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Deaths and physical disabilities, whether temporary or permanent, 
continue to be a public health problem. According to the World Health 
Organization (WHO), the highest traffic fatality rates are recorded in 
countries with low and medium development indexes.

Currently, according to WHO, about 1.3 million people lose their 
lives every year throughout the world, and up to 50 million survive with 
injuries. Without effective intervention, this situation tends to substantially 
aggravate in the coming years.  It is a hidden war without borders, but 
with serious consequences.

The 19th Brazilian Congress of Transportation and Transit1, held in 
Brasília in October 2013, highlighted some extremely illustrative data on 
the reality of road hazards in Brazil, and will be presented in further detail 
over the text. 

During the last four decades of the previous century, the National 
Department of Transport (DENATRAN) recorded a 15-fold increase in the 
number of injured and a 6-fold increase in deaths due to traffic accidents. 
The wicked correlation between economic growth and traffic accidents 
is clear.

According to the Institute of Applied Economic Research (IPEA) and 
the National Association of Public Transport (ANTP), the issue also presents 
itself in relative terms – that is, taking into account the high incidence of 
accidents per person or per vehicle in use. 

QUANTIFICATION OF PRODUCT
LOSS FROM ROAD TRAFFIC
ACCIDENTS: METHODOLOGY
AND PRELIMINARY EVIDENCE

José L. Carvalho

Research Paper 01
October - 2015

INTRODUCTION

1 O panorama do Brasil anterior à Década de Ação pela Segurança Viária 2011-2020”, 19th Brazilian Congress of Transportation 
and Transit, Brasília, DF, October 2013).
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Between 1996 and 2010, more than half a million deaths from traffic 
accidents were recorded in Brazil. In the period of 2000-2010, the death 
rate for traffic accidents increased by about 25%. Specifically in 2010, 
Brazil saw nearly 43 thousand deaths from road traffic accidents, 82% 
of which were male. In the case of children (up to 14 years old), the 
highest incidence occurred with pedestrians (DATASUS / SIM – Mortality 
Information System, 2012). It is, without doubt, a disturbing picture.

The United Nations General Assembly declared that the period from 
2011-2020 should be a Decade of Action for Road Safety, seeking to 
mobilize various countries and save millions of lives through actions for 
improvements in road safety, vehicle security, behavior of road users, and 
assistance standards of emergency services. Brazil has joined this “Pact 
for life”. In 2010, a document was written with that mindset, involving 
the ANTP, CEDAT (State Council for Reduction of Traffic and Transport 
Accidents) and the IE (Institute of Engineering). Its scope is outside the 
central objectives of this project – although, eventually, in the continuity 
of our studies in this area, is a field of evident interest and convenience 
of contextual analysis.

In terms of international experience, there are countries (usually 
developed, it is true to say) that have achieved significant success in 
fighting traffic fatalities. In Germany, over the past 40 years, fatalities 
from accidents of this type have been reduced by about 80%. In Australia, 
in two decades, road traffic accident mortalities decreased by 40%. In 
China, where car accidents had become the leading cause of death among 
citizens up to 45 years of age, the situation was reversed in only ten years. 
Thus, between 2002 and 2011, deaths from collisions, motorcycle or bike 
casualties, and pedestrian accidents decreased by 43%. 

The level of achievements in this public management area vary a lot. 
Australia excels in the education of drivers. In France, the emphasis was 
on the severity for traffic offences – representing 40% of convictions. 
It is worth remembering that, in Brazil, recent analyses allowed for 
the conclusion that more than 95% of road accidents result from a 
combination of irresponsibility and malpractice.

A World Health Organization – WHO2  study from 2009 presented 
several conclusions, some of which are highlighted below:

• Throughout the world, traffic accidents are the third biggest cause 
of death in the 30 to 44 years of age range, the second biggest 
between 5 and 14 years of age range, and the biggest among the 
15 to 29 years of age range;

2 “Informe sobre la situación mundial de la seguridad vial”, WHO, Washington, 2009. The study encompasses data from 178 
countries and was conducted in 2008, with data until 2007.
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• Annual costs of traffic accidents have been estimated at 1% to 
3% of these countries’ GDP, or at an overall cost of US$ 518 billion 
per year in the studied countries; 

• In developing countries, traffic injuries can represent half of 
the workload of surgical centers and between 30% to 86% of 
hospitalizations (with an average of 20 days of hospitalization);

• Low-and middle-income countries have the highest rates of traffic 
mortality (between 19.5 and 21.5 per 100 thousand inhabitants, 
as is the case of Brazil), accounting for 90% of all such deaths in 
the world, despite having a little less than half of the registered 
vehicle fleet;

• If nothing is done, traffic fatalities will reach 1.9 million in 2020, 
jumping from the current 9th to the 5th biggest cause of death 
on the planet, until 2030. This projection is directly related to 
increased rates of motorization in poor and emerging countries, 
without the equivalent investment in road safety;

• Brazil appears in 5th place among record holder countries for traffic 
mortality, preceded by India, China, USA and Russia. Following 
in descending order of the problem are Iran, Mexico, Indonesia, 
South Africa and Egypt. Together, these nations account for 62% 
of the deaths from traffic accidents on the planet.

The United Nations Road Safety Collaboration (UNRSC) is an informal 
consultative mechanism whose member-organizations join forces with 
the objective of making significant progress towards greater safety for 
land transport. The UNRSC has announced its campaign for the Third UN 
Global Road Safety Week. These meetings take place every two years and 
the theme for 2015 is “children and road safety”. The report highlights 
that “… every four minutes a child dies, prematurely, in a road of this 
world. Many others are injured, and the wounds are generally severe.”

For the comparison of data on road deaths, previously referred for 
the year of 2009, in 2012, for children between 5 and 18 years of age, 
traffic accidents were the biggest cause of death for teenagers between 
15 and 17 years of age, the third for teenagers between 10 and 14 years 
of age, and the fourth for children between 5 and 6 years of age.

It is worth highlighting a comparison: during its 16 years, the Vietnam 
War was less lethal to the USA Forces than the transit of vehicles and 
pedestrians in one year in Brazil. According to DATASUS/SIM, the total 
number of deaths due to road traffic accidents in Brazil, in the most 
recent years, has evolved as depicted in the chart below



QUANTIFICATION OF PRODUCT LOSS FROM ROAD TRAFFIC ACCIDENTS: METHODOLOGY AND PRELIMINARY EVIDENCE

10 

The objective of the present study is to develop a methodology 
for the quantification of the costs of road traffic accidents (RTAs) and 
present preliminary evidence of the costs associated only with the deaths 
arising from this type of accident. This estimate, for the 2012 scenario 
in Brazil, is based on statistical data of public access that do not require 
any administrative efforts to be obtained. In a subsequent study, once 
a better database is obtained, the calculation of the RTAs costs may be 
revised and updated. The methodology developed in this study can be 
applied to different types of accidents on different levels of geographic 
aggregation. 

The study is divided into four sections plus an annex of statistical 
data. Initially, the main descriptive aspects of the issue are presented, 
including the type of accident and the three major cost components of 
an RTA (human, vehicular, and general). Next, the general methodology 
used in estimating the cost of RTAs is addressed – encompassing the 
fatal, the serious, the minor and the material types of accidents.

The third section discusses the main methods used in calculating 
the human cost component (our focus, as stated) of RTAs that involved 
deaths. The advantages and disadvantages of each method and the 
results of the application of the simplified methodology recommended 
by iRAP are presented – in the face of strong limitations in the data, as is 
the case of Brazil.

