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Glossary

Periodic Technical Inspections (PTIs)

Technical inspections on vehicles that are carried out in regular time intervals. 
Different time intervals for these technical inspections exist in different coun-
tries. Other terms with approximately the same meaning are vehicle inspection, 
MOT (Ministry of Transport), vehicle test, and I/M program (vehicle inspection 
and maintenance).

Roadworthiness

Describes a state of a vehicle that does not demonstrate any issues or defects 
that would compromise safety during the use of these vehicles. As a result of 
PTIs, a roadworthiness certificate is often issued, allowing the vehicle to be 
driven on public roads, among other actions.

Rechnitzer et al. (2000) note that roadworthiness is not a universal and constant 
property of a vehicle but rather one that can change over time and is relative to 
the jurisdiction in which the vehicle is operated.

Crash / Accident

The words crash and accident are both used interchangeably in this disser-
tation. Both describe a situation in which a vehicle involuntarily crashes into 
another vehicle or object and is partly or completely destroyed in the process. 
Chapter 2.1 describes considerations related to this topic in more detail. 
A person could be gravely injured or even die as a consequence of a crash or 
accident. However, it could also result in property damage only. All of these are 
further elaborated upon below.

Property damage

A crash could result in only property damage, with passengers remaining un-
harmed. This is a rather common case when vehicles collide with low speed or 
when they hit objects while parking, for example.
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Injury

As a result of a crash, a person or passenger could sustain slight or severe inju-
ries. Although the determination of injury severity is not always easy, the Max-
imum Abbreviated Injury Scale (MAIS) was established to introduce more con-
sistent and comparable data. Chapter 2.2 contains more in-depth information 
about the different classifications.

Fatality

In the worst-case scenario of a crash, a person dies from their injuries. While de-
termining a fatality is less complex than doing so for injury severity, crash-relat-
ed fatalities were not counted as such unless the deaths occurred immediately 
at the crash scene. The current definition of a crash-related fatality, any fatality 
that occurs due to injuries sustained in the crash for up to 30 days after it oc-
curs, is broader and universally accepted. Further considerations on this matter 
are found in Chapter 2.2.

Willingness-to-pay (WTP)

The willingness-to-pay denotes the highest price a person would be willing to 
pay for a product or service. Economics also frequently uses the term reserva-
tion price to represent this concept.
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Abstract

Road crashes play a substantial role in depressing GDP, especially in low- and 
middle-income countries. The economic welfare of countries is adversely affect-
ed, and governments must try to correct this market failure. The conditions that 
obtain in Turkey, Costa Rica, and the European Union are conducive to analyz-
ing regulatory policies in the field of traffic accidents. Since Turkey and Costa 
Rica introduced periodic technical inspections recently, data from before and 
after their introduction is available and can be compared. I obtained exclusive 
inspection data from Turkey for the analysis. For Costa Rica, I derived cost-unit 
rates that had not been calculated before, which allowed me to rank and evalu-
ate regulatory measures that may be adopted in the future. The Covid-19 pan-
demic made it possible to study another set of policy interventions. That study 
complements the first two papers. The observed effects are examined in the 
context of the efforts of the European Union to reduce deadly traffic accidents 
over the last few decades. By analyzing data from before and after government 
interventions, I show the impact as well as the shortcomings of specific policies 
in different countries or regions and discuss their welfare effect. Furthermore, 
this dissertation provides evidence for the claim that introducing periodic tech-
nical inspections, a policy intervention that can tackle the problem of frequent 
traffic accidents, is cost effective and thus exerts a positive effect on the econ-
omy.

Keywords
Accident Research, Allocative Efficiency, Benefit Cost, Cost Benefit, Cost Effec-
tiveness, Transport Safety, Transportation Safety Regulations

JEL Classification
D61  Allocative Efficiency; Cost-Benefit Analysis 

R41  Transportation: Demand, Supply, and Congestion; Travel Time; Safety 
and Accidents; Transportation Noise

R48 Government Pricing and Policy
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1 Introduction and Motivation
For as long as means of transportation have existed, they have been involved 
in crashes or accidents. While the transportation sector is large—planes, trains, 
cars, horse carriages, and bicycles can all crash—this dissertation focuses on 
road vehicle accidents. This chapter will explain the need for the dissertation 
and its wide scope. 

1.1 Relevance

The topic of road vehicle accidents is of considerable importance because it 
has powerful economic ramifications, especially in low- and middle-income 
countries, where their effects are most pronounced—these countries account 
for almost 90% of global road deaths (World Bank, 2017). A 50% reduction in 
traffic deaths or injuries has been estimated to increase GDP per capita by be-
tween 7% and 22% in some countries over a period of 24 years (World Bank, 
2017). In the United States, motor vehicle crashes (MVCs), alongside diseases 
and epidemics, are a major public health concern that must be tackled. In fact, 
MVCs are the leading cause of death in the US, causing USD 56 billion in medi-
cal and work-related losses in 2019 alone (Centers for Disease Control and Pre-
vention, 2021). These losses are preventable.

Arguments for improving the safety of both vehicles and roads have been ad-
vanced since motor vehicles first began to gain popularity. As early as 1906, the 
government of the German region of Baden issued a decree to the effect that 
motor vehicles had to be registered and that their technical suitability had to be 
evaluated by an approved expert (TÜV Süd, 2020). At least since that time, pol-
iticians have treated accidents as an issue that must be addressed. Over time, 
growing numbers of governments have designed policies on the topic, includ-
ing, most prominently, Sweden, which implemented the Vision Zero policy in 
1997. Vision Zero aims to, among others, eliminate deaths and serious injuries 
that occur as a result of road accidents (Kristianssen et al., 2018). Hultkrantz et 
al. (2006) compared the concept to quality control in the manufacturing indus-
try or to safety measures in the mining industry (p.156). The original idea began 
to take shape in 1994 and is a manifestation of the Safe Systems Approach. In 
the Netherlands, this concept is known as the Safe Systems Approach to Road 
Traffic Safety (SSA to RTS) and was adopted almost as soon as it emerged (We-
gman et al., 2005). The Dutch approach is based on two guiding principles:
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(1) to prevent human error from occurring as far as possible and (2) to avoid 
severe injury. This approach is always sensitive to the needs of humans and 
places them at the core of policy design. For example, infrastructure should be 
“adapted to the capabilities and limitations of humans through proper planning 
and road design.” Vehicles should be “equipped to simplify the driving task 
and offer protection to the vulnerable human being (crash protection),” while 
road users should be educated as well as having their “driving behavior regu-
larly controlled. The key issue of ‘Sustainable Safety’ is that it has a preventative 
rather than a curative (reactive) nature” (Wegman et al., 2005, p. 7).

Since 2008, the World Health Organization (WHO) and the Organization of 
Economic Cooperation and Development (OECD) have treated the SSA to RTS 
that was pioneered by the Netherlands and Sweden as a best practice that can 
increase road safety (Ward, 2016). Road safety is one of the Sustainable Devel-
opment Goals for Good Health and Well-being (Goal 3.6) and for Sustainable 
Cities and Communities (Goal 11.2; (United Nations, 2020b). Specifically, Goal 
3.6 indicates a strong commitment to road safety and contains a promise to 
reduce the number of global deaths and injuries from road traffic accidents by 
half by 2020. However, in its 2019 progress report, the UN reported that the 
global number of road traffic deaths had increased from 1.31 million in 2013 to 
1.35 million in 2016 (United Nations, 2020a). Clearly, therefore, more must be 
done to ensure that this goal is reached.

For supranational organizations, the SSA to RTS is a guiding principle in their 
work towards this goal. Figure 1.1 shows the different elements of the SSA to 
RTS. This dissertation focuses on the lower left part (dark green) of the circle.
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F igure 1.1 Depiction of Safe System Approach to Road Traffi c Safety
Source: Australian Department of Infrastructure (2019)

As can be seen from the graphic above, the topic of road crashes and traffi c 
safety is multilayered. It involves different disciplines, such as technology, eco-
nomics, engineering, health care, and infrastructure, and its most challenging 
feature is that it is evolving rapidly. Firstly, it involves technical and engineering 
problems, such as the identifi cation of materials that can be used to construct 
vehicles in a way that reduces the severity of accidents. It also has technological 
aspects that focus on the increased digitalization of driving. Technical assis-
tance systems have become more advanced and widespread, and their capabil-
ities to react to external infl uences and relieve drivers have advanced.

For example, when work on this dissertation began in 2016, a coalition of car-
makers agreed to construct prefrontal crash sensors, which are also called “col-
lision avoidance systems” or “autonomous emergency braking systems.” The 
use of such systems in new vehicles will be standard by 2022 (cars.com, 2016). 
For instance, between September 1, 2017, and August 31, 2018, more than 90% 
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of the cars manufactured by Mercedes-Benz, Tesla, Volvo, and Toyota were 
equipped with such systems (Insurance Institute for Highway Safety, 2019). A 
year earlier, Volvo and Toyota vehicles that were fitted with systems of this kind 
still represented less than 70% and 60% of their whole stock, respectively (In-
surance Institute for Highway Safety, 2017). While the rollout of this technology 
across entire national fleets of vehicles will take several years, it certainly has the 
potential to influence the outcomes of accidents considerably.

In the last few decades, the emergence of electronic assistants and superi-
or materials has improved safety outcomes. Specifically, the number of fatal 
crashes has declined (European Commission, 2018c). However, vehicle safety 
and technology are only two aspects of this multifaceted issue. The design 
of the transport system is also important, as are the health care system and 
the first-responder infrastructure. Over the past 25 years, the Safe Systems 
Approach has served as the basis of many political decisions and standards. 
For example, 2012 saw the introduction of the ISO 39001, which incorporates 
safe-systems goals and approaches as well as specifying requirements for road 
traffic safety management systems that reduce the number of deaths or serious 
injuries that result from road traffic crashes. The standard also refers to the de-
velopment and implementation of objectives, policies, and action plans in fields 
that the organization can control and influence (ISO, 2020). While this standard 
aims to prevent severe injury and death in traffic accidents, it also serves as a 
management tool that can be used in interventions that address the different 
elements of the road traffic system and the adjacent systems. These include, for 
example, road infrastructure, vehicles, road use, and health care and the emer-
gency system (Hartzell, 2017).

The topic of road safety is not relevant only to individual countries or carmakers 
and car suppliers. It must also be tackled at the European level. In 2001, the 
predecessor to the modern European Union, the European Community, pub-
lished one of the first publications on traffic safety and its many aspects, which 
was titled European Transport Policy for 2010: Time to Decide. This paper for-
mulated the goal of halving the number of traffic-related deaths between 2000 
and 2010 (Commission Of The European Communities, 2001). Since then, the 
European Union has updated its goal in the 2011 white paper Roadmap to a 
Single European Transport Area—Towards a Competitive and Resource Effi-
cient Transport System (European Commission, 2011a). In that document, the 
new European Union set itself a goal of halving the numbers of road fatalities 
again by 2020 and approaching zero fatalities by 2050 (European Commission, 
2011a). At the Road Safety Conference that took place in Malta in 2017, the Eu-
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ropean Union member states agreed on the Valetta Declaration. This declara-
tion provides for further measures on traffic safety and a common understand-
ing that these measures will not only halve the number of road deaths by 2020 
but also halve the number of those who are seriously injured by 2030, relative 
to the 2020 baseline. The last paper (Chapter 8) of this dissertation frames the 
first two papers (Chapter 6 and 7) with a wider perspective on the political di-
mension of traffic accidents. Just like the European Union, which has adopted 
measures such as the periodic technical inspections (PTIs) that form the subject 
matter of the first two papers, Costa Rica and Turkey have also implemented 
specific policies that are intended to reduce the number of traffic crashes. Spe-
cific policy measures are always introduced with a particular goal in mind (cf., 
e.g., Witt (2003)). The third paper places the pandemic in the context of the 
measures from the first two papers, drawing an analogy between the two. The 
European Union has long struggled to reduce the incidence of traffic accidents. 
It took drastic measures in the wake of the pandemic. I observed the effect of 
those measures, and I found that it exhibits similarities with the effects that I 
observed in the first two papers, in which the introduction of PTI could also be 
seen as a drastic measure. Therefore, the three papers offer insights into the 
effects of policy measures. Those insights are based on real cases.

As noted previously, road accidents have both technical and economic aspects. 
Road accidents cause economic losses not merely as a result of physical dam-
age to vehicles but also because human injuries and fatalities impose economic 
costs on society. These injuries, in turn, often prevent injured individuals from 
working, meaning that they must be supported, which costs money. Those 
costs are often paid by insurance companies and are thus financed by soci-
ety. Furthermore, a road crash often causes traffic jams, thus preventing other 
members of the public from reaching their workplaces. This results in productiv-
ity losses—those affected must sit idly and wait for traffic to ease.

While much of the literature focuses on the technical aspects of road crashes, 
the economic approach has yielded far fewer insights. However, as this disserta-
tion will demonstrate, it is difficult to abstract from technical matters. Moreover, 
the economic aspect of the problem cannot be examined without, at least, a 
brief investigation of the technical side of the subject.

Contemporary lifestyles rely on effective and reliable transportation. Demand 
for such transportation options continues to increase. This is also reflected, for 
example, in the ever-growing number of airplane passengers (Eurostat, 2020b), 
which runs counter to the recent environmental argument in favor of flying less. 
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If traveling and moving often were no longer an option, the economy would 
most likely experience a significant recession. Its magnitude is difficult to esti-
mate, not only because many individuals commute to work—in the European 
Union, for example, around 8.3% of employees commute to another region 
(Eurostat, 2020a)—but also because the world economy relies on the division 
of labor and its specialization, which require goods to be moved around the 
globe. In the European Union alone, nearly 15 billion tonnes of goods were 
transported as road freight in 2019 (Eurostat, 2020c). The lockdowns that vari-
ous countries enacted during the Covid-19 pandemic and the attendant restric-
tions on international travel and transport provide an initial indication of the 
manner in which reduced mobility might affect global economic output and the 
ripple effects of a disturbance. The third paper of this dissertation offers further 
indications of the mechanism through which stringent measures can influence 
the economic performance of a country or region that relies heavily on trans-
portation. The effect of reduced mobility has to be considered for all measures 
that are adopted in order to reduce externalities. Upon the introduction of PTIs, 
individuals might become unable to use their cars, for example if those cars do 
not pass technical inspections or if their owners cannot afford the necessary re-
pairs. This might lead to reduced economic capabilities, since the owners might 
become incapable of reaching their workplaces or of transporting goods, which 
would reduce their earnings.

While the aforementioned impact is very broad and concerns the general ef-
fect of reduced mobility, it is highly relevant to this dissertation. The preceding 
paragraphs provided a general overview of the relevance of road safety to 
public health and economics as well as outlining governmental initiatives that 
purport to tackle this challenge. The following chapters and the first two stud-
ies (Getting ready for Europe: An Empirical Assessment for the Introduction 
of Periodic Technical Inspections of Road Vehicles in Turkey and Costa Rica’s 
Introduction of Periodic Technical Inspections: An Economic Assessment) that 
comprise the thesis tackle the scarcity of research on the economic cost of 
traffic accidents in low- and middle-income countries, which is often the result 
of scarce reliable data. The third paper offers a complementary view by exam-
ining the unique situation of the far-reaching political decisions that were taken 
during the Covid-19 pandemic in relation to the volume of traffic. Those polit-
ical decisions were made in high-income countries across Europe, where data 
availability is very good. The analogy with highly similar before-and-after cases 
offers insights into the temporal and economic effects of policies.
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1.2 Economics of Crashes

Against this backdrop, it is apparent that traffic and transport are of consider-
able importance to all economies. At the same time, they cause many external 
costs. In the field of road transport, the relevant harms include accidents, air 
pollution, climate change, noise, congestion, emissions from energy produc-
tion, and habitat damage (European Commission et al., 2019, p. 43). States must 
have an interest in correcting this market failure because it causes considerable 
losses, in terms of both productivity and capital. In the past years, this problem 
has been recognized, and efforts to address externalities have intensified.

Since this dissertation focuses on the externalities that result from accidents, 
an overview of the concept is likely to prove useful to the reader. The elements 
of externalities can be divided into three main types: internal costs or benefits, 
external technological costs or benefits, and external pecuniary costs or ben-
efits. The term “internal benefit” refers to the benefit that accrues directly to a 
user. This could, for example, include traveling-time economies or reductions in 
transport costs. 

Technological or pecuniary externalities are more complex and also involve oth-
er participants, whose involvement does not need to be direct. Technological 
externalities influences an individual’s production or utility function directly, and 
the individual in question cannot influence the extent of the damage that they 
suffer (or the size of the benefit that accrues to them). Pecuniary externalities, 
conversely, do not influence individual production or utility functions directly 
but exert an indirect effect on them through the market mechanism. That effect 
is mostly reflected in price levels (for the first description of these concepts and 
the distinctions between them, cf., e.g., McKean (1958); Viner (1931)).

Road traffic accidents of the kind described above create a negative technolog-
ical externality, exerting a direct influence on the individual who causes a crash 
(internal) and on other road users (technological externality), who are affected 
by slower traffic and thus prevented from engaging in productive activity. The 
other effects that influence an individual’s productivity or utility function direct-
ly include, among others, health care costs due to pollution or traffic noise. The 
cost of crashes that is not covered by insurance creates another negative exter-
nality. For technological externalities, internal marginal costs or benefits are not 
equal to social marginal costs or benefits. Therefore, resources are allocated 
inefficiently, and it is thus necessary to internalize the negative externality. The 
social or external cost of traffic accidents is not paid by those who cause them 
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(e.g., because of a vehicle defect or lack of concentration while driving) but by 
society, through institutions such as the state (via taxes that all citizens pay) or 
insurance companies as well as through the expenditure that traffi c participants 
incur as a result of spending time in traffi c jams. The individual who causes 
an accident obviously loses time and may suffer physical harm, but the corre-
sponding costs are not equal to those that are incurred by society. Figure 1.2 
depicts this proposition in the form of a graph.

Fi gure 1.2 Deadweight loss from traffi c crashes
Source: own fi gure

All drivers consider their own costs, which are represented by the marginal 
private cost curve. If private cost is considered in isolation, the price of traffi c 
crashes would be lower than the societal optimum (poptimum), and their quantity 
would be higher (q*) than what is desirable for the economy. When the social 
cost of traffi c accidents, that is, the technological externality described before, 
is factored in, marginal social cost is higher than marginal private cost. There-
fore, the price that society pays for a given quantity of crashes is actually higher 
(psociety) than the price that individuals pay (pprivate). Recognizing this price gap 
and internalizing the social cost of accidents would result in a lower amount 
of crashes (qoptimum) and a lower price (poptimum) than the price that society pays 
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(psociety) when the cost of accidents is not internalized but higher than what indi-
viduals pay without internalization (pprivate). For this reason, governments should 
consider technological externalities and introduce measure that incentivize 
individuals to consider societal costs in their decisions so that price signals can 
function correctly. PTIs are one of the means of preventing vehicles from break-
ing down and from avoiding vehicle defects that cause accidents. Those acci-
dents impose a cost on society but, absent the threat of enforcement, are often 
neglected when decisions must be made about repairs. 

In more general terms, traffic accidents can inhibit the flow of goods and indi-
viduals, causing, among others, delays in production. This could result in higher 
prices for goods or services (pecuniary externality), which, in turn, is likely to 
cause a reallocation of resources so as to reflect the changed market condi-
tions. From an efficiency viewpoint, there is no need to internalize this external-
ity because the market will find its way back to an optimal allocation, as shown 
by Ellis and Fellner (1943), Coase (1960) as well as Greenwald and Stiglitz (1986), 
and contrary to the view expressed by Pigou (1929) earlier.

The incipient practice of mobility pricing aims to correct, that is, to internal-
ize, at least some of the negative technological externalities that are caused 
by road traffic. However, the topic is not examined further in this dissertation. 
Instead, it offers insights into the mechanisms that underlie the (negative) ex-
ternal effects of road traffic accidents and selected policies that states have 
enacted to address them. The focus here is on traffic impacts rather than non-
traffic ones (the benefits of having roads for purposes other than transport, 
such as their function as fire breaks in cities for example). From the viewpoint of 
competition theory, this is an intervention in the market. Governments may use 
different policy instruments to intervene in the market: they can levy taxes or 
fees, they can use subsidies, or they can adopt regulations. These are discussed 
in more detail in 3.

Many different strands of economic theory exist. This dissertation adopts a 
somewhat neoclassical stance in acknowledging that market failures exist and 
that they lead to misallocations or distributive imbalances. While market-ori-
ented economists argue that policy interventions might not lead to the desired 
outcomes (government failure; see, e.g., the short argument about regulatory 
capture in Chapter 3.2), state-oriented economists take a more positive view of 
government interventions and their ability to correct market failure. This disser-
tation adds empirical evidence to this ongoing discussion by showing the effec-
tiveness and the outcomes of tested and observable government interventions.
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1.3 Structure

The dissertation has two main parts, a synopsis and articles. Figure 1.3 de-
scribes that structure graphically. The synopsis begins with the introduction to 
the thesis and its motivation, outlining the topics of road traffi c accidents and 
the costs that they impose on economies around the world. Chapter 2 defi nes 
and explains some of the most common concepts and terms in traffi c accident 
research. Chapter 3 explains in greater detail how the three articles in the sec-
ond part of this dissertation are connected, and it elaborates on their content. 
Chapter 4 explains the research objectives, and it highlights the scientifi c con-
tribution of the dissertation. Chapter 5 discusses the results as well as providing 
a general conclusion, adumbrating avenues for future research, and highlight-
ing the limitations of the study.

