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Abstract. This paper examines the negative externality of pollution in the transportation sector and evaluates both existing and
proposed policy responses. The transportation industry, while integral to economic development, is a major source of greenhouse
gas emissions, contributing significantly to climate change. The paper first describes the magnitude and trend of carbon
emissions from this sector, then reviews current market-based solutions including Pigouvian taxes and subsidies. It subsequently
proposes targeted subsidies to accelerate the electrification of transportation systems as a more effective long-term policy.
Drawing on empirical evidence from China, the EU, the United States, and the UK, the paper finds that subsidies have
substantially promoted electric vehicle (EV) adoption and reduced emissions. However, the paper also discusses potential
limitations, such as fiscal burdens on governments and limited consumer willingness to adopt EVs. Mitigation strategies,
including phased subsidy implementation and increased public participation, are recommended to enhance the policy’s
acceptance and sustainability. Overall, the study concludes that well-designed subsidies, supported by complementary measures,
can meaningfully reduce pollution externalities in the transportation sector and contribute to broader climate mitigation goals.
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1. Introduction

Society at times incurs a cost or enjoys a benefit as a consequence of the products and services provided. This is referred to as
externality, which is the social/individual costs and benefits that are associated with a product/service that is not reflected in the
market price of the commodity [1]. For instance, pollution from the transportation sector is a social cost that is not reflected in
the cost of the transportation service. Pearce et al. [2] observe the trend on climate change is prompting developments on policies
to deal with the costs. The essay focuses on the third question on externality and this is specifically in the transportation sector
which is notable for huge carbon emissions. Over the years, the level of carbon has been on the rise and this is blamed for the
increasing global warming and climate change, as noted by Johnsson et al. [3]. Therefore, it is paramount for policymakers
across the world to focus on policies to reduce the level of pollution from the transportation sector.

The first section of this essay describes the externality problem of pollution from the transportation sector. This section also
describes the current solutions. The second section proposes the policies ideal for the externality in the transportation sector
while the third section highlights the effectiveness of the proposed policies using evidence from empirical studies and similar
policies in other jurisdictions. The fourth and fifth sections evaluate the effectiveness of the policies and limitations of the
policies, respectively, while the last section provides the conclusion.

2. Description of the externality problem and current solutions

The transport sector is a huge contributor to the economic growth and output in an economy. This is the case due to its role in
ferrying material, goods, and workers, which is an important aspect of production and trade. In the United States, the
transportation sector is projected to contribute 9% of the gross domestic product [4]. This is also the case in other countries and
economic regions.

Despite the positive contribution of the transportation sector to the economy, it is faced with externality problems. One of the
major externalities of the transportation sector is the huge contribution of carbon and its ultimate impact on global warming and
climate change. According to a report published by the World Bank [5], domestic and international transport contributes 20% of
greenhouse house gases. If the trend is unchecked, it is projected the greenhouse gases from the transportation sector will
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increase by 60% by 2050. In another report by the United Nations [6], the transport sector is linked with 57% global demand for
fossil fuels and consumption of approximately 28% of the total energy produced. The gigantic nature of the transport sector and
its embedding in the economy magnifies the pollution externality.

It is also critical to look at the trend in the externality of pollution from the transportation sector; this is illustrated in the
figure 1 below.

Figure 1. Carbon dioxide from the transportation sector (1970-2022)

Source: Tiseo [7].

From the figure 1 above, there is general positive growth in the volume of carbon dioxide from the transportation sector; the
volume grew from 2.8 billion metric tons in 1970 to 7.97 billion metric tons in 2022.

The long-term impact of the pollution from the transport sector includes global warming and climate change. Climate change
is further associated with increased frequency of drought, excessive rainfall, hurricanes and heat waves. Therefore, it is
paramount to incorporate effective policies to deal with the externality of pollution from the transportation sector.

The transportation sector is a huge part of the economy and also an important contributor to the growth and development of
the economy, as noted earlier. Therefore, the current solutions to reduce the externality are mainly market-based solutions that
aim to influence the prices and demand for automobiles. These solutions include the use of taxes and subsidies, as discussed
below.

2.1. Taxes

The solution of a tax aimed at products with negative transactions is referred to as the Pigouvian tax to deal with externalities [8].
The effect of tax on the transportation elements creating pollution is expected to increase costs and thus reduce the demand. This
is illustrated in the figure 2 below.

Figure 2. Effect of pigouvian tax on fossil fuel vehicles
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Source: [9].

From the figure 2 above, the quantity and prices before the taxation is Q market and Pm, respectively. However, after the
incorporation of the tax, the prices increase from Pm to Pm' while the quantity reduces from the Q market to Q market'. This
implies the introduction of such taxes as a carbon tax would reduce the demand for vehicles that use fossil fuels and this is
motivated by the taxes. It is important to highlight demand is inversely related to prices; an increment in the price of the unit
product would result in a decline in the quantity demanded. With the reduction in the number of vehicles that consume fossil fuel
the pollution and rise of the carbon gases will decline. The approach is also expected to increase tax revenue for the government,
which can be directed to other efforts to reduce carbon from the transportation sector.