The last section comprehensively presents the treatment process 
of the statistical data from DATASUS. Since these data are aggregated 
and the system only allows for simultaneous access to two traits of the 
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Graph 1:
Brazil - Total deaths from road traffic accidents 1999 -2012

Source: Data from SIM (Mortality Information System), as available from DATASUS (IT Department of the Unified Health System - SUS).
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statistical register, many simplified hypotheses had to be adopted and 
other data sources had to be used. Theses hypotheses allowed for the 
association between deaths and important traits of the deceased person, 
so that, through the Human Capital methodology (HK), the costs of a 
death according to the traits of the deceased person could be estimated. 
This cost was corrected only by the distortions in the market for the 
acquisition of the social cost. This social cost, calculated for each type 
of death, was multiplied by the corresponding number of deaths. The 
aggregated estimate was obtained by the sum of the total cost of each 
type of death. 

Complementary data and intermediary calculations are presented in 
the annex.

Although the aim of this study is only to estimate the social cost 
of deaths from road traffic accidents, in this section, the types of RTAs 
and components of their costs are presented and characterized. This is 
necessary to convey that social costs of deaths from road accidents are a 
part, albeit the most important one, as shown by international evidence, 
of the social costs of RTAs. The relative importance of the cost components 
of RTAs is characterized by international estimates obtained from existing 
studies. In addition, further initiatives that aim to estimate the total cost 
of RTAs can take advantage of this classification to obtain costs that are 
consistent with the methodology adopted in this study

1.1 Types of accident

cording to the International Statistical Classification of Diseases and 
Health Related Problems – 10th revision (ICD-10, 1997), under the V01 
to V89 codes, depending on the nature of the victim: pedestrian (V01 to 
V09); cyclist (V10 to V19); motorcycle rider (V20 to V29); three-wheeled 
motor vehicle occupant (V30 to V39); automobile occupant (V40 to V49); 
truck occupant (V50 to V59); heavy transport vehicle occupant (V60 to 
V69); bus occupant (V70 to V79); and other casualties (V80 to V89 - 
animal traction vehicle, train, special transport vehicle occupant, etc.).

However, the classification suggested here for the calculation of the 
costs of road traffic accidents (RTAs) excludes the other casualties of land 
transport (V80 the V89) and is based on the victim’s health condition, since 
the costs associated with the people involved have different components, 
according to their health condition after the accident. Thus, road traffic 
accidents can be classified according to the severity of the victims’ 
conditions: fatal, when there are deaths; serious, when the damage to 

1 -  TAXONOMY OF THE COSTS OF ROAD TRAFFIC ACCIDENTS (RTAS)
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the victims is serious, but there is no death; minor, when the damage to 
the victims is light; and material, when the damage refers only to material 
goods and there is no physical damage to a human being.

“Fatal” and “material” accidents are easily identified, while the 
serious and minor types depend on a more accurate characterization. 
An RTA is considered serious when the victim survives, but becomes 
completely disabled or permanently incapacitated to fully enjoy life, due 
to loss of limbs, loss of mobility, or suffering from chronic pain.

This characterization of a serious accident may be, for some, in 
contradiction to the characterization of the fatal accident, since the loss 
of a human life is the greatest cost of traffic accidents. In fact, it is possible 
(and in many cases, probable) that, in two accidents involving people with 
the same characteristics (human capital), one fatal and the other serious, 
the serious accident’s cost is higher than that of the fatal accident.

Note that the value associated with a death in an accident, considering 
only its human component, is the product loss due to premature death. 
In a serious accident, in addition to the product that the victim will 
no longer produce, permanently or for a long period of time, there is 
a set of medical and hospital costs, other than those associated with 
the victim’s recovery (care worker, physiotherapy, psychologist) to be 
taken into account. The nature of the cost measures, in both cases, is 
clear: the loss in terms of product and society’s resources caused by the 
accident. 

1.2 Cost Components of RTAs

In general, the costs of a road traffic accident have been classified 
into at least three components. The first and most important is the 
human component, which covers the costs associated with the victims, 
their families and other people. Included are medical and hospital costs, 
victim’s removal, rehabilitation, lost working hours, both for the victim 
and any family that takes care of the victim during recovery, and reduction 
in quality of life, in addition to legal and funeral costs. The vehicular 
component encompasses the costs associated with the vehicles involved 
in the accident: repairs, loss of service of the vehicle during the period of 
repair, and towing costs. The general component must incorporate the 
following: costs of lost time by road users due to the accident, police, 
emergency and fire department services, insurance administration, and 
property damage.
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SFollowing international methodology experiences, the aggregate 
cost in Reais of RTAs in Brazil can be obtained by summing the costs of all 
accidents recorded in the country3.  Since the interest for studies of this 
nature is in the social cost of accidents, for whatever cost component to be 
estimated, it is necessary to adopt corrections in prices and salaries in order 
to estimate their social counterparts. To accomplish these corrections, it is 
necessary to introduce a set of hypotheses about the social opportunity 
costs of unit values of the cost components of the RTAs. 

The question that arises, therefore, is how to calculate that aggregated 
cost. If there is specific research, with detailed information for each 
accident, the total cost for this sample can be obtained by the sum of the 
costs of all accidents. Lima, Greve and Morita (2008) drew on data from 
565 interviews with people involved in traffic accidents and from the 
traffic accidents database of the Federal Highway Police (Datatran), with 
the objective of identifying the importance of the factors that contributed 
to the severity of road accidents (traffic and highways). Access to this 
information would allow the application of the methodology proposed 
in this paper for obtaining the costs to the Brazilian society for the 565 
accidents considered in the interviews.

In the context of the research project “Analysis of Economic and 
Social Costs of Violence in Brazil”, Carvalho, Cerqueira, Rodrigues and 
Lobão (2007) present a methodology based on the concept of human 
capital to calculate the cost, in terms of loss of product, as a result of 
deaths by external causes in Brazil, for the year 2001, highlighting the 
losses of production arising from homicide, traffic accidents and suicides.

In order to calculate the loss of product, the authors use data from 
IBGE (National Household Samples Survey – PNAD and Survival Table – 
life expectancy for different age groups) and from SIM, of the Ministry of 
Health (DATASUS). In the year 2001, the total cost for Brazil, in terms of 
loss of product due to deaths from external causes was R$ 20.1 billion, of 
which R$ 5.4 billion refer to traffic accidents.

It should be noted that, although traffic accident costs include those 
occurring in all modes of transport and not just the RTAs, they only 
account for part of the human cost (loss of product), associated only to 
fatal accidents. As the vast majority of deaths in traffic accidents are RTAs, 
the estimate of the cost of traffic accidents presented by these authors 
most likely underestimates the total cost of the RTAs. 

3   See, for example, Risbey, Silva and Tong (2007)

2- METHODOLOGY TO ESTIMATE THE COSTS OF RTAS 
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The estimate of the total cost of RTAs in Brazil for a given year can 
be obtained by the sum of the cost estimates for each of the four types 
of accident (fatal, serious, minor and material). The cost of each accident 
type is obtained by the sum of three components (human, vehicular, and 
general). Since the accident information available in the SIM statistics 
refers only to deaths, they can only be used in the estimation of loss of 
product. If the statistics for RTAs are not individualized, but aggregated, 
such as with the SIM data, the methodological efforts will be focused 
on the definition of an estimate for the average cost of each accident, 
according to its components. With the quantity of accidents of each type, 
it is possible to estimate the cost of all accidents, by type, by multiplying 
the number by the corresponding average cost. Expression (1) features, 
according to this methodology, the total cost of the RTAs (CTATV).