Fig ure 1.3 Structure of the dissertation
Source: own fi gure
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2 Setting and Definitions
While this dissertation clearly focuses on economics, technical knowledge 
of its topic is also necessary. Since the theoretical foundations of policy and 
cost-benefit analysis rests on several assumptions, this chapter will present im-
portant problems, technical terms, concepts, and definitions in more detail in 
order to create a common understanding. It serves as a basis for the in-depth 
analyses of the economic implications of accidents that follow. The papers in 
this dissertation also include a short technical section to frame and explain un-
derlying assumptions and to make it easier for the lay reader to follow the argu-
ments and to understand the challenges.

2.1 Crash or Accident?

The question of whether a traffic incident should be labeled as a crash or as an 
accident always arises in research of the kind that is presented in this paper. In 
this dissertation, the two terms are used interchangeably. Accidents are some-
times argued to be events that occur unexpectedly and unintentionally and are 
unavoidable, whereas a crash, which happens as a result of poor decisions or 
negligence, can be avoided. However, the Merriam-Webster dictionary defines 
an accident as “an unforeseen and unplanned event or circumstance,” which 
implies a “lack of intention or necessity,” or as “an unfortunate event resulting 
especially from carelessness or ignorance” (Merriam-Webster, 2020a). At the 
same time, according to Merriam-Webster, a crash is “a breaking to pieces by 
or as if by collision” or “an instance of crashing.” As a verb, it can mean “to 
break violently and noisily,” “to damage (an airplane) in landing,” or “to fall, 
land, or hit with destructive force” (Merriam-Webster, 2020b). These definitions 
do not indicate that a crash, unlike an accident, can be avoided. 

The two terms appear not only in dictionaries but also in the literature. The 
Annual Accident Report of the European Road Safety Observatory can serve 
as a representative example—the word ‘accident’ appears in its title (European 
Commission, 2018c). However, researchers in the field of transport safety often 
use the word ‘crash’ (compare, for example, Harmon et al. (2018); Lim and Chi 
(2013); Wijnen et al. (2019)). For these reasons, as stated previously, the two 
words are used interchangeably in this dissertation.
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2.2 Definition of “Crashes”

In order to perform adequate research on crashes, it is important to understand 
their classification. A large body of literature in the health field covers this topic. 
This section lists the findings that are most important and relevant to this dis-
sertation. 

The American Manual on the Classification of Motor Vehicle Traffic Crashes 
uses a threefold classification (Association of Transportation Safety Information 
Professionals, 2017, p. 37). There are thus fatal-injury crashes, nonfatal-injury 
crashes, and no-apparent-injury crashes (which are also referred to as proper-
ty-damage-only crashes). The literature often distinguishes between crashes 
that cause slight injuries and ones that cause serious injuries. The American 
Manual on Classification of Motor Vehicle Traffic Crashes reflects this distinction 
in five mutually exclusive categories of injury severity (Association of Transpor-
tation Safety Information Professionals, 2017, p. 37): “fatal injury,” “suspected 
minor injury,” “possible injury,” and “no apparent injury.”

The Maximum Abbreviated Injury Scale (MAIS), which is based on the Ab-
breviated Injury Scale (AIS; (Association for the Advancement of Automotive 
Medicine, 2020) is used to classify injuries. It is called MAIS because it takes 
into account the highest (maximum) injury that is sustained. It is a globally used, 
well-established scale for comparison. Scores range from 1 to 6, with levels 3, 
4, 5, and 6 considered serious. This means that injuries of MAIS3+ (a score of 3 
or higher) are considered to result in significant and often long-term damage as 
well as in high costs (European Road Safety Observatory, 2015).

Until recently, no uniform or consistent definitions existed in the European 
Union. It is only in the last few years, following a series of large studies, such as 
SafetyNet (SafetyNet, 2009), that steps have been taken to harmonize national 
definitions. MAIS3+, for example, was chosen as a common definition of “se-
rious injury” for all European Union countries in 2014 (European Road Safety 
Observatory, 2015).
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Table 2.1 AIS levels and old traffic-injury definitions
Source: European Commission et al. (2020, p. 40)

AIS scale Example Old definition

AIS 1 Minor Sprained ankle Slight injury

AIS 2 Moderate Closed fracture

AIS 3 Serious Open fracture Serious injury

AIS 4 Severe Amputation

AIS 5 Critical Ruptured liver with tissue loss

AIS 6 Maximum Unsurvivable injury Fatality

According to United Nations Economic Commission for Europe (UNECE), an 
accident is regarded as fatal if a person dies from injuries sustained in the 
crash in the 30 days that follow the event (cf., e.g., United Nations (2017)). Many 
countries in the European Union have relied on different definitions. Therefore, 
correction factors have to be used in order to compare data properly (Europe-
an Commission, 2018c; Eurostat, 2010; Saurabh, 2015). Weijermars et al. (2018), 
however, indicated that the current method is also flawed and demands careful 
scrutiny. The problems include, for example, the impossibility of matching cases 
to traffic accidents at hospitals and categorizing them correctly and problems 
with reporting systems and new regulations, which result in underreporting 
(compare also, e.g., Khadka et al., 2022; Muhammad Usman, 2010; Redelmeier 
& McLellan, 2013; Yadav et al., 2021). Therefore, the authors recommend con-
sidering registration levels before applying correction factors, thus ensuring 
that the latter remain consistent, as well as methods such as capture-recapture 
models, which can validate traffic accident numbers, and the use of local record 
keepers. The updated version of the Handbook on External Costs of Transport, 
conversely, suggests that no correction factors need to be used for fatalities 
because there should be no unreported fatalities from traffic accidents in Eu-
rope (European Commission et al., 2020, p. 40).

The SafetyCube project was another recent European Union study that exam-
ined the health impact of injuries sustained in road traffic crashes (Wijnen et 
al., 2017). The study focuses on nonfatal crashes with an injury level of MAIS3+. 
Its authors argued that policymakers must also consider serious road injuries 
because their number is high and because their impacts on health are large 
(Weijermars et al., 2018). Furthermore, they identified ways to collect MAIS3+ 
data for road traffic accidents. Collecting correct and consistent data still poses 
a challenge, and practices vary between countries. Weijermars et al. (2018) pro-
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pose applying correction factors to police data as well as establishing links with 
hospital data. The magnitude of the underestimation is examined in Wijnen et 
al. (2019). The authors found that the nominal cost of crashes is about 1.8% of 
EU28 GDP. However, they estimated the true cost (with corrections) to be ap-
proximately 3% of GDP.

These classifications are important for the dissertation due to the high costs 
that are associated with different types of crashes. Since the dissertation focus-
es on the economic implications of crashes, misclassification or a nonuniform 
understanding of the severity of crashes can significantly affect final calculated 
costs and thus the cost-benefit ratios that were obtained. Therefore, harmo-
nizing the definitions of the severity of the outcome of a crash is important for 
comparing the effectiveness of measures and their economic implications in 
different countries.

In the papers that comprise the dissertation, I use the older definitions, which 
focus only on material damage, slight injuries, serious injuries, and fatal crash-
es. The reason is that unit costs are not available or calculable for every AIS 
level. Nevertheless, the severity of a crash is not the only relevant factor in the 
economic calculations—unit-cost estimates also impact the cost-benefit ratio. 
Therefore, the following chapter describes several considerations that pertain 
to the estimation of crash costs in detail.

2.3 Crash-Cost Estimates

Cost-benefit analyses are usually an integral part of the evaluation of policy 
changes. Furthermore, a cost can also be seen as a price, and in economics, 
price is always a signal for the market and those who participate in it. Therefore, 
special attention needs to be paid to the derivation of these values and to the 
methods that are used. Similar or identical cost-unit rates must be used when 
comparing countries. 

In recent years, various reports that estimate the cost of crashes have been 
published, a process mostly driven by the European Union. The SafetyCube 
project (Wijnen et al., 2017) is one notable example from the recent past. Earlier 
studies include the HEATCO study (HEATCO, 2005), which strongly influenced 
the contributions that followed it, such as the Update Study for 2008 on Exter-
nal Costs of Transport in Europe (Essen et al., 2011) and the Handbook on Esti-
mation of External Costs in the Transport Sector (Maibach et al., 2008). Further 
research includes the Ricardo-AEA study in the Handbook on External Costs of 
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Transport (Korzhenevych et al., 2014), which is more recent but covers a wider 
range of externalities in transport, including not only the costs of accidents 
but also those of air pollution, congestion, noise, climate change, and marginal 
infrastructure costs. The other early projects include GRACE, which estimated 
infrastructure costs (Link et al., 2005), and UNITE (Chris Nash, 2003). Both were 
funded by the European Commission and laid the groundwork for the Hand-
book on External Costs of Transport (Korzhenevych et al., 2014). The following 
table compares three of the more recent studies, which contain different esti-
mates, in order to help the reader to visualize the magnitude of the differences 
between them.

Table 2.2 Overview of European costing studies and their estimates
Source: Own table with data from HEATCO (2005); Korzhenevych et al. (2014); Wijnen et 
al. (2017)

SafetyCube, 2017 Ricardo-AEA / Handbook 
on External Costs of 
Transport, 2014

(EU average)

HEATCO, 2005

Slight 
Accident

296-71,742 EUR 9,800-31,200 EUR

(18,700 EUR)

3,400-36,600 EUR

Serious 
Accident

28,000-959,000 EUR 127,900-517,700 EUR

(243,100 EUR)

67,000-227,000 EUR

Fatal  
Accident

0.7M-3M EUR 0.9-3.3M EUR

(1.87M EUR)

0.2M-1.65M EUR
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Apart from differing considerably, the estimated costs also have wide ranges, 
particularly due to differences in the underlying approach to the value of statis-
tical life (VSL), population size, risk perceptions, and traits, which strongly influ-
ence values. The differences are also due in part to monetary effects, a conse-
quence of the difference in price levels at the times at which the studies were 
conducted, and in part to updated data and refined methodologies, which may 
have resulted in the inclusion of costs that were not considered previously.

Approaches to estimating economic costs differ and include various compo-
nents. The European Commission, for instance, includes five different catego-
ries in the cost of a crash (HEATCO, 2005), namely medical costs, the costs of 
lost productive capacity and thus lost output, the valuation of lost quality of life 
as a loss of welfare, the costs of property damage, and administrative costs. 
The SafetyCube project resulted in the introduction of a sixth cost category, 
“other costs,” which includes the costs of congestion (Wijnen et al., 2017).

Costs can, for the most part, be divided into two groups, namely direct and 
indirect costs. Furthermore, the value of safety in and of itself can also be con-
sidered (HEATCO, 2005). The term “direct costs” denotes expenses that are 
actually or potentially measurable, such as legal and emergency-services costs, 
including the cost of police and judicial labor as well as that of investigations by 
technical experts and the administrative activities of car insurers. Furthermore, 
medical and rehabilitation costs also belong to this group. Medical and rehabil-
itation costs comprise both the cost of care in the year of the crash and future 
health care costs that are related to a crash, which are expressed as a present 
value over an expected lifetime. Lastly, property damage costs, including the 
cost of replacing or repairing goods that are damaged in an accident, are also 
included.

Indirect costs are slightly more difficult to estimate because they are not direct-
ly measurable. This group comprises, for example, lost productive capacity in 
the economy and the reduced ability to work that results from crashes (HEAT-
CO, 2005). The SafetyCube project found that human costs account for approx-
imately 70% of the total costs of an accident, while production losses account 
for around 30% (Wijnen et al., 2019). The following figure represents the differ-
ent valuation methods of the SafetyCube project.
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Figure 2.1 Classifi cation of valuation methods
Source: Figure adapted from Wijnen et al. (2019)

The value of safety in and of itself can be measured through the willing-
ness-to-pay (WTP) approach, a contingent valuation method. It is usually the 
recommended approach for measuring human cost (Alfaro et al., 1994). The 
WTP represents the maximum price that an individual is willing to pay (hence 
the name) for a good or service. WTP is not a fi xed sum—it varies from individ-
ual to individual, from good to good, and from service to service. 

The WTP approach can be divided into two subcategories, namely revealed 
preferences and stated preferences. Revealed preferences can be observed 
through the individual’s market transactions. These transactions need to be 
relevant in traffi c safety if correct values are to be obtained. The following 
example illustrates this proposition. Suppose that a precrash sensor is made 
available and that it would enable individuals to avoid crashes or at least to re-
duce their severity. Observing how much customers are willing to spend on this 
feature would indicate how much they value the attendant gain in safety. There-
fore, their WTP for more safety by acquiring a precrash sensor for their vehicle 
can be observed.

The stated-preferences approach, conversely, is more theoretical. A hypo-
thetical scenario is created in which a customer or participant is asked how 
much they would be willing to pay for a technology, a service, or even a policy 
change. For example, suppose that members of the public are asked how much 
they would be willing to pay to use new roads that are coated in such a way that 
the possibility of an accident decreases by 20%.
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In (transport) economics, WTP is mostly used to determine VSL. WTP is ex-
pressed by a small change in the probability of death for a single person (). 
Summing these changes over  individuals yields the function . This means that 
one statistical death is avoided for a group of size . VSL thus equals the sum of 
WTP over all  individuals (HEATCO, 2005).

The following simplified example may be used to illustrate the concept more 
clearly: assume that 5,000 individuals (the group of  individuals) use cars. Of 
these 5,000 individuals, one dies in a crash in a given year. A new technology 
is released that can be built into the car, lowering the probability of a deadly 
crash by 0.02%. All of the individuals would be willing to pay USD 1,000 for it. 
The VSL in this case would thus equal USD 5 million. 

Many contributions to the literature use this stated-preferences method. How-
ever, it is unclear whether members of the public can actually put a value to 
an abstract, new, or virtually unknown technology. For example, in the field of 
traffic accidents, Jones-Lee et al. (1995) conducted a study to derive the corre-
sponding values for preventing nonfatal accidents. In their experiments, they 
discovered that the values provided by their respondents were not sensitive to 
the degree of risk reduction, thus supporting the results of Smith and Desvous-
ges (1987), who found that the marginal valuation of a change in risk decreases 
as levels of risk increase. These findings demonstrate the difficulty that individu-
als encounter when asked to value a reduction in road traffic risk accurately and 
specifically.

A more recent meta-analytic study of stated preferences by Lindhjem et al. 
(2011) found that GDP per capita and the degree of the risk change that is val-
ued are the two most important variables in explaining variation in VSL.1 How-
ever, Carlsson et al. (2010) reported that individuals value reductions in traffic 
accident risks 33% higher than they value reductions in the risk of a fire or the 
risk of drowning. However, they could not reach a conclusion on the question 
of whether lives should always be valued equally, irrespective of the type of 
accident. Thus, they claimed that their result indicates that the WTP method is 
flawed, at least to some degree. Mon et al. (2018) used the same method with 
a large number of subjects. They not only calculated VSL for Myanmar but also 
showed that it is “significantly associated with age, family status, education, 
occupation, individual income, household income, the vehicle used, exposure 
to traffic, drunk driving, personal experiences, and the perceived risk of traffic 
accidents” (Mon et al., 2018, p. 18).

1 Sometimes in the literature this is also abbreviated with VOSL.
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The previous examples make it clear that hypothetical values are more likely to 
be inaccurate than results obtained through the revealed-preferences method 
because the former are not based on actual observations of. Hanemann (1994) 
argues that for specific situations and with special attention to the survey de-
sign, contingent valuation methods can be used to measure people’s values. 
This said, the European Commission’s Guide to Cost-Benefit Analysis of Invest-
ment Projects also lists the willingness-to-pay method for specific projects or 
approaches (Sartori et al., 2014).

A quantitative analysis of the social costs of the literature on road traffic crashes 
revealed that the WTP method is mostly used in high-income countries, where-
as low- and middle-income countries primarily use the human capital approach 
(Bougna et al., 2022). At the same time, Bougna et al. (2022) showed that the 
estimates obtained through the WTP approach are higher than those obtained 
through the human capital method by a factor of two. Therefore, a combination 
of different methods should yield more reliable results. This explains why our 
paper about Costa Rica uses two approaches: an objective and a subjective 
one. The calculations that pertain to the objective approach are based on GDP 
and health costs, while the subjective approach is premised on an empirical 
formula because no WTP values were available. In the case of Costa Rica, the 
objective approach produced more robust results because it drew on assess-
able data. Despite the criticisms of contingent-valuation methods, the WTP can 
still be used with questionnaires to validate the results in our paper.

I should note that there are other costs associated with traffic crashes and mea-
sures to reduce them. In case of PTIs, these include the costs of testing vehi-
cles. Thus, testing costs need to be considered when calculating cost-benefit 
ratios. In Europe, there is no general cost estimate because much depends on 
local costs, especially those of labor, which can be considered to be the highest 
costs of PTIs (cf., e.g., Gaillet et al. (2019)). There are also other important costs. 
For example, Al-Saleh (2011) showed that the efficiency of testing facilities can 
be improved by up to 175%. This, in turn, would mean that costs could be low-
ered, ceteris paribus, allowing for further improvements in the cost-benefit ra-
tio. However, the importance of these costs is dwarfed by the cost of lost lives 
or that of falls in productivity.
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2.4 Regulatory Bodies

Road crashes are not an issue that is limited to low- and middle-income coun-
tries. Governments and nongovernmental organizations around the globe 
are tackling this highly important public health problem. Various programs, 
initiatives, and laws target reductions in road traffic accidents. The COVID-19 
pandemic provided a brief indication of the effects of highly intrusive political 
decisions that lead to sharp reductions in traffic volume. All three papers in this 
dissertation are aimed at understanding how political decisions in the field of 
road safety affect traffic accidents and their economic effects and how those 
decisions are embedded in national efforts to reduce the cost of traffic crashes. 
All three papers, Getting ready for Europe: An Empirical Assessment for the 
Introduction of Periodic Technical Inspections of Road Vehicles in Turkey, Costa 
Rica’s Introduction of Periodic Technical Inspections: An Economic Assessment, 
and EU road safety goals: A retrospective in light of the pandemic thus have a 
policy dimension and review legislative decisions. The cases that the articles 
review share a common feature, in that the direct effect of interventions could 
be observed and their outcomes could be measured. 

Data is needed to measure outcomes, and the struggle for reliable and accu-
rate data is an ever-present challenge in research. Often, data scarcity and high 
variance in its quality are also points of difficulty. This dissertation is no excep-
tion. This said, over the last two decades, many steps have been taken to im-
prove data availability and quality. These include harmonizing definitions, such 
as the aforementioned MAIS system or the harmonized definition of “fatality.”

Crashes have many different causes, such as the weather, road conditions, driv-
er behavior, or driving under the influence, to name but a few. In order to be 
able to introduce laws that prove effective, it is important to research the caus-
es of crashes. The technical reliability of a vehicle is one of those causes, and 
a part of this dissertation focuses on that issue. Assessment poses challenges 
of its own: whether a crash occurred due to a technical failure such as a punc-
tured tire is easy to determine, but failing brakes and other technical problems 
are much more difficult to identify at the crash site. In Germany, knowledge 
about the causes of crashes is gathered as part of the German In-Depth Acci-
dent Study (GIDAS), which has collected data on accidents in the Hannover and 
Dresden metropolitan areas since 1999 (GIDAS, 2019).

The American National Highway Traffic Safety Administration produces the 
Fatality Analysis Reporting System database, which offers detailed insights on 
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crashes (National Highway Traffic Safety Administration, 2019). In Europe, the 
Community Database on Accidents on the Roads in Europe (CARE) database 
offers data that may be used to analyze crashes to specialists (European Com-
mission, 2018a). The creation of this database resulted from Council Decision 
93/704/EC (The Council of the European Union, 1993). Beyond national statis-
tical agencies, the International Transport Forum’s International Traffic Safety 
Data and Analysis Group (IRTAD), whose database was created in 1988 and 
which collects and aggregates data on road crashes around the world (IRTAD, 
2020), is also an important data provider.

Since transport plays such a crucial role in modern society, a range of different 
actors are also involved in the topic. These actors are dispersed over a wide 
array of sectors and include governmental and nongovernmental organizations. 
The following paragraphs overview some of the most important actors that fea-
ture in this dissertation.2

Europe

The European Road Safety Observatory collects specific data on road safety 
practices and policies in European countries. The website was first developed 
in the course of the SafetyNet project (European Road Safety Observatory, 
2010) and was subsequently updated and expanded by the Road Safety Data, 
Collection, Transfer and Analysis project (DaCoTA; (DaCoTA EU Project Team, 
2014). Currently, the Directorate-General for Mobility and Transport (DG MOVE) 
of the European Union manages updates (European Road Safety Observatory, 
2020a). It aims to share data and expertise to advance the development of safer 
roads.

DG MOVE serves as the Directorate-General of the European Union that is re-
sponsible for policies on mobility and transport. Its tasks span the whole array 
of transport modalities, from maritime transport to aviation, rail transport, and 
road transport. It is responsible for connecting Europe with the Trans-European 
Transport Network (TEN-T; (European Commission, 2020), for managing the 
funding of technological development and innovations in the field of transport, 
and for developing European Union policies in its area of competence.

The European Transport Safety Council (ETSC) is based in Brussels and strives 
to reduce the number of transport-related deaths and injuries in Europe.

