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ABSTRACT
Traffic accidents leave lifelong after-effects and if 

the victim is disabled, they produce a production loss 
due to the differential in income that will be lost. This 
average value is very divergent in European countries, 
although there is consensus on cost components and val-
uation methods. However, many countries have legally 
standardised financial compensation so that it is calcu-
lated objectively and equitably for all those affected. This 
paper sets out the procedure for standardising the lost 
production cost of incapacitated road accident victims. 
An actuarial methodology relating to known inputs (age 
and salary) is used to obtain economic compensation 
for lost productivity. General principles and hypotheses 
are provided, and cases that require particular valuation 
are located. The standard cost thus calculated allows a 
homogeneous, fair and equitable compensation for all 
those involved in similar circumstances.

KEY WORDS
road crash; injury; disability; value of life; actuarial  
valuation;

1. INTRODUCTION
Traffic accidents affect the health/lives and fi-

nances of victims and of those around them (family, 
business). They generate medical expenses, disabili-
ty, production loss and legal and administrative costs 
[1, 2]. Furthermore, if the head of a family dies due 
to a traffic accident, the family's risk of poverty in-
creases [3]. Road crashes also represent an econom-
ic burden on the national economy; thus, the work-
ing age population contributes to the country Gross  

Domestic Product (GDP). Having an accident that 
results in disability undermines an individual's pro-
ductive capacity and, therefore, they do not contrib-
ute to GDP.

Some international organisations [4-6] have 
warned of reducing the consequences of car acci-
dents, both for society and for accident victims. It 
is therefore, common to find national and interna-
tional studies from different viewpoints from gov-
ernments, insurance companies, citizens or from 
victims themselves. Most studies calculate the so-
cio-economic effect of road crashes on a country. 
This implies that the cost is estimated globally with-
out taking into account the specific group affected 
by the cost (insurers, government, individuals, etc.), 
and this information may be relevant for establish-
ing public policies to prevent and reduce accidents 
or to assess the effectiveness of the measures taken 
to prevent them.

The SafetyCube project [7] estimates the so-
cio-economic cost of road accidents for Europe to 
be 205,746 million euro in 2015 (Figure 1), where 
France, Germany and Italy already account for 50% 
of this cost. This figure brings together different 
components (medical, loss of work, moral dam-
age, material damage, administrative damage, etc.), 
some of which are easily valued whereas other costs 
are more subjective and often end up being decided 
in the courts of law.

A part of these costs is valued in insurance com-
panies’ accounts. Thus, in 2016, vehicle accidents 
generated more than €3,040 million in compensation 
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average, these values vary widely in Europe de-
pending on the result of the accident (death or seri-
ous injury) and the country (Figure 2).

In some countries compensation has been legally 
standardised, so an important part of traffic accident 
costs can be determined objectively and equally for 
all the affected. This scale guarantees fair and eq-
uitable compensation for the entire population in 
equal circumstances. Undoubtedly, due to its size, 
one of the most relevant future costs is that which 
appears when an accident generates a situation of 
permanent disability or great disability in a victim. 

to Spanish insurers. This figure represents part of 
the impact of traffic accidents on the population 
economy. 

In addition to deaths, there are serious injuries 
that generally require health care since they often 
leave lifelong sequelae because they cause some 
degree of disability and generate high economic 
costs, both medical and social. Future economic 
losses include the costs that a victim will have to 
bear (emerging damage) and the income that will be 
lost as a result of an accident (loss of earnings). On  
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Figure 1 – Cost of road crashes in millions of euro (2015) [7]
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Figure 2 – Comparison of cost per accident (deceased or seriously injured) in Europe (2015), in thousands € [8]
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Concretely,
 –  the restitution cost approach focuses on the valu-

ation under the hypothesis of non-occurrence of 
an accident, such as direct medical and vehicle 
repair costs. It corresponds to the direct cost of 
an accident [16] and it is the appropriate method 
for assessing medical costs [17], property dam-
age, and administrative costs.

 –  the Human Capital (HC) approach is applied 
mainly to value the loss of profit [7]. This ap-
proach depends on the current employment sit-
uation and the future earnings projection of the 
victim. Even if a person is unemployed, they 
contemplate the option of entering the labour 
market [18]. In fact, this loss of job opportuni-
ty can affect the economy in general by losing 
the consumption capacity [19]. It also includes 
a discount factor or money update that decreases 
the weight of payments by bringing forward the 
future costs [20].