 CTATV = CMAf  * NAf + CMAg * NAg +CMAl * NAl+ CMAm * NAm (1)

Where: CTATV represents the total cost of RTAs; CMA, the average 
cost estimated for each type of accident, and NA, the number of accidents 
according to its type (f-fatal, g-serious, l-minor, m-material). The particular 
interest of this work regards fatal accidents.

The simplicity and operability of this methodology allows for the 
calculation of the cost of the RTAs in a given time period (year, for example) 
and for a given region (Brazil, state, municipality, stretch of highway, 
etc.). Furthermore, this methodology can be applied to estimating the 
costs of events of a diverse nature, such as death by external causes, 
urban violence, and accidents at work, depending on the availability of a 
minimum of statistical information about the events.

For each type of accident, there are three different types of costs, as 
already described. The costs for accidents with victims include the three 
types: human nature costs, costs associated with vehicles, and costs of 
a general nature. Considering the costs derived from each of the four 
types of RTAs, it will be presented a list, not exhaustive, although some 
elements are difficult to measure.

Fatal Accidents
For fatal accidents, the main interest of this study, it is possible to 

highlight the following cost components, according to their nature:

a) Human:  

 1.  Expenditure on medical care at the scene of the accident;

 2.  Mobilization of ambulances and fire trucks;

 3.  Medical, hospitalization and rehabilitation expenses, when 
death does not occur at the accident site;
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 4.  Loss of Product in market activities, the specific object of this 
study;

 5.  Loss of Product in household or community activities; 

 6.  Pain, sorrow and suffering

 7.  Fall in co-workers’ productivity;

 8.  Medical Examiner expenditure;

 9.  Legal expenditure;;

 10. Difference in funeral expenses incurred due to its prematurity.

b) Vehicles:

 1.  Repair costs;

 2. Loss of services for defective vehicles 

 3. Towing and removal of vehicles involved in the accident.

c) General:

 1. Loss of time of other road users as a result of the accident;

 2.  Administrative costs of insurance companies;

 3.  Police expenses;

 4.  Damage to non-vehicular property.

For other types of accidents, as vehicle components and general 
nature are common to all types of accidents, the components of human 
nature are listed below:

Serious Accidents:

a) Human: 

 1. Expenditure on medical care at the accident site;

 2. Mobilization of ambulances and fire trucks;

 3. Medical, hospitalization and rehabilitation expenses;

 4. Expenditure on long-term assistance;

 5. Loss of product in market activities;

 6. Loss of product in household or community activities;

 7. Loss in quality of life;

 8. Pain, sorrow and suffering;

 9. Fall in co-workers’ productivity;

 10. Legal costs;

 11. Expenditure on imprisonment;
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Minor Accidents:

a) Human: 

 1. Expenditure on medical care at the accident site;

 2. Legal costs;

 3. Fall in co-workers’ productivity;

Material Accidents:

a) Human:

 1. Fall in co-workers productivity;

2. Legal Costs.

According to expression (1), each of the cost components of RTAs is 
the result of the sum of the costs of human nature, plus those of vehicular 
nature and those of general nature. Each of the cost elements (human, 
vehicular, and general), according to the methodology proposed, is 
obtained by estimating the unit cost of each element and multiplying 
it by the corresponding amount. Therefore, in order to calculate the 
social cost of the loss of product as a result of deaths from RTAs, it is 
necessary to estimate the loss of product due to a fatality, so that it can 
be multiplied by the number of deaths, resulting in an estimate for the 
loss of product. 

Table 1 summarizes, for Australia, the total costs of the RTAs in 
2006, according to the three elements highlighted above. The human 
element accounts for almost 60% of the total cost. In general, the better 
the data set available for this calculation, the lower the participation of 
intangible costs of the human component in the total cost, though it 
represents its largest portion. This is because a better database allows 
for a more accurate calculation of the other two RTAs cost components. 
The calculation of the human component in the total cost of the RTAs 
depends on information about the people involved in accidents that, in 
general, is complemented with population and economic statistics that 
are more readily available.
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Table 1 
Australia: Social Cost of RTAs, according to its components, in 2006 

ELEMENTS OF THE SOCIAL COST OF THE RTAS
SOCIAL COST

MILLIONS OF AUD %

a) Human 10,693.7 59.90

Loss of product 5,690.0 31.88

Incapacitation for work 1,863.9 10.44

Non-Pecuniary costs (pain, sorrow and suffering; reduction in quality of life) 1,768.0 9.91

Medical costs or similar 864.2 4.84

Drop in work productivity 88.0 0.49

Replacement cost of worker 9.2 0.05

Health costs for additional pollution 53.4 0.30

Ambulance 63.5 0.36

Legal costs 267.9 1.50

Medical Examiner costs 3.1 0.02

Cost differential with premature burial 7.2 0.04

Imprisonment costs 15.3 0.09

b)  Vehicular 4,441.6 24.90

Repair to damaged vehicles 4,227.5 23.68

Unavailability of damaged vehicles 214.1 1.20

c)  General in nature 2,714.0 15.20

Administrative costs of insurance companies 1,691.0 9.47

Cost of time for the retention 839.7 4.70

Police and emergency services 143.1 0.80

Damage to street equipment and furniture 40.2 0.23

Total Costs of RTAs in 2006 17,849.3 100.00

Source: BITRE (2009), p.89.

In order to illustrate this fact, the comparison of databases of various 
existing studies suffices. This is evident, for example, when comparing 
the following studies: Anh, Dao and Anh (2005) estimated for Vietnam, 
for the year 2004, that the relative importance of non-tangible costs in 
the total costs of RTAs was of 77.9%; Paul, Houque and Mahmud (s.d.), 
found that for Bangladesh, in 2006, that percentage was of 89.48%; 
for Egypt, for the year 2008, Ismail and Abdelmageed (2010) found the 
relative importance of non-tangible costs to be 92.43%. 

The determination of the human component of any cost, in addition 
to being difficult, involves ethical issues. The two extremes of the ethics 
controversy can be represented, on the one hand, by defenders of the 
sanctity of life – who are against abortion and euthanasia, assisted or not, 

3  -  MOST USED METHODOLOGIES IN THE CALCULATION OF THE HUMAN 
COMPONENT OF THE COST OF FATAL RTAS
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as well as against the interruption of technical procedures to maintain 
life without quality – and, on the other hand, by those defending life 
with a minimum of quality. Without this condition, a full life cannot be 
enjoyed, and the situation imposes suffering and costs on other people 
who, therefore, also have their own quality of life diminished4.

Although important, ethical issues are not the main object of this 
section, namely, to define an objective methodology that allows the 
assigning of monetary values to the human component, more specifically 
the deaths, of the cost of the RTAs. In this sense, the starting point is 
the concept of value of a statistical life (VSL), adopted by scholars in 
the evaluation of public projects that aim to save lives or prevent the 
occurrence of deaths.

According to Banzhaf (2014), it was Thomas C. Schelling (Nobel Prize 
in Economics in 2005) who coined the expression “value of statistical life”, 
in 1968, in the article “The Life You Save May Be Your Own”, published 
by the Brookings Institution. Until then, discussions about life valorization 
in the context of public investments considered exchanging human life 
for other material goods. Thus, public resources used in the production of 
goods and services that did not have the objective of preventing deaths 
represented the value of lost life. Schelling, following the avenue opened 
by Drèze (1962), introduced into the analysis the choice of individuals to 
reduce the risk of death channeling specific resources for this purpose, or 
sacrificing income for more safety. 