2 This list is only covering some of the most important stakeholder which were also used as sourc-
es during the writing of this dissertation. It does not claim completeness.
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It was founded in 1993 and provides “expert advice on transport safety matters 
to the European Commission, the European Parliament, and Member States” 
(ETSC, 2020). This organization aims to identify and promote the most effective 
measures to reduce transport accidents and casualties. Using international sci-
entific research and case studies, it provides information to support high safety 
standards and to utilize best practices throughout the European Union (ETSC, 
2020). One of their main products, which is useful in research, is the Road Safe-
ty Performance Index (PIN) Report. It is published regularly and contains data 
as well as overviews of the development of road safety in the European Union 
(Adminaité-Fodor et al., 2019).

The German Road Safety Council should also be mentioned here, not only as 
a source of data but also as a large European association that deals with road 
safety and as one of the founding members of the ETSC. The German Road 
Safety Council was founded in 1969 and has since coordinated research and 
provided advice to political actors. Since 2007, their decisions and activities 
have been guided by the Vision Zero principle (Deutscher Verkehrssicherheits-
rat, 2020).

The UNECE is one of the five regional commissions of the United Nations that 
purport to foster economic integration across Europe while including states 
from Europe, North America, Asia, and other United Nations members (UNECE, 
2020a). The topic of PTIs is addressed in UNECE ITC WP.29 (UNECE, 2020b).

As far as policy data and information are concerned, the essential sources also 
include national governments and their statistical agencies as well as the ag-
gregator Eurostat. They often provide detailed statistics that are crucial for re-
search. Furthermore, the regulation of many transport policies remains national 
rather than international. There is a common framework (or understanding) of 
transport policy in the European Union. However, most policies are promulgat-
ed on the member-state level.

USA

The National Highway Traffic Safety Administration (NHTSA) is an agency of 
the United States Federal Government and a part of the Department of Trans-
portation. Its mission is to “save lives, prevent injuries, and reduce economic 
costs due to road traffic crashes, through education, research, safety standards, 
and enforcement” (NHTSA, 2020). Among the numerous activities of this agen-
cy, their work on the Fatality Analysis Reporting System (FARS) is particularly 
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relevant to the present ends. It provides valuable insights into MVCs and many 
details about the specifics of those incidents, such as information about vehi-
cles, the individuals involved, and the damage suffered, among many others 
(National Center for Analysis and Statistics, 2019).

The Transportation Research Board (TRB) is one of the program units of the 
National Academies of Sciences, Engineering, and Medicine. It brings together 
public and private participants as well as academics “to promote innovation 
and progress in transportation through research” (Transportation Research 
Board, 2020). It was established in 1920 as the National Advisory Board on 
Highway Research and has since grown into an organization that conducts and 
coordinates studies of national transportation policy issues for Congress and 
federal and state Departments of Transportation, as well as nationwide research 
programs (Transportation Research Board, 2020).

International Organizations

The International Motor Vehicle Inspection Committee (CITA) is an internation-
al association of private and public sector organizations in the field of manda-
tory road vehicle compliance. It develops best practices for mandatory vehicle 
compliance activities and is recognized by international stakeholders. Thus, it 
establishes recommendations, drafts international standards, and organizes 
conferences and seminars, as well as coordinating research, studies, and investi-
gations in the field (CITA, 2020).

The International Transport Forum (ITF) is an intergovernmental organization 
that comprises 60 member countries and covers all modes of transportation. It 
was founded in 2006 but has its roots in the European Conference of Ministers 
of Transport, which was founded in 1953 when a treaty was signed to coordi-
nate and standardize European inland transport of international importance 
(European Conference of Ministers of Transport, 1953; International Transport 
Forum, 2020)
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The World Health Organization-United Nations Road Safety Collaboration 
began with UN General Assembly Resolution A/RES58/289 and purports to 
improve global road safety. This resolution invited the WHO to act as a coordi-
nator on road safety issues and set up the UN Road Safety Collaboration. Meet-
ings are held biannually, with discussions circling on global road safety issues. 
The collaboration aims to facilitate cooperation and the implementation of the 
recommendations of the World Report on Road Traffic Injury Prevention (World 
Health Organization, 2020).

The Global Road Safety Partnership is a nonprofit organization that was found-
ed in 1999 by the International Federation of the Red Cross and the Red Cres-
cent Societies. It focuses on good practices in road safety interventions around 
the world. In particular, it is dedicated to capacity building and driver training 
as well as to generating knowledge and identifying best practices. They also 
concentrate on the reduction of crash-related deaths and injuries in low- and 
middle-income countries (Global Road Safety Partnership, 2020).

The Fédération Internationale de l’Automobile (FIA) was founded in 1904. Its 
original aim was to improve governance and safety standards in motorsport 
(Fédération Internationale de l’Automobile, 2020). Since then, it has promoted 
sustainable, accessible, and safe mobility across the world through various cam-
paigns (e.g. its support of the worldwide UN Decade of Action for Road Safety), 
through (motor) sport, and through its commitment to ensuring that everyone 
can access safe, affordable, and clean systems of transport (Fédération Interna-
tionale de l’Automobile, 2020)).

The automotive industry itself should not be omitted. The industry includes 
both carmakers and suppliers. Over the years, the supplier industry has contrib-
uted to improvements in road safety through various innovations. The notable 
examples include the three-point seatbelt, which became a standard for cars in 
1959 (Center for Autosafety, 2020); the electronic ABS, which was implemented 
between 1969 and 1978 (Bosch, 2020); and the airbag, which appeared in the 
1980s (Volvo Car UK, 2007).
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3 General Literature Review, 
Research Objectives, and Contribution

This research project is driven by a desire to improve the current understanding 
of the economic consequences of crashes and to identify means of measuring 
those consequences in countries that are plagued by high crash rates but seek 
to understand how they can improve to realize macroeconomic savings and, of 
course, to save the lives of their citizens. While each of the papers contains a lit-
erature review, this section provides general overview of the extant research on 
PTIs (Section 3.1) and contextualizes it within welfare economics (Chapter 3.2).

3.1 General Literature Review

The focus of this dissertation, as stated previously, is on economics. This said, 
its nature is such that contributions from other disciplines, such as engineering, 
infrastructure, and health care, must also be discussed. When conducting re-
search on road safety, the work of Rune Elvik cannot be ignored. In his seminal 
piece, the Handbook of Road Safety Measures (Elvik et al., 2009), he identified 
the following 10 topics as being essential to improving road safety:

	• road design and road equipment,

	• road maintenance, 

	• traffic control,

	• vehicle design and protective devices, 

	• vehicle inspection, 

	• driver training and the regulation of professional driving, 

	• public education and information campaigns, 

	• police enforcement and sanctions, 

	• postcrash care and 

	• general-purpose policy instruments.
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When work on this dissertation began in 2016, there was little research on PTIs. 
Few papers studied their contributions to making the roads safer, and fewer still 
investigated their economic implications. Given that between 8% and 15% of 
technical defects in vehicles result in fatal accidents in high-income countries 
and that the corresponding range for middle-income countries is between 15% 
and 25% (Nissler, 2019), the importance of PTIs and their economic implications 
should be recognized. 

The literature review that follows reveals a lack of consensus. Some studies 
show that the effect of PTIs is measurable and quantifiable. Others either fail 
to identify a measurable effect or only find effects that are statistically insig-
nificant. For example, Fosser (1992) found no statistical evidence for the claim 
that fewer accidents had occurred as a result of regular checkups for any of the 
inspection cycles that he tested. However, he stated that the service life of cars 
might be prolonged through such measures. He found that periodic checks 
did generally improve the technical conditions of cars, but these improvements 
only lasted for about a year. After a year, the cars were in the same technical 
condition as those that had not been inspected. Merrell et al. (1999) found 
that PTI is not a cost-effective measure to achieve policy goals and lower crash 
rates. Rechnitzer et al. (2000), on the contrary, stated that the impact of techni-
cal inspections on accidents ranges from no effect to a reduction in crashes of 
up to 16%, increasing to 21% in the case of regular inspections. 

Elvik (2002) researched the effect of technical inspections of heavy vehicles in 
Norway and concluded that more inspections lead to a lower accident rate. 
However, he could not prove that this effect was statistically significant. Statisti-
cal insignificance notwithstanding, he noted that a complete lack of inspections 
would result in an increase in the rate of crashes of between 5% and 10% and 
that a doubling of inspections would decrease accident rates by between 5% 
and 10%.

In 2007, a study examined the effects of periodic motor vehicle inspections on 
accidents in Norway and concluded that technical defects are associated with 
a small but statistically significant increase in the accident rate. PTIs may be 
expected to reduce the incidence of such technical defects. However, the au-
thors also found a slight tendency for traffic accidents to increase following an 
inspection, which contradicts some of their findings (Christensen & Elvik, 2007).

Saito (2009), in a study of Japan, found little evidence for the proposition that 
fewer accidents occur in the year in which a vehicle is inspected but noted 
that poorly serviced vehicles had caused many accidents since the beginning 
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of the 1970s, implying that the abolition of inspections would cause a spike in 
accident rates. He also found that inspections had spawned a large automotive 
repair-and-maintenance industry that was worth nearly USD 5 billion in 2003. 
In this context, he also noted that despite the inspection fee being relatively 
low, the total cost of an inspection was sometimes much larger because it also 
involved remedying the problems that the inspection had revealed. Since his 
analysis was based on an existing inspection policy, the paper provides evi-
dence that the amount of time that can lapse between inspections should be 
set so as to ensure that cars are checked before safety issues become so press-
ing that they lead to crashes, which would appear in his analysis. 

In the same year, an Inspection Program Effectiveness Study by the U.S. State 
of Pennsylvania revealed that vehicle-safety inspection programs contribute sig-
nificantly to decreasing the incidence of fatal crashes. The authors were able to 
quantify the effect at between 127 and 187 fatalities per year, with the largest 
effect observed for vehicles that had been in operation for three or more years 
(Vlahos et al., 2009). Vlahos et al. (2009, p. 53) concluded that “the Vehicle Safe-
ty Inspection program in Pennsylvania is effective and saves lives.”

In a more recent study, Assemi and Hickman (2018) examined the relationship 
between periodic inspections, the factors that contribute to crashes, and crash 
severity for heavy vehicles. They found a connection between carrying out reg-
ular vehicle inspections and the likelihood of being involved in a crash. Accord-
ing to their model, the less concerned a driver is about inspection intervals or 
successful inspections, the more likely it is that they will be involved in a crash 
that is caused by speeding, fatigue, highway-code infractions, and/or alcohol 
consumption. While this study does not provide evidence of an immediate ef-
fect of technical inspections on road crashes, it does demonstrate a novel way 
of thinking about technical inspections, which can inform target drivers and 
raise awareness of safety instructions, training, and evaluations among them 
(Assemi & Hickman, 2018). Furthermore, the study reveals that the shorter the 
intervals between inspections, the less likely it is that the vehicle defects will 
cause a crash. Lastly, they found that while vehicle defects can influence the 
likelihood of crashes, driver-condition and situational factors have a stronger 
impact on that probability.

Das et al. (2019) analyzed the effectiveness of vehicle inspection regulations in 
different U.S. states. They used text mining and topic modelling to overcome 
the limited availability of data. While they concluded that mandatory vehicle 
inspection programs may improve safety, they also found that attributing re-
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ductions in the incidence of crashes to inspections was difficult due to the wide 
array of factors that contribute to an accident. Sun et al. (2019) confirmed this 
finding. They analyzed the influences of different problems, such as economic, 
road-related, and population factors, and found that all of them influenced road 
traffic safety and the number of crashes significantly.

Although the SafetyCube project concluded that vehicle inspections are prob-
ably effective, this finding cannot be treated as a certainty. Furthermore, the 
authors noted the difficulty of determining the real effects of such inspec-
tions—most European countries have either required vehicle checks for a long 
time or have introduced them so recently that long-term series are not available 
(Mettel, 2018).

Only a few cost-benefit analyses and economic studies of PTIs have been con-
ducted. For example, in the European context, Schulz and Schuldenzucker 
(2010) investigated general inspections of passenger vehicles, examining the 
different intervals between inspections and concluding that, in most cases, the 
cost-benefit ratio exceeds 1, indicating cost efficiency. Schulz (2011) examined 
the trade-off between consumer benefits and welfare effects. His paper con-
firmed that the minimum test cycle is not the best option and advocated using 
different testing cycles depending on the conditions that prevail in a specific 
country, which, according to him, would result in the attainment of the highest 
cost-benefit ratios.

Hubbard (1998) examined the moral hazard that inheres in inspections and 
found that there are incentives to assess a vehicle to be more broken than real-
ity to subsequently charge for a repair or to sell substitution parts. This incen-
tive, in turn, might mean that PTIs could be used as a means of diverting capital 
to car-repair shops. This tendency might pervert the purpose of technical in-
spections. Furthermore, the strategy may not work as intended, as described in 
Hemenway (1989): car owners prefer to choose shops with low PTI failure rates 
since they want to minimize their costs. Merrell et al. (1999) noted that these 
costs include not only the inspection fee but also the cost of the time that it 
takes to subject a vehicle to inspection (travel to the inspection site, queueing, 
and the actual duration of the inspection) and that of reinspection if the vehicle 
fails the test. Thus, one could expect vehicle owners to be strongly incentivized 
to drive to shops where they can expect a higher pass rate in order to avoid the 
added cost of reinspection.

In the academic literature, MVCs, when treated as a public health issue, have 
also been compared to epidemics and pandemics, even prior to Covid.
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The two exhibit similarities and specificities, and it is possible to learn and 
to draw relevant conclusions from both (cf., e.g., Dellinger and Sleet (2012); 
Lamont (2010); Lotan and Shinar (2021); McIlvenny (2006); Nantulya and Reich 
(2002)). Public organizations, such as the WHO or the Centers for Disease Con-
trol and Prevention, include both MVCs and diseases as well as (potential) pan-
demics on their agendas (cf., e.g., Centers for Disease Control and Prevention 
(2021); World Health Organization (2021)). Recent efforts such as the Decade of 
Action for Road Safety 2021-2030 (World Health Organization, 2021) show the 
importance of this topic and highlight the need to prioritize it from both an eco-
nomic and a social perspective.

The overarching topics of this dissertation is the efficient allocation of resources 
in the economy and the quest to use the available resources optimally, with a 
specific focus on road mobility. The market is one of the core concepts of mi-
croeconomic theory. The market is efficient when it comes to providing goods 
because prices adjust so as to balance supply and demand (cf., for essentials, 
Pareto (1919); Walras (1926)). The market equilibrium maximizes the surpluses 
of consumers and producers. However, for some goods, this mechanism does 
not work. Typically, this is true of nonexcludable goods. Such goods can be fur-
ther divided into two categories. The first category is characterized by rivalry in 
consumption, and the goods that belong to it are called “commons.” (cf., e.g., 
Hardin (1968)). Goods that do not meet this condition form the second category 
and are called “public goods.” Both types of goods have costs and benefits, 
but they are very difficult or impossible to price (cf., e.g., Mazzola (1958) for 
some early discussions, or, for a later contribution, Cornes and Sandler (1986)). 
Traffic safety can be categorized as a public good. Everyone benefits when a 
given individual improves their vehicle to make it safer and less prone to failure. 
However, the individual who makes these improvements cannot ask the rest of 
society for payment. 

In more general terms, roads can be described as both commons and public 
goods. If a road is free of traffic and no traffic jams occur, the road is a public 
good because there is no rival use of the road. However, if the road is con-
gested and members of the public cannot use it as intended, there is rivalry in 
consumption, and the road is a common good. When more individuals travel on 
the roads, drivers must act with greater care, which often causes them to travel 
more slowly, generating social costs. Social costs also accumulate if the flow of 
traffic is disturbed, for example when a road is blocked as a consequence of a 
crash. The cost of higher traffic volumes could be offset by tolls, which cause a 
part of the costs to be internalized. 
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The presence of such social costs results in an externality (this concept 
emerged from the early works of Pigou (1929) and Marshall (1890) on internal 
and external economies). Externalities can lead to the inefficient allocation of 
resources, as noted in the introduction. Often, governments try to correct these 
externalities through, for example, regulatory policies that purport to improve 
the performance of the market and to increase social welfare (for one of the 
earliest discussions, cf., e.g., Pigou (1929), who described taxes as means of 
modifying price signals in order to correct inefficiencies; for more recent contri-
butions, see Samuelson (1955) on public expenditure; for a theory on efficient 
bargaining and property rights, see Coase (1960)). 

Applying Coase’s theory to traffic crashes would imply that under free bargain-
ing, the market would produce an efficient allocation of resources despite the 
presence of externalities. Careful analysis reveals that government intervention 
is needed to correct these externalities and that the real-world market does 
not reach an efficient allocation in the way indicated by Coase’s theorem. For 
the party that suffers loss as a result of the externality to be compensated, 
both benefit and cost need to be known. The parties then need to bargain. In 
the case of traffic crashes that result from the use of poorly serviced vehicles, 
this bargaining would take the form of members of the public paying vehicle 
owners an amount of money that would suffice to either induce them to service 
their vehicles properly or to forgo driving altogether. The payment would need 
to offset the discounted benefit that accrues to the owner of the vehicle. This 
would result in efficient market allocation. However, in real life, information is 
asymmetric, and parties are less than perfectly rational, which makes arriving at 
such a private solution impossible. The same is true of coordination between all 
vehicle owners and all individuals who are affected by the resultant externality. 

The problem of asymmetric information has almost always affected the (mod-
ern) world of transport. Thus, it should not be neglected. A consumer can never 
be sure of the quality and the defects of a vehicle (compare, for example, Hub-
bard (1998)). This proposition is reflected in Akerlof’s “The market for ‘lemons’: 
quality uncertainty and the market mechanism.” (Akerlof, 1970). That paper 
concerns the market for used cars. When buying a car, be it new or used, the 
buyer usually cannot be sure of its quality. The previous owner of a used car, 
conversely, knows it well. Thus, sellers in the market for used cars possess an 
informational advantage over buyers. Regular checks like the periodic technic 
inspections can remedy this problem and overcome the issue of asymmetric 
information, at least to some degree.
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Another issue that is examined frequently in the economic literature and which 
is relevant to the topic of the present dissertation is the problem of free riding 
(cf, Stigler (1974)). Boyer and Dionne (1987), writing on road safety, summarized 
it appropriately by stating that “while safety may be desirable for everyone, the 
individual driver is not necessarily motivated to contribute to the production of 
this safety since actions on the part of individuals don’t have a visible impact on 
the total production of road safety. This situation is in fact a particular form of 
the free rider problem.” (p. 413)

As noted in this chapter, traffic safety can be seen as a public good—no road 
user can be excluded from it. Furthermore, the consumption of road safety 
does not exhaust it. Therefore, it is a nonrivalrous good. Since free riding is pre-
dominantly a problem of public goods (compare, e.g., Fischbacher and Gächter 
(2010) for an experiment on free riding with public goods, showing that individ-
uals tend to maximize income through free riding over time; the earlier works 
of Samuelson (1954) on the incentive to deviate when it comes to public goods; 
and Hardin (1968), with his more philosophical considerations and examples 
of human behavior and public goods). As a consequence, governments enact 
regulatory measures, taxes, laws, and prohibitions in order to correct market 
failures. This dissertation examines several concrete interventions further. 

3.2 Research Objectives and Contribution

In a perfect-competition world without externalities or public goods, resources 
would always be allocated optimally. Those assumptions are falsified in reality. 
As noted in the preceding chapters, traffic crashes are an externality that leads 
to market failure, and they have implications for social welfare. This dissertation 
focuses on traffic crashes and the means of reducing their incidence in order to 
correct this inefficiency, at least in part. Owners must keep their vehicles road-
worthy to prevent the social costs of breakdowns or crashes. A complete ban 
on vehicles is not feasible, and, as the paper EU road safety goals: A retrospec-
tive in light of the pandemic shows, a very sharp reduction in traffic volume may 
have unintended effects. Moreover, it would devastate the economy.

It has been shown that externalities are often internalized through the adop-
tion of specific policies or policy mixes. However, whether the policies that are 
chosen are effective remains an open question, and they need to be evaluated 
(compare, e.g. Dasgupta et al. (1972); Howlett and Rayner (2007); Huttunen et 
al. (2014)). Stigler (1971) showed that industries can also skew government reg-
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ulation for their own benefit (regulatory capture). Introducing regulations such 
as PTI rules can be a rent-seeking activity, in that the inspections are often out-
sourced to private companies. Therefore, it is important to probe the impact 
and the legitimacy of this policy and other regulatory efforts that are directed 
at reducing the incidence of traffic crashes. Accordingly, this dissertation is in-
tended as a contribution to the empirical understanding of the externalities that 
result from traffic crashes and the means of internalizing them, with a special 
focus on economic implications and social welfare effects.

The research questions that are addressed here are general and intertwined. 
They can be summarized as follows:

1. Are periodic technical inspections an effective policy measure and to what 
extent?

2. Can the efficiency of periodic technical inspections be measured in eco-
nomic terms?

3. As far as the effect of external shocks on motor vehicle crashes is con-
cerned, is it possible to predict the effectiveness of policies that aim to re-
duce the incidence of traffic crashes by drawing analogies to the Covid-19 
outbreak and the measures that were adopted to combat it during the first 
half of 2020?



33

4 Outline and Methods
This dissertation contains three research papers. Each addresses a different 
research question within the broader topics of the economic and social costs of 
traffic crashes and the policies that can reduce those costs.

