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| NTRODUCTION

For all of us, traffic is an everyday part of oife | Traffic has significant positive effects, but
also causes a lot of negative externalities. Theteaffic and health damage, environmental
damage (noise, emission) and many other extersliti

The financial evaluation of negative externalittesised by traffic is an important part of the
state economy. The externalities concern the Idskuman life, financial and material
damage, social losses funds which would be otherprisduced by this person.

We live in the modern times when a lot of values expressed by money. People produce
goods and services through their own hard work,ciwhmakes up the total value of the
society.

The calculation of losses caused by traffic makeong of the factors of road safety models
for calculation of the effectiveness of road safeiyasures. The implementation of good and
effective road safety measures would be importanteffectively invest funds for the
elimination of negative externalities caused bifitand for the fulfilment of the goals of the
National Strategy of Road Safety. The National t8gwg of Road Safety is a document of the
Ministry of Transport determining goals and basrn@ples leading to the reduction of
accidents consequences on roads in the Czech Replibe main goal is to reduce the
number of fatalities by 60% and number of seriasries by 40% between 2009 and 2020
For this reason, it is very important to pay attamto the economic calculation of negative
externalities caused by traffic and prevent latefficient use of funds.

In the first chapter, | summarize the current ditim in the Czech Republic and other
countries. | mention the existing methods and agghres for the evaluations of negative
externalities. In addition, | describe drawbackshaf used methodology for the calculation of
losses from road traffic accidents in the CzechuRég.

The second part of the article describes our ownmethodology created at the end of 2012.
This new methodology does not include the idertifizawbacks. | calculated losses from
road traffic accidents in the Czech Republic fod2Qaccording to the new and updated
methodology). These outputs are showed in tablatsd show the history of costs and the
impact of negatives externalities.

The last part of the article describes the recontagons for further evaluation of negative
externalities, and the final conclusions.



1 CURRENT STATE

Centrum dopravniho vyzkumu is the only organisapenforming the calculation of losses

from road traffic accidents in the Czech Republibis calculation is made according to an
incomplete methodology. This methodology works wditect and indirect costs, but does not
include all costs items which should be includedthe calculation. The “unregistered

accidents”, costs of fire rescue service are nduded. The calculation of all costs items (e.g.
costs of healthcare) was very difficult (it was wspible to have all the data for the

calculation). Moreover, there was no complete mawhagy for the evaluation of insurance

costs. In the Czech Republic, there were changebkeinegislation (e.g. payment of social

costs). This methodology did not include very intpot subjective damage calculated to the
evaluations of negative externalities in other ¢oas.

It is possible to use the methodologyolkswirtschaftliche Kosten der Personenschaden
im Strassenverkehr” for the evaluation of negative externalities causgdraffic in German.
This methodology is made by an organisation BAST isnalso based on the method of the
“human capital” (direct and indirect costs). Thdca&tion includes other costs — human
costs. Human costs include pain, psychology damagebjective damage). Regarding the
calculation, these costs recommended using theaueth WTP (willingness to pay). The
strength of the method is the inclusion of subyectamage in the calculation.

This issue is described in detail at the outcomieshe project HEATCO (Developing
Harmonised European Approaches for Transport Gpséind Project Assessment). The
outcome of this project included different appraegfor evaluations of negative externalities
caused by traffic for selected countries, e.g.rfmad accidents (also using the method of
“human capital”), for “unregistered accidents”, gommental damage, congestions, etc. It is
recommended using of the coefficient “k” for “unigigred accidents” and average material
damage. The strength of this outcome is the contglekthe issues (including the evaluation
of more types of externalities caused by traffic).

| created new and up-to-date methodology from tifermation of the current situation
described above. This new methodology is desciib&hapter 2.



2 NEwW METHODOLOGY FOR EVALUATION OF

NEGATIVE EXTERNALITIES CAUSED BY TRAFFIC
IN THE CZECH REPUBLIC

The evaluation of negative externalities is possil different approaches. These approaches
vary by target and the reason for the evaluatioi€Hapter one are described selected existing
and using approaches for evaluation of negativereatities.

The national target of the Czech Republic is toimire injuries and reduce road accident
mortality rate. The national target is coordinatad administrated by the Ministry of
Transport (key department for road safety). Fog teason, the calculation and evaluation of
costs caused by traffic uses the new Methodolog@ai€ulation of Losses Caused by Road
Traffic Accidents in the Czech Republic. The ougpat this methodology are used to input
data for construction-technical analyses for tleessment of planned and realised road safety
measures. This new methodology includes added amtified costs items (according to the
experience described in Chapter 1).

This methodology is based on the method of “hunaoital”. The method of human capital is
suitable for objective evaluations of individuahtzge and losses. The quantification of costs
and losses is made by a direct detection of heedite, administration (police, courts,
insurance), social costs and material damage. @oingethe evaluation of production losses,
GDP per capita is used.