Thus, although public projects continued to impose costs in terms of 
human lives or avoiding deaths, what was important to the people would 
be the effect of these projects on their risks, and those risks are the object 
of valorization. Therefore, the concept of VSL corresponds to the amount 
of resources that society wishes to invest (ex-ante) to save the life of an 
unspecified person.

The VSL has often been used in the evaluation of public projects as 
being the value attributed to the life of a young adult with at least 40 
years of future life. The term statistical refers to the fact that the value of 
life is not connected to a particular individual (Abelson, 2007). However, 
this will not be the path adopted in this study.

The first empirical conception for the calculation of the VSL, based 
on the theory of human capital, was that of the current value of the lost 

4  When the traditional ethic of the sanctity of human life is proven indefensible at both the beginning and end of life, a new 
ethic will replace it. It will recognize that the concept of a person is distinct from that of a member of the species Homo 
sapiens, and that it is personhood, not species membership, that is most significant in determining when it is wrong to end 
a life. We will understand that even if the life of a human organism begins at conception, the life of a person—that is, at a 
minimum, a being with some level of self-awareness—does not begin so early. And we will respect the right of autonomous, 
competent people to choose when to live and when to die (Singer, 2005).
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income stream because of death or disability, temporary or permanent5. 
There are at least two versions for the calculation of the current value in 
relation to the income stream. 

The most controversial is the one that considers the current value of 
the stream of net income, that is, the income that could be generated 
if the death (or loss of labor capacity) did not occur, deducted from the 
victim’s consumption. Under this approach, a person’s life is worth their 
net contribution to society. In addition, those who live on transferred 
incomes (children and the elderly) would have a negative VSL. It is easy to 
understand the disastrous implications of this proposition.

The other version considers the present value of lost income (gross or 
net of taxes) arising from death (or loss of working capacity). The issue of 
victims who generated no income at the moment of death is still present 
and will be considered later. Some argue that the political system can be 
the source for determining the statistical value of life in the analysis of 
public projects.

The VSL was elaborated in the context of evaluation of public projects. 
Collective decisions about public investments that can save lives or prevent 
deaths take place in the political system. As these types of investment 
are prioritized by the political system, when deciding on a project, such 
system, when representative, implicitly establishes the value that society 
assigns to human life. This argument does not exempt the evaluation of 
public projects. First, because the main purpose of the analysis of public 
projects is to guide public policy-makers and that can only occur if the 
analysis is independent of the political system. Second, there are serious 
doubts about the representativeness of the political system to leave the 
determination of the VSL under its charge, even if implicitly.

Some analysts suggest that life insurance information can be used 
for estimation of the VSL. The justification is that the value of a life 
insurance premium indicates how much the person is willing to pay to 
cover the risk of death to which he or she is likely subjected. Actuarially, 
it would therefore be possible to calculate the implied value that a person 
attaches to their life. There is, however, a logical error in making use of 
life insurance information to estimate the VSL, since the probability of 
death of the insured person is not affected by insurance. In addition, the 
person who contracts life insurance aims to ease the financial burden on 
his loved ones in the event of death.

5  Dublin and Lotka (1930) suggested that the appropriate method do establish VLS, despite intangible elements associated 
with death, would be the present value of the flow of income that the decease person would have generated if death had 
not occurred.
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Characterization methods of the statistical value of life described 
above present serious inconsistency with the cost-benefit analysis, because 
they are not compatible with the implicit economic rationality in such 
cost-benefit calculations. This results from the fact that, from the point 
of view of the well-being of the agents involved in the project reviewed, 
there is no way to compensate people who lost their lives, although the 
VSL corresponding to them can be calculated. In this manner, there is 
no chance that a project in which costs are allocated to VSL of deaths 
– which the project is not able to avoid –, can satisfy the conditions of 
Kaldor-Hicks to increase the net benefit to the project. 

Drèze (1962) solved this problem using an innovative approach by 
incorporating the behavior of people in situations of uncertainty to the 
analysis. Thus, the relevant specification for the VSL is not death, but 
rather how people behave when faced with the likelihood of premature 
death. If in such cases the behavior of individuals can be represented 
by a cardinal utility function, then economic theory is able to determine 
how much people are willing to pay to increase their safety. Thus, the 
problem of compensation disappears, since a person whose death cannot 
be avoided by the project does not need to be compensated, because 
the project has reduced the likelihood of premature death for all people. 
Drèze’s contribution has opened a new methodological perspective, giving 
rise, with the support of the theory of revealed preferences, to the use 
of market information and research in determining the VSL, generically 
referred to as “contingent valorization” and specifically, according to the 
problem under consideration, the “willingness to pay.” 

Individual choices in relation to the uncertainties of life remain 
recorded by the behavior of individuals in the markets where they operate. 
This fact has led economists to consider the markets as a means to obtain 
measures of the VSL from the relationship between paid (or received) 
premium to decrease (or acceptance) of risk of death or accident, or even 
damage to health.

The choice of a certain type of automobile, the decision to smoke 
cigarettes, individual eating habits, choice of a residential neighborhood 
and employment activity should be reflected in the prices of the 
corresponding markets. Therefore, using the theory of revealed preference 
to associate market prices to human behavior when facing risks (death, 
damage to health or physical integrity), economists have developed 
the methodology of markets (choice modelling) to infer the VSL. Thus 
emerges the inferences about the relationship between a monetary value 
and the risk of death (accident or injury to health) in the labor market 
(hedonistic salary), in the housing market (district x pollution), in various 
markets associated with risks, such as smoke detectors (fire prevention) 
and the use of helmets for cyclists, etc.
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Indeed, inference about the VSL through markets requires the analyst 
to characterize the behavior of individuals not only in relation to the risk 
associated with life valorization (or health). This requires specifying a model 
for the corresponding market and, therefore, a certain sophistication in 
the use of statistical analysis and econometric instruments. Clearly seen in 
the critical review of Viscusi and Aldy (2003), analysts have been adopting 
the practice of estimating the locus of market equilibrium regarding the 
choice between monetary value and risk, without isolating the effects of 
demand and supply in the market. These authors examined more than 
60 studies – from about ten different countries - which regarded the 
relationship between monetary value and risk of death, as well as 40 
other papers on the relationship between monetary value and risk of 
non-fatal accident.

The vast majority of the studies analyzed by these investigators 
presented a VSL between US$ 3.8 million and US$ 9 million at 2000 
prices. For the United States, the median of the VSL for workers in 
productive age (prime-aged workers) was US$ 7 million, comparable to 
the estimated value for other developed countries. The authors observed 
that the VSL in developing countries was less than the value estimated for 
developed countries, indicating that safety is a normal good. In addition, 
analyzing all the studies under consideration, the point estimate for the 
income elasticity of the VSL ranged between 0.5 and 0.6.

It is possible to make inferences about the VSL through direct 
research, that is, by applying a questionnaire, which aims to identify how 
much of their resources people are willing to pay (WTP) to reduce, by a 
defined percentage, the risk of a particular adversity. The questionnaire 
can be direct, that is, extract the WTP by a suggested reduction to the risk 
of adversity (stated preference). 

Alternatively, it is feasible to use the technique of contingent 
valuation (CV), which involves the application of a questionnaire in 
which the flow of information goes two ways, that is, back and forth 
from the interviewer to the interviewee. This feature requires a very well 
designed questionnaire, as well as special training for interviewers. For its 
peculiarities, obtaining estimates for the VSL by way of the WTP, which is 
reached by the contingent valuation method, is a process that demands 
many resources and, therefore, makes this methodological option one 
that is not widely used in developing countries, although many researchers 
consider it the best.