Taxes have been employed in countries like China and the have shown effectiveness in reducing emissions. China is a leader
in reducing the level of pollution and it has made extensive headway using taxes. There are multiple empirical studies
documenting the effectiveness of the carbon tax in the Chinese transportation sector. A study by Zhou et al. [10] estimated the
carbon tax in the transportation sector was 60 RMB/ton-CO2 and this focused on the road sector. The study argued that an
effective and appropriate carbon tax helps in reducing the level of emissions from the transportation sector, which is evident in
China. A different tax is used for other sectors in China; for instance, Zhou et al. [10] noted the carbon tax targeting urban
transportation, airlines, railways, and water transport is 60 RMB/ton-CO2. The tax covers different systems of transportation and
this ensures there is extensive reduction of pollution from the transportation sectors.

2.2. Subsidies

The use of subsidies for the abatement of carbon emissions from the transportation sector is another current solution that has
widely been adopted. This solution can take multiple forms; for instance, the government can subsidize the materials used in the
production of efficient engines that will reduce the demand for fossil fuels. This is an effective approach as it would increase the
research and development of efficient engines for automobile manufacturers.

Additionally, the government can subsidize electric vehicles and this has gained traction around the world as the impact of
carbon emissions before increasingly apparent with climate change. There is an emergent of new automobile companies that are
solely focused on the production of electric vehicles such as Tesla in the United States and BYD in China. The market for EVs is
also growing and this shows the effectiveness of subsidies in some markets around the world. The trend in the sales unit of EVs
and hybrid vehicles is depicted in the figure 3 below.

Figure 3. Sales unit of Evs and hybrids

Source: Statista Market Insights [11].

From the figure 3 above, there is a year-on-year increment in the number of EVs and hybrids from 0.77 million units in 2016
to 10.64 million units in 2023. The trend is forecasted to grow in the future with a huge increment in EVs; the units sold are
projected to reach 17.07 million in 2028. With the increment in the affordability of EVs, which is largely influenced by subsidies
and the efficiency of the manufacturers, the high level of emissions from the transportation sector can be reduced.

Similarly, the government can subsidize the construction of EV charging stations to improve the convenience of the owners
of the vehicles. With an increased and reliable network of EV charging stations, the demand for EVs will increase and this will
serve the ultimate goal of eliminating the externality of pollution in the transportation sector. The trend in the number of EV
charging stations is displayed in the figure 4 below.
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Figure 4. Units of EVs charging stations

Source: Statista Market Insights [11].

The number of EV charging stations increased year on year from 0.20 million units in 2016 to 1.93 million units in 2023. The
units are projected to continually grow annually and reach an estimated 3.32 units by 2028. The trend can be increased through
subsidies for the inputs used in the construction of the charging stations. Governments around the world can also provide tax
breaks to the dealers of the charging stations to prompt the growth of EVs in the transportation sector in the future.

3. Proposed policy solution

The section highlights the proposed policy to deal with the huge emissions from the transportation sector. The proposal is also
supported by similar policies from other countries and empirical studies evaluating similar policies as way of ascertaining the
viability of subsidy solution to deal with the externality of pollution from the transportation sector.

3.1. Subsidies targeting electrification of the transportation sector

Subsidies are effective solutions to the externality of pollution in the transportation sector. This is the case as subsidies reduce the
prices of transportation system that abates carbon emissions. With the reduction in prices, the demand for the efficiency
transportation increases. The argument on the effectiveness of subsidies to abate carbon emissions in the transportation sector has
shown positive results in multiple countries. For instance, a study by Zheng et al. [12] reported the increment in the production
and sales of EVs in China is largely attributed to the subsidies. The overall goal is to achieve electrification of the transportation
sector, which will help the country achieve a near-zero-emission economy. In light of this goal, the Chinese government focused
on the implementation of an extensive subsidy program to boost the sale of EVs. The study by Zheng et al. [12] used data on EV
sales in China from 2009 to 2018 and concluded the huge growth in the sale of EVs is attributed to the subsidies. Based on the
evidence from China, it can be concluded the solution of subsidies has the potential to drastically reduce the pollution from the
transportation sector and its negative impacts.

A study by Sheldon et al. [13] also shows the effectiveness of the subsidies in dealing with the pollution from the
transportation sector. The study focused on nine European countries and also the United States. The introduction of the subsidies
reduced the number of high-emission vehicles in the sampled countries, which shows the subsidies are effective. With subsidies,
the price of hybrid cars and EVs fell, which led to replacement of the high-emission vehicles. The findings by Sheldon et al. [13]
align with those by Zheng et al. [12] who noted subsidies increase demand for EV vehicles and help in replacing the vehicles that
contribute huge amounts of carbon emissions.

The positive impact of subsidies on reducing pollution from the transportation sector is also evident in the UK. According to
a study by Zhao and Baker [14], electrification of the transportation sector is an important step in the UK to build sustainability
in the energy sector. The results of the analysis indicated subsidies would help in swapping the fossil fuel battery with EV
batteries, which is core to the overall objective of reducing climate change and global warming from emissions by the
transportation sector.