4.1 Outline

The first paper Getting ready for Europe: An Empirical Assessment for the In-
troduction of Periodic Technical Inspections of Road Vehicles in Turkey focuses 
on the introduction of PTIs in a middle-income country, Turkey. In 2008, Turkey 
introduced a strict system of PTIs, which had not previously been in place. Fur-
thermore, the system was introduced within a short timeframe throughout the 
country. This development offers an opportunity for a detailed analysis of the 
impact of PTIs, as it created a before-and-after case. Data is available for the 
period between 2000 and 2015. We obtained exclusive data on the number of 
vehicles that failed PTIs in different regions from TÜVTÜRK.

The paper concerns the developments that led to the introduction of PTIs, the 
necessity of that measure, and its impact on traffic accidents. We analyzed 
crash numbers, modelled a regression with panel data, and, finally, we esti-
mated the economic effects of the reduction in the incidence of road crashes 
through cost estimates that we derived for Turkey and the European Union. The 
analysis shows that failed PTIs have a measurable and statistically significant ef-
fect on the incidence of traffic accidents as well as on the number of those who 
are injured. We estimate the savings for the Turkish economy at between USD 
520 million and USD 2.2 billion.

The necessity of PTIs and their potential effect on accident numbers have long 
been debated. Our paper provides a starting point for a further discussion 
of the effects of the policy. We provide evidence of a measurable effect that 
is based on the available data, and we quantify the effect in monetary terms. 
Thus, we provide evidence for the proposition that the measure resulted in a 
positive cost-benefit ratio and that it can be considered to be a valuable and 
cost-effective tool for combatting road crashes.

The second paper Costa Rica’s Introduction of Periodic Technical Inspections: 
An Economic Assessment is similar in scope, but its structure is slightly dif-
ferent. In Latin America as a whole, traffic injuries and deaths are frequent, 
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and road safety does not sit high on the political agenda (Bhalla et al., 2013). 
Notably, Costa Rica introduced a PTI system as early as 2002. The second pa-
per aims to contribute to the literature by showing the potential connection 
between the introduction of PTI and lower accident numbers. For this paper, 
however, no regional-level inspection data was available. Therefore, the paper 
focuses on a regression instead. Furthermore, there are no accident cost rates 
for Costa Rica. Consequently, the paper largely concentrates on deriving those 
cost rates, and it considers different methods of pricing costs. 

The regression revealed a drop in the number of accidents of around 41% after 
the introduction of the PTI regime. The calculation of the cost of accidents in 
Costa Rica was executed by using an objective as well as a subjective method. 
These yielded fatality costs of USD 466,000 and USD 722,000 and injury costs 
of USD 1,500 and USD 8,300, respectively. Mardones and Riquelme (2018) 
found similar values of around USD 990,000 for Costa Rica in 2012.

Both costing methods have flaws. The objective method is based on data ob-
tained from different sources and is thus more reliable. The subjective method 
can be used to confirm the objective approach. At present, however, it is based 
on a relational calculation. Therefore, it is not as reliable as, among others, 
questionnaire data. The values that were calculated by using the subjective 
method are much higher than those that emerged from the application of the 
objective one. We adopted a cautious and data-centric approach. According-
ly, we used objective unit costs to derive cost-benefit ratios. Those ratios are 
all positive, showing that PTI is a cost-effective measure for lowering accident 
rates. The study can serve as a basis for comparing different approaches to as-
sessing the cost of road crashes in other countries for which research (and thus 
crash-cost estimates) are lacking (cf., e.g., the SafetyCube project from Wijnen 
et al. (2017), which provides estimates for the European countries). 

The article provides further evidence that PTI affects traffic accident numbers 
in countries that struggle with frequent crashes and which have not previously 
instituted such a regime. The effect might be very pronounced in the first year 
after the enactment of the policy because the most defective vehicles are taken 
out of circulation or repaired. For Costa Rica, this article offers a starting point 
for a national accounting system for traffic accident costs. If such a system is 
put in place, political decisions could be ranked by their impact on cost-benefit 
ratios. This would allow for more efficient spending on combatting accident 
rates.
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The paper Getting ready for Europe: An Empirical Assessment for the Intro-
duction of Periodic Technical Inspections of Road Vehicles in Turkey and Costa 
Rica’s Introduction of Periodic Technical Inspections: An Economic Assessment 
both reveal very pronounced effects, especially visible in the first year after 
the introduction of PTIs. That policy is a deliberate political decision to re-
duce crashes and thus to target externalities that reduce welfare in economies 
around the globe. It is this problem that the third paper, EU road safety goals: 
A retrospective in light of the pandemic, addresses. For the last 20 years, the 
European Union has set itself targets for reductions in fatal traffic crashes. PTIs 
are also a part of the effort to reduce the externalities that result from crashes. 
Thus far, the European Union has failed to attain these goals within the desired 
timeframe. Since 2013 (see Figure 8.2), fatalities have plateaued, making the 
2020 goal appear unattainable.

In the first half of 2020, the Covid-19 pandemic began, and many countries en-
acted lockdowns. Members of the public were required to stay at home and, in 
most cases, to work from home. Only essential services kept operating in the 
usual manner. This influenced traffic patterns across the world in a way that had 
not been experienced previously. Domestic traffic volumes decreased by up to 
90% (compare, e.g., Bundesamt für Strassen, 2020), while international travel 
came to a grinding halt (Stevis-Gridneff & Pérez-Peña, 2020). The last paper EU 
road safety goals: A retrospective in light of the pandemic was written in the 
first half of 2020, during the COVID-19 pandemic, and it examines the effects of 
the pandemic on road crashes. The article shows that the measures that were 
adopted during the pandemic were very similar to the effects observed in arti-
cles I and II in their immediate impact on MVCs and traffic volumes. However, 
there were also observable countereffects, which show that a reduction in traf-
fic volume does not lead to an equivalent reduction in the incidence of crashes. 
Yasin et al. (2021) found very similar effects and drew very similar conclusions, 
as did the National Highway Traffic Safety Administration (2021). 

In this dissertation, EU road safety goals: A retrospective in light of the pan-
demic goes a step further and puts the results into the broader context of Euro-
pean Union efforts and policy programs that purport to reduce the number of 
fatal road traffic crashes. The political measures that were taken in the field of 
public and individual transport to combat the spread of Covid-19 had far-reach-
ing consequences and offered very similar cases to those examined in the two 
papers on the introduction of PTI, with a before-and-after case.
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Due to the recency of the events that the third paper, EU road safety goals: A 
retrospective in light of the pandemic (Chapter 8) covers, the analysis is based 
on preliminary data from different countries. The analysis shows that the reduc-
tion in traffic volume was higher than the reduction in fatalities. The reasons 
are not entirely clear, but the data indicates, in part, that speeds on the emp-
ty roads were higher than usual. Furthermore, the analysis suggests that the 
self-imposed European Union target is likely to be reached in 2020 provided 
that the measures persist. Furthermore, it assesses the two likeliest options 
for the evolution of individual and public transport usage for the rest of the 
year, based on the data that was available at the time of writing. The article 
outlines the impact of the lockdown on traffic volumes and accident numbers. 
The insights that were gained from the data from that period and the follow-
ing months can serve as a basis for further policy decisions that are aimed at 
reducing the number of accidents in Europe and at improving the safety of the 
road transport system. At the same time, the analysis highlights the complexity 
of the relationship between externalities and crashes as well as the manner in 
which the numerous feedback loops and interactions between elements ob-
struct the successful implementation of policies.

This dissertation is part of the wider research interests of the Chair of Mobility, 
Trade, and Logistics at Zeppelin University. Other studies co-authored by me 
while working there, which are not included in this dissertation, cover 1) the 
need to harmonize the rules on PTIs for mopeds and trailers in Europe (Díaz et 
al., 2019) and (2) the technical inspection of eCall. The latter study shows that 
periodic checks would also result in a positive cost-benefit ratio (Gaillet et al., 
2019).

Wolfgang H. Schulz, the doctoral thesis supervisor and holder of the Chair of 
Mobility, Trade and Logistics at Zeppelin University has researched the topic of 
PTI for some years now, examining the economic benefits and costs of PTIs and 
those of different inspection cycles in general (Schulz & Schuldenzucker, 2010). 
Schulz (2011) determined the cost-benefit ratio of the inspection regime. Schulz 
et al. (2014) showed that the periodic inspection of N-1 vehicles every year is 
more beneficial than conducting a first inspection four years after registration 
and mandating annual inspections thereafter. Furthermore, he has conducted 
extensive research on cost-benefit analysis (cf, Baum et al. (2006); Schulz (1994, 
2001, 2011); Schulz and Geis (2015)) and on regulatory policies (cf, Baum and 
Schulz (2000); Schulz (2004, 2015)).
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4.2 Methods

The papers contain detailed descriptions of methods. A brief overview is 
presented here. In all of the articles, one-off events were identified in order 
to study the effect of decisions about policy and its implementation. Shorter 
and longer time series with different variables were collected and constructed 
around those one-off events. The data came from different sources, such as 
private companies or governments. Some of it was obtained for the purposes 
of the analysis from several countries and in different languages. The lack of 
complete databases, which would have supplied time series, consolidated data, 
and an analytical structure, was a point of difficulty. Instead, in each case, I con-
structed a database from data from different sources and used it in the subse-
quent analysis.

For the paper Getting ready for Europe: An Empirical Assessment for the In-
troduction of Periodic Technical Inspections of Road Vehicles in Turkey, this 
process yielded a dataset that contains seven variables for all 81 regions of the 
country over a time span of 16 years, enabling a panel data regression to be 
employed to study the effect of the introduction of PTIs. Several costing ap-
proaches were used in the paper Costa Rica’s Introduction of Periodic Technical 
Inspections: An Economic Assessment to determine the cost-unit rates for fatal-
ities and injuries in Costa Rica, which had not been researched previously. Fur-
thermore, these cost-unit rates were used to estimate the cost-benefit ratio of 
the introduction of PTI in Costa Rica. In the paper EU road safety goals: A retro-
spective in light of the pandemic, preliminary data on crash numbers and traffic 
volumes from different sources was used to estimate the effect of Covid-19 
measures from the first half of 2020 on road accident numbers. Furthermore, 
I conducted an extensive review of European Union policies on road traffic 
crashes in order to identify similarities and differences, to compare policies in 
middle- and high-income countries, and to understand the effect of reductions 
in traffic volume.

In two of the three papers, I also used cost-benefit analysis to examine policy. 
This method is applied widely, and arguments in its favor have been made of-
ten, for example in Hanemann (1994) and Harberger (1971). However, it should 
also be noted that others, such as Kelman (1981) and Sagoff (2007), have cast 
doubts over its suitability for decision-making and evaluation. While this cri-
tique might be reasonable, the vast majority of project evaluations are con-
ducted through cost-benefit analysis. In fact, many international organizations 
require a cost-benefit analysis for their projects and offer comprehensive guide-
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lines on the use of that technique (cf, e.g., Dasgupta et al. (1972) or Sartori et al. 
(2014)). For these reasons, cost-benefit analysis is appropriate for the papers. 

Finally, the data was processed with the statistics software R (R Core Team, 
2021) and R Studio (RStudio Team, 2021), with the packages tidyverse (Wickham 
et al., 2019), plm (Croissant & Millo, 2008), and stargazer (Hlavac, 2018).
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5 General Conclusion, Limitations, 
and Future Research

This chapter of the thesis discusses the findings and provides a general con-
clusion. It also identifies limitations and areas with potential for future research. 
The papers in the dissertation also contain sections of this kind, which are spe-
cific to the issues discussed therein. 

5.1 Conclusion

This dissertation used data from two countries and the European Union to ana-
lyze the effect of certain policies that aim to reduce the incidence of road traffic 
crashes. Specifically, it quantifies the impact of the political decision to intro-
duce strict PTIs and its significance for national economies. The focus of this 
dissertation is on regulations that can improve social welfare.

Apart from calculating the effect of PTIs by reference to exclusive data from 
Turkey, we calculated cost-unit rates for Costa Rica. No such cost-unit rates 
were available for that country before (the different valuation methods are 
discussed in more depth in Section 2.3). This offers a steppingstone to other 
researchers and the Costa Rican government, which may use the data to carry 
out further cost-benefit analyses. Furthermore, the third paper (EU road safety 
goals: A retrospective in light of the pandemic) of this thesis validates the first 
two papers (Getting ready for Europe: An Empirical Assessment for the Intro-
duction of Periodic Technical Inspections of Road Vehicles in Turkey and Costa 
Rica’s Introduction of Periodic Technical Inspections: An Economic Assessment) 
as well as contextualizing them. It should be noted that papers the first and 
second paper examine middle-income countries, while the third paper is about 
a high-income region. Since many countries in the European Union have had 
PTI policies for longer periods of time than, for example, Costa Rica or Turkey, 
it was difficult to compare before-and-after cases. The Covid-19 pandemic 
created an opportunity to examine the effects of certain policies and political 
decisions on crash numbers. The measures taken in the first months of the 
pandemic had an immediate and visible effect on traffic volumes and accident 
numbers. Thus, the context of EU road safety goals: A retrospective in light of 
the pandemic is very similar to those of Getting ready for Europe: An Empirical 
Assessment for the Introduction of Periodic Technical Inspections of Road Ve-
hicles in Turkey and Costa Rica’s Introduction of Periodic Technical Inspections: 
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An Economic Assessment, and the results are mutually complementary. All 
three papers examine a before case and an after case in relation to a policy de-
cision with very strong effects that is enforced strictly. The first paper suggests 
that the introduction of PTIs in Turkey had a measurable and positive effect on 
traffic safety, reducing the number of fatal crashes. It also shows that PTIs are a 
cost-effective measure that has a positive cost-benefit ratio. The evidence from 
Costa Rica also demonstrates these connections. 

Turkey and Costa Rica were suitable for observation because their institutions 
function well and because abundant data was available from both before and 
after the introduction of the PTI measure, which only occurred recently. Both 
countries remain part of the group of middle-income countries. The focus on 
low- and middle-income countries is important because most crashes occur in 
countries in that group (Job & Wambulwa, 2020). In 2012, the Asian Develop-
ment Bank estimated the economic losses that are due to road traffic crashes 
at around 2.2% of GDP in the Association of Southeast Asian Nations (ASEAN) 
region. This is an enormous economic loss to the region, and its recurrence 
is liable to hinder economic development (compare, e.g., Asian Development 
Bank (2012); Asian Development Bank (2013), World Health Organization (2004, 
2009, 2013, 2018)), further underscoring the importance and the relevance of 
the topic. 

The decision to focus on Costa Rica and Turkey as representatives of the mid-
dle-income group stems not only from data-availability considerations but 
also from the high accident rates of these countries over the period under 
observation. Both countries introduced PTIs, as well as other measures, for 
the purpose of making roads safer while minimizing state expenditure. Some 
high-income countries have had mandatory inspections since the advent of 
motor vehicles (e.g., Germany, where vehicles have been inspected since 1906 
(TÜV SÜD AG, 2016)). Therefore, comparing the before and after cases across 
countries is often difficult due to the lack of comparable data—cars have ad-
vanced considerably since the most recent before case. Therefore, the Covid-19 
measures offered an interesting opportunity to carry out a case study and a 
before-and-after comparison for high-income countries.

While measures that succeed in some countries often prove difficult to adopt in 
other settings, this dissertation showed that the strict implementation of PTIs in 
Turkey and Costa Rica, modelled after already successful models but with spe-
cific adaptions to local conditions, can have a positive impact. Many organiza-
tions and governments focus on examples of best practice that are supported 
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by research before modelling policies. Understanding the value and effect of 
current measures for reducing the number of traffic accidents should be con-
sidered essential to drawing correct conclusions for future measures. As the 
world of mobility changes, policy must change as well. Discussing the technical 
issues that are relevant to these changes as well as their economic implications 
could be crucial for progress. While there are many possibilities for the future, 
it might not be economically feasible to implement and enforce every potential 
preventive measure. This idea also lies at the core of the Vision Zero strategy 
and the Safe System approach that were introduced at the beginning of this 
dissertation.

Groups of higher-income countries, such as the European Union, struggle to 
reduce crash numbers. They also bear the cost of crashes, as discussed and 
shown in EU road safety goals: A retrospective in light of the pandemic. Even 
highly aggressive political measures, such as the curfews that were imposed 
during the Covid-19 pandemic, have unwanted and unintended effects. Hardly 
ever has there been an occasion on which traffic volumes have fallen so dramat-
ically. Accordingly, EU road safety goals: A retrospective in light of the pandem-
ic contains valuable insights because it exploits the opportunity to observe the 
outcomes of those drastic and strict measures by using preliminary data. That 
paper complements the insights from papers I and II. The reduction in the in-
cidence of traffic crashes did not proceed at the same pace as the reduction in 
traffic volumes, and an increasing number of crashes at higher speeds were ob-
served. This was attributed to empty roads inviting or, more accurately, leading 
to higher speeds in general. This tendency was combined with lax enforcement 
as police resources were diverted to monitoring compliance with other pan-
demic-related measures as well as with a less active workforce (European Road 
Safety Observatory, 2020b). To a certain degree, the foregoing confirms the 
conclusion of one of the first papers on the topic, Peltzman (1975), that “safety 
regulation has decreased the risk of death from an accident by more than an 
unregulated market would have, but drivers have offset this by taking greater 
accident risk.” (p. 717).

Furthermore, certain measures, if enforced loosely or not at all, might lead to 
free riding (for the concept of free riding, cf., e.g., Stigler (1974)) or offsetting 
behavior. A similar effect could be expected if PTIs are not conducted or if the 
policy is not enforced vigorously, as was shown for Turkey. The incentive to re-
frain from compliance and paying for inspections was stronger than that gener-
ated by the perceived gains from adherence to the law.
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As shown in the literature review, the usefulness of PTIs is often questioned, 
with varying views on their effectiveness. Those views often run contrary to the 
arguments that were presented in this dissertation. However, the need to have 
technically fit vehicles on the roads is undeniable, and PTIs have at least a small 
effect on crash rates by ensuring that roadworthiness is monitored and that 
certain repairs are mandatory. Another point that should not be dismissed light-
ly is that PTIs affect domestic GDP, with the checks spawning a whole industry 
as well as stimulating the repairs-and-services sector. In this way, they generate 
jobs and income for many as well as revenue for the companies that sell and 
produce spare parts.

Individuals who are unfit to work, physically and psychologically impaired, or, 
in the worst-case scenario, dead, represent a cost to society that can be pre-
vented if crashes do not occur. In addition, physical damage to cars imposes 
costs on owners and insurance companies because they must repair vehicles or 
substitute them with new ones. Thus, crashes have not only a technological and 
a technical dimension but also an economic one, which, as previously demon-
strated, has largely been neglected. 

Transportation is an important topic in society, and it will continue to occupy a 
prominent position in public discourse. Its safety should not be ignored. Eco-
nomic analyses can help to rank measures according to their costs, benefits, 
and effectiveness. Vehicles and transport systems continue to grow in complex-
ity and thus require strong monitoring and knowledge of the means by which 
cars, driving, and transport can be made safer.

A final argument that should excite interest in these questions arises from the 
increasing complexity of vehicles. Understanding vehicle systems and the 
means of diagnosing and fixing problems with vehicles is not as easy as it might 
have been in the past (compare, for example, the original Volkswagen Bulli bus 
to its modern descendant— few, if any, parts can be fixed with the “blow of 
a hammer,” as used to be the case). Therefore, the experts who assess road-
worthiness and the methods of testing vehicles have become more important. 
However, it is possible that these checks might become obsolete in a future in 
which vehicles test themselves, detect defects, and perhaps even drive them-
selves to garages for repairs.

In the not-so-distant future, vehicles powered by fossil fuels may begin to dis-
appear, to be replaced by new vehicles that are powered by electricity and 
hydrogen. While vehicle propulsion technology, at least in the case of electrical 
vehicles, has become simpler and now involves fewer parts, vehicles in general 
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have become increasingly complex, with additional electronics and assistance 
systems, as well as becoming interconnected. It is thus difficult for the average 
consumer to overcome the challenges of understanding the whole ecosystem 
of a car when it fails.

The regulatory framework needs to be updated, and the importance of this 
topic must be recognized. UNECE, for example, is currently preparing future 
regulatory policies for connected, automated, and autonomous vehicles (UN-
ECE, 2020b), paving the way for harmonized and uniform regulatory measures. 
The PROS project has identified different topics whose study will prove import-
ant for a further reduction in accidents (Urban et al., 2015). Many of those top-
ics, such as “V9 Virtual Testing of Roadworthiness,” “V11 Integrated safety eval-
uations,” “T1 Methodological improvement in accident monitoring,” and “T2+6 
Methods for impact and cost benefit assessment,” show how much importance 
is ascribed to the topic of this dissertation. 

New business models, such as those based on free floating and ride sharing or 
hailing make the individual ownership of vehicles less appealing, a tendency 
that is likely to become more pronounced if autonomous vehicles are rolled out 
to market on a large scale. Trust in technology and in the safety and roadwor-
thiness of vehicles will then be essential to the adoption of the technology (cf, 
e.g., Adnan et al. (2018)).

If lack of trust causes the transport system to be less efficient, the result would 
certainly be economic loss. Institutions can overcome this problem and build 
trust by creating a functioning PTI regime, whereby the individuals who use 
vehicles will be certain that those vehicles are roadworthy, that they work as 
expected, and that they are safe to use. This validation and the building of 
trust can also originate from carmakers and other companies, which might offer 
regular inspections and servicing. However, these regular checks must be guar-
anteed, and a signal must be devised to verify that a car has been tested and is 
roadworthy.