The WTP method to estimate the VSL involves obtaining, from the 
interviewed individuals, the monetary value they would be willing to pay for 
a given reduction in the risk of death, for example, in a specific event, such 
as an accident at work. Therefore, unlike the inference based on markets, 
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method that estimates the VSL according to market information (ex-post) 
by means of statistical and econometric techniques, the WTP method 
arrives at its estimate ex-ante. For this reason, economists consider the WTP 
procedure to be methodologically superior, since it takes into consideration 
the expected utility from the choice of individuals. However, despite its 
theoretical elegance, WTP suffers from two critical points: the maintenance 
of consistent behavior by the respondent during the various hypotheses 
made, and the absence of a budget constraint that limits their choices.

The Bureau of Infrastructure, Transport and Regional Economics 
(BITRE) of the Australian Government has been developing, since 1998 
(estimates for 1996), technical works designed to calculate the various 
cost components of traffic accidents. According to BITRE (2009), the 
latest estimates for the year 2006 incorporate a number of innovations to 
better reflect the social cost of road accidents. Hence, the VSL, which was 
obtained by the human capital theory, as the present value of the income 
lost because of death, started to absorb monetary values associated 
with the loss of product generated at home and other non-pecuniary 
aspects associated with accidents, such as quality of life, pain, sorrow and 
suffering. The costs of deaths of children and elderly were incorporated, 
in the first case, for the maintenance costs of a child up to 15 years of 
age. In the case of the elderly, the procedure used is unclear in the report.

For the year 2006, BITRE estimates indicate that the total cost of road 
accidents corresponded to AUD 17.85 billion, or 1.7% of GDP, of which 
61.5% were of a human nature. If the cost of deaths were estimated by the 
WTP method, the total for the same accidents in 2006 would be 52% higher.

The International Road Assessment Programme (iRAP) is a non-profit 
organization, member of the United Nations Road Safety Collaboration (http://
www.who.int/roadsafety/en/), dedicated to preventing more than 3,500 
deaths on highways that occur every day throughout the world. iRAP aims 
to provide tools and staff training in order to help automobile associations, 
governmental organizations, funding agencies, research institutes and other 
non-governmental organizations in more than 70 countries, to make the 
highways safer. Table 2, extracted from a document made available by iRAP, 
presents the VSL in world currency units of 2004, for 22 countries6.

From this data, and by use of a simple regression7  – in order to check 
the stability of the relationship between the VSL and per capita GDP plus 
a dummy variable for the method used in the estimation of the VSL, and 

6  “The true cost of road crashes: Valuing life and the cost of a serious injury”, made available by iRAP

7 The estimated regression was: logn (VSL) = 2.519 + 1.125* logn (GDP/Capita) + 0.496* Method; N = 22 countries.  R² 
adjust. = 97%. The confidence interval of 95% for the relation (VSL/GDP per capita) was obtained through another simple 
regression, as to capture the sensitivity of the relation (VSL/GDP per capita) to the method (HK or WTP) used in the calculation 
of the VLS.
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set a confidence interval for (VSL/GDP per capita) – iRAP suggests a rule 
of thumb for the estimation of the VSL under severe data restrictions: 
adopt the 60 – 80 interval with an average of 70 for the relation (VEV/
GDP per capita). Note that the VC of the relation (VSL/GDP per capita) is 
much smaller than the estimates for the VSL and for the GDP per capita. 

iRAP analyses confirm that VSLs calculated by WTP tend to be higher 
than those estimated by the theory of human capital. Nevertheless, 
estimates of the VSL with the HK method have a similar relationship (VSL/
GDP per capita) to those obtained via the WTP method when the costs 
associated with pain, grief and suffering are incorporated.

COUNTRY VSL IN WCU GDP PER CAPITA IN WCU VSL BY
GDB PER CAPITA ESTIMATION METHOD

Australia 1,304,135 28,935 45.07 HK

Austria 3,094,074 35,871 86.26 DAP

Bangladesh 71,066 1,710 41.56 HK

Canada 1,427,413 29,851 47.82 HK

France 1,252,083 29,472 42.48 HK

Germany 1,257,451 28,953 43.43 HK

Iceland 3,303,555 44,679 73.94 HK + DPS

India 147,403 2,651 55.60 DAP

Indonesia 92,433 3,125 29.58 HK

Latvia 1,042,743 18,140 57.48 HK

Lithuania 746,531 12,027 62.07 HK

Malaysia 722,022 9,513 75.90 DAP

Myanmar 51,245 1,545 33.17 HK

Netherlands 1,944,026 31,009 62.69 HK + DPS

New Zealand 2,033,333 25,024 81.26 DAP

Poland 573,806 14,984 38.29 HK

Singapore 924,240 25,034 36.92 HK

Switzerland 2,015,680 32,394 62.22 DAP

Thailand 222,056 6,958 31.91 HK

United Kingdom 2,292,157 32,555 70.41 DAP

USA 3,000,000 36,311 82.62 DAP

Vietnam 53,063 2,475 21.44 HK

Mean 1,253,205 20,601 54

CV 0.826 0.661 0.354

Source: iRAP, Notes: WCU – World Currency Unit – currency unit index that corresponds to a global unit of real purchasing power 
For more details, see http://www.wocu.com. For a theoretical, analysis of the concept, see:
 http://www.ln.edu.hk/econ/staff/towards%20a%20new%20intl%20monetary%20order.pdf.
HK = human capital (present value of the flow of income lost with death); WTP = willingness to pay; PSS = pain, sorrow and suffering 

monetarily valued.

Table 2:
VSL for selected countries, in purchasing power, in WCU of 2004
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The purpose of this section is to present a detailed methodology for 
the calculation of the loss of product due to RTAs, in Brazil, in order to 
allow the estimation of the human component cost of the first element 
(CMAf*NAf) of the previous expression (1).

With the data available, the loss of product as a result of fatal accidents 
in road traffic in Brazil during the year 2012 will be estimated. The 
limitations that statistical information imposes on this calculation requires 
the adoption of a set of hypotheses, which are detailed throughout the 
effort to quantify the loss of product with RTAs.

A simple procedure would be to calculate the VSL and use this 
value to get the loss of product due to fatal accidents in 2012. The total 
product loss would be obtained by multiplying the VSL by the number of 
fatal accidents. The problem with this methodology is that it disregards 
the characteristics of people who have died due to RTAs, by adopting an 
estimate of the average loss of product (VSL) unlinked to deaths. However, 
this procedure is justified when the information about the casualties are 
very poor.

4.1 Value of a Statistical Life (VSL) and the loss of product due 
to fatal RTAs

The first methodological approach for the estimation of VSL is a the rule 
of thumb suggested by iRAP, because it is very simple and undemanding 
in terms of information about the fatal accidents. Accordingly, with the 
number of fatal accidents for a year and the GDP per capita for the same 
year, it is possible to obtain a preliminary estimate of the VSL, considering 
the ratio ∂ = (VSL/GDP per capita) varying in the range suggested by iRAP, 
which is 60 to 80, with an average of 70. The number of deaths from 
RTAs in Brazil, by place of occurrence, by major regions and States, can 
be found in DATASUS. 

The Brazilian Institute of Geography and Statistics (IBGE) regularly 
publishes on its website (http://www.ibge.gov.br) the GDP for Brazil, for 
its major regions and by State, as well as estimates for the corresponding 
populations. With this information, VSLs were calculated according to the 
Table 3 below.

