 
The trade volume variable is collected in 2010 to 2017 and represented as the main interest that shows the competitiveness of trade activity (intra- and extra-EU trade). It shows the value of import and export of traded goods and services (i.e.  raw material, lubricants and related material, mineral fuels, manufactured goods, machinery, food, drinks, tobacco, chemical and other related products, transport equipment and other commodities). It includes all countries as the trade partner and is measured in million euros.

· ICT (Information and communication technologies)
This variable shows the percentage of enterprises that maximize the usage of advanced technology and internet access. This observation refers to the enterprises who are wholesalers, trade retailers, and other motor vehicles company for transportation purposes (with at least 10 people employed in the company). This data is recorded annually by the National Statistical Institutes and taken from the ‘Eurostat Model Questionnaires’ on the usage of e-commerce, e-business (Internet-of-Things, robotics, Big data analysis, etc.), and general information of ICT in enterprises. This data is considered in this paper as it is a part of the EU mobility strategy that potentially affects the trade volume in which larger access to the technology would help to reduce the production of emission from transportation sectors and ease the trade activity. Furthermore, this is one of the factors that presumably helps to identify the different effect of policies on each region and in a different type of trade goods that are summarized in the second and third hypothesis of this paper respectively.

· Country’s region
The variable shows the region of 28 EU member states and consists of Western Europe (WE) and Eastern Europe (EE). WE region includes the regions of Southern Europe, Northern Europe, and Central Europe. EE encompasses the whole eastern side of Europe. The effect of EU transport policies on trade volume might diverse in each region due to different economic and political stability. Therefore, this variable is identified to precisely analyse the effect in each region that is discussed in the second hypothesis. 

4.1.1. Data validity and reliability 

The validity of the datasets is one of the most crucial features to show whether the operationalized variables (both dependent and independent variables) can strongly support what they intend to measure for the findings. Also, the result from these adequate datasets should be capable of being generalized beyond the sample and applied to other conditions (Theil, 2014). However, it is almost impossible in every case study to represent the whole population in all conditions because the case study research is usually taken in a particular phenomenon and context. Therefore, to confirm the validity, the data sources should be triangulated for verification and include the official conditions.

Moreover, the reliability of the data sources is important in the research strategy to show the accuracy and consistency of the research study. According to Twycross & Shields (2004), in a quantitative study, reliability indicates the repeatability, stability and consistency of the results obtained under different circumstances. Whereas, in qualitative research, it refers to a consistent researcher’s approach that can be used across different projects by different researchers (Pierce, 2008). For this research paper, generally, the reliability can already be seen from the reputation that of the data source.

All the factors mentioned in the previous section are collected from the European statistical database, Eurostat. It comes from the statistical office of the EU located in Luxembourg that aims to present the high-quality datasets at European level. In 2016, Eurostat has received the recognition of Quality Management “Committed to Excellence” from the European Foundation. Additionally, the Eurostat database is established based on the European Statistical System (ESS) which prioritizes the quality and consists of complex regulation. The commitment towards the quality is elaborately summarized in the Quality Declaration[footnoteRef:3] of EES. Hence, Eurostat is confirmed to have a high reliability and validity data sources (Eurostat, n.d.).  [3:  Quality declaration of the European statistical system. (n.d.). Retrieved from https://ec.europa.eu/eurostat/web/products-catalogues/-/KS-02-17-428] 



4.1.2. Descriptive statistics

One of the reasons this research paper is created is due to the increasing concern of the environmental issue. Based on the Eurostat data from 2010 until 2017 illustrated in figure 4, the average level of emission within this period is 3409722.161 thousand tonnes. Initially, the emission has been gradually decreasing until 2014, with 3248412.82 thousand tonnes as the lowest in 2014 (see Table 3 in appendix A). This is because EU legislation creates a mandatory sustainable emission reduction targets (known as EU fleet-wide) which were firstly applied in 2015 and was already accomplished ahead of schedule (‘Reducing CO2’, n.d.). The EU fleet-wide targets are mainly set for newly registered vans and passenger cars. These new vehicles are expected to support the target of 130g (grams) of CO2/km in 2015. The emission reduction targets also apply for 2021, 2025, and 2030 with different EU fleet-wide emission targets. Moreover, the European Environment Agency (EEA) claimed that the lower levels of economic activity also strongly contribute to a decrease in emission. This is observed from the lower levels of freight transport activity (‘Transport greenhouse’, 2018). The amount of emission slightly increases in 2015 and 2017 which ended up with 3281589 thousand tonnes in the final year. It is, however, still considered as a relatively low-level of emission compared with 2010. This is seemingly because of the EU’s involvement with the climate agreement goals that have been discussed in the previous sections.