There is sufficient empirical evidence to support the proposal of subsidies as a solution to deal with the externality of
pollution from the transportation sector. China, EU countries, the United States, and the UK has leveraged the subsidies to
increase the electrification of the transportation through reduced prices and expanding supply of sustainable systems.
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3.2. Evaluating the effectiveness of the proposed subsidies for electrification of the transportation

The evidence on the effectiveness of the proposed subsidies of the transport electrification are need further evaluation to
ascertain its viability in dealing with emissions. The section evaluates the effectiveness of policies on electrification of the
transportation sector.

An increment in the intervention policies is projected to reduce the amount of carbon, as noted by Axsen et al. [15]. This is
the case as public policies such as subsidies focusing on the electrification of the transportation sectors significantly reduce
carbon emissions. This is illustrated in the figure 5 below.

Figure 5. Policies and carbon emissions

Source: Axsen et al. [15].

From the figure 5 above, additional policies aiming to reduce carbon emissions from the transportation sector are projected to
reduce the emissions from road transport. There is a downward projection in emissions expected to continue until 2050.

The subsidies are projected to cut the amount of carbon emissions; this proposal should be evaluated based on the projected
reduction in the emissions. This is illustrated in the figure 6 below which compares the reduction in emissions from registered
EVs in 2021 and 2030.

Figure 6. Lifecycle greenhouse gases emissions

Source: Richter [16].

The reduction in emissions in Europe, the United States, China, and India due to EVs in 2030 is higher compared to 2021, as
illustrated in the figure 6 above. This implies the proposal on subsidies to electrify the transportation sector would drastically
reduce the level of carbon emission and reduce the effects of carbon on global warming and climate change. The projections on
the effectiveness of the electrical vehicles on reducing the carbon emission support the proposed policy on subsidies focusing on
fast-tracking the electrification of the transportation sector.
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3.3. Potential problems of the proposed subsidies for electrification of the transportation

Despite the evidence of the effectiveness of the subsidies as policies to reduce carbon emissions from the transportation sectors,
there are limitations to adopting the policies. Multiple empirical studies point out there are economic problems associated with
large-scale subsidies like those proposed in the electrification of the transportation sector. Freebairn [17] agrees the use of
subsidies to increase the production of EVs reduces the level of pollution; however, this approach causes a deficit in government
revenues due to loss of tax revenue. This leads to high social costs as the decline in tax revenues would result in low social
welfare. The lost government revenue is also expected to prompt an overall increment in the taxes to recover for the lost
revenues. Hence, subsidies are not a long-term solution, especially in countries where the government has deficiencies in the
budgets.

Another limitation of the use of subsidies is that it affects the cost and price of electrification of the transportation sector, but
does not influence the willingness among the buyers to purchase and use EVs. This is highlighted in the study by Liu and Wang
[18] who noted subsidies are not sufficient to promote demand for EVs; the policies make have to focus on improving the
willingness to use the electric means of transport to substantially cut emissions.

3.4. Mitigations for the potential problem

Carattini et al. [19] advocate for public participation in policies such as the subsidies and taxation aimed to reduce emissions
from the transportation sector. The essence of public participation is to under the attitude of the public among other key
stakeholders on the policy. The approach is essential in improving the acceptance of policies in the long run. The argument for
public participation in public policy regarding the subsidies is supported by Chu et al., [20]; this is expected to improve the level
of compliance and acceptance.

The subsidies should also be in phases to reduce overburdening of the government resources. As noted earlier, the subsidies
are often followed by taxes in other sectors to make up for the lost government revenue. Therefore, phasing out subsidies over
time will ensure the sustenance of the public policy and attainment of the minimal externality from the transportation sector
without contracting the economy and government activities.

4. Conclusion

The essay noted there is an externality from the transportation sector that is negative and this is pollution. Of note, there is heavy
consumption of fossil fuel in the transportation sector and this has led to growth in the volume of carbon emissions. The
pollution has accumulated over the years leading to global warming and climate change. The trend poses risks of excessive
rainfall, heat waves, and droughts. The externality and its negative impact have prompted policymakers around the world to
adopt policies to abate emissions from the transportation sector. The two most prevalent current solutions are the carbon tax and
subsidies to promote the production and sale of automobile vehicles and transportation systems that are sustainable.

The essay proposes adoption of subsidies to improve the electrification of the transportation sector. The subsidies have been
effective in China have been instrumental in promoting the sales of EVs in the country. The proposal is also projected to
drastically reduce emissions based on empirical studies using actual data from multiple markets with sizable EVs such as China,
the US, and India. However, there are limitations to the policies proposed on subsidies for electrification of transportation. The
policy reduces government revenue and social welfare due to reduced revenues. The subsidies do mean willingness among the
customers to use and own EVs will increase. To deal with the limitations, it is prudent to promote public participation is also
instrumental in improving the level of policy acceptance and growth in ownership and usage of EVs. This will ensure there is
long-term sustenance of the sector targeted by the public policies to deal with the externality of carbon emission in the
transportation sector.
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