Preliminarily, the cost in terms of loss of product in Brazil, in 2012, 
would be between R$ 45.6 billion (lower limit, using the average of 
the major regions) and R$ 62.4 billion (upper limit for the aggregate 
estimate). The results reflect regional differences in GDP per capita, due 

4  -  METHODOLOGY FOR THE CALCULATION OF THE LOSS OF PRODUCT 
ARISING FROM FATAL RTAS IN BRAZIl
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to the methodology used. Table A.1 in the Annex introduces the loss 
of product with the RTAs in 2012 for Brazil, its major regions and for 
all States, plus the Federal District. The corresponding cost estimates of 
deaths on RTAs are listed in Table A.2.

VLS ACCORDING TO VALUE OF  ∂ COSTS IN R$ OF THE LOSS OF PRODUCT 
FROM RTA’S  

DEATHS
BY RTA* α ∂ = 60 α ∂ = 70 α ∂ = 80 α∂ = 60 α ∂ = 70 α∂ = 80

Brazil 34,436 1,358,752 1,585,210 1,811,669 46,790.0 54,588.3 62,386.6

North 2,734 850,769 992,564 1,134,359 2,326.0 2,713.7 3,101.3

Northeast 9,996 662,675 773,121 883,567 6,624.1 7,728.1 8,832.1

Southeast 12,021 1,783,100 2,080,284 2,377,467 21,434.6 25,007.1 28,579.5

South 6,080 1,538,012 1,794,347 2,050,683 9,351.1 10,909.6 12,468.1

Central West 3,605 1,790,619 2,089,056 2,387,492 6,455.2 7,531.0 8,606.9

* Sources: deaths, DATASUS; GDP per capita, IBGE.
∂ = (VSL/GDP per capita)

Table 3
Cost, in Reais, for the loss of product arising from road traffic accidents deaths:

Brazil and major regions, 2012

In general, studies that present estimates of the VSL using the 
methodology of human capital (HK), that is, by the present value of 
the income the deceased would have generated if the accident had not 
happened, adopt the country’s per capita income as the average income 
that would be generated by the deceased. Although simple and practical, 
this alternative has a series of problems in representing the opportunity 
cost for the time of people for whom, as a result of road accidents, death 
came prematurely. It is sufficient to remember that most RTAs occur in 
urban areas that are relatively wealthy. However, at the same time, it is 
the poorest people that are subject to greater risks because they face 
greater constraints on the choice of their means of transport, as well as 
being more exposed to the adversities of traffic.

As full details of the deaths on RTAs are not available, an alternative 
procedure to infer on loss of product, a human component of the cost 
of the fatal accidents, is to calculate the VSL in its theoretical conception 
and apply this value to the number of fatal accidents. However, it is 
necessary to adopt an average income for such a calculation, even if, 
for the purposes of comparison, it is possible to consider the income 
per capita. 
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IBGE publishes a set of information, dated December 31st each 
year, based on the Central Register of Companies8. Among others, this 
information contemplates total employed persons’ wages and other 
remuneration, monthly average wage and average salaried personnel, by 
section, division and group of the classification of activities (CNAE 2.0). 
Information on average salaries, in minimum wage rates from September 
of the year of reference, include, separately, the gender of the worker 
and whether he or she has higher education or not. Average wages are 
obtained by dividing the total of the salaries and other earnings in the 
year by the average salaried person (weighted average to correct for the 
number of hours worked).

Table 4 presents the average salaries for 2012 for the total of the 
information, according to the IBGE, and the mean of the average salaries 
for the sections and groups of CENAE 2.0. This information discriminates 
between men and women, as well as whether the worker has higher 
education or not, as provided by IBGE. For the sections and groups, some 
descriptive statistics were calculated: mean, variance and coefficient 

8 IBGE – Statistics from the Central Register of Companies: the Central Register of Companies - Cempre - gathers registers and 
economic information of businesses and other organizations formally constituted and present in the national territory, listed 
in the national register of legal entities – CNPJ, of the internal revenue service, and their local agencies. The update of this re-
cord is performed annually from IBGE’s information, derived from economic research of the activities of industry, construction, 
commerce and services, and the Central Register of Companies - Simcad - as well as administrative records of the Ministry 
of Labor and Employment, such as the Record of Annual Social Information – RAIS. IBGE. Statistics from the Central Regis-
ter of Companies: 2011. Rio de Janeiro: IBGE, 2011. p.9. Available at:<ftp://ftp.ibge.gov.br/Economia_Cadastro_de_Empre 
sas/2011/cempre2011.pdf>. Accessed on 16 July 2015.

Table 4
Brazil: Average monthly salary of workers, on 12-31-2012, of

companies and other organizations, in minimum wages,

AVERAGE INCOME IN MINIMUM WAGES FROM 2012*

MEN WOMEN
CWITH HIGHER 

EDUCATION
WITHOUT HIGHER 

EDUCATION

Total average ** 3.4 2.7 7.1 2.2

Average of the Sections 4.21 3.46 7.74 2.79

Variance 5.13 3.60 7.99 1.89

Standard Deviation 2.27 1.90 2.83 1.37

CV 0.44 0.53 0.35 0.73

Average of Groups 4.43 3.57 8.74 2.94

Variance 14.37 8.28 23.80 4.70

Standard Deviation 3.79 2.88 4.88 2.17

CV 0.86 0.81 0.56 0.74

Source: IBGE, Central Register of Companies, 2012.
Notes:  * R$ 622.00 (Minimum wage in September 2012) 
 ** Average of all the observations provided by the IBGE
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of variation (CV). Not surprisingly, the CVs for the calculations with 
information by section are lower than those obtained with the information 
by group, since the latter corresponds to a lower level of aggregation. The 
CVs for the groups of workers with higher education are significantly 
lower, indicating a relative smaller dispersion in wages of workers with 
higher education. 

Understanding the VSL as the current value of the product of a young 
adult with at least 40 years of further life, it is possible to make inferences 
about the VSL in Brazil with the help of the average salaries of Table 4. 
Consider a young man representative of a 25-year-old Brazilian, in the 
fullness of his technical capacity, with higher education and who will be 
active in the labor market for the next 40 years. Assuming his monthly 
salary corresponds to 7.74 minimum wages, in Reais of 2012, that is, R$ 
4,814.28, his annual salary will aggregate to R$ 109,765.58, with labor 
costs and indirect remuneration (as discussed later). Assuming this salary 
yield, throughout the considered period, a real growth of 1% per year. 
Under these conditions, the VSL in Brazil will be R$ 1,905,283.23, very 
close to the upper value presented in Table 3. The continuous annual 
income which would produce this VSL is R$ 118,736.63 (SVLA, statistical 
value of life per annum). This last annual income corresponds to a monthly 
income, as in the original concept of Table 3, of R$ 5,207.75.

4.2 Examining DATASUS data 

Although the information about people who died in RTAs is 
incomplete and difficult to use because of the constraints imposed by 
DATASUS in obtaining it, a detailed procedure will be developed in this 
study in order to use this data in the calculation of the human component 
of the cost of the fatal accidents. Unfortunately, there is no information 
about the income of the deceased victims of the RTAs and, therefore, this 
had to be estimated.

As expressed in Table 4, the income of men is higher than that of 
women, and for the calculated average, such difference varies from 22% 
to 26%, with an average difference of 24%. According to the Monthly 
Employment Survey (IBGE, March 8th, 2012), the average salaries 
of women was 72.34% of the average of the salaries of men. When 
comparing workers’ salaries with and without higher education, the 
averages indicate that workers with higher education have salaries about 
three times greater than those who do not have such training. This factor 
ranges from 2.78 to 3.23, with average at 2.99.