Since the pandemic, this need for trust has acquired a new dimension. The 
public must also trust that public transport, free floating, and ride sharing are 
safe from the risk of infectious transmission. A lack of trust could pose a serious 
threat to the new business models, and individual transport with personally 
owned vehicles might remain the preferred option for many for longer than an-
ticipated.
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For the European Union, 2020 marks the end of another cycle of traffic-crash 
reduction. In the most recent cycle, the goal was to halve the number of road 
fatalities and crashes relative to the previous decade (2000-2010). Thus, this 
important topic has once again begun to receive much attention. Further steps 
must be taken, and conclusions must be drawn from past achievements. The fo-
cus should be on discovering why the goal is not even close to being attained.

A year and a half has passed since the spring of 2020. The measures that were 
taken during the first months of the global pandemic have not been replicated 
since, and their effects cannot be observed as clearly at present. However, the 
ripple effects can still be felt and probably persist. Still, the European Union 
target of halving road deaths was not met even when traffic volumes fell dra-
matically in the first half of 2020 (compare Adminaité-Fodor et al., 2021). 

The key conclusion of this research is that many policies aim to reduce (fatal) 
traffic crashes, but no single policy is effective for all accidents. All of the poli-
cies are directed at specific issues and must operate together if the number of 
crashes is to be reduced. Isolating the effects of individual policies while they 
are in place is almost impossible. When they are introduced, conversely, their 
impact and effect can be observed. This dissertation showed that introducing 
PTIs can be a sensible measure. Calls to abandon specific policies because they 
are not useful or effective enough can only be answered after careful analysis—
it is the interplay of policies that matters. In case of the European Union, fatal 
crash numbers are still nowhere near the target. Therefore, policies need to be 
tailored. 

Simply reducing the volume of traffic will not lead to the desired results either, 
as shown in EU road safety goals: A retrospective in light of the pandemic. Eco-
nomic disturbances resulted from the lockdown and the fall in traffic volume. 
This points to two conclusions: (a) taxation that purports to reduce the volume 
of traffic might not have the desired effect and could be counterproductive, 
leading to further economic disturbances as a result of increased prices, and (b) 
internalizing the cost of crashes is necessary, but a mix of different policies is 
needed in order to make further progress. Even after half a year of much lower 
traffic volumes and fewer crashes, the European Union target for fatalities and 
crashes was not met.

This dissertation can thus serve as a basis for policy decisions and the prioritiza-
tion of measures that aim to reduce traffic crashes. Furthermore, it advances a 
deeper understanding of the effects of PTIs on the numbers of road crashes in 
middle-income countries, demonstrating methods for estimating crash costs as 
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well as putting concrete numbers to their economic implications for Costa Rica, 
a developing country in Central America.

In conclusion, while important steps have been taken to create knowledge 
about fatal accidents in the last few decades, focusing on fatal accidents alone 
has now been recognized as too narrow an approach. Accidents that cause se-
rious injuries also contribute significantly to economic waste. On the European 
level, efforts have been made to harmonize definitions and to create a classi-
fication scheme as well as a common database. Furthermore, strategies and 
reduction goals have been defined. This said, as shown in the last paper of this 
dissertation, those goals have not yet been attained. Nonetheless, the strat-
egies and the goals are important steps in the effort to reduce accident rates 
further.

The findings of a dissertation cannot eliminate crashes altogether, but they can 
contribute, from a specific angle, to a world in which the circumstances that re-
sult in crashes are understood and in which the value of various crash-reduction 
measures and technologies is appreciated. The dissertation also points to the 
welfare gains that result from the adoption of such innovations and draws atten-
tion to the connection between regulatory measures and economic outcomes. 
Ultimately, safer roads can lead to economic development and well-being.

5.2 Limitations

This thesis aims to advance the understanding of the effects of regulatory 
measures on road safety. Against the background of a changing political land-
scape and progress in the field of connected vehicles and mobility concepts, it 
evaluated the measures that have been adopted so far and provided insights 
on the design of future regulatory policies by drawing on real-life data to study 
their effectiveness. This section presents some of the general limitations of the 
research that is presented in the dissertation. The specific limitations of each 
paper can be found in the corresponding chapters.

While this dissertation was being composed, the first and so far the only case 
of a Member State leaving the European Union occurred—the United Kingdom 
left the European Union on January 31, 2020. While this has few or even no 
implications for the first two papers, all European policies on traffic crashes are 
likely to be affected by a large and highly influential nation leaving the Union. 
As noted in the third paper, many decisions and benchmarks are based on the 
performance of European Union member states as a whole. While the reduction 



46

goals have had to be adapted to the growing number of member states over 
the years, after Brexit, the statistics for the United Kingdom are no longer rel-
evant. This fact, however, does not alter the outcomes or the results that were 
presented in the dissertation. It only shows how much political decisions can 
influence frameworks, economics, and the counting of traffic accidents.

As noted in Section 2.4, the articles in this dissertation are based on data. 
While trustworthy sources of data, such as national statistical agencies or non-
governmental organizations, are available, data quality and comparability are 
not always high. Lack of knowledge, especially lack of knowledge about vehicle 
defects, is often an issue when it comes to assessing the cause of a crash. In 
particular, technical defects are often only detected as a result of in-depth stud-
ies of the causes of an accident, not by the police at the site of the crash. This 
means that crashes due to vehicle defects might be underrepresented in the 
data, leading to distorted statistics. Furthermore, vehicles that are in a better 
condition will most likely lead to less pollution, an externality that is not exam-
ined in this thesis but which is an important topic in health.

We made assumptions about WTP and VSL. Consequently, their values can be 
treated as best guesses, but they are never precise numbers. Adopting differ-
ent assumptions and values could have changed the outcomes of the analyses 
significantly. Furthermore, the effectiveness of policies was analyzed with the 
aid of cost-benefit analyses and before-and-after cases. The positive results 
from the cost-benefit analyses enabled us to infer that the policies in question 
enhance welfare and benefit the economy. If one adopts the assumptions of 
Musgrave (1959), namely that efficiency and redistribution should be separated 
and that redistributive concerns should be ignored, our inference is valid. How-
ever, if the redistributive policies of governments are suboptimal, individuals 
might be affected adversely by the cost of inspections, which would harm their 
welfare. I did not examine this problem in detail. 

5.3 Future Research

As noted in the preceding section, the effects of the introduction of PTIs should 
be examined not only from an efficiency viewpoint but also on a more granular 
level — it is important to determine how it affects the capacity of individuals to 
generate income. In some countries and for some groups, cheap transport is 
essential for economic activity. Future research should examine developments 
that follow the abandonment of policies such as PTI. The abandonment of ve-
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hicle inspections in Utah in the USA, which took place in 2018, could provide 
more insights, as suggested by anecdotal evidence (Dujanovic & Stevens, 2019).

Furthermore, it is unclear whether measures such as PTI create some moral 
hazard (for a history and explanation of moral hazard, cf, e.g., Rowell and Con-
nelly (2012)). They might lead to risky behavior because drivers might feel that 
their vehicles, having been tested, are technically sound. EU road safety goals: 
A retrospective in light of the pandemic is sensitive to this problem to a cer-
tain degree: drivers increased their speed after the imposition of the Covid-19 
measures, which emptied the roads. Hoy and Polborn (2015) stated in their 
introduction that the losses that an individual suffers depend not only on their 
precaution levels but also on the precaution levels of others. Applying their 
model of offsetting behavior to PTIs could lead to interesting results and the 
identification of novel effects.

If vehicles become more interconnected and automated, the topic will remain 
important and deserving of attention from both a technical and an economic 
perspective. For business models like free floating and ride sharing to succeed, 
trust in vehicle safety and roadworthiness is essential, especially but not only 
when it comes to autonomous driving vehicles. PTIs could signal to potential 
users that these vehicles are safe.

The direction in which individual car ownership will develop in the future re-
mains unclear. Ownership of a personal vehicle implies knowledge of its defects 
and peculiarities—some even speak of their cars as family members. However, 
the advent of new business models may eliminate car ownership: the idea is to 
allow users to order self-driving cars from their phones and then to have those 
cars pick the passengers up, drive them to their desired destination, drop them 
off, and proceed to the next pick-up point. If this business model comes to pre-
dominate in the market, knowledge about specific cars will be relatively scarce. 
Users must be able to trust that the cars that pick them up are safe. A belief in 
the general roadworthiness of vehicles is important not only in this hypotheti-
cal, which presupposes a high degree of automation and digitalization as well 
as the existence of self-driving cars, but also under current systems in which 
customers pay to rent cars either from fixed stations on the roads,3 from private 
individuals in their neighborhoods,4 or from car rental companies.

3  The Mobility system in Switzerland could serve as an example for this
4  For example, Australia’s Car next door
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6 Article I5 | Getting ready for Europe: An Empiri-
cal Assessment for the Introduction of Periodic 
Technical Inspections of Road Vehicles in Turkey

6.1 Abstract

This paper investigates the effects of Periodic technical Inspections (PTI) on 
traffic safety due to the convergence of Turkey to the European Union. Because 
strict and mandatory PTI were introduced in Turkey only in 2008, the effects 
of such an introduction can be well-studied. Other countries do not offer this 
possibility because the introduction dates back a long time and circumstances 
are not comparable. By using triangulation to understand the effects of such an 
introduction and exclusively using a unique panel data set, we can find that the 
introduction of PTI has a measurable effect on traffic safety in the country. Fur-
ther, the monetary effect for the economy is estimated as well. Thus, this study 
gives insights and encouragement for other countries to introduce such mea-
sures as they can be an important step toward more road safety in countries 
struggling with high accident rates and high costs for the economy.

6.2 Introduction

One main goal of states for their citizens is to improve living conditions in gen-
eral. To achieve convergence and improvement of living conditions, consumer 
welfare needs to be increased. This is happening in a variety of fields. Traffic 
safety is one of those fields, and this research aims to shed further light on this. 
The country of Turkey and its steps are the focus of this paper.

The official start of the convergence of Turkey to what is now the European 
Union, can be dated back to September 12, 1963. On that day, Turkey and the 
European Economic Community (EEC) signed an association agreement, with 
the goal to establish a customs union, such that Turkey could trade agricultural 
products and goods with the EEC without any restrictions. This had the goal 
to accelerate economic progress and reduce the disparity between the Turkish 
economy and the EEC members, thus improving the living conditions in Turkey 
(European Economic Community, 1977).
5 This article is a reprint from:  Schulz, W. H., & Scheler, S. (2020). Getting ready for Europe: An Em-
pirical Assessment for the Introduction of Periodical Technical Inspections of Road Vehicles in Turkey. 
Available at SSRN: http://dx.doi.org/10.2139/ssrn.3523602
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In 1987, Turkey then applied to join the European Economic Community (Euro-
pean Commission, 2018b) and in 1993 the EU and Turkey started negotiations 
for a Customs Union. In 1996, the Customs Union took effect and in 1999, the 
European Council gave Turkey the status of candidate country for EU member-
ship (Delegation of the European Union to Turkey, 2018). In 2001, the European 
Council adopted the EU–Turkey Accession Partnership. With this, a road map 
for Turkey’s EU accession process was developed. Subsequently, the Turkish 
Government adopted the NPAA, the National Program for the Adoption of the 
Acquis, which signifies adopting EU law.

In 2001, the Commission of the European Communities set out in its White 
Paper, “European transport policy for 2010: time to decide,” that the number 
of road deaths needs to halve in the period from 2000 until 2010. The harmo-
nization of penalties and the promotion of new technologies to improve road 
safety were the prime focal areas (Commission Of The European Communities, 
2001). To comply with EU law and the strategies set out, it can be expected that 
Turkey already took steps to perform better in the field of road safety, in prepa-
ration for the accession to the European Union.

At around the same time in December 2001, SweRoad, in their Executive Sum-
mary for the Road Improvement and Traffic Safety Project pointed out that, “[t]
he periodic vehicle inspection is under-staffed and under-equipped, and the 
inspection is rudimentary” (SweRoad, 2001a, p. 13). In fact, the old inspec-
tion system did not offer proper technical inspections for vehicles but merely 
checked whether taxes were paid along with a quick check of the documents 
(LifePR, 2008). The government decided to tender this matter to private com-
panies, dividing the country into two parts and thus two tenders, one for the 
north and one for the south. At the end of 2004, the German TÜV SUD, a 
private company in the sector of Periodic Technical Inspections (PTI), won the 
tenders in both the south and the north and on August 15, 2007, TÜVTURK 
and the Turkish government signed a concession agreement for the periodical 
revision of cars, trucks, and busses. Subsequently, TÜVTURK started to build 
nationwide stations for revisions of vehicles.

The consortium, TÜVTURK, was comprised of the two entities, the Tüvturk 
Kuzey Taşıt Muayene İstasyonları Yapım ve İşletim A.Ş. (for the north) and 
Tüvturk Güney Taşıt Muayene İstasyonları Yapım ve İşletim A.Ş (for the south). 
For ease and consistency, it will be called TÜVTURK throughout this study. It 
consists of the mixed industries companies, Doğuş and Akfen, as well as the 
German TÜV SÜD, which offers periodical revisions in Germany. The total 
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amount invested was 633 million Euros, with 224 million invested in the building 
of the service centers, as well as the training of the personnel and 409 million 
paid for the concession (PresseBox, 2008). The share of this cost was roughly 
1/3 for each of the partners and the total duration of the concession contract of 
20 years (LifePR, 2007). During late 2007, and in the subsequent years until to-
day, the stations were built, depending on need. There are currently 205 fixed 
stations spread across Turkey, as well as 76 mobile stations (TÜVTÜRK, 2016).

The convergence in this field could be a blueprint for other countries seeking 
to improve their living conditions and consumer welfare by introducing such a 
system. The introduction in Turkey is ideal for a study on the effects of PTI, due 
to the unique setup. Because many other countries either do not have technical 
revisions comparable in their extent to the ones in Turkey or have had them al-
ready for a long time, a comparison of the before and after introduction cases 
would not prove to be very meaningful as the cars have developed so much 
over time. Germany, for example, was the first country to introduce technical 
revisions as early as 1906 (TÜV SÜD AG, 2016). The cars in circulation and the 
corresponding traffic accident numbers at the time, without roadworthiness 
inspections, are thus neither comparable to the technical level of current cars or 
there is simply no data. In Turkey, the introduction of the new system only dates 
to 2008, and the implementation has been done in a rather short amount of 
time by private companies, modeled after the system in place in Germany and 
thus well-proven.

The system in Turkey follows directive 96/96/EC (Directive on the approxima-
tion of the laws of the Member States relating to roadworthiness tests for motor 
vehicles and their trailers), which contains a minimum standard for the testing 
frequencies of passenger cars and light goods vehicles (Schulz, 2011). The 
minimum standard states that passenger cars have to be inspected every two 
years after the first inspection. This first inspection needs to be at four years 
after the motor vehicle registration. Because it is a minimum regulation, it leads 
to 13 different national inspection frequencies within the European Union and 
two-member state groups that can be identified. There are states that have 
established PTI with over-compliance and those with minimum compliance 
(Schulz, 2011). Germany, for example, has an over-compliance PTI regime, with 
the first inspection due after three years and subsequently, every two years (for 
N1 vehicles). Turkey, because it is modeled after the German PTI rules, uses the 
same inspection frequency as Germany (TÜVTÜRK, 2017).



51

6.3 The Need for Change

Consumer welfare and the connected traffic security have been identified as 
one of the main drivers for convergence. In the following, it should become 
clear why and to what extent consumer welfare is influenced, if the country is 
missing an effective roadworthiness test system. 

Figure 6.1 shows the rapidly increasing vehicle stock in Turkey, growing on aver-
age at about 7% a year from 1990 to 2015, more than quadrupling in those 25 
years.

Figure 6.1 Vehicle stock in Turkey
Source: Own visualization with data from the Turkish Statistical Institute (2018c)

Examining the development of the number of injuries by road accidents and 
comparing it with the average annual increase of vehicles by 7%, the number of 
injuries increased over-proportionally by 11% on average per year. Contrary to 
the strong increase in injuries, the number of fatalities has decreased. Over the 
period from 1990 to 2015, the number of fatalities decreased by 2% per year on 
average. Taking the average between 1990 and 2007 before the introduction of 
PTI, the number of fatalities fell by 1% on average; since the introduction of PTI, 
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the numbers have decreased by 3% on average.

During the 1990s, the fatality numbers were very high, ranging between 6000 
and 7000 fatalities at the accident site per year (SweRoad, 2001a). The goal was 
to bring those numbers down and reduce road fatalities. A report from 2001 
stated that the projected numbers for 2011 would reach as high as 9000 casu-
alties per year if nothing changed and no safety interventions were carried out 
(SweRoad, 2001a). Today, the fatality situation in Turkey is getting more compa-
rable with the EU-28.

Counted in 2013, 25,938 fatalities by road accidents occurred in the EU-28 (Eu-
ropean Commission, 2016). Assuming 505,700,700 inhabitants for the EU-28, 
it can be stated that 51 people per 1,000,000 inhabitants were killed in road 
accidents. In Turkey, in the year 2013, 48 people per 1m inhabitants were killed 
in road accidents. This means that the number of fatalities since 1990 more than 
halved from around 111 fatal accidents per 1m inhabitants to 48 per 1m in 2013. 
However, the number for Turkey only includes the fatalities at the accident site. 
Since 2015, to harmonize the fatality rates in the statistics with other interna-
tional statistics, fatalities were also counted that occurred in the hospital within 
30 days after the accident. If those numbers are included, then 95 fatalities per 
1m inhabitants are counted. Therefore, it can be concluded that Turkey man-
aged to improve quite a lot over the last 30 years, but the numbers are still high 
compared with EU numbers that were at around 57 fatalities per 1m inhabitants 
in 2014, which had also almost halved since 2005 when it was 111 in the EU (Eu-
ropean Commission, 2016).

6.4 Why PTI?

This study aims to understand the impact of PTI measures on road safety, 
adding empirical evidence to the existing literature, which in general, acknowl-
edges that there is an empirical relationship between direct and indirect traffic 
safety effects and the numbers from the inspected variables. This connection 
has been treated AUTOFORE (2007); De Brabander and Vereeck (2007); Federal 
Motor Carrier Safety Administration (2002).

Roadworthiness enforcement measures make the operation of vehicles safer 
and more reliable. Thus, the measures contribute to socioeconomic benefits 
through several impact channels. The impact channels can be distinguished 
between safety-critical effects and non-safety-critical effects.
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Safety-critical effects include the risk of an accident occurring, for example, 
through extended braking and stopping distances due to poor brakes, or rear-
end collisions due to poor vehicle lighting. Non-safety-critical effects include 
vehicle breakdowns, emissions, and fuel consumption. Vehicle breakdowns 
due to poor vehicle conditions result in costs to the vehicle owner, (e.g., towing 
costs, vehicle repair costs, and congestion), which result in lost time, vehicle 
maintenance costs, and emissions. Badly adjusted engines and exhaust systems 
result in higher fuel consumption. Increased fuel consumption leads inevitably 
to rising emission costs and CO2 costs.

As noted, the numbers for accidents, fatalities, and injuries are not always easy 
to determine, as countries count them differently. In the EU, there is no uniform 
system, and thus, the statisticians need to account for the differences in the 
different countries with different formulas, which are explained in the Glossary 
of the Annual Accident Report (European Commission, 2016). 

In the official accident statistics, the proportion of accidents attributed to the 
technical failure of the vehicles varies between 1.3% and 11.4% (on average, 
around 4%). According to in-depth studies of accidents, the proportion of acci-
dents attributed to the technical failure of the vehicle varies between 1.5% and 
24.4% (on average, around 8.5%)”(Elvik et al., 2009, p. 743).

This still leaves a considerable 91% to 96% left for human error that could lead 
to an accident. A PTI is not able to prevent those human errors, but it can atten-
uate the severity in certain cases by making sure that the technical conditions of 
the vehicle are correctly operating. Furthermore, it can also lessen some traffic 
accidents by ensuring that technical errors will be minimized. Elvik states this as 
well in the Handbook of Road Safety Measures (Elvik et al., 2009).
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6.5 Analysis

The data used are from official publicly available statistics, as well as data that 
was received from TÜVTURK. The data are for all 81 regions in Turkey for the 
years 2000 to 2015, as seen in Table 6.1, and derived from the official website 
Turkstat or TÜVTURK directly, as indicated. The introduction of the mandatory 
PTI was in 2008, roughly the middle of the observation time span.

Table 6.1 Variables, time period, and data sources

Variable Time period Source

Population 2000–2015 Turkish Statistical Institute (2018e)

Total accidents 2000–2015 Turkish Statistical Institute (2018d)

Injured 2000–2015 Turkish Statistical Institute (2018b)

Length of motorways 2000–2015 Turkish Statistical Institute (2018f)

Length of provincial roads 2000–2015 Turkish Statistical Institute (2018f)

Number of vehicles 2000–2015 Turkish Statistical Institute (2018c)

Number of vehicles that 
failed PTI 2008–2015 TÜVTÜRK (2018)

6.6 Graphic Analysis

To analyze the effects of the convergence, the input variables are examined 
graphically in a first step. Figure 6.1 has shown the development of the vehicle 
stock in Turkey.

Figure 6.2 shows the traffic accident development from 2000 until 2015. A 
small drop in traffic accidents is visible in 2008, the year in which the PTI was 
introduced. This is the first hint that such an introduction may have a noticeable 
impact on traffic safety. To examine this further, the development of injuries 
from road accidents is examined in Figure 6.3. What is very noticeable is that 
the figures look very similar. The reason for this might be an underreporting of 
accidents without harm to people and the large number of injured in vehicle 
crashes compared with the absolute numbers for fatalities, resulting in a large 
share for injured and thus, the resulting curves.
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Figure 6.2 Number of traffic accidents
Source: Own visualization with data from the Turkish Statistical Institute (2018d)

Figure 6.3 Injuries from traffic accidents
Source: Own visualization with data from the Turkish Statistical Institute (2018b)

It is noticeable that in 2008, the year of the introduction, there is a small dip in 
the numbers. As stated, this could be a hint that the technically worst perform-
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ing cars were taken out of circulation and that this had a measurable and visible 
impact on traffic safety. 