Figure 4. Total emission in 28 EU countries from 2010 to 2017


Moreover, to analyse the hypotheses of this paper, several continuous variables are taken to measure the EU policies along with the effect to trade activity. Table 4 and 5 illustrate the descriptive statistics of each obtained variable in 2010 and 2017 respectively. Table 4 reveals that the amount of government intervention is distributed from €244.86 million to €81161 million with the average amount of €17746.99 million and the standard deviation (represents the spread of the variable) is €24772.81 million. Whereas, the average of percentage enterprises in each EU country that maximize ICT usage is 95.25%, varying from 78% to 100%. The percentage of renewable energy is ranging from 0% to 10.70% with an average of 4.07%. Lastly, the average of trade activity in 2010 is worth €349281.50 million with the standard deviation being €462149.30 million.

Nonetheless, in 2017 (see Table 5), the average of government intervention and the percentage of ICT users also rise by €3900.41 million and 2.39% successively. The maximum of renewable energy available in 2017 has also increased significantly in relative to 2010, reaching 30.30% at the maximum. Additionally, the trade volume has grown substantially from 2010, reaching a peak of €2836004 million in 2017 (in comparison with €2046067 million which is the maximum in 2010).




Table 4. The descriptive statistics of continuous variables collected in 2010 for 28 EU countries
	Variable
	No
	Maximum
	Minimum
	Median
	Mean
	Standard Deviation

	Independent Variable
	
	
	
	
	
	

	Government Intervention
 (€ million)
	28
	81161
	244.86
	7815.31
	17746.99
	24772.81

	ICT (%)
	28
	100
	78
	96.50
	95.25
	4.48

	Renewable Energy (%)
	28
	10.70
	0
	3.90
	4.07
	2.51

	Dependent Variable
	
	
	
	
	
	

	Trade Volume
(€ million)
	28
	2046067
	19352.10
	149428.90
	349281.50
	462149.30





Table 5. The descriptive statistics of continuous variables collected in 2017 for 28 EU countries
	Variable
	No
	Maximum
	Minimum
	Median
	Mean
	Standard Deviation

	Independent Variable
	
	
	
	
	
	

	Government Intervention
(€ million)
	28
	96452.50
	357.075
	7387.57
	19828.12
	28673.22

	ICT (%)
	28
	100
	87
	99
	97.64
	2.90

	Renewable Energy (%)
	28
	30.30
	0.40
	5.90
	6.30
	5.31

	Dependent Variable
	
	
	
	
	
	

	Trade Volume
(€ million)
	28
	2836004
	26141.80
	218938.80
	483174.80
	625538




Regarding the second hypothesis, the datasets of WE and EE region are identified to show the different effects of the EU policies happening in both regions. Figure 5 (table 6, appendix A) shows the proportion of the trade volume that WE region handling is remarkably higher than EE countries, with an average of €619804.90 million and €146081.60 million respectively. Furthermore, the percentage of enterprises that use ICT access for trade purposes is higher in WE region with 98% on average and 95% in EE countries. Therefore, WE region is expected to be better prepared to deal with a sudden change in policy.                                             
[image: ]
Figure 5. The average proportion of trade volume and ICT usage in Western Europe (WE) and Eastern Europe (EE). Source: Eurostat. Generated from https://ec.europa.eu/eurostat/data/database. 

To analyze the final hypothesis, the type of traded products is divided into two divisions: manufactured goods and services. From the dataset illustrated in figure 6 (see table 7, appendix A), it shows that the average value of manufactured goods volume is €307438.50 million, with the standard deviation of €424740 million. Whereas, the trade volume of service is valued significantly less than manufactured goods, which is only €109342.10 million on average.


[image: ]













Figure 6. The average of trade goods’ and services’ value in million €.



4.2. Research Methods
		4.2.1. Cross Section-Analysis

To analyse the research question of this paper, a cross-section estimation method with the statistical software, Stata MP 15.0, is used. The cross-section is a statistical analysis to observe the interaction between variables generated from different groups or individual at a point in time (Katsenelen-baum et al. 1998). In this paper, the method is performed multiple times in each year from 2010 until 2017 to observe the changes in the policy’s effect over time. By implementing this method, it helps the reader to clearly see the trend or compare the coefficient of each observable variables in each year.