Since the average salaries obtained from the averages of CENAE 2.0 
sections showed lower variance, this aggregation level was chosen. As 
the salaries must have a normal logarithm distribution, the logarithm of 
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salaries have a normal distribution. In order to define a range for the 
average, the 95% confidence interval for the average of the logarithms 
of salaries was calculated. Armed with this average and its confidence 
interval, using the inverse operation, that is, exponentiation, the 
corresponding values were taken in original units of minimum wages. 
These results are recorded in Table 5. 

It is important to note that the averages in minimum salaries obtained 
by exponentiation are slightly lower than the original values of Table 
4. The actual values in Reais were obtained based on the value of the 
minimum salary from September 2012, as outlined by IBGE. These are 
presented in Table 5.

It is now necessary to verify the characteristics of the people who died 
as a result of RTAs. In addition to the distribution by gender, educational 
level and age group will also be considered. Further on, the distribution 
by color/race will be considered.

Table 5
Brazil: Average monthly income, according to worker’s characteristics,

for use in the calculation of the loss of product in RTAs

AVERAGE AND RANGE MALE FEMALE WITH HIGHER EDUCATION WITHOUT HIGHER 
EDUCATION

IN MINIMUM WAGES 2012 (R$ 622.00)

Lower limit 1.43 1,12 3.38 1.15

Average 3.73 3,04 7.23 2.55

Upper limit 9.77 8,27 15.48 5.68

VALUES IN REAIS (R$) FROM DECEMBER 2012

Lower limit 887.87 697,04 2,102.78 714.88

Average 2,323.15 1.893,31 4,499.89 1.588.70

Upper limit 6,078.67 5.142,64 9,629.62 3,530.61

Source: Table 3, as explained in the text.

Table 6 below shows the proportion of men in the total deaths and 
the distribution according to years of study of the deceased person, for 
the various types of road traffic accidents (occurrences). Unfortunately, the 
information available on the DATASUS website does not allow crossings 
for the obtainment of the joint distribution of deaths by gender and age. 

About 80% of the people killed in road accidents in Brazil in 2012 
were male. The lowest incidence of men was registered for the type H 
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Table 6
Brazil: Composition of deaths from RTAs by occurrence according to

gender and education, in the year 2012

YEAR:  2012 DISTRIBUTION 
BY GENDER (%) DISTRIBUTION BY LEVEL OF EDUCATION (%)

OCCURRENCE TOTAL % MALES/TOTAL NIHIL [1 TO 3] [4 TO 7] [8 TO 11] ≥ 12 IGNORED

A 25.61 73.78 9.39 21.76 25.71 14.90 2.70 25.55

B 4.33 89.54 9.38 21.72 30.16 12.67 2.48 23.59

C 36.24 89.11 3.50 15.73 26.96 27.08 4.73 22.00

D 0.19 81.25 1.56 14.06 21.88 25.00 6.25 31.25

E 29.49 77.18 2.62 13.27 21.10 24.02 9.82 29.18

F 1.08 80.05 5.39 12.94 18.33 26.15 11.05 26.15

G 2.51 90.85 1.85 12.40 28.62 24.91 2.90 29.32

H 0.56 61.14 6.22 17.10 21.24 20.73 11.92 22.80

TRTA 100.00 81.46 4.99 16.70 24.96 22.33 5.68 25.34

Keys: A = Pedestrian; B = Cyclist; C = Motorcyclist; D = Three-wheeled vehicle occupant; E = automobile occupant; F = Truck occupant; G = 
Heavy vehicle occupant; H = Bus occupant; TRTA = Total road traffic accidents.
Source: DATASUS - MS/SVS/CGIAE - Mortality information system – SIM

- bus occupant (61.14%), and the largest, for type G - heavy transport 
vehicle occupant (90.85%).

Regarding education, the records of DATASUS are more precarious, 
since slightly more than 25% of the deceased did not have their level of 
education identified.  Russo and Dias (2012) studied, based on data from 
the 2008 PNAD (National Household Sample Survey),  the relationship 
between income, education and health (self-assessment, if a smoker, and 
11 chronic diseases), by age group, gender, years of experience, working 
condition (officially registered or not) and region of the country. Their 
results indicate that: (a) the income of the younger is inferior to that of the 
older, possibly due to experience at work; (b) women showed an income 
27% lower than men; (c) white people had a 10.5% higher income than 
non-whites; (d) smokers exhibited an income that was 4.5% lower than 
non-smokers; (e) the income reduction was statistically significant in only 
two cases of chronic diseases; (f) the first five years of education do not 
generate an increase of income. These results can be used to substantiate 
the assumptions for the calculation of the loss of product due to RTAs, as 
a result of limitations on DATASUS data.

Thus, according to Table 4, to the deceased people (men and women) 
in RTAs, with level of education of less than seven years, it will be allocated, 
as income, the lower limit; for the cases of level of education of eight to 
11 years, the average will be considered and, in cases of 12 or more years 
of education, the upper limit will be adopted.
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Table 7 shows the distribution by age groups of victims who have 
died because of RTAs, according to the reported occurrence. Instances of 
deaths for those aged 14 years or less were grouped, since they receive 
different treatment for the estimation of loss of product by society. The 
adopted procedure is to allocate to these deaths the lost investment 
made by households in the children and adolescents for this age group. 
In fact, in these cases, society’s losses with death are analogous to loss of 
physical capital generated by natural disasters: the reduction of wealth 
in society. Since, in general, investments in human capital have a greater 
internal rate of return than the discount factor (3% or 6% per year) used 
in calculating the present value of the stream of loss of product due to 
premature death, considering only the spending on children under 14 
years underestimates product loss due to such deaths

Since about 88% of deaths refer to people between 15 and 69 years 
of age, only these will be used in the calculation of loss of product to 
be obtained by the present value of the lost income stream. Of course, 
society does have losses due to the premature death of people ages 70 or 
older, not only because they can be productive in the family environment 
or in the community in which they live, but also because of the pain, grief 
and suffering that a premature death causes. Deaths in RTAs of people 
whose age is unknown will not be considered in the calculation of loss 
of product.

Table 7
Brazil: Distribution (%) of deaths in road traffic
accidents per occurrence, by age group, 2012

OCCURRENCE AGE RANGE

≤ 14 [15 TO 69] [70 TO 79] ≥ 80 UNKNOWN

A = Pedestrian 6.62 73.31 11.48 6.41 2.19

B = Cyclist 9.12 81.17 7.37 1.81 0.54

C = Motorcyclist 1.32 97.28 1.05 0.26 0.09

D = Three-wheeled vehicle occupant 7.81 81.25 4.69 6.25 -

E = Automobile occupant 4.90 89.51 3.94 1.50 0.15

F = Truck occupant 5.66 87.06 4.85 2.16 0.27

G = Heavy vehicle occupant 2.55 93.86 2.20 0.81 0.58

H = Bus occupant 3.11 85.49 8.81 2.59 -

Total RTA 4.17 87.86 4.97 2.33 0.68

Source: MS/SVS/CGIAE - Mortality information system – SIM.
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Table 8 shows the percentage distribution of occurrences of deaths in 
RTA’s, according to color or race of the victims. About 90% of occurrences 
correspond to the categories of mixed and white, almost in the same 
proportion. Considering the results of Russo and Dias (2012), it would 
be feasible to adopt the hypothesis that the average income of the white 
category is 10% higher than the others. However, due to data limitations, 
this study does not make distinctions of color/race in the calculation of 
the VSL, since information is lost in the process, as will become clear later.