While the absolute numbers were going up, a further look at the data revealed 
that the ratio of injuries per accident has fallen, as Figure Figure 6.4 shows.

Figure 6.4 Injuries to accident ratio
Source: Own visualization with data from the Turkish Statistical Institute (2018b)

From this figure, we can see that there were roughly 2.01 injuries per accident, 
and this number fell to 1.8 in 2015, with a sharp decline from 2011 onward. The 
means that over a 15-year period there were 1.94 injuries per accident. To fur-
ther investigate the effects of the convergence and introduction of strict PTI 
enforcement, a further analysis was conducted.
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6.7 Regression

To assess the effects, the use of triangulation helped to understand the data 
and the outcome. At first, a simple regression with a dummy variable was used 
to investigate whether there is a measurable effect after the introduction of PTI. 
The results of this modeling can be seen in Table 6.2.

Table 6.2 Regression results for dummy

(Intercept) 87.70

(3.92)

Dummy –35.00

(7.06)

R Square 0.51

Adjusted R Square 0.49

Number of Observations 26

Root Mean Square Error (RMSE) 16.62

All values are significant at the 0.01 level. In brackets the Standard Error is denoted.

Here, it becomes visible that through the introduction of PTI, there is a mea-
surable effect. This is another hint that PTI is had an effect on traffic safety and 
thus, economic benefits for the state and society. To be able to quantify this 
effect, more data have been collected to better model the influences.

6.8 Panel Data Model

Because the first rough analysis has yielded some measurable effects, a further 
and more detailed analysis was carried out. A panel data model with individual 
fixed effects over a 15-year time period with all 81 regions was chosen.

Two different scenarios were modelled. The first had accidents as the de-
pendent variable. Independent variables were population, the inverse of the 
number of vehicles that did not pass inspections because the errors have been 
removed before they are allowed back on the road, the number of vehicles in 
the province, as well as the length of provincial roads and the length of motor-
ways. All these variables are available for all 81 regions and for the time span of 
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15 years. For the variable that failed PTI, zero were chosen before 2008 as PTI 
had not been introduced and cars were not checked, thus, no errors had been 
detected and cars could just drive without inspection. Since 2008, cars are 
thoroughly checked for failures and are not allowed to operate before repairs 
are completed. Therefore, absolute numbers were used, which were obtained 
directly from TÜVTURK.

The results of this modeling showed that the number of failed vehicles has an 
impact on the accident variable, and it is negative. Thus, it could be reasoned 
that there is an inverse relationship, the more errors in vehicles detected, the 
fewer accidents there are. The length of the motorways, on the other hand, did 
have an impact. The more kilometers of motorways in the country, the more 
accidents are likely to happen, and a similar correlation can be observed with 
provincial roads.

Population had a slightly negative effect, which signifies that the more people 
in the country, the fewer accidents will happen. A strong population growth, 
such as Turkey has experienced can bias the outcome because the population 
variable includes every age group in the country and not all yet participate in 
traffic, which might explain this inverse effect. The number of vehicles, on the 
other hand, is more meaningful and straightforward. The more vehicles there 
are, the more accidents will happen. All of the variables are significant on a 1% 
level. Table 6.3 summarizes the findings.
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Table 6.3 Model results for accidents
Dependent variable: Accidents

Population   –0.002

    (0.0001)

Failed PTI  –0.007    

    (0.001)

Number of vehicles 0.008

    (0.0002) 

Length of provincial roads 0.954

(0.253)

Length of motorways  9.600 

(0.750)

Observations 1,296

R2 0.818

Adjusted R2 0.805

F Statistic 1,085.044 (df = 5; 1210)

All values are significant at the 0.01 level. In brackets the Standard Error is denoted.

Because there were roughly 2.9m failed vehicles in PTI in 2015, and given that 
a PTI where failures are detected would lead to an estimated 0.007 fewer acci-
dents, around 20,000 accidents per year could be prevented with a strict en-
forcement of PTI.

To investigate this relationship further, the effects on injuries in traffic accidents 
was also examined. The new dependent variable is now injured persons. The 
independent variables remain the same, as in the scenario above. The outcome 
proves to be quite similar. The detected failures in vehicles that lead to a failed 
PTI have an inverse impact on injuries from crashes. The length of motorways, 
as well as the length of provincial roads, had a direct effect. Population had 
a slightly negative effect, likely due to the same reason as stated above. The 
number of vehicles had a positive effect. The results of the modeling are shown 
in Table 6.4.
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Table 6.4 Model results for injured persons
Dependent variable: Injured persons

Failed PTI   –0.013 

(0.001)

Population  –0.004

    (0.0002)

Number of vehicles 0.012 

(0.0004)

Length of provincial roads 1.647

     (0.406)

Length of motorways  15.745 

(1.202)

Observations 1,296

R2 0.809

Adjusted R2 0.796

F Statistic 1,027.949 (df = 5; 1210)

All values are significant at the 0.01 level. In brackets the Standard Error is denoted.

The results of this second modeling, in general, confirmed the results of the 
previous modeling for accidents. It was expected that the effect of PTI would 
be negative for both the models used and this effect was confirmed in both. 
Hence, it can be estimated that roughly 37,700 injured persons can be prevent-
ed due to the strict enforcement of PTI.

This result is in line with the previous findings. Considering the injured to acci-
dents ratio that had been previously determined, and considering the mean of 
the years from 2000 to 2015 of around 1.94 injured per accident and multiplying 
the result of around 20,000 accidents less due to the strict enforcement of PTI 
with 1.94 results in 38,800 injured. This is close to the result from the model for 
injured, thus affirming the findings.
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6.9 Monetarization

To estimate the effect of the strict enforcement of PTI, the accidents shall be 
valued in terms of money. The Turkish cost-unit rates will first be considered. 
Already in 2001, a study by SweRoad stated that there are no studies available 
that determine the cost-unit rate for an accident or a fatality. They have used 
the Swedish values and adopted it via the GNP for Turkey, yielding a value of 
TL 107,000m for a fatality and TL 3,700m for an injury (SweRoad, 2001b). These 
numbers are around 17 years old and since then, the Turkish currency has 
changed much in value, hence, the values are hardly comparable to today. A 
more recent study from Özen, Genç, and Kaya from 2014 concludes that there 
are no official numbers available and that an assessment is difficult. However, 
through a series of assumptions and empirical data, they estimated that the 
cost of traffic accidents in Turkey in 2012 was more than 4 billion USD (Özen et 
al., 2014). This is also somewhat in line with results from the study, “Crash cost 
estimates for European countries, deliverable 3.2 of the H2020 project Safety-
Cube,” which stated that the total cost of crashes is between 0.4% and 4.1% of 
the GDP for a country (Wijnen et al., 2017). Because Turkey’s GDP was around 
768 billion USD (1998 prices) in 2012 (Turkish Statistical Institute, 2018a), the es-
timated 4 billion USD would be around 0.52% and thus, in line with the results 
of the study.

Given that there were 153,552 accidents with fatalities or injuries in 2012 report-
ed on Turkstat (Turkish Statistical Institute, 2018b), one accident equals roughly 
USD 26,000. Considering the aforementioned 20,000 accidents which strict 
enforcement of PTI could help to prevent, this would yield a savings of around 
USD 520 million for the Turkish economy.

As stated in the introduction, Turkey has likely introduced these measures to 
convert to European policies. Because the cost-unit rates in Turkey are rather 
on the low end, and because Özen, Genç, and Kaya also expressed that it is 
rather difficult to determine the values, European cost-unit rates are considered 
because these will apply once Turkey enters the European Union. The cost-unit 
rates for the European Union are well-studied and used in a variety of research, 
being roughly around USD 1.5 million for a fatal accident, around USD 200,000 
for a serious accident, and USD 25,000 for a small accident (European Com-
mission, 2017; Malone et al., 2008; Schulz, 2011). These costs are directly linked 
to the vehicle, as well as medical/hospital costs, and resource losses. They do 
not cover the losses for congestion, for example, that would be caused by ac-
cidents on a highway and the costs for increased fuel consumption, higher air 
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pollution, and the lost time of other traffic participants (Schulz, 2011), things 
that were not examined in this study.

Applying the cost-unit rate for accidents known in Europe, leaving out fatal ac-
cidents, but using an average value for serious and small accidents of around 
$112,000 per accident, this would yield a savings of around $2.2 billion for the 
economy due to fewer crashes.

6.10 Limitations

Every country has specific aspects that have to be considered when analyzing 
how a general improvement of traffic safety is possible (compare the study, 
AUTOFORE (2007), which goes into much more detail for the impairments re-
sulting from traffic accidents). This study strictly focuses on the part of periodi-
cal technical revisions that have not been analyzed this way before.

However, other measures are equally important. The European Commission 
has identified the main causes for accidents as speeding, driving under the 
influence of alcohol, and not using a seat belt (European Union, 2004). For ex-
ample, in Turkey, the issue of not wearing a seat belt has been tackled during 
a campaign that was not strictly enforced, resulting in a stagnation of seatbelt 
wearing rates below 5%. Subsequently, this campaign was revised and a decree 
was issued by the governor, stipulating that nobody will be exempt; as well, law 
enforcement was made stricter. This, together with further awareness measures, 
resulted in seat-belt wearing rates of around 49% (World Health Organization, 
2013). This increase must also have had an impact on traffic security, as studies 
like that from Cohen and Einav (2003) have shown, and which illustrate that 
achieving higher degrees of security is always a combination of different mea-
sures. However, this broadness is not in the scope here and has not been exam-
ined in this paper. A further example of more broadness that should be includ-
ed in future studies is the influences of road conditions and public infrastructure 
on accidents, injuries, and fatalities, and further, for example, the emergency 
response, which might have a considerable impact on fatalities (World Health 
Organization, 2013). Further factors not included in this study, but which could 
influence the number of accidents, might be the education of drivers, the com-
position of other traffic participants (e.g., more or less pedestrians, motorcycles, 
scooters, cycles, and in a broader perspective, the laws governing the traffic 
and their enforcement as in the example of seat belts above). These influences 
are hard to measure and are hidden in the data of this study. To make this anal-
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ysis more precise, further studies in Turkey comparable to the work of DEKRA in 
Germany, which is researching the causes of road accidents, could yield richer, 
more reliable data that could be included in the panel data model (DEKRA, 
2018). Further and much more detailed data could thus close the gap.

Additional data were thought to be integrated into the analysis as various 
factors may cause or influence accidents and their outcomes, but most of the 
data are not available for longer time periods and thus were not be used in the 
analysis. Further research could also examine how a different test cycle (1-year, 
2-year, etc.) would influence traffic safety and accident numbers. Studies from 
Belgium have shown that different cycles of technical inspections are leading to 
welfare losses (Schulz et al., 2014).

6.11 Implications and Discussion

The limitations show the limited area in which this paper is located, yet the as-
pect of the introduction of PTI, due to the convergence of transport policies, 
has not yet been examined and the results are yielding revealing new insights 
into transport policy. The results show a correlation between the number of 
failed vehicles in PTI and the number of crashes and injuries. In absolute terms, 
the authors expect the strict enforcement of PTI to prevent around 20,000 ac-
cidents and around 38,000 injured per year. PTI can thus be a suitable measure 
to reduce traffic accident numbers and have positive economic effects. There-
fore, the safety effects calculated here, as well as the rough cost–benefit anal-
ysis are just a starting point for further welfare gains due to fewer accidents. A 
full cost–benefit analysis may uncover the full benefit for the economy.

It can be concluded that the convergence of traffic policy can yield substantial 
welfare gains, which were estimated for Turkey to be between $520 million and 
$2.2 billion per year. The application of PTI could be done in many other coun-
tries across the globe as well. This analysis could help policy makers decide 
whether an introduction of periodical roadworthiness inspections in countries 
where it does not exist or is not yet as extensive and strictly enforced and which 
struggle with high accident rates, could benefit their population and econo-
my. PTI proves to be a suitable measure to improve the consumer welfare and 
well-being of citizens due to avoided traffic accidents and related trouble with 
car breakdowns and the resulting impairments.
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7 Article II6 | Costa Rica’s Introduction of Periodic 
Technical Inspections: An Economic Assess-
ment

7.1 Abstract

This paper investigates the effects on traffic safety and the associated econom-
ic savings of the introduction of RITEVE, the Periodic Technical Inspections (PTI) 
in Costa Rica. Since there were no national estimates for the costs of crashes 
in Costa Rica available, this study derives and evaluates in a first step different 
ways to estimate these costs. Subsequently these are used for a cost-benefit 
analysis to benchmark the policy decision to introduce periodic technical in-
spections. The findings show that there are considerable economic gains from 
having such a system in place with high cost-benefit ratios. The study shall give 
insights and encourage other countries to introduce or consider such measures 
as they can be an important step toward more road safety and reduce the cost 
of crashes for society and the economy.

7.2 Introduction

In 2004, the WHO wrote in their first World report on road traffic injury preven-
tion about the road safety situation in Costa Rica:

“In Costa Rica traffic crashes and their consequences are clearly a public health 
problem. They are the leading cause of violent deaths, the leading cause of 
death in the 10-45 years age group, and the third leading cause of years of life 
lost due to premature death. The cost to the country of traffic crashes amounts 
to almost 2.3% of the gross domestic product.” (World Health Organization, 
2004, p. 163)

Against this background, the Costa Rican government introduced a national 
road safety plan (NRSP) with the objective to reduce the mortality rate by 19% 
during the period 2001-2005. Actions were taken in the fields of traffic laws, 
police surveillance, education, infrastructure, and research. In 2002, the period-
ic vehicular technical inspection (Riteve) was introduced. Immediately after the 

6 This is a reprint of the article: Schulz, W. H., & Scheler, S. (2020). Costa Rica’s Introduction of Perio-
dic Technical Inspections: An Economic Assessment. Journal of Academy of Business and Econo-
mics, 20(3), 155-172. https://doi.org/10.18374/JABE-20-3.12
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launch of Riteve, the accident rate dropped by around 40%.

Costa Rica further introduced a new seat belt law in 2004 accompanied by a 
public awareness campaign and strong police enforcement to increase seat belt 
usage for drivers. The usage of seat belts increased from 24 percent to 82 per-
cent, and the fatality rates dropped further (FIA Foundation for the Automobile 
and Society, 2004).

The first objective of the study is to understand the impact, the PTI has on the 
number of accidents, fatalities and injuries in Costa Rica. This sets the base for 
the second objective, to assess the benefits and costs of the Riteve-system. To 
assess these benefits, cost-unit rates for Costa Rica are derived since none have 
been available.

7.3 The Riteve-System

The PTI in Costa Rica is organized as an annual inspection that all vehicles must 
pass to be driven legally. The vehicle inspection is carried out by a private com-
pany, the Riteve SyC, SA. Riteve SyC, SA is part of the Applus+ group which 
operates in more than 70 countries in the fields of inspections, trials, and certi-
fications.

The purpose of the inspection is to ensure that the vehicle complies with basic 
safety standards of Costa Rica. The last number of the license plate indicates 
the month in which the inspection of the vehicles must be carried out, for ex-
ample, number plates ending with a 5 are examined in May. The inspection 
covers the technical safety of the vehicle and an emissions test. The following 
vehicle types are inspected:

	• automobiles,

	• light load,

	• motorcycles,

	• taxis,

	• buses,

	• heavy load,
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	• semi-trucks,

	• trailers.

At Riteve the vehicle must pass seven different stations. The test procedure can 
be described as follows (Jenn & Matt, 2015):

1. Basic exterior check (vehicle’s turn signals, high beams/low beams, 
wind-shield wipers, horn, the angle of the headlights, tread on the 
tires).

2. Basic interior check (checking the inside of the vehicles with a focus on 
the functioning of the seatbelts).

3. Shocks and struts test (responsiveness of the vehicle to shocks is test-
ed).

4. Brake test (a computer-based measure of the ability of the brakes to 
stop).

5. Side-to-side test (similar to the shock test, but each wheel is tested sep-
arately).

6. Underbody inspection (undercarriage of the vehicle is inspected with a 
focus on oil leaks).

7. Emission test (tailpipe measurement of the emission for different speed 
situations). 

Riteve operates 13 fixed stations in Costa Rica (Alajuela, Cartago, Heredia, 
San José Norte, San José Sur, Guápiles, Puntarenas, Pérez Zeledón, San Car-
los, Cañas, Liberia, Limón, Nicoya). There are also four mobile stations outside 
the Great Metropolitan Area (GMA), which travel around to smaller cities and 
towns.

7.4 Methodological Approach

At first, the causal relation between the periodic technical inspection (PTI) or 
Riteve as it is called in Costa Rica and the empirically observable reduction of 
accidents is examined. Riteve was introduced in 2002. The seatbelt law was in-
troduced in 2004. Therefore, a regression analysis is performed to prove wheth-
er the accident effects are mainly influenced by Riteve or the seatbelt law. 
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The second objective is to determine the social benefits and social costs of the 
PTI. For the assessment of the benefits and the costs, a cost-benefit analysis 
(CBA) is performed. The CBA is a method of applied welfare economics, which 
is used to find out whether measures are socially desirable. The overall result 
of the CBA is a benefit-cost ratio (BCR). Ratios greater than one – which means 
that benefits exceed costs – prove that the system implementation is profitable 
for the whole of society. Therefore, it provides a helpful guidance for decision 
making in the public sector (Boardman et al., 1996; Priemus et al., 2008; Robin-
son, 1993; Schulz & Geis, 2015)

The general approach of a CBA are the following steps (Schulz & Geis, 2015):

1. Definition of cases (i.e., with or without PTI)

2. Identification of relevant parameters (e.g., traffic, environment)

3. Quantification of the physical effects

4. Transformation of the effects of step 3 into monetary values

5. Calculation of the benefit-cost ratio

The study is following this suggested structure.

7.5 Cost-Benefit Analysis

The cost-benefit analysis (CBA) requires a distinction between benefits and 
costs.

Benefits are defined as resource savings which are the result of introducing a 
measure. In this case, the introduction of PTI is the measure. The impact of PTI 
can be evaluated by comparing the situation without PTI (=without-case) and 
the situation with PTI (with-case). Within this CBA the introduction of Riteve 
represents the so-called with-case. The with-case must be compared to the 
situation without Riteve. The benefits can then be calculated as the difference 
between the without-cause and the with-case. Therefore, the benefits repre-
sent the cost savings achieved due to the introduction of Riteve. 

The without-case for Costa Rica is valid until 2002, since there was no regulato-
ry inspection regime established for safety systems (except some inspection of 
public transport vehicles). The with-case exists since 2003. In the following, the 
characteristics of the with-case are examined more in-depth. 
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During 2017, 1,142,184 periodic vehicular technical inspections were carried 
out. 46.6% of the inspected vehicles failed their technical inspection in the first 
inspection (RITEVE, 2017). In the second inspection, 76.4% passed the re-in-
spection and 23.6% did not pass the re-inspection. This signifies that over both 
inspection rounds after the second inspection 94.6% of the vehicles passed the 
Riteve. 5.4% of the vehicles did not pass their technical inspection. For the year 
2017, the number of vehicles without approval was 118,281.

Motorcycles had the highest rate of approvals while semi-trucks had the lowest 
rate. Three main causes of rejection in 2017 were:

	• excess of the polluting emissions,

	• imbalance in the breaks,

	• tire weathering.

3.7% of the inspected vehicles failed in 2017 because of serious identification 
defects.

Table 7.1 shows the share of vehicles which passed the annual PTI without a de-
fect for the period from 2014 to 2017. Over this period, on average 52.5 percent 
of the vehicles had no defects.

Table 7.1 Share of vehicles without defects at Riteve from 2014 to 2017
Source: Own calculations with data from RITEVE (2014, 2015, 2016, 2017)

Year Vehicles without defects in percent

2014 52.0%

2015 51.5%

2016 53.0%

2017 53.4%

Average 52.5%

7.5.1 Description of the Vehicle-Stock

The average age of the vehicles inspected is 16 years. The vehicles used for 
tourism transportation are the youngest, and the trailers and semi-trailers are 
the oldest. 75% of the vehicles have gasoline, and 23% of them have diesel. 
0.03% of the vehicles are electric, and 0.05% of them are hybrids (RITEVE, 
2017). Figure 7.1 shows the development of the vehicle-stock in Costa Rica for 
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the period from 2002 to 2015. With the term “vehicle”, the following categories 
are covered: automobiles, buses, high and light loads, taxis, special equipment, 
and motorcycles. These vehicle categories are used within the offi cial accident 
statistics. The fi gure shows a drop in the number of vehicles from the year 
2005 to the year 2006. The statistical reason is that the passenger car stock is 
lowered by 27 percent (compare: Costa Rica. Ministerio de Obras Públicas y 
Transportes. Dirección de Planifi cación Sectorial (2002, 2007)). Further, there is 
a sharp decrease by 72 percent for heavy loads and 20 percent for light loads. 
The statistic records only the vehicles paying the vehicle circulation permits 
(=marchamos), which are collected by the National Insurance Institute (INS). 
The vehicle circulation permits include mandatory automobile insurance (SOA), 
property tax, sales tax, and other taxes, as well as unpaid traffi c fi nes. A possi-
ble explanation for this might be that from 2006 on, to receive the marchamo, it 
was necessary to have a valid PTI (Esteban Oviedo, 2006).