		4.2.2. Data transformation

Each variable is transformed into a logarithm value to have the elasticity interpretation from effect changes. Hence, the coefficients in the regression are simply identified as the percentage change. The log transformation also converts the non-normal distributed variables to be more normally distributed. Furthermore, the multicollinearity test is conducted by using Variance Inflation Factor (VIF) to avoid any repetition of similar variables in a single regression. Based on the multicollinearity test, the VIF value of each independent variable should be lower than 10 which it can be concluded that the regression equation does not suffer from multicollinearity (Stine, 1995). Lastly, heteroskedasticity would present when running the regressions, meaning that the variability of a variable is not constant over time. Therefore, the ‘robust’ is added at the end of the regression command at Stata to remove the effect of heteroskedasticity. 

Moreover, the trade volume variable is transformed to the trade growth in each year with the logarithm formula:



Where t ∈ {2010, 2011, …, 2017}. The trade growth would be more accurate and easier for the readers to compare the economic development in different regions over time. Therefore, this will be used as the dependent variable in the analysis. One-year observation in 2017 of each variable is then excluded in the regression analysis to harmonize the total datasets with the new ‘trade growth’ variable. 

		4.2.3. Regression Models 

The first cross-section regression is performed to estimate the low-emission strategy effect on the trade volume in EU countries. Mathematically, the regression is formulated as follows:


 


Where  is the dependent variable which shows the value of the total import and export of all traded products in million € and the other variables are independent variables.  Ɛ refers to a random variable error and  ∈ {2010, 2011, …, 2016}. The coefficient of , , indicates the estimated percentage change on  when the share of renewable energy () increases by one percent.  illustrates the constant. This interpretation applies to all coefficients of independent variables. The coefficients of the interaction effect for the two variables are captured in  and . 

To analyse the second hypothesis, another regression model is created to identify the specific effect of the emission strategy on trade activity in Western Europe (WE) and Eastern Europe (EE) region. Separate regressions in each year and each region are performed, therefore, the second model of the regression looks as follows:






All variables in the first regression model are the same as the second model, except for the   in the equation that shows the region in Europe (i ∈ {WE, EE}). Furthermore, the last hypothesis discusses the heterogeneity of products and how it would inflict different effect of the policy. The last equation model is also similar to the previous model, with the exception of i being manufactured goods and services respectively.
 



	



















5. Result

	Variable/ Year
(dependent: Trade Growth)
	2010
	2011
	2012
	2013
	2014
	2015
	2016

	Renewable Energy Share
	.001
	.001
	-.000
	-.000
	.001
	.000
	.000

	Government Intervention
	-.013
	.186*
	-.037
	-.132**
	-.259**
	-.073*
	.062*

	ICT
	-.016
	.005
	-.004
	-.030*
	.011
	.005
	-.006

	Labor Productivity
	(omitted)
	.400**
	-.034
	-.247**
	-.423**
	-.118
	.115

	Emission level
	-.000
	-.005*
	-.000
	-.000
	-.009**
	-.000
	.005***

	Government intervention*emission level
	 .001
	.000***
	4.216E-06
	-.000
	.001
	.000
	-.000***

	Government intervention*Labor Productivity
	(omitted)
	-.042*
	.008
	.029**
	.055**
	.015
	-.013*

	Cons.
	1.143***
	-.794
	1.184***
	2.273***
	2.988***
	1.543***
	.467


	5.1. Hypothesis 1

Table 8. The regression result of trade growth in 2010 to 2016
* p<.1; ** p<.05; *** p<.01; omitted because of collinearity


Table 8 illustrates the regression result for the first hypothesis that is observed from 2010 to 2016. It shows that the government intervention with different level of emission in each country does not significantly affect the trade growth differently as the obtained coefficients are small and insignificant (with p-value being smaller than 5% of the standard significance level). However, the interaction term between government intervention and labour productivity yields some significant results. For instance, in 2014, when labour productivity increase by 1%, government intervention would decrease the trade growth by 0.204%[footnoteRef:4]. Whereas, with only the effect of government intervention, it would have already reduced the trade growth by 0.259%, ceteris paribus. Hence, it will decrease less when the productivity of a country is increasing which aligns with the expectation.  [4:  ( +  Productivity) * Govt.Intervention = (-.259 + 0.055*1%) * Govt.Intervention = (0.204%) * Govt.Intervention] 


Moreover, based on the table above, the 1% increase in renewable energy contributes to a very small increment in trade growth and the effects are not statistically significant as the p-value is smaller than 5%. The ICT factor also does not show a significant effect on trade growth. However, a percentage increase in the government intervention, which is also the part of the EU policy, reduces the trade volume within this period (2010 to 2016) by approximately 0.102% on average and this coefficient becomes more significant in the following years. Therefore, the first hypothesis that stated “The low-emission mobility strategy negatively affects the growth of the trade activity in EU” cannot be rejected. 
 