 –  the Willingness-to-pay (WTP) approach is usu-
ally the model used to fix the moral damage 
produced by the road crash, although there are 
alternatives, such as the value resolved in the 
courts for the loss of life [19, 21] or the value of 
insurance premiums paid to cover the traffic ac-
cidents [18, 22-24]. This method is complemen-
tary to HC [25] and it is therefore, recommended 
to assess the loss of quality of life and the moral 
damage due to an accident [26]. 
Many of the concepts that make up the cost of 

accidents can be objectively valued using the res-
titution cost approach. However, others depend di-
rectly on people (human cost to be valued by WTP) 
or on people's own characteristics (production loss 
to be valued by HC).

However, production loss can be valued [27] 
with the HC method. The HC method is used for 
the production loss while the WTP method is used 
for the quality of life [28]; they are therefore, com-
plementary [25]. Thus, the HC method is chosen in 

For this reason, the aim of this paper is to estab-
lish the procedure for standardising the cost of lost 
production for victims who have been incapacitated 
by traffic accidents. This makes it possible to ho-
mogeneously determine the cost of production loss 
for all victims involved. The main conclusion is that 
a series of principles has been established for the 
standardisation of costs that covers the valuation of 
work loss for the majority of traffic accident vic-
tims. However, there are cases that are not the norm 
that should be taken into account and if the model 
is applied in Europe, the heterogeneity of the cost 
per disabling accident must be explained by differ-
ent factors involved in the economic compensation: 
salary levels, mortality, and legal framework.

This paper is organised as follows: Section two 
reviews the classification of different components 
of road crashes costs as well as the methods used 
for valuation, looking at the methodology used to 
standardise the cost of lost production. The third 
Section applies this standardisation to Spain. The 
fourth Section discusses the main results finishing 
with relevant conclusions and recommendations de-
rived from the work and ends with a bibliography 
and appendices with the relevant characteristics of 
public disability coverage in Spain.

2. BASIC HYPOTHESIS

2.1 Valuation methods
Since 1980s, the methods of evaluating different 

concepts arising from traffic accidents have been 
identified [9, 10]. Furthermore, COST 313 Project 
[11], British Government [12, 13], the Asian Devel-
opment Bank [14], and the World Bank [15] have 
also developed guidelines for assessing the costs of 
road accidents.

According to the international principles for 
the valuation of road accidents (COST 313 in [11]; 
SafetyCube in [7]), there are three main valuation 
methods (Figure 3).

Restitution cost approach

Medical Administrative Property

Valuation methods

Production loss

Human capital approach

Human

Willingness-to-pay approach

Figure 3 – Classification of methods for evaluating road accidents [11]
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tables after consulting actuaries, accountants and 
lawyers [34] and new revisions are published every 
two years.

In Spain, Law 35/2015, of 22 September (Scale 
[35]) establishes a procedure similar to that of the 
multiplier-multiplicand, although based on two 
known data (age and salary) it obtains the compen-
sation. This is due to its design, which has included 
direct correspondence between the income foregone 
by a victim and the income they will receive after a 
claim.

2.2 Actuarial valuation of production loss
The valuation must consider the future econom-

ic flows to be received by a victim, prior to and in 
the situation of disability. Periodic financial com-
pensation is affected by a random event such as 
death. Therefore, let X be the random variable "age 
of death of a new-born" and let x be any age of the 
person. The death distribution function is represent-
ed by F:

( ) ( )F x P X x#=  (1)

where x≥0 and F(0)=0
On the contrary, the survival function gives the 

probability that a new-born will reach age x alive. 
This is,

( ) ( ) ( )s x P X x F x x1 0> 6 $= = -  (2)

The derivative function f(x) from the death func-
tion F(x) results in

( )
( )

( )
( )

( )f x dx
dF x

d x
ds x

s x'= = - = -  (3)

being the instant mortality rate (μx),

( )
( )
F x

f x
1xn = -  (4)

As μx≥0 and f(x)=-s´(x) then, 

( )
( ) ( ( ))ln

s x
s x

dx
d s x'

xn = - = -  (5)