F  igure 7.1 Development of the vehicle stock in Costa Rica from 2002 to 2015
Source: Own fi gure with data from Costa Rica. Ministerio de Obras Públicas y Trans-
portes. Dirección de Planifi cación Sectorial (2002, 2005, 2016); Instituto nacional de 
estadística y censos (2005)

For the years 2012 until 2015, Table 7.2 shows the vehicle stock by catego-
ries. As it is visible, the shares of the different categories do not change much 
throughout the years.
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Table 7.2 Vehicle-stock for different vehicle types from 2012 to 2015
Source: Own table with data from Costa Rica. Ministerio de Obras Públicas y Trans-
portes. Dirección de Planificación Sectorial (2016)

Vehicle-stock in Costa Rica

Year Total

Vehicle types

Auto-
mobile Buses Light 

load
Heavy 
load Taxis

Special 
Equip-
ment

Motorcy-
cles

2012 1,134,373 722,020 16,354 160,742 35,042 12,150 11,791 176,274

2013 1,187,624 754,689 17,411 164,736 35,392 12,261 12,879 190,256

2014 1,258,183 789,260 18,554 169,864 35,897 12,420 13,455 218,733

2015 1,346,344 833,570 17,237 176,091 36,868 12,635 14,026 255,917

7.5.2 Quantification of the Accident Effects

In Costa Rica, the accident data is obtained from the official transit part of 
the Traffic Police General Directorate. When an accident occurs, it enters the 
database in two ways, handheld and paper. Because part of the primary task 
of the police is to save lives, and because of limited resources, the focus is on 
accidents with injuries and fatalities. There is no priority to count accidents only 
with property damage (Consejo de Seguridad Vial, 2018). Therefore, the CBA 
is focused on injuries and fatalities and not on property damages. This on the 
other hand signifies that by ignoring property damages, the possible benefits 
of Riteve are underestimated.

Figure 7.2 illustrates the effects of introducing Riteve on vehicle crashes. There 
is a clear impact of Riteve on vehicle crashes. In the second year of introducing 
Riteve, i.e. 2003, the vehicle crashes reduced significantly by 42 percent. In the 
years 2006, 2014 and 2015 increases in vehicles crashes were observed. Howev-
er, those increases do not offset the decrease from 2002 to 2003. 
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F igure 7.2 Vehicle crashes per each 100 vehicles in Costa Rica from 2001 to 2015
Source: Own calculation and fi gure with data from Costa Rica. Ministerio de Obras 
Públicas y Transportes. Dirección de Planifi cación Sectorial (2010, 2016)

Only from 2004 was wearing a seatbelt mandatory (FIA Foundation for the Au-
tomobile and Society, 2004). Even under the assumption that people started 
wearing seatbelts earlier than mandatory, sensitized by the campaign, wearing 
a seatbelt does not necessary prevent an accident from happening. Therefore, 
the high reduction might be mainly due to less non-roadworthy vehicles on the 
road, since this was the major change around that time.

In a second step, it must be clarifi ed whether the decrease of the vehicle crash-
es is indeed caused by the Riteve inspection regime. Therefore, it is necessary 
to run a regression.

To prepare the regression a scatter plot is fi rst created. The next fi gure shows 
the scatter plot for the relation between introducing PTI (with-case) and vehicle 
crashes per every 100 vehicles and having no PTI (without-case) and vehicle 
crashes. The scatter plot graphic shows that it is very like that the introduction 
of Riteve has the effect of reducing accidents. 
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Figure 7.3 Relation between introducing Riteve in Costa Rica and the number of vehicle 
crashes per each 100 vehicles
Source: Own calculations and visualization

The regression analysis is needed to get a causal relation between Riteve and 
vehicle crashes.

Using a regression with the dummy variable (DV) for PTI with the expressions 1 
equal to PTI is in use, and 0 equal to PTI does not exist, as an independent vari-
able and the number of vehicle crashes per 100 vehicles (VC) as the dependent 
variable. The regression function is:

VC = −4.1DV + 9.9 with an R-squared = 0.94

The regression implies that the number of vehicle crashes per each 100 vehicles 
is reduced by 41%. As a next step, the number of accidents must be related to 
the accident consequences. Accident consequences are fatalities and injuries. 
The number of fatalities and injuries for the period from 2001 to 2011 can be 
derived using empirical ratios (injuries/accidents, fatalities/accidents) from a 
statistic for the period from 2012 to 2015 (see Table 7.3).
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Table 7.3 Number of road accidents and their consequences to injuries and fatalities for 
the period from 2012 to 2015
Source: Own table with data from Instituto nacional de estadística y censos (2016)

Vehicle accidents, injuries, and fatalities

Year

Total

Accidents Injuries Fatalities

2012  63,129  24,024 330

2013  60,699  25,999 294

2014  65,454  27,924 359

2015  86,738  31,278 398

Based on this table the average empirical relation between injuries and acci-
dents is 0.399. The empirical relation between fatalities and accidents is 0.005.

Table 7.4 shows the actual number of accidents, the number of accidents for 
the case that Riteve was not introduced (without-case), the number of avoided 
accidents by Riteve (with-case), the number of avoided fatalities (with-case), and 
the number of avoided injured persons (without-case).

Table 7.4 Calculation of the number of accidents without Riteve, the avoided number of 
accidents by Riteve, the avoided number of fatalities by Riteve and the avoided number 
of injured persons by Riteve

Year Accidents
Accidents 

without PTI
Avoided acci-

dents by PTI
Avoided 

fatalities by PTI

Avoided 
injuries by 

PTI

2001 64,774 64,774 0 0 0

2002 68,976 68,976 0 0 0

2003 52,085 72,919 20,834 105 8,313

2004 53,039 74,255 21,216 107 8,466

2005 53,493 74,890 21,397 108 8,538

2006 46,170 64,638 18,468 93 7,369

2007 48,480 67,872 19,392 98 7,738

2008 53,326 74,656 21,330 107 8,511

2009 54,241 75,938 21,697 109 8,657

2010 57,542 80,559 23,017 116 9,184

2011 60,021 84,029 24,008 121 9,580
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2012 63,129 88,381 25,252 127 10,076

2013 60,699 84,979 24,280 122 9,688

2014 65,454 91,636 26,182 132 10,447

2015 86,738 121,433 34,695 175 13,844

7.5.3 Cost-unit Rates for Fatalities and Injured Persons

A national accounting system of the resource losses by road accidents does not 
exist for Costa Rica. In Germany, for example, every year the Federal Highway 
Research Institute determines the costs resulting from road traffic accidents in 
Germany (Bundesanstalt für Straßenwesen, 2018). Therefore, the recommenda-
tion for Costa Rica is to establish an economic road accident cost bill. 

The question for this study is, what the correct Costa Rican monetary values 
are to evaluate the losses by road accidents. This means that cost-unit rates for 
fatalities and injured persons must be derived. Therefore, the part on the mon-
etary evaluation of accidents has an outstanding meaning. Coming up with the 
calculation of accident cost-saving means that economic theory must evaluate 
the loss of human life and the costs of personal injuries. 

In general, the specification of cost-unit rates for all traffic effects can be done 
with different evaluation methods. Generally, it can be distinguished between 
subjective and objective methods. The subjective methods are based on the 
rational decision of humans to pay money to avoid road accidents. The objec-
tive methods try to find empirical evidence of how road accidents affect the 
economic situation of society.

The evaluation methods can be characterized as follows:

	• The willingness-to-pay approach (WTP) as a subjective method ques-
tions how much the victim of an accident will pay to be able to avoid 
the accident or what compensation amount will be accepted by the 
victim to approve the damage.

	• In line with the cost-of-damage approach, the damage caused by acci-
dents is assessed; an essential criterion is the decline of the gross do-
mestic product because of the accident.

	• The restitution approach counts the direct costs caused by road acci-
dents (for example, property damage, medical costs, administrative 
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costs). Altogether the restitution costs reflect the costs to restore road 
casualties.

The Value of Statistical Life (VSL) can be calculated both based on the subjec-
tive method or on the objective method.

For Costa Rica it is possible to derive cost-unit rates from both, objective and 
subjective methods. The cost-of-damage and restitution-cost approaches are 
used as objective methods to derive cost-unit rates for fatalities and injuries.

For injured persons the restitution-cost approach can be used since it is known 
that in 2017, 43,987 patients injured by road accidents received medical atten-
tion, costing the health service close to USD 55 million (Alvarado, 2018).

This means that the health costs per injured person are around USD 1,250. This 
cost-unit rate, however, does not consider that injuries could be slight or severe. 

According to the Costa Rica Social Security Fund (CCSS) in 2017, 571 patients in 
critical condition received medical attention equivalent to over USD 25 million 
(Alvarado, 2018).

Calculating with the values above for the two economic cost groups, results for 
Costa Rica in:

	• Seriously injured persons have on average a cost-unit rate of USD 
43,783. This cost-unit rate roughly corresponds to the European cost-
unit rate of severe injuries.

	• Minor injured persons have on average a cost-unit rate of USD 691. This 
cost-unit rate corresponds roughly to the European cost-unit rate for 
minor injuries.

The suggestion is, to use the cost-unit rate for severe injuries of USD 43,783 
and the cost-unit rate for slight injuries of USD 691.

Alternatively, a weighted cost-unit rate for injuries can be derived. The share of 
severe injuries of all injuries is 1.3 percent in 2017. The share of slight injuries of 
all injuries is 98.7 percent. The cost-unit rate for all kinds of injuries is USD 1,518.

Another approach estimating the cost-unit rate for injuries can be oriented on 
the insurance costs for road accidents. In the marchamo payment (circulation 
permit) that vehicle owners in Costa Rica must pay every year, there is an in-
surance amount included that covers for up to six million colones (around USD 
10,600). That means that the insurance does not cover the costs for severe 
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injured persons and that the difference must come from the amount paid by 
contributors to the basic social security insurance system. With that, the rate 
of USD 10,600 can also be interpreted as the cost-unit rate for injuries by acci-
dents. This rate is calculated without considering the actual costs of severely 
injured persons. Therefore, this cost-unit rate might refl ect an average cost-unit 
rate for all injuries.

According to Kasnatscheew et al. (2016) production loss and human costs 
make up for more than 90% of the total costs per fatality. Human costs account 
for the pain, sorrow, and grief about the deceased of its relatives and friends. 
Therefore, this approach needs a national calculation process based on the 
willingness-to-pay approach. The production loss is mainly based on the contri-
bution of the casualty to the GDP. The next fi gure shows the GDP per capita for 
Costa Rica in USD for the years from 2012 to 2022. The GDP per capita for 2017 
is for our considerations relevant. The GDP per capita is USD 11,685 in 2017.

Figure 7.4 Costa Rica: Gross domestic product (GDP) per capita in current prices from 
2012 to 2022 (in U.S. dollars)
Source: Own fi gure with data from the International Monetary Fund (2018)

Figure 7.5 shows the life expectancy at birth in Costa Rica from 2006 to 2016. 
The average life expectancy at birth in Costa Rica was 79.83 years in 2016.
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Fi  gure 7.5 Costa Rica: Life expectancy at birth from 2006 to 2016
Source: Own fi gure with data from World Bank (2018)

Assuming the causalities are distributed equally across all age groups then the 
average lost remaining life is 40 years. This means that the GDP loss of a fatal-
ity is 40 years multiplied with a GDP per capita of USD 11,685 equaling USD 
466,407.

Based on the objective methods the suggestion is to use the following cost-unit 
rates:

• The average cost-unit rate for severe and slight injuries: USD 1,518

• The cost-unit rate for fatalities: USD 466,407

To check whether these are reasonable values, we crosscheck with other litera-
ture. McMahon and Dahdah (2008) found a strong correlation between the in-
come level (GDP per capita) and human costs using data from 22 countries. The 
linear regression formula is as follows:

lnn(HC) = 2.519 + 1.125 * lnn(GDP/Capita) + 0.496 * Method

Table 7.5 presents the results for the estimation of human costs based on GDP 
per capita.
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Table 7.5 Estimation of human costs for road accidents in Costa Rica
Source: Own calculation based on McMahon and Dahdah (2008)

Year GDP per capita in USD Estimated human costs in USD

2012 10,099 397,000

2013 10,678 422,698

2014 10,679 422,754

2015 11,416 455,703

2016 11,776 471,898

2017 11,685 467,818

Average 11,055 439,645

The average value for human costs is USD 439,645. This value is close to the 
cost-unit rate of USD 466,407 that our calculations above has yielded.

McMahon & Dahdah additionally derived a regression formula to calculate the 
Value of Statistical Life (VSL) based on the WTP (McMahon & Dahdah, 2008). 
With this, it is possible to derive a cost-unit rate for fatalities based on the sub-
jective method. The formula is the following: 

lnn(VSL) = 2.519 + 1.125 * lnn(GDP/Capita) + 0.496

If this formula is used, the average value of statistical life is USD 721,959. The 
projects UNITE, and HEATCO suggest taking 13 percent of the costs per fatal-
ity to estimate the costs for severe injuries and 1 percent to estimate the costs 
for slight injuries (Chris Nash, 2003; HEATCO, 2005). Following this recommen-
dation, the cost-rate for severe injuries is USD 93,855, and cost-rate for slight 
injuries is USD 7,220. Using the empirical relation between severe and slight 
injuries for Costa Rica in 2017 results in a weighted cost-unit rate for all road 
accident injuries of USD 8,346.

Table 7.6 shows the two sets for accident cost-unit rates for both subjective and 
objective methods.

Table 7.6 Proposal for accident rates for Costa Rica differentiated according to subjec-
tive and objective assessment methods

Cost category Objective method in USD Subjective method in USD

Fatalities 466,407 721,959

Injuries 1,518 8,346
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7.6 Costs for Riteve

The Public Services Regulatory Agency (ARESEP) approved an adjustment of 
35% in Riteve, after more than 12 years without changing the price. For the 
study, the adjusted prices are used as displayed in Table 7.7.

Table 7.7 Current rates of Riteve of the main vehicle categories for the inspection and 
reinspection
Source: Own table based on RITEVE (2018)

Main vehicle  
categories

Riteve prices for  
the first inspection

Riteve prices for the 
second inspection

Motorcycles CRC 8,830 CRC 4,415

Automobiles CRC 13,405 CRC 6,700

Taxis CRC 14,460 CRC 7,230

Buses CRC 17,650 CRC 8,825

Light loads CRC 13,405 CRC 6,700

Heavy Loads CRC 17,650 CRC 8,825

Special equipment CRC 17,650 CRC 8,825

The second column represents the fees for the second inspection in the case 
that a vehicle failed the first inspection and has to be reinspected.

For the CBA the average fee for the first inspection and the average fee for the 
second inspection are calculated. The weighted fee per vehicle for the first in-
spection is CRC 12,867, and for the second fee it is CRC 6,432 for the vehicles, 
which have to pass the second inspection, and CRC 3,055 related to the total 
vehicle-stock. Altogether the average fee for both first and second inspection 
per vehicle is CRC 15,922 or USD 26.82.

Market prices should be adjusted for pure transfer payments, for example, for 
taxes, duties, or subsidies that do not affect resource usage (Prest & Turvey, 
1965; Schulz, 1994). Furthermore, profits and income taxes are irrelevant (Prest 
& Turvey, 1965). This signifies, that within the CBA, the market prices have to 
be reduced by the taxes, which have to be paid and the profit, which is being 
made.

The sales tax rate in Costa Rica is 13 percent. The corporate tax is 30 percent 
(Tradingeconomics, 2018). Further, the market price has to be reduced by prof-
its. It is assumed that Riteve has a profit rate after taxes of 10 percent. 



80

We found that the average fee per vehicle for Riteve of USD 26.82. If taxes and 
profit are deducted, a social cost-rate of USD 14.95 is the result and is used in 
the further calculations.

7.6.1 Benefit-Cost Ratio

Table 7.8 shows the results for the benefit and cost estimation of introducing 
PTI in Costa Rica using the objective assessment method.

Table 7.8 Social benefits, social costs in billion USD and the benefit-cost ratio for intro-
ducing PTI in Costa Rica based on the objective assessment method

Year Benefits 
by avoided 
fatalities

Benefits 
by avoided 
injuries

Total ben-
efits

Total inspec-
tion costs

Benefit-cost 
ratio

2001 - - - - -

2002 - - - - -

2003 48.9 12.6 61.6 13.4 4.6

2004 49.8 12.9 62.7 14.2 4.4

2005 50.3 13.0 63.2 14.4 4.4

2006 43.4 11.2 54.6 10.9 5.0

2007 45.5 11.7 57.3 11.9 4.8

2008 50.1 12.9 63.0 13.3 4.7

2009 51.0 13.1 64.1 13.8 4.6

2010 54.1 13.9 68.0 14.9 4.6

2011 56.4 14.5 70.9 15.8 4.5

2012 59.3 15.3 74.6 17.0 4.4

2013 57.0 14.7 71.7 17.8 4.0

2014 61.5 15.9 77.4 18.8 4.1

2015 81.5 21.0 102.5 20.1 5.1

Table 7.9 gives an overview of the BCRs derived by using the cost-unit rates of 
the subjective method. However, both results show that Riteve contributes to 
the social welfare of Costa Rica.
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Table 7.9 Social benefits, social costs in billion USD and the benefit-cost ratio for intro-
ducing PTI in Costa Rica based on the subjective assessment method

Year Benefits 
by avoided 
fatalities

Benefits 
by avoided 
injuries

Total ben-
efits

Total inspec-
tion costs

Benefit-cost 
ratio

2001 - - - - -

2002 - - - - -

2003 75.7 69.4 145.1 13.4 10.9

2004 77.1 70.7 147.8 14.2 10.4

2005 77.8 71.3 149.1 14.4 10.4

2006 67.1 61.5 128.7 10.9 11.8

2007 70.5 64.6 135.1 11.9 11.3

2008 77.6 71.0 148.6 13.3 11.1

2009 78.9 72.3 151.1 13.8 10.9

2010 83.7 76.7 160.3 14.9 10.8

2011 87.3 80.0 167.2 15.8 10.6

2012 91.8 84.1 175.9 17.0 10.4

2013 88.3 80.9 169.1 17.8 9.5

2014 95.2 87.2 182.4 18.8 9.7

2015 126.1 115.5 241.7 20.1 12.0

7.7 Limitations

The BCR derived from the objective assessment methods are deemed to be 
more reliable than the BCR derived from the subjective assessment. The objec-
tive assessment used health costs and GDP values of Costa Rica. We were able 
to check the plausibility of those values by using an empirical formula. Contrary 
to that, the cost-unit rates used from the subjective methods could only be de-
rived by using a formula without empirical evidence from Costa Rican data. The 
cost-unit rates based on the willingness-to-pay indicate that the benefits might 
be higher than the estimated benefits by the objective assessment. The policy 
recommendation is to derive Costa Rica-specific WTP values. The WTP values 
for Costa Rica should be based on questionnaires in which people, directly or 
indirectly, are asked how much they are willing to pay for more safety (=stated 
preferences), or be based on actual behavior (for example buying cars with 
more safety components, buying newer cars) (=revealed preferences).
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The reduction of accidents due to Riteve with damage only is not calculated 
because of missing data. Therefore, the actual benefits of Riteve might be high-
er than the calculated benefits. 

A standardized national accounting for the economic costs of road accidents 
does not exist in Costa Rica. Therefore, it was necessary to derive national cost 
unit rates based only on GDP data and health costs. It is recommended to es-
tablish an economic assessment framework, which can be used to assess all 
kind of transport measures. This would ease the comparison of different mea-
sures to allocate the public budget according to the most effective measures. 

The implementation of the calculation procedure for the economic costs of 
road accidents could decide whether the objective or subjective assessment 
method is appropriate for the resource allocation of the Costa Rican economy. 

Other costs related to accidents, for example, administrative costs or conges-
tion costs are not considered because of missing detailed information.

7.8 Conclusion

The implementation of Riteve has a significant and measurable effect on the re-
duction of road accidents in Costa Rica. Using two alternative economic assess-
ment methods, the objective and the subjective assessment, it is demonstrated 
that the benefits of Riteve are higher than the costs of Riteve with a benefit-cost 
ration of around 4 to 5. This benefit seems reasonable given that there is miss-
ing data or no available information. This paper could serve as an estimation 
for further research on which policies brought Costa Rica a benefit for lowering 
their crash numbers. Especially the willingness-to-pay for the prevention of road 
accidents in Costa Rica should be further evaluated with stated or revealed 
preference surveys in order to prove the preliminary cost estimates derived in 
this paper.
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8 Article III7 | EU Road Safety Goals: 
A Retrospective in Light of the Pandemic

8.1 Abstract

The European Union has established the goal of improving the safety of Euro-
pean roads. Over the past two decades, the EU set targets for number of fatal 
road accidents that it has since failed to reach. Before the Covid-19 pandemic, 
the fatal crash count stagnated but did not drop to the aspired level. With the 
lockdown measures put in place during the Covid-19 pandemic, the number of 
crashes observed dropped. This paper asks what lessons have been learnt so 
far from the lockdown-induced traffic reduction. Furthermore, it reviews prelim-
inary data available from Europe, demonstrating certain trends towards bicy-
cling and walking and away from public transport, whose level of ridership has 
not yet returned to pre-lockdown levels. The analysis shows that the goals set 
by the EU for halving the crashes in Europe over the most recent 10-year period 
will most likely be reached, even though last year’s numbers predicted failure 
for these goals. However, it also shows that the pandemic might have only tem-
porarily lowered traffic crashes; the evolution of the numbers has become diffi-
cult to predict, since the pandemic seems to strongly influence the modal split 
in transport as well as working and living patterns. The EU could thus potential-
ly leverage this situation to further improve living quality and safety on roads in 
Europe.