To check the robustness of the analysis, panel estimation method is performed. According to the result, government intervention is the most influential factor in EU policy. Based on the cross-section analysis, this variable shows a negative coefficient and is significant at least at 10% significant level (* p<.1) in nearly all the observed years. Additionally, based on the panel model estimation (see table 9, Appendix B), the coefficient of government intervention variable is also represented as the largest negative coefficient. Therefore, the first model used in this paper is quite robust. 

	5.2. Hypothesis 2
 
Table 10. The regression results of the trade growth for Western Europe (WE) and Eastern Europe (EE)
	Variable/ Year
	Region
	2010
	2011
	2012
	2013
	2014
	2015
	2016

	(dependent: Trade Growth)
	
	
	
	
	
	
	
	

	Renewable Energy Share
	EE
	.004*
	.002
	.000
	-.000
	.002
	.001
	-.001

	
	WE
	-.001
	.001
	  .001
	-.000
	0.121
	.000
	.002

	Government Intervention
	EE
	-.028*
	.656
	-.051
	-.142**
	-.348**
	-.202***
	.020

	
	WE
	.001
	.060
	-.154
	-.123
	.043
	.027
	.052

	ICT
	EE
	-.036***
	.007
	.004
	-.019
	-.009
	-.009
	-.018

	
	WE
	.015
	-.055
	-.002
	-.079
	-.007
	.027
	.039

	Labor Productivity
	EE
	(omitted)
	1.276
	-.045
	-.257**
	-.640**
	-.371***
	  .061

	
	WE
	(omitted)
	.101
	-.333
	-.225
	.305
	.071
	.098

	Emission level
	EE
	-.010
	-.005
	.010
	-.002
	-.002
	-.000
	-.007

	
	WE
	.017
	-.000
	.011*
	.001
	-.017**
	.003
	.007**

	Government intervention*emission level
	EE
	.002
	.001
	-.001
	.000
	.000
	-.000
	.001

	
	WE
	-.000
	.000
	-.001
	-.000
	.001**
	-.000
	-.000

	Government intervention*Labor Productivity
	EE
	(omitted)
	-.145
	.013
	.030**
	.074**
	.044***
	-.007

	
	WE
	(omitted)
	-.014
	.034
	.027
	-.011
	-.006
	-.012

	Cons
	EE
	1.356***
	-4.839
	1.102
	2.305***
	4.058**
	2.781***
	.910

	
	WE
	.830***
	.810
	2.476**
	2.393
	-.242
	.546*
	.343


* p<.1; ** p<.05; *** p<.01; omitted because of collinearity 





Figure 7. The overall effect of renewable energy, ICT and government intervention towards the trade growth in Eastern Europe (EE) and Western Europe (WE)

           
Furthermore, for the second hypothesis, looking at only the effect of main variables in the policies (Government intervention + Renewable energy supplied + ICT) to the trade volume growth, it shows that the policy negatively affects the Western Region and increases the trade volume for the Eastern Region (see figure 7) for the first several years. In 2011, one percent increase of government intervention in EE countries’ emission policies, it rises the trade growth by 0.656%, which is the biggest growth achieved in the whole time period. This is presumably because initially, WE handle substantially higher trade volume (which probably energy-intensive traded goods) than EE (that handle more service-based products), therefore, once the policies are implemented, WE would get more negative impacts. 
 
However, it also shows that from 2013, the effect in WE leap over the effect in EE region in which the policies have a larger negative effect on EE countries’ trade growth until 2016. This aligns with the expectation wherein in 2014, EU leaders started to agree on the climate and energy policy 2030 in Paris Agreement (‘Paris Agreement’, n.d.). Therefore, more negative effects started to emerge in the EE region in 2014 onwards and WE would eventually be better prepared to face the implementation of low-emission policies. Nevertheless, only the effects of the government intervention variable from 2013 to 2015 in EE are statistically significant, with the rest of the variables being not very influential towards the trade growth. Therefore, the second hypothesis that mentioned “The low-emission mobility strategy has a bigger negative effect on the Eastern European region for their international trade compared with Western European region” is rejected.
 