The statistical data are completed with expertreses in the areas of health care, insurance,
social care, traffic police, etc. The types of data very different, e.g. macro and micro
economic, demographic, operational data. Theseditita further in quality, reliability and
accessibility.

This calculation does not include other negativeemalities caused by traffic — subjective
damage and environmental pollution. For examplbjestive damage include: pain, shock,
loss of welfare, disruption of family and other alculable damage. Evaluations are possible
through the contingency method — WTP (Chapter 3).

Fundamental to this is the identification, quanéfion and subsequent evaluation of costs
needed for calculation. These costs (both diread awirect) are financial amounts
determined to cover or eliminate consequencesfiidraccidents.

Costs caused by traffic are divided between dmedtindirect costs (Figure 1).
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Figure 1 Scheme of costs and |osses

For greater detail and also in-depth details, Hieutation of losses is defined by: costs and
losses divided by their impact:

- Accidents with fatal injuries —This research follows the international defimitiaf
“accidents with fatal injuries” which covers a petiof 30 days following an accident. (In the
Czech Republic an approach is currently used whitir covers the first 24 hours following
an accident.)

- Accidents with serious injuries

The difference between serious and slight injursebased (along expression of the Police
presidium of the Czech Republic) on the assesswieah operating doctor on the place of
accident or later in the hospital. The operatiootdioprobably makes decision on the basis of
MAIS scale (>3).

- Accidents with slight injuries
- Material damage only accidents fxiobody is injured and only the damage of car(sursc

Total costs are a product of unit costs and thebauraf units. Costs items are described in
the following text.



A. DIRECT COSTS

Direct costs are costs that are directly relatedradffic accidents and are possible to be
defined and calculated in a short time. Once amdant has been analyzed, it is possible to
calculate these costs. Direct costs include headtie, costs of fire rescue service, police,
material damage, court, insurance and administrakicost.

Costs of health care

Costs of health care are calculated in the casenvaheaccident with injuries occurs. These

costs include:

- arrival of emergency medical services to the plateccident (including transport to
hospital)

- hospital care — hospitalization and rehabilitation

- autopsy (in the case of death)

Total costs of health care are a sum of these.cbsése costs include:

- personal costs,

- fuel and other costs associated with medical gaezl{cal helicopter),
- medical material (medicine),

- overheads,

- other costs.

Costs of fire rescue service

Costs of fire rescue service in the Czech Repuldend on a lot of factors. The intervention
of the fire rescue service includes two parts: uesservice (medical care, treatment of
injuries) and clean up works (clearing of the aenidsite, handling of cars, etc.)

The rescue service is funded by the budget of itteeréscue service, clearing works are
funded by an insurance company. This differene®tgselevant for the calculation.

Average costs for one accident are calculated fiteencosts of the fire rescue service in the
Czech Republic where the average costs for oné@tcare based on the total budget of the
fire rescue service divided by the number of akimentions in the year.
According to the severity of accidents, the % slwdreelp (help on the place of accidents) of
the fire rescue service is calculated. The follapniga list of the costs breakdown of accidents
for only the fire rescue service and the total nandf accidents:

* Accidents with fatal injuries — 55 %

» Accidents with severe injuries — 90 %

* Accidents with slight injuries — 40 %

» Material damage only accidents — 8 %



Costs for each category are multiple average ¢ostane service and % share for accident of
this category.

Police costs

Police costs include all costs associated withadant. These costs are calculated from the
time spent per accident from each category (fatplries, severe and slight injuries and
material damage only accidents).

The examination at the location of an accidenbisedby two people and in the case of a very
serious accident by three people, (e.g. witnesses)person for other work. Police costs
include average costs for a car (CZK/km) and awedigtance to the traffic accident.

Material damage and costs of insurance

The calculation of material damage is not possiblealculate only from the traffic police
data (not all accidents are reported to the peliae the Czech Republic it is an obligation to
report an accident with a financial amount highemnt CZK 100 000).

It is very important to correct these data with thsurance figures on the total paid sum
within a year. For the calculation of average matetamage, the coefficient “k” is used to
add the paid sum of material damage, which is ntugher than material damage estimated
by the police at the location of an accident:

L K+c1-c2-c3)
- 4

1,25x (730 216 486 — 155758 607 — 27 520 462)
179 105 263

k=

k=23,82
The used data concern the year of 2011 (in EUR).

k1l — a coefficient expressing % increase of materaahage and administration costs of
insurance and material damage uncovered by inseiréihis coefficient is 1.25 for the year
2011)

Cl—paid insurance per year

C2- costs of healthcare which are paid from liabilityurance

C3—costs of fire rescue service which are paid byraroercial insurance company
C4—Police estimate of the total damage



The total amount of material damage attributableato average of individual types of
accidents according to their severity is then etuéthe multiple of the conversion coefficient
"k" and the average amount of material damage #oaacident according to police estimates.