Therefore, the probability that a person of age x 
will reach age x+t(t px) can be defined as

p et x
dzx

x

x t

= n-
+
#  (6)

Likewise, vT is the corresponding financial factor 
from the t-th instant to the origin or initial moment, 
being the financial present value function defined 
by the instantaneous interest rate (δ(t)),

v e ( )
T

t dt
T

0
= d- #  (7)

countries, such as Belgium, the United Kingdom, 
Germany, Italy [29-31], to standardise the traffic ac-
cident compensation according to the outcome of an 
accident by reducing the number of legal disputes 
[32]. There are multiple factors that make it partic-
ular, although perhaps the severity of injury has the 
greatest impact on the economic damage suffered 
by a victim. This damage is defined by the loss of 
profit derived from their work activity since they 
cannot work temporarily (minor damage) or perma-
nently (death, serious damage, or disability).

The main part of the cost would be made up of:
 –  loss of working capacity due to death, disability 

or damage;
 –  loss of non-working capacity, for accident vic-

tims who carry out housework, childcare, volun-
tary work;

 –  loss of job projection due to training for job pro-
motion, finding a job or training.
The initial parameters necessary to determine 

the production loss are salary or the equivalent, de-
pending on the activity undertaken at the time of 
the accident [18], and the age of the victim. Both 
parameters are known. From the road accident on-
wards, the wage flows are conditioned by the injured 
person’s existence, so a series of assumptions must 
be established in order to carry out a personalised 
actuarial valuation for any accident where there is 
a victim (deceased or disabled). Part of the hypoth-
esis is derived from the victim's age, the applicable 
mortality table and whether the victim is disabled. 
Other hypotheses limit the future evolution of sig-
nificant economic magnitudes: salaries, pensions, 
and the interest rate. This valuation is framed within 
an institutional framework that limits the working 
period of a worker (retirement age) as well as the 
calculation of the public pensions originated by the 
accident.

In order to facilitate this assessment, for example, 
the United Kingdom uses periodically updated actu-
arial tables [33]. Their application of future income 
is foregone and according to the age of the victim 
gives rise to compensation. This procedure is called 
compound vector or multiplier-multiplicand method. 
Compensation is the result of applying the product 
of the multiplier (usually an economic loss) by the 
multiplicand (the value of the current value over sev-
eral years in which the economic loss would be paid). 
The Government Actuary's Department prepares the 



De la Peña JI, Peña-Cerezo MA, Fotinopoulou O. Cost of Production Loss for Long-term Disability due to Road Crashes

Promet – Traffic & Transportation, Vol. 32, 2020, No. 2, 167-177 171

e dtx
x

r
n- #  – probability that a person of age x will  

       reach age x+t taking into account the  
       mortality table according to the situation  
       of the injured person before the accident;
e dtx

x

r
n- l#  – probability that a person of age x will  

        reach age x+t taking into account the  
        mortality table according to the situation 
        of the injured person after the accident.

In view of the above expression, three factors 
can be found that affect this lost profit:
Biometric factor. In order to calculate the present 
actuarial values, a number of assumptions are need-
ed regarding the evolution of people's lives. These 
are the mortality tables, both for the disabled and 
non-disabled situations. They depend on the year of 
birth and gender.
Economic factor. These are the values that refer to 
the victim’s income.
a) Periodic income. This is income received during 

the year prior to the accident or the average of 
the income obtained in the three years prior to 
the accident, if this is higher. 

;maxINC INC INC INC INC
3x x

x x x
1

1 2 3= + +
-

- - -a k  (12)

b) In the event that the injured party is waiting to 
enter the labour market, the period of economic 
loss shall begin at the earliest at 30 years of age 
and end at retirement age. In this case, 150% of 
the minimum salary (MS) in the case of absolute 
incapacity for work or 55% if it is a total perma-
nent incapacity computed as income foregone. 
However, if you have a higher level of education 
these amounts are increased by 20%.

c) Injured with dedication to unpaid household 
chores. Valued at the equivalent of an annual 
MS. In addition, it is increased by 10% for each 
minor, disabled person, or person over sixty-sev-
en years of age who lives in the family unit, with 
the maximum being 150% of the MS (absolute 
incapacity for work) or 55% (total permanent in-
capacity).