Moreover, according to cross-section analysis, the coefficient of government intervention in the EE region becomes more significant and negative over time in 2013 to 2015 (at 5% and 1% significant level). Whereas, in WE region, this variable is not significant in influencing the trade growth (p-value larger than 10%). However, based on the panel data check estimation (table 11 and table 12, Appendix B), the result contradicts the previous method. The government intervention is not statistically significant and positively affect the trade growth in EE, while, it significantly affects the trade growth in WE. Hence, this model in the second hypothesis is not robust. This might be because the effect is unstable over time due to some limitations of the paper that are discussed in the last section. 
 
 





5.3. Hypothesis 3

Table 13. The regression result for trade volume of manufactured goods
	Variable/ Year
	2010
	2011
	2012
	2013
	2014
	2015
	2016

	Renewable Energy Share
	.000
	. .001
	-.000
	.001
	.001
	-.000
	.000

	Government Intervention
	-.015
	.215*
	.068
	-.060
	-.235
	-.075*
	.055

	ICT
	-.015
	.010
	.008
	-.023
	.007
	.000
	-.012

	Labor Prouctivity
	(omitted)
	.459*
	.172*
	-.111
	-.356
	-.148**
	.094

	Emission level
	. -.001
	-.006*
	.006**
	.004
	-.010
	.004**
	.005**

	Government intervention*emission level
	.001
	.001***
	-.000**
	-.001*
	.001
	-.000
	-.000
	

	Government intervention*Labor Productivity
	(omitted)
	-.049*
	-.014
	.015
	.049
	.016*
	-.012

	Cons
	1.155***
	-1.073
	.115
	1.555**
	2.700**
	1.663***
	.603


* p<.1; ** p<.05; *** p<.01; omitted because of collinearity 


Table 14. The regression result for trade volume of services
	Variable/ Year
	2010
	2011
	2012
	2013
	2014
	2015
	2016

	Renewable Energy Share
	.002
	.001
	.001
	.000
	.002**
	.001
	-.001

	Government Intervention
	-.010
	.216
	-.035
	-.054
	-.237***
	-.007
	.044

	ICT
	-.014
	-.007
	-.038
	-.059
	.025
	.023
	-.007

	Labor Productivity
	(omitted)
	.486
	-.023
	-.101
	-.387***
	.038
	.091

	Emission level
	-.006
	-.002
	-.001
	.002
	-.008**
	.001
	.006

	Government intervention*emission level
	.001
	.001
	  .000
	-.000
	.001
	.000
	-.000**

	Government intervention*Labor Productivity
	(omitted)
	-.049
	.007
	.011
	.050***
	.000
	-.009

	Cons
	1.153***
	-1.153
	1.304
	1.729
	2.747***
	.743*
	.581


* p<.1; ** p<.05; *** p<.01; omitted because of collinearity 




Figure 8. The overall effect of renewable energy, ICT and government intervention towards the trade growth of manufactured goods and services. 

For the third hypothesis stated that “The impact of the low-emission mobility strategy is larger for the exchange of manufactured goods than the services” and the result is illustrated in table 13 and 14. Looking at only the effect of main variables that represent the policies on the traded manufactured goods (see table 13), it represents that in 2015, the one percent increase in government intervention, it decreases the trade growth by 0.075%. The overall effects of the policies are expressed in figure 8. It indicates that the effects are mostly larger for manufactured goods in the whole period in which it decreases the trade growth by 0.026% on average. 
 
Whereas, it positively affects the services, with 0.021% increment on average. However, most of these effects are not statistically significant, hence, the result is not adequate to conclude that the low-emission policy would affect more on trade growth of manufactured goods than the services which lead to rejection for the last hypothesis. This is presumably because the services, such as Flixblus from German; Eurolines from Belgia, etc, would also get a major effect when the emission policies are carried out.
 