Table 8
Brazil: distribution (%) of deaths in accidents of road transport

per occurrence, per color/race, 2012

OCCURRENCE WHITE BLACK YELLOW MIXED INDIGENOUS IUNKNOWN

A = Pedestrian 40.38 7.04 0.34 46.71 0.29 5.24

B = Cyclist 45.51 6.17 0.20 45.78 0.60 1.74

C = Motorcyclist 38.81 4.82 0.13 52.00 0.24 4.00

D = Three-wheeled vehicle occupant 64.06 3.13 - 32.81 - -

E = Automobile occupant 51.66 4.12 0.32 39.14 0.17 4.60

F = Truck occupant 50.40 4.31 0.27 38.27 0.27 6.47

G = Heavy vehicle occupant 56.55 3.36 0.35 36.62 0.23 2.90

H = Bus Occupant 57.51 2.59 - 38.86 - 1.04

Total RTA 44.01 5.18 0.25 45.94 0.25 4.37

Source: MS/SVS/CGIAE - Mortality information system – SIM.

4.3 Working hypotheses 

To perform the calculations of loss of product, it is necessary to define 
at what age, in case the RTA had not occurred, people would leave the 
workforce, as well as the average age of the people on the event of 
death. The retirement age requires men to be at least 65 years old, and 
women, 60 years old, and that they have contributed to the system 
for at least 15 years. However, the benefits of retirement by length of 
contribution (which, if full, is 35 and 30 years, for men and women, 
respectively –, with no minimum age), granted in 2012, favored men 
and women between the ages of 35 years and more than 90. There is a 
single record of a 34-year-old woman (possibly, arising from unhealthy 
conditions of the working environment) and 3 men and 97 women 
whose ages are ignored. About 87% of the benefits through length of 
contribution granted to men in 2012 were for those aged between 50 
and 64 years of age. In the case of women, for the same age range, the 
percentage corresponded to approximately 70%.
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There are several reasons for the contributor to claim social security 
retirement by contribution time, as soon as completing the minimum 
requirements for such (proportional retirement – establishing minimum 
ages of 53 and 48 years of age, for men and women, respectively). This 
is because the rules of the general system have been modified, imposing 
costs on contributors and, in addition, the values of the retirement 
benefits have been eroded over the years, implying the need for the 
retiree to continue in the job market. However, owing to the unavailability 
of information that enables the consideration of such facts, the age of 
exit from the labor market will be determined by the basic criterion of 
retirement age, in the so-called General Social Welfare Policy: 65 years 
old for men and 60 years old for women.

Since it is only possible to extract joint information for two 
characteristics from the DATASUS website, in order to obtain the number 
of deaths in RTAs, it is necessary that one of the choices refers to groups 
of CID-10 that characterize such deaths. Thus, the adoption of some 
hypotheses for the characterization of the people killed in RTAs becomes 
essential, once only one characterization possibility remains after the 
traffic accidents option is defined in its many occurrences. In this way, 
separated information on gender, age group, education and on the color/
race of people who died in RTAs across Brazil in the year 2012, according 
to the various occurrences, were extracted.

The main concern, in addition to identifying the age for the 
characterization of loss of product, is to take into account the composition 
of deaths according to gender and education, since these characteristics 
lead to marked differences in income. In order to identify the gender of 
the victims, from the information available on deaths by age group and 
occurrence, we apply the proportion of male victims out of the total of 
victims in each occurrence. In this calculation, the victims whose gender 
is unknown were eliminated, so that the proportions of both genders 
added 100. This procedure was repeated for the proportion of female 
deaths.

Table 9 shows the original distribution according to the gender of 
the victim, for each occurrence, as well as the loss of cases of deaths due 
to elimination, shown above, and in relation to specific age groups: the 
exclusion of ages greater than 69 years, besides the ranges corresponding 
to the unknown ages. The proportions of men and women have 
been applied to the age distribution. The objective is to estimate this 
composition by age according to gender. Table 10 displays the male and 
female deaths, respectively, by age group and according to occurrence, to 
be considered in the calculation of the loss of product.
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Table 9
Brazil: Deaths in road traffic accidents by gender and occurrence according to

DATASUS and the hypotheses used to identify gender in the age distribution, 2012

OCCURRENCE TOTAL DEATHS DATASUS TOTAL TO BE USED IN THE 
CALCULATION OF THE VSL

TOTAL MALE FEMALE MALE FEMALE LOSS (%)

A = Pedestrian 8,808 6,507 2,301 5,208 1,841 19.97

B = Cyclist 1,492 1,336 156 1,206 141 9.72

C = Motorcyclist 12,478 11,121 1,357 10,967 1,338 1.39

D = Three-wheeled vehicle occupant 64 52 12 46 11 10.94

E = Automobile occupant 10,148 7,837 2,311 7,404 2,183 5.53

F = Truck occupant 371 297 74 275 69 7.28

G = Heavy vehicle occupant 861 784 77 758 74 3.37

H = Bus Occupant 193 118 75 105 66 11.40

Total RTA 34,415 28,052 6,363 25,832 5,860 7.91

Source: MS/SVS/CGIAE - Mortality information system – SIM. 

Table 10 
Brazil: Deaths of men and women by age group, estimated by applying the
proportion of men and women in deaths by age group, by occurrence, 2012

OCCURRENCE MALE – AGE RANGES

<  14 15 TO 19 20 TO 29 30 TO 39 40 TO 49 50 TO 59 60 TO 69

A = Pedestrian 431 279 802 844 1,038 960 853

B = Cyclist 122 107 158 188 199 239 193

C = Motorcyclist 147 1,399 3,986 2,665 1,637 785 348

D = Three-wheeled vehicle occupant 4 7 11 7 10 4 4

E = Automobile occupant 385 585 2,064 1,644 1,211 964 551

F = Truck occupant 17 18 55 64 61 32 28

G = Heavy vehicle occupant 20 36 161 209 161 124 47

H = Bus Occupant 4 10 17 20 23 17 15

Total RTA 1,171 2,373 7,088 5,560 4,348 3,181 2,111

OCCURRENCE FEMALE – AGE RANGES

<  14 15 TO 19 20 TO 29 30 TO 39 40 TO 49 50 TO 59 60 TO 69

A = Pedestrian 153 98 284 299 367 339 302

B = Cyclist 14 12 19 22 23 28 23

C = Motorcyclist 18 171 486 325 200 96 42

D = Three-wheeled vehicle occupant 1 2 3 2 2 1 1

E = Automobile occupant 113 173 609 485 357 284 162

F = Truck occupant 4 5 14 16 15 8 7

G = Heavy vehicle occupant 2 3 16 20 16 12 5

H = Bus Occupant 2 7 11 12 14 10 9

Total RTA 266 538 1,608 1,261 986 722 479

Source: MS/SVS/CGIAE - Mortality information system – SIM.
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Information on educational level for the fatalities in RTAs were 
grouped into three groups in table 11. The group for seven years of 
education or less comprises, in addition to those with no education, two 
others with less than seven years of study and unknown educational level. 
Therefore, these three levels of education, for men and for women, can 
be associated with average salaries shown in Table 5. The lower limits are 
applied to the lowest level of education (≤ 7 years), the average limits, to 
the middle level of education (8 to 11), and the upper limit (≥ 12 years) to 
the highest level of education registered. 

It is necessary to match the estimates of the age composition of 
men and women with the distribution of education. In order to achieve 
that, it was assumed that the distribution of education was the same, 
regardless of gender. This percentage distribution was applied to each age 
distribution range, in order to obtain the distribution of deaths according 
to gender, age group and educational