Institutional factor. Corresponds to those param-
eters set by the administration, such as retirement 
age, percentage of coverage and public social secu-
rity pension.

The present compensation value of the compen-
sation corresponding to the t-th moment will be:

Z b vT T T$=  (8)

which will also be a random variable since both 
values bT and vT depend on the random variable of 
lifetime to death.

If the payment function (bT), the survivorship 
function (s(x)) and the financial function (vT) are 
known, it is possible to calculate the expected value 
of the payments (assuming the duration until retire-
ment age r) or the actuarial value at age x (Lx) as,

( ) ( )L E Z E b v b e e dtx T T T t
x

r dt
dtt

x

x

r
x

r

$$ $ $= = =
n

d
-

- ^ h# #
#

 (9)

As the economic compensation for Production 
Loss (PL) is defined by the loss of earning capacity 
for working and due to the net decrease in income 
from work and up to the age of entering the retire-
ment (r),

PL VAA VAAINC PSSx x= -  (10)

where,
x      – age of the injured at the time of  
       valuation;
VAAINCx – present actuarial value of the income  
       that the injured party would be entitled  
       to receive at the time of valuation;
VAAPSSx – present actuarial value of the amount to  
       be received as consequence of the social  
       security Disability Pension at the time of  
       valuation.

Specifically, it will be:

PL INC e e dt

PSS e e dt

( )

( )

t

r
dt t dt

t

r
dt t dt

0

0

x
x

r

x

r

x
x

r

x

r

$ $ $

$ $ $

= -

-

n d

n d

- -

- -l

#

#

# #

# #
 (11)

where,
INCt    – victim’s income that they would have  
        received at time t, if the accident had  
        not occurred;
PSSt    – social security disability pension the  
        victim receives at time t, due to the  
        accident;

e ( )t dt
x

r
d- #  – financial update factor from the t-th  

        instant to the origin or initial moment;
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b) Revenues prior to the causative event are deflat-
ed to the consumer price index (CPI) to deter-
mine the quotation basis, estimated at pci=2%.

c) Interest rate of the update. The actuarial techni-
cal bases set it at i=3.5%.

Institutional factor. Corresponds to those param-
eters set by the administration, such as retirement 
age, percentage of coverage, and public social se-
curity pension.
a) Retirement age: 67;
b) Degree of permanent disability. Coverage fol-

lows the same definition, monthly payments and 
percentages as those corresponding to the public 
social security system (Table 2).

c) Resulting public pension. Due to the degree of 
disability, the injured party receives a public 
pension estimated as the quotient that results 
from dividing the sum of the contribution base of 
the injured party during an uninterrupted period 
of 24 months by 28, prior to the causative event.

RB
Contribution Base

1428

h
h 1

24

$= =
/

 (13)

The contribution base corresponds to the vic-
tim’s income during those two years; the amount is 
equivalent to the annual amount.

3.2 Results

With these values, the loss of working has been 
calculated in a double entry table based on the age 
of the injured person and salary income. This pa-
per uses fictitious data, which does not represent a 
specific individual, nor does it include any personal 
data. Therefore, this study does not require any eth-
ical permit.

The starting point is the set of ages where the 
injured person may have the capacity to work and, 
therefore, the accident produces a reduction in this 
capacity, 6x![16;67].

3. RESEARCH RESULTS
This section applies the standardisation of loss 

of earnings due to disability resulting from a traffic 
accident in Spain. For this purpose Law 35/2015, 
of 22 September, regarding the reform of the sys-
tem for the valuation of damages caused to persons 
in traffic accidents, is taken into account, as are the 
actuarial technical bases of the system for the valu-
ation of damages caused to persons in traffic acci-
dents. 

3.1 Technical base
The specific values of different factors are as fol-

lows:
Biometric factor. The unisex mortality tables 

PEIB2014 created in Spain for different types of 
permanent disability are applied. These tables take 
into account the insurance sector’s mortality expe-
rience. In this way, life expectancy as applied to the 
Partial and Total degrees (Levels 1 and 2) is greater 
than in the Absolute and Great Disability degrees 
(Levels 3 and 4) (Table 1)

Table 1 – Life expectancy by levels from table PEIB 2014 [36]