Table 1 Total material damage per 1 injury (1 aeetylin EUR

Material damage|  Total Material damage| Total material
according to number of | according to polic damage per 1
police accidents for 1 accident |injury (1 accident)
Fatal injuries 5624 740 650 8 653 33109
Serious injuries 9523278 2 666 3572 13 635
Slight injuries 49 058 974 17 170 2 857 10 907
Material damage
only accidents 114898301 | 54651 2 102 8 025

Courts and administrative bodies

Courts handle severe accidents which are classaeoffences (accidents with fatal injuries,
accidents with severe injuries), administrative ibsdare responsible for handling minor
accidents. Administration costs include personatgdestimony, expertise costs).

B. INDIRECT COSTS

Indirect costs are not related to traffic accidetitectly but they are revealed in the long term.
These costs include production losses and socsts.cwhich are describes in the following
text.

Production losses

Production losses are calculated for accidents ¥aitél injuries and accidents with severe
injuries. Production losses are the highest itenthin calculation of negative externalities
caused by traffic. For this reason, it is very imgot to pay attention to the calculation of
these costs.

We need to know the following items for the caltialia:

- GDP (gross domestic product) for economicallyvacpopulation

- average number of productive years of an avepagson,

- number of fatal injuries, severe injuries.

Different people have different productivity. Avgevalues (age, sex, health and income) are
used for the data accessibility and simplificatadrthe calculation. This value is determined
as a share of total GDP and the number of inhaisitarproductive age.

Social costs
Social costs include:



- health insurance,
- widow’s pension and widower’s pension,
- orphan’s pension,
- disability pension.
Social costs are calculated for each categoryl(fsaous, slight injury)

3 History of costs and specific amount of costs

Losses caused by traffic are calculated every ysiace 2001). The calculation is made
according to the Methodology of Calculation of Les€Caused by Road Traffic Accidents in
the Czech Republic. This methodology was incompdete it was not possible to collect all

data for calculation every year. For this reasnrcartain years the calculation is subjected to
inflation.

Total costs caused by traffic are multiple unittso@able 1) and number or fatal injuries,
serious and slight injuries and material damagg aatidents. Unit costs are defined as costs
per one unit of the severity level (for example ¢atally injury).

Table 2 Unit costs in EUR

Severity level 2003 | 2004 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
Fatal injury 348 839 358 011| 358 011| 364 822| 373914 384408 4085p1 412 b1 231| 718 742
Serious injury 110 836 120 201| 120 201| 122 485| 125543 129068 1371p0 138 §2918 684| 185 108
Slight injury 12964| 13508 13505 13747 141b5 512 | 15402 15557 25198 19 69
'c\)"nal;e;?éigzmgge 3599 | 3715| 3715 3793 3870 3947 4 1130 4718 809 87772

Source:my own calculation
Exchange rate is 25.84 EUR/CZK (Czech National Ba8kMay 2013).

The value of material damage is influenced by then ©f the reported damage. As of 1
January 2009 a new obligation to report accidentis & financial amount higher than CZK
100 000 (it was CZK 50 000 after 2009) was impogedhange between 2010 and 2011
concerning the reduction of days of treatment fighs injuries was recorded. The number of
accidents with fatal injuries decreased. This deszrds caused by improved health care and
modern, high quality, and safer vehicles. In additithe implementations of road safety
measures and campaigns are very important.



The calculated data for direct and indirect codes¢ribed in Chapter 2) according to the new
methodology for 2011 are shown in Table 2.

Table 3: Loss per one accident according to the dfrosts in 2011 (in EUR)

Accident with Material
fatal serious slight damage only
Costs injury injury injury accident
= Costs of health care 7 090 52 485 1740 0
a Costs of fire rescue service 1689 2764 1228 246
e Police costs 1873 523 340 340
g Material damage including
; insurance costs 33109 13 635 10 907 8 025
= Courts and administrative bodies 371 371 161 161
© | Total direct costs 44132 | 69778 14 377 8 772
*8' @) 52 Production losses 667 435 98 257 4974 0
= § > Social costs 7 175 17 073 339 0
£ 7 >~ |Total indirect costs 674610 | 115330 5313 0
TOTAL loss for one accident 718 742 185 108 19 690 8772

Source:my own calculation

Exchange rate is 25.84 EUR/CZK (Czech National BaBkMay 2013).

4 IMPACT OF NEGATIVE EXTERNALITIES

Losses caused by traffic are one of the negativerealities and they have an impact on the
country, society and other entities. These entéres

- state budget,

- commercial companies,

- health insurance companies,

- persons responsible for traffic accidents,

- victims of traffic accidents.
The experts from Centrum dopravniho vyzkumu estntla¢ share of each of the costs items
for the above mentioned entities. Regarding thal losses caused by traffic the share of the
entities is as follows: approx 41% for the sta@j4for commercial insurance companies, 5.6
% for health insurance companies, 2.6% for persesygonsible for traffic accidents and 1.8%
for victims of traffic accidents.