Additionally, In the cross-section analysis for the last hypothesis, it shows that government intervention effect on trade growth is larger for the manufactured goods in nearly all years. However, the panel data estimation shows that the coefficient of the government intervention is bigger for services and is statistically significant. Therefore, the regression results in this hypothesis are not quite robust as the effect might be unstable in following years (table 15 and table 16, Appendix B).
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 















6. Synthesis
6.1. Conclusion

The goal of this research paper is to answer the question What is the effect of low-emission mobility strategy by the European Commission on the competitiveness of trade activity in the EU? Initially, based on the previous literature discussed in Theoretical Framework, it was expected that there was a negative effect from the low-emission strategy towards the global trade activity as it would potentially create some restrictions to the transportation and logistics corporations. Also, it was forecasted to have a larger negative effect on the Eastern Europe region compared with Western Europe due to different accessibility of technology and economic stability. Lastly, it was predicted that the effect would differ across the diverse type of goods. The type of goods is simplified to the ‘manufactured goods’ which refers to more energy-intensive goods, and ‘services’ that are less energy-intensive products. 
 
According to the regression result, a negative relation of government intervention in the policies and trade growth is identified across EU countries. This aligns with the findings in the literature that the emission transport policies might affect not only the emission level but also the trade activities as this might hamper the trade mobility of goods accordingly. Therefore, the first hypothesis can not be rejected. Nevertheless, the different effect of the policies in each region (i.e. WE and EE) are not significantly proved, hence, the second hypothesis is rejected. Also, no significant evidence was identified to supports the third hypothesis which leads to rejection for the third hypothesis. This concludes that emission policies do not necessarily affect trade growth differently between manufactured goods and services. 
 
These correlations were tested by cross-section analysis in the country level. According to the results, the central question of this paper could be answered that the effect of low-emission mobility strategy potentially decreases the trade growth in EU countries, meaning that it worsens the competitiveness of trade activity in EU. However, no strong evidence was found that shows the effect would be significantly different in each region and with a different type of traded goods (i,e. manufactured goods and services).
 
6.2. Limitation

Nevertheless, this research paper is conducted under several limitations. Firstly, in-depth analysis and observations are still needed to answer the central question of this paper since the regressions performed suffer from omitted variable bias (OVB). This implies that other significant factors may influence the trade activity, such as exchange rates, inflation, tariff, Brexit, and other macroeconomic factors (e.g. GDP, employment rate, etc.). This drawback is also due to lacking available information and resources. It leads to a short period collected (t ∈ {2010, 2011, …, 2017}) and limited variables can be generated. Hence, these regression results can be considered when all else variables are equal (or ignored). Also, these might be only applicable to the trade in the Europe region as the other region would have different demand pattern, policies, or specific trade goods and services. 

Secondly, causality is one of the limitations of this paper. By using simple cross-section regression as the methodology, it is not adequate to identify the causal relationship between independent and dependent variables. This paper only uses the interpretation on how the low-emission policies (government spending, environmental taxes, etc.) would affect the trade activity in EU, however, the relation might be more significant with the effect of trade activity to-wards the policymaking (independent variables). Therefore, a more advanced causation regression analysis is required to observe the causal inference and precisely identify how a certain variable affects the dependent variable. 

Furthermore, heterogeneous effect and the sensitivity of the traded goods and services towards the emission level are ignored in this paper. The last hypothesis of this paper tries to identify the heterogeneity of trade products by creating product divisions of ‘manufactured goods’ and ‘services’. However, every region in Europe always has a lot more diverse specialization of manufactured goods that have different sensitivity towards the policies. For instance, the non-durable goods (i.e. foods, fuels, containers, etc.) would have stronger sensitivity towards emission abatement policy (e.g. CO2 taxes) than the durable goods (i.e. jewellery, medical equipment, furniture, etc.). Therefore, this would lead to a different conclusion for each type of product.
6.3. Recommendation for future research
 
This thesis leaves room for future researchers to improve the analysis of European Commission policies. The important improvement would be using a longer time period (e.g. 10 years or more) and more variables. Hence, the researchers can use a better statistical method which is the panel data analysis instead of multiple cross-section regressions in each year. With a large amount of data observed in the long period, panel data method would be more useful and accurate to predict a transition behaviour with a more sample variation and degrees of freedom (Hsiao, 2007). More variables (e.g. transport infrastructure, the density of motorway/railway network, etc.) are also important to enhance the validity of the research since several variables are removed in this paper to avoid the multicollinearity effect. Moreover, it is recommended to observe the trade goods in each industry sector to address the heterogeneity and sensitivity problem. 
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Appendix A: Information about research data