Age Levels I & II Levels III & IV
0 67.49 56.41
10 62.37 51.82
20 52.67 42.75
30 43.59 36.07
40 34.86 30.54
50 27.30 25.40
60 20.84 19.90
70 14.41 13.66
80 8.24 8.08
90 4.03 3.79
100 0.50 0.50

Economic factor. These are the victim’s incomes.
a) Income revaluation. According to the actuarial 

technical bases, it takes a value, u=1.5%.
Table 2 – Summary of coverage for permanent disability (PD)

Situation Loss Pension

Partial PD 2 annuities PIPP=24 · RB

Total PD 55% up to 55 years old
75% from 55 years old

PTPD = 55% · RB if x ≤ 55 years old
PTPD = 75% · RB if x ≤ 55 years old

Absolute PD
100% PAPD = 100% · RB

Severe disability
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If an analysis is made of how compensation for 
the same salary varies, depending on the age of the 
victim, or an analysis is conducted for the same age, 
depending on the victim’s salary, we have the fol-
lowing (Figure 5):

 –  The older you are, the minor economic compen-
sation there is because there is less time to lose 
production. As valuation is considered up to the 
retirement age, no account is taken of the job 
loss of victims over that age.

 –  The higher the salary, the greater the economic 
compensation because of the differential in la-
bour productivity over the revaluation of pen-
sions.

 –  It should be noted that there is a point at which 
economic compensation increases sharply. This 
is due to the institutional factor of Social Securi-
ty. The existence of a maximum public pension 
is common; therefore, accident victims with an-
nual salaries that are higher than the maximum 
pension will suffer a greater loss of work, and 
the compensation for the accident will also be 
greater.

As far as the salary is concerned, we have con-
sidered salary brackets from €9,000 per year to 
€120,000 per year, in brackets of €3,000 per year, 
6sx![9,000;120,000].

The above criteria result in a set of values or-
dered by age and income, where the compensation 
amount for a road accident is at the corresponding 
intersection (Figure 4). 

Thus, a 38-year-old accident victim with an an-
nual income of €51,000 would achieve a productivi-
ty loss of €285,974. However, if there were no direct 
relationships between the salary and the pension it 
can generate, as in the case of a worker receiving 
a minimum pension, then the compensation would 
be: PL=764,487.72.

It is clear that, if there is no compliance between 
the salary and the pension generated, the standard-
isation procedure does not include the real produc-
tion loss. The same occurs with other factors such 
as retirement age or even the use of mortality tables 
that are appropriate to the victim’s gender.
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 –  Different revaluation of income (public sector, 
technology, remuneration by objectives, in kind, 
etc.).

Biometric factor
 –  The mortality tables must be specific to each ac-

cident victim’s situation and be based on both 
the general population mortality rates before an 
accident and the disabled mortality rates if a vic-
tim is disabled. It is acceptable to apply a differ-
entiated mortality to an injured person for all the 
income they would have received if the accident 
had not occurred, by means of, for example, the 
same mortality tables indicated for the general 
population in the case of loss of earnings from 
death.

 –  This would correspond to actuarial justice ac-
cording to an individual’s life expectancy and 
physical condition, determining the estimated 
real loss.

 –  If, at the time of the accident, the injured per-
son was already incapacitated, it would be ac-
ceptable to use the same tables (unless there is a 
different degree of incapacity).
The compensation calculated via scale proce-

dure must be completed with the compensation for 
loss of welfare that is usually obtained by the will-
ingness-to-pay approach.

With the methodology exposed and for the rest 
of the cases it is possible to know the economic 
compensation by a table based on only two known 
values (Figure 6): 

 –  Salary, which reflects the victim's initial annual 
net income amount that indirectly determines the 
public permanent disability pension to which the 
injured party is entitled;

 –  Age, which includes the risk of the injured par-
ty’s death in each period considered, as well as 
the money update based on the fixed interest 
rate.

4. DISCUSSION
There is extensive evidence on the socio-eco-

nomic effect of traffic accidents. Although their cost 
is globally estimated, without taking into account 
the specific group they affect (individuals, insurers, 
government, etc.), the particularised information 
may be relevant for each of them.

Its direct effect on an injured individual and on 
society is undeniable. In an analysis of accidents 
effect on an individual, the valuation of the acci-
dent contemplates the damage produced directly 
to individuals and to their property. However, in a 
socio-economic valuation, in addition to the above, 
the economic expenses and alterations produced by 
an accident are taken into account not only in the 
individual, but also in the society and economy of 
the country. The standardisation of cost leads to re-
duced expenses of justice, which consequently lead 
to cheap and fast administrative resolutions. 