State budget
The state pays approx 41% of the costs causedtfiic taccidents. These costs are paid from
the state budget of these organisations:



- Ministry of Finance (Production losses),

- Ministry of the Interior (Costs of fire rescuengee, administration police costs)
- Ministry of Justice (Courts and administrativedi®s)

- Ministry of Labour and Social Affairs

This is amount of the loss which is charged tostia¢e account.

Commercial insurance companies

Commercial insurance companies pay all costs biliig insurance as well as approx 50% of
the costs of fire rescue service and a share atuption losses.

This distribution of costs is allocated on the baxilegislative measures being in force in the
Czech Republic.

Health insurance companies

Insurance companies pay costs of health care wdriemot covered by liability insurance. It
is in the case that we do not know the person resple for the traffic accident or it would
not be possible to pay the costs from the insurahtiee person liable for the accident.

5 Recommendation for addition of the evaluation of
negative externalities

The methodology described in Chapter 2 does ndudec subjective damage. Centrum
dopravniho vyzkumu is currently conducting reseastha method of evaluation of other

negative externalities caused by traffic (subjectilamage). It will create a new method for
the evaluation of subjective damage. This new aagravill be added to the above mentioned
method (Dankova et al., 2013).

One of the methodologies for the evaluation of scioye damage is called the contingency
method which is used for evaluating environmengahdge and the value of life. We ask the
guestion: “Is it possible to put a value on hunite?l The value of life is hardly evaluable in
ethical sense; nevertheless, it is evaluable irrttmmomic sense (life insurance).

For the evaluation of value of life it is possilbbeuse the WTP method (willingness to pay).
The WTP method is used in the EU including the GZeepublic (although the share of using
this method is not wide). This method uses a suwiegre people evaluate their own benefits
directly, but only in a hypothetical situation.

| am currently preparing a survey for evaluatingjeative damage.

It is very important to create a hypothetical markietermine a group of respondents and
compile questions for the questionnaire. Resposdsinduld be chosen according to traffic



problems covered. For example: respondents shcaleé kA driver's licence or experience
with driving a car.

When creating a questionnaire, the creating of tijues is very important. These questions
should be easy, understandable, and short, and/eslgio answers are acceptable.

The questionnaire should be tested on a small giicstp then modified and last used on all
respondents. The most effective is a personalviewr especially when there is time to
explain questions about the topic. Another opt®inisend the questionnaire by e-mail or by
post.

Based on the questionnaire, the respondents gareahswers about their willingness to pay.
Respondents are asked a question: how much moedkier willing to pay for decreasing of
negative externalities caused by traffic, e.g. easing accidents with fatal injuries.

It is very important to distinguish WTP and WTA (Migness to accept). WTA asks
respondents about the amount of compensation theywdling to accept for a negative
externality.

In theory, the outputs of WTP and WTA should be pamable. But a lot of studies show that
WTA is 5-6 times higher than WTP.

The WTP method also has drawbacks. WTP is a siNgectethod and expresses only one
side of the situation. It is only a one-sided vigam demand, the supply side is neglected.
WTP is a combination of a distribution of incom@é¢TP for inhabitants with lower income
should be lower than WTP for inhabitants with higimeome.

The willingness to pay is distinctly affected by tamount of income of interviewed person,
which is a weakness of this method.

5 Conclusion

| created a new Methodology of Calculation of Las€aused by Road Traffic Accidents in
the Czech Republic. This calculation of economissé&s caused by traffic is a basic
condition for the identification, quantification érevaluation of costs caused by traffic.
Traffic causes a lot of negative externalitiesyiigs and social damage. Just these economic
losses represent 1.4 % GDP in the Czech Repubtie. @ the top priorities of the Czech
Republic is to reduce this damage and decreaseuimder of accidents with fatal injuries
(by the implementation of road safety measures).

The state budget has limited funds and it is vemyartant to use these funds effectively. For
this reason, it is important to pay attention toremmic evaluations of negative externalities
caused by traffic. The implementation of effectnomd safety measures should help to
reduce the number and impact of traffic accidents.

It is very important to include a calculation obgective damage also. For the evaluation of
subjective damage it is possible to use the WTFhatetThe use of the methodology for
evaluations in the Czech Republic is incomplete doés not include subjective damage.
For this reason, Centrum dopravniho vyzkumu is gmiag a new method for evaluation of



subjective damage and other costs which are natdaed in the current calculations. Total
losses will be more accurate and will allow for twmparison with other EU states which
include these externalities in their calculations.
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