8.2 Introduction

The European Union exhibits a long history of setting goals to reduce traffic 
crashes. In 2001, the then Commission of the European Communities published 
the white paper “European transport policy for 2010: Time to decide”. One 
main focus of this paper was the users of transport systems, and, more specif-
ically, road safety, their main concern. The paper stated their goal to reduce 
road deaths in 2000-2010 by half (Commission Of The European Communities, 
2001). To achieve to this target, as around 40,000 people had been killed in 
road crashes in 2000 (Commission Of The European Communities, 2001), 2010 
should have seen a reduction to around 20,000 road deaths.

7 This article has been under review with the Journal Transportation Research Interdisciplinary Per-
spectives and is currently under revision for further publication.
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In 2011, the European Commission reevaluated and published a follow-up white 
paper: “Roadmap to a Single European Transport Area – Towards a competitive 
and resource efficient transport system”, which again set out the goal to halve 
road casualties by 2020 and reach close to zero fatalities in road transport by 
2050. According to the paper, the Commission aims to “make sure that the EU 
is a world leader in safety and security of transport in all modes of transport” 
(European Commission, 2011b, p. 10).

In 2009, around 34,500 people were killed on the roads of the EU (European 
Commission, 2011b), implying that by 2020, the number should fall to 17,250 
people. If the original reduction goal from the 2001 white paper is incorporat-
ed, the number should be reduced even further—to around 10,000 people be-
ing killed in road crashes on EU roads. 

At the Road Safety Conference in Malta in March 2017, the council agreed on 
the Valletta Declaration to impose further measures for traffic safety (Council 
of the European Union, 2017). Similar to the previous white papers, the Council 
agreed to set the goal to not only continue the efforts to halve the number of 

road deaths in the EU from the 2010 baseline by 2020, but to also continue 
halving the number of serious injuries from the 2020 baseline by 2030 (Coun-
cil of the European Union, 2017). At the same time, many countries in the EU 
warned that the 2020 reduction goal appeared quite out of reach and would be 
difficult to fulfil by 2020.

Then, during the first quarter of 2020, the Covid-19 pandemic overwhelmed the 
European Union and the world. Countries responded with lockdown measures 
to contain the spread of the virus. These actions produced large consequences 
for the public and private life of citizens all around the world, with many areas of 
life affected. Since people had to stay for the most part in or within close vicin-
ity of their homes and worked, wherever possible, from home, even their hours 
were not reduced or cut altogether, much of the usual commuting patterns 
could be expected to drop drastically, thus significantly reducing overall traffic. 

In fact, research from the United States suggests that total vehicle miles trav-
eled at the state and county level have declined by between 61% to 90% after 
the government required its citizens to stay home (Shilling, 2020). As a conse-
quence, greenhouse gas emissions have dropped by 13% from transportation 
(Shilling, 2020); in addition, Brodeur et al. (2020) find a reduction in particulate 
matter (PM2.5) of around 25% due to reduced mobility.
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Shilling (2020) indicates that the US is on track to meet the annual reduction 
goals in greenhouse gas emissions agreed upon in the Paris Climate Accord, 
stating that if the traffi c volume would remain as low as observed during the 
pandemic, California could meet its 2050 climate change targets already in 
2021.

This paper investigates how much the pandemic and the lockdown measures 
explain the drop in EU traffi c crashes, what this means for the EU crash reduc-
tion targets and what can be learned from the fi ndings. 

8.3 An alysis of traffi c crashes

This chapter fi rst examines developments in fatal crash trends. As the compo-
sition of the European Union has changed over time (enlarging in 2004 with 10 
new Member States and in 2007 with two additional Member States), two dif-
ferent fi gures, one with the EU’s original 15 Member States (EU15) and one with 
the EU’s membership of 28 Member States (EU28), are shown.

F igure 8.1 People killed in road accidents in the EU15 from 2001 until 2016
Source: Own fi gure with data from Eurostat (2019)

Figure 8.1 depicts the trend in casualties in road accidents from 2001-2016. 
From 2001 until 2010, the numbers fell by almost half, thus nearly achieving the 
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objective as discussed in the previous chapter. From 2010 until 2020, the EU set 
a second target set of again halving the number of people killed in road acci-
dents. However, the current trend shows a stagnation, even a small rise, since 
2013 in the EU15.

Figure 8.2 depicts a more recent situation, since the EU no longer comprises 
only 15 states, as in 2001, when the fi rst white paper debuted. However, the 
numbers of the EU28 show a similar progression to those of the EU15. 

The fi gure demonstrates that the initially targeted 50% reduction rate was 
achieved for the EU15 in 2012, two years later than planned, and for the EU28 
around 2013, three years later than originally targeted, considering the different 
baselines in 2001 for the different EU compositions, respectively. The baseline 
in 2001 for the EU28 groups the single countries, comprising it, together, even 
though they not yet offi cially formed the European Union.

F  igure 8.2 People killed in road accidents in the EU28 from 2001 until 2016
Source: Own fi gure with data from Eurostat (2019)

Since 2013, in both the EU15 and EU28 cases, the trend in number of people 
killed in road accidents has remained stagnant, but not driven by the original 
EU15 nor the states that since joined. This stagnation is making the reduction 
goal of another 50% between 2010 and 2020 seem impossible to reach without 
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drastic action, to say nothing of the third goal of a further 50% reduction by 
2030.

In 2019, the EU27 (EU28 without the United Kingdom) reported 22,659 traffi c fa-
talities (Carson et al., 2020). This number exceeds the EU’s 10-year goal set for 
2020 by around 5,000 fatalities, not changing much from the numbers reported 
in Figure 8.2 for 2013 until 2016.

During the fi rst half of 2020, the Covid-19 pandemic has overwhelmed the 
world, prompting measures to contain the spread of the virus that have includ-
ed nationwide lockdowns and, along with that, major shifts in how and where 
individuals work. This shift has reconfi gured the patterns of mobility since many 
people have not been allowed or do not need to commute anymore like they 
used to, as data from the Swiss Federal Statistical Offi ce shows.

Fi gure 8.3 Purpose of mobility per day in the fi rst half of 2020
S  ource: Own fi gure with data from Bundesamt für Statistik (2020)

The data in Figure 8.3 illustrates the average kilometers per day traveled for the 
specifi c purpose stated. Overall, not only has the total amount of kilometers 
traveled experienced a sharp drop, but so have the kilometers traveled to reach 
work and school. The sharp drop coincides with the declaration of an extraor-
dinary situation and placing of stringent measures in Switzerland on March 16, 
2020 (Federal Offi ce of Public Health, 2020a). 
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Interestingly, a week after, kilometers traveled for leisure purposes started to 
rise again; it has increased much faster since the beginning of May, with the 
numbers by the end of June refl ecting the levels of January and February, 
before the measures were put in place. Conversely, work- and school-related 
travel remains below previous levels and has experienced only a moderate rise 
since its trough at the end of March and the beginning of April. This difference 
may arise out of school closures for holidays and the beginning of the general 
summer holiday season in Switzerland, as well as the fact that the shift of work 
back to the offi ce has not yet happened. The continuation of data collection 
throughout the year should yield further insights into the development of 
work-related travel patterns, including whether the pandemic will display a lon-
ger effect on where we work.

Not only has the purpose of travel changed considerably, so have the number 
of vehicles on the road. Traffi c data from the San Gottardo tunnel in Switzer-
land, an important connection between southern and middle Europe, shows 
that the number of vehicles passing through it has dropped considerably.

Fig ure 8.4 Vehicles per day in both directions at San Gottardo tunnel
Source: Own fi gure with data from Bundesamt für Strassen (2020)

The time axis on the bottom shows 2020 data; the data for 2019 has been in-
cluded for comparison but with dates shifted forward by two days to eliminate 
weekend-weekday patterns. Therefore, March 1, 2020 is compared to March 3, 
2019, as both were Sundays. Figure 8.4 indicates a considerable drop of up to 
90% fewer vehicles compared to the year before. The difference is particularly 
noticeable in passenger cars and coaches, while the number of trucks passing 
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through is more similar to the year before. Since shops were opened during the 
lockdown and the supply with food and goods had to be ensured, this pattern 
is not unexpected. However, during the special measures phase in Switzerland 
and the lockdown phase in Italy, particularly in April 2020, considerable differ-
ences are observed. Conversely, at the beginning of March and in the second 
half of June, the patterns remain similar to those from the year before. For pas-
senger cars and coaches, the pandemic seems to have already impacted their 
behavior at the beginning of March, judging by the considerably lower traffic 
counts, while the numbers have nearly recovered to the year before since the 
middle of June 2020.

The numbers above clearly demonstrate a considerable reduction in road traf-
fic. But does less traffic also imply fewer traffic crashes?

Shilling and Waetjen (2020) find that traffic volumes decreased by up to 55% 
on some highways. They estimate that fatal and injury collisions have been re-
duced by half on state highways and rural roads since California ordered peo-
ple to stay home. Furthermore, they estimate that around USD 40m were saved 
per day due to this reduction (Shilling & Waetjen, 2020). Brodeur et al. (2020) 
find similar numbers, with reductions of 50% in crashes and a range of benefits 
from avoided crashes that are worth between USD 7bn to USD 24bn.

Preliminary crash data from Germany seems to confirm these numbers, yet they 
remain below those found in Shilling and Waetjen (2020). From January until 
April 2020, road traffic crashes decreased by 35% compared to the same pe-
riod the year before. The number of those injured in road crashes dropped by 
18.4% while the number of road fatalities declined by 11% (Statistisches Bunde-
samt, 2020).

In Italy, preliminary crash data shows a drop of around 60% in road traffic ac-
cidents, 74% less injured and 54% less fatalities in March 2020 as compared to 
March 2019 (ASAPS, 2020c). For April 2020, 80% fewer accidents, 91% fewer 
injuries and 87% fewer fatalities were registered than in April 2019 (ASAPS, 
2020a). In May 2020, 56% fewer accidents, 71% fewer injuries and 71% fewer 
fatalities occurred than in May the year before (ASAPS, 2020b).

France demonstrated 56% fewer fatalities, 74% fewer individuals heavily in-
jured and 76.5% fewer slightly injured in April 2020 than in April 2019 (Sécurité 
Routière, 2020a). In May 2020 when the first phase of the reopening began on 
the 11th, the reduction in these numbers remained high compared to the year 
before, but not as significant as it had been in April when France underwent 
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strict lockdown requirements. 15.6% fewer fatalities, 34% fewer individuals were 
heavily injured and 37% fewer people were slightly injured in May 2020 than a 
year prior (Sécurité Routière, 2020b).

If accidents continue to remain so low throughout the European Union, the 
2020 goal once thought to be so difficult to achieve may prove possible. Since 
it is not yet clear how the pandemic as well as the economy will evolve, different 
scenarios are possible.

Scenario 1

People remaining at home more than they used to due to working from home 
would reduce traffic on the roads and could lead to fewer accidents. If further 
lockdowns occur, traffic will fall again and, as such, could be expected to lead 
to a reduction in traffic accidents.

Considerations for Scenario 1

The Swiss Mobis Covid19 Mobility report collects data on travel behavior in 
Switzerland. Figure 8.6 and Figure 8.5 below show the development in travel 
trends throughout March, April, May and June 2020 for different modes of 
transport. The first data point represents the baseline and is equal to the aver-
age of data from September and October 2019. 

The figures clearly illustrate that bicycling in particular has become a much 
more important method of transport, much more used than before and 
above what normal seasonality would suggest. Similar developments could 
be expected in other countries too. In Germany, for example, May 2020 
was one of the strongest months ever recorded for bike sales with some re-
tailers tripling their sales figures compared to the year before (BR24, 2020; 
Wrede, 2020). This might provide a hint on the future development of trans-
port methods, with more individual traffic occurring, especially on the bike 
but also by using the car. Figure 8.5 and Figure 8.6 show the development 
with publicly available data from a Swiss study conducted during the pan-
demic. Figure 8.5 represents the pattern for trains and cars, indicating that 
the number of kilometers traveled by car have almost arrived at the base-
line 2019 level again. Train ridership has also experienced a drop and has 
begun to again rise, though experiencing a much slower rise than the car. 
The same figures for tram and bus ridership are also visible in Figure 8.6. 
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Figu re 8.5 Average travel distance per day by modes of transport for car and train

Source: Own fi gure with data from IVT ETH Zürich and WWZ Universität Basel (2020)

Figur e 8.6 Average travel distance per day by modes of transport without car and train
Source: Own fi gure with data from IVT ETH Zürich and WWZ Universität Basel (2020)

Scenario 2

The economy has recovered greatly and people are called back to work in the 
offi ce instead of at home. The usage of vehicles could increase since people do 
not want to take public transport as they might fear contagion resulting from 
enclosed spaces with strangers in close proximity (O’Sullivan, 2020). This could 
result in increased road congestion and more crashes.
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Considerations for Scenario 2

Convincing people to use public transport again as before will prove to be 
one of the challenges ahead. As data suggests, public transportation ridership 
has only slightly risen since the lockdown and remains far below its numbers 
in 2019. In Germany, for example, vehicle usage during lockdown has slightly 
expanded and walking and bicycling have increased considerably, whereas ki-
lometers covered via public transport have fallen considerably (Follmer, 2020). 
Compulsory usage of face masks in public transport might prove an effective 
measure to reattract more users and reduce some of the fear (for the efficacy of 
wearing a mask, compare e.g. Leung et al. (2020)). In Switzerland, the obligation 
to wear a face mask was introduced on July 6, 2020 (Federal Office of Public 
Health, 2020b) and thus the ridership data that could estimate its effect was 
not available by the time of writing, yet the country’s switch from no facemask 
to facemask in public transport could provide a good case study on how this 
affects ridership in public transport and the overall feeling of safety. Therefore, 
future studies should measure the effect of making masks mandatory. If wear-
ing masks motivates people to again use public transport, foregoing the usage 
of their vehicles and thus relieving road congestion, it might also reduce traffic 
crashes.

8.4 Discussion

It is too early to reliably quantify the effect of the pandemic and the associat-
ed lockdown on traffic crashes. For the whole of the European Union, official 
data has not yet become available, but preliminary crash numbers from some 
countries suggest that the lockdown strongly impacted the number of crash-
es with a reduction of between 35% to up to 80% in crashes compared to the 
previous year, as previously shown. On average, April 2020 saw a reduction of 
36% in traffic fatalities compared to April 2019 (European Road Safety Obser-
vatory, 2020b). Studies have found correlational relationship between traffic 
density and crash occurrence (Martin, 2002; Retallack & Ostendorf, 2020). The 
lockdowns resulting from the pandemic could serve as further evidence for 
this correlation, since road traffic was heavily reduced. For the moment, data 
suggests that the self-imposed EU goals for a reduction in traffic crashes might 
indeed be achieved this year. Data shows that the crash and casualty numbers 
since the end of lockdowns have remained below the numbers of the previous 
year, but the reduction in crashes is not as high as it was during the lockdown 
in March and April. Since the evolution of the coronavirus situation for the rest 
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of 2020 remains unclear, with many people still working from home or several 
businesses not being as profitable as in previous years and thus needing to lay 
off people or shutting down, the lower crash count might actually be sustained.

Of course, the pandemic does not represent by any means a viable and sus-
tainable way to reduce traffic accidents in general or to reach crash reduction 
goals. However, it adds to the evidence that less vehicle road traffic leads to 
fewer road casualties and thus results in a strong effect on the traffic crash 
numbers. Yet the data also shows that even with such low numbers in road 
traffic and the high numbers of people required to stay at home, reaching the 
desired crash numbers is difficult. If the average of 36% reduction in fatalities 
compared to the year before could be sustained throughout the year, the goal 
could possibly be achieved. However, a reduction caused by a pandemic does 
not represent a feasible option. The pandemic has shown that individual trans-
port still represents a pillar of modern life. Especially in light of the seeming 
continued hesitation to return to public transport (O’Sullivan, 2020), a shift to 
higher levels of public transport ridership—which could reduce individual road 
traffic—does not seem possible for now (Tirachini & Cats, 2020).

The data also indicates a shift to greater usage of bicycles and walking, more 
than seasonal fluctuations would otherwise suggest. This trend appears likely 
to continue, since there are no signs of a reduction in bicycling since lockdowns 
have ended. It will be interesting to see whether this pattern persists through 
fall and winter. Research on the spread of the virus should thus continue; if it 
proves that public transport is safe upon the application of certain hygiene 
measures, as suggested in Tirachini and Cats (2020), then public transport on 
roads might again relieve traffic in bigger cities as well. Furthermore, to prevent 
the exclusion of anybody from personal mobility, as might occur if one does not 
own a car, for example, public transportation providers should ensure that suffi-
cient transportation exists with enough space to allow social distancing rules to 
be followed, as De Vos (2020) points out.

Currently, the data does not indicate that public transport ridership will return 
to pre Covid-19 levels. If this pattern continues and people are required to re-
turn to work at their workplace instead of the home office, a rise in individual 
(car) traffic might be observed if people continue to avoid public transport.

Of course, this analysis faces several limitations. Since this paper was written at 
the beginning of July 2020, the data is preliminary in most cases. Many of the 
effects and implications of this pandemic have only just begun to be under-
stood. Since the data is in many cases not collected or widely available, only 
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some countries can be used to illustrate the consequences of the pandemic on 
traffic and transport. Even so, patterns can already be appraised. In the coming 
months and years, data on public transport, mask wearing, traffic in general 
and causes of crashes should be gathered to further understand the correlation 
between these different factors. The question will be whether usage patterns 
for mobility will shift and if so, how society and governments adapt to this and 
what the implications are.

The emptier roads in the spring 2020 seem to have induced another problem 
up as they apparently prompted people to drive faster, as shown in reports 
from different countries (European Road Safety Observatory, 2020b). As speed-
ing represents the number one cause of accidents (European Union, 2004; Tef-
ft, 2013; World Health Organization, 2004), this effect would also increase the 
risk of an accident that caused injury or death. A potential lesson learned here 
is that if lower levels of traffic are sustained, the reduction of the space available 
for motor vehicles and its redistribution for cycling and walking, as those activ-
ities have also greatly increased, could overcome the problem of speeding by 
avoiding the sensation of large empty roads. Berlin, Vienna, Brussels and many 
other European cities were quick to react to the reduction of vehicle traffic and 
quickly redistributed public space for bicycles and pedestrians (Cokelaere et al., 
2020; Corall & Welzel, 2020; Stadt Wien, 2020).

The trend towards higher levels of cycling and walking might continue, as peo-
ple may reduce the geographical scope of their activities while working from 
home and thus not require the car as much as before. For cycling, especially 
e-bikes, demand has greatly increased, so at least in the warmer months, those 
walking and cycling might gain momentum. Cyclists, however, are more vul-
nerable to injury than car drivers, and therefore we might see a surge in bicy-
cling-related accidents. The Czech Republic, for example, experienced a rise in 
bike-related accidents during the lockdown (European Road Safety Observato-
ry, 2020b).

This year appears to have advanced closer to the targets set for fatal traffic 
crashes, but what does that tell us about the safety on European roads for the 
coming years? This question is difficult to predict at this point in time, since 
crash numbers can be expected to again increase once the economy and social 
life have returned to their pre-pandemic states. A rise in crash numbers above 
the pre-pandemic numbers might even occur, if the usage of public transport 
remains lower and individual transport increases. Comparing traffic accidents in 
2021 to 2020 will thus prove to be an interesting case study.
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This research paper posed the question of whether the EU can reach the traffic 
accident reduction goal it set 10 years ago that last year looked like a distant 
goal not possible to reach. The author believes the EU should recognize that 
one-off events or changes in the composition can have a strong influence on 
their goal setting and should not introduce relative goals but sustained fixed 
goals over longer periods. For example, setting the goal of a sustained max-
imum of 7,000 fatalities per year in all three years 2029, 2030, 2031 instead 
of 50% of the number of 2020 by 2030. Right now, in 10-year periods, many 
changes, such as the change in the composition of the EU, or exceptional sit-
uations, like the Covid-19 pandemic, may greatly influence the numbers. Of 
course, the inability to achieve the desired threshold does not trigger a shut-
down or obligatory measures, unlike the American government shutdown af-
ter a failure to reach an agreement on the budget, for example (Kosar, 2004). 
However, achieving a goal in a certain year might prove misleading for these 
reasons.

As this paper has laid out, the data from different countries in Europe suggests 
that we will come close to achieving the goal. However, this success is due to a 
one-off event that nobody wishes to reoccur. Yet, this one-off event can be ex-
pected to reach into the future and influence transport for years to come. The 
lesson learned by governments here might be that if we want to quickly reduce 
road accidents, we must considerably reduce road traffic. 

However, this might prove to be a difficult challenge, at least in the short run. 
The EU could focus on reducing the necessity of (individual) travel. Ideas range 
from safe public transport that people do not fear to take to a different modal 
split where possible. Measures outside the domain of transport could also be 
taken. Potential possibilities could include a reduced need to travel far to work, 
for example, through better integrating housing and working areas in cities to-
gether, improving the accessibility and ease of working from home or allowing 
for a more flexible working schedule, to name some ideas of just the past years. 
EU policies could help to foster this change.
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