Although the guidelines for standardisation may 
be rigid, their aim is to resolve most cases without 
going to courts. Therefore, only the cases that do 
not fall within the above assessment and hypotheses 
should be assessed individually. These would be:

Institutional factor 
 –  Resulting public pension is different from the 

one foreseen (occupational accident, applica-
tion of concurrent pension, inverse working life, 
etc.).

 –  Different retirement age (the scale contemplates 
only a single age at 67).

 –  Contribution base is different from that which 
corresponds to the injured party’s income (if 
there is freedom of choice of contribution, mini-
mum and maximum ceilings).

Economic factor 
 –  Periodic income is different from the stipulated 

average of the last three years prior to the acci-
dent.

Public pensions

Economic

SalaryAge

Biometric

Retirement age

Compensation

Inputs

Assumptions

Institutional factor

Figure 6 – Standardisation procedure
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lost production costs. If a standard procedure were 
used in all countries, the cost divergence would be 
given:

 –  in relation to inputs, by the different salary levels 
existing in each country;

 –  with regard to assumptions, the different mortal-
ity table and the country-specific economic as-
sumptions;

 –  in terms of the institutional factor, it would de-
pend on the legal framework of the social secu-
rity system setting the retirement age and the 
permanent disability pension.

This is an area still to be researched.
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COSTE DE LA PÉRDIDA LABORAL POR  
INCAPACIDAD PERMANENTE CAUSADA 
POR ACCIDENTE DE CIRCULACIÓN

RESUMEN
Los accidentes de tráfico dejan secuelas de por vida y 

si la víctima es inválida, producen una pérdida económi-
ca debido su diferencial de ingresos. Este valor es muy 
divergente en Europa, aunque sí existe un consenso sobre 
qué componentes de coste y métodos de valoración. Sin 
embargo, algunos países han legalizado la compensación 
financiera para que se calcule de forma objetiva y equi-
tativa para todos los afectados. Este trabajo establece el 
procedimiento de normalización para calcular la pérdi-
da de las víctimas de accidentes de tráfico incapacitadas. 
Se emplea una metodología actuarial que relaciona los 
insumos conocidos (edad y salario). Este procedimiento 
proporciona principios e hipótesis generales y también  

Based on the principles included in the biomet-
ric, economic and institutional factors, it follows 
that

( ; ; ; )PL f x PING ASS IF=   (14)

Thus, compensation is a function of age, income, 
assumptions made and the corresponding institu-
tional factor (legal framework).

In fact, vehicle insurers must adjust to the new 
order of compensation. It is of great relevance not 
only to personal and vehicle data, but also to other 
user data such as salary and social data which, al-
though maybe the key in a business model, are vi-
tal to determine the claim intensity in an insurance 
company.

5. CONCLUSION
This paper sets out a procedure for calculating 

the production loss costs of road accident victims 
who become disabled. This procedure is standard 
and establishes the principles and hypotheses. How-
ever, there are several cases outside the norm due 
to their peculiarity. The standardisation of the value 
represented by a victim's production loss provides a 
homogeneous quantitative assessment by unifying 
criteria, ensuring scientific support and reducing the 
amount of litigation in the administrative and judi-
cial processes of the traffic accidents in which they 
were injured.

The procedure itself is a contribution to simpli-
fying the determination of remuneration in such 
cases, which would ultimately be able to reduce, to 
a certain extent, the workload of the courts. How-
ever, due to the small number of variables, it may 
be more reasonable to expect that the proposed pro-
cedure has more of an advisory than a binding role 
in determining the amount of compensation for the 
injured parties. It is therefore, a solid basis for fur-
ther research in this direction and it needs a quality 
upgrade to fulfil the desired mission.

The standardization of the procedure clash-
es with the different realities of each country. Al-
though the procedure is standard, it would obtain 
different values in each country. The heterogeneity 
of the cost per disabling accident in Europe must be 
explained by the different factors that influence the 
economic compensation. In a framework that tends 
towards harmonisation in all countries, harmonisa-
tion must also be carried out in the calculation of 
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