Table 2. The description of observable variables for the analysis
	Variable
	Description

	Trade Volume
	continuous variable
	The value of import and export of EU countries in million euros

	R.Energy
	continuous variable
	The share of renewable energy measured in percentage

	Govt.Intervention
	continuous variable
	It consists of environmental taxes and the government spending for environment and mobility improvement measured in million euros

	ICT
	continuous variable
	The percentage of enterprises that maximize the usage of advanced technology

	productivity
	continuous variable
	The index of labour productivity in each country (reference year = 100)

	emission
	continuous variable
	The greenhouse gases measured in thousand tonnes

	Region
	dummy variable 
	Consists of Western Europe (WE) and Eastern Europe (EE)

	Countryid
	categorical variable
	Consist of 28 EU countries 





Table 3. The amount of emission produced from 2010 to 2017 in EU countries 
	Year
	Emission (in thousand tonnes)

	2010
	3701873.12

	2011
	3555253.23

	2012
	3512014.93

	2013
	3424863.78

	2014
	3248412.82

	2015
	3284713.06

	2016
	3269057.35

	2017
	3281589

	Mean 
	3409722.161











Table 6. The descriptive statistics of ICT and trade volume in 2010 to 2017

	Variables
	Maximum
	Minimum
	Mean
	Median
	Standard dev.

	Western Europe (WE)

	ICT (%)
	100
	92
	98.02
	98
	1.64

	Trade Volume
(€ million)
	488305.40
	19352.10
	146081.60
	116996.70
	116935.80

	Eastern Europe (EE)

	ICT (%)
	100
	77
	94.80
	96
	4.98

	Trade Volume
(€ million)
	2836004
	20288.30
	619804.90
	371184.4 0
	643198.20





Table 7. The descriptive statistics of trade volume of goods and services in 2010 to 2017 
	Variables
	Maximum
	Minimum
	Mean
	Median
	Standard dev.

	Manufactured Goods

	Trade Volume
(€ million)
	2274194
	6308.70
	307438.50
	135661.80
	424740

	Services

	Trade Volume
(€ million)
	561810
	4619.50
	109342.10
	41388.70
	132096.20






















Appendix B: Panel estimation results 


Table 9. The panel data estimation for the first hypothesis
	Variable (dependent variable: Trade Volume)
	Coefficient

	Renewable Energy Share
	.014

	Government Intervention
	-.993

	ICT
	.613

	Labor Productivity
	-.031

	Emission level
	-.289

	Government intervention*emission level
	.045**

	Government intervention*Labor Productivity
	.228

	Cons.
	7.635


* p<.1; ** p<.05; *** p<.01

Table 11. The panel data estimation for Eastern Europe region
	Variable (dependent variable: Trade Volume)
	Coefficient

	Renewable Energy Share
	.023

	Government Intervention
	2.463

	ICT
	.165

	Labor Productivity
	4.486

	Emission level
	.618

	Government intervention*emission level
	-.047

	Government intervention*Labor Productivity
	-.316

	Cons.
	-20.739


* p<.1; ** p<.05; *** p<.01

Table 12. The panel data estimation for Western Europe region
	Variable (dependent variable: Trade Volume)
	Coefficient

	Renewable Energy Share
	-.001

	Government Intervention
	-1.649***

	ICT
	3.212***

	Labor Productivity
	-1.263

	Emission level
	. -.334*

	Government intervention*emission level
	.047**

	Government intervention*Labor Productivity
	.366***

	Cons.
	2.151


* p<.1; ** p<.05; *** p<.01



Table 15. The panel data estimation for manufactured goods
	Variable (dependent variable: Trade Volume)
	Coefficient

	Renewable Energy Share
	.006

	Government Intervention
	-.580

	ICT
	.331

	Labor Productivity
	-.295

	Emission level
	.338*

	Government intervention*emission level
	-.004

	Government intervention*Labor Productivity
	.249

	Cons.
	3.298


* p<.1; ** p<.05; *** p<.01

Table 16. The panel data estimation for services
	Variable (dependent variable: Trade Volume)
	Coefficient

	Renewable Energy Share
	.032***

	Government Intervention
	-2.888**

	ICT
	1.449**

	Labor Productivity
	-2.554

	Emission level
	-.889***

	Government intervention*emission level
	.086***

	Government intervention*Labor Productivity
	.556*

	Cons.
	19.986


* p<.1; ** p<.05; *** p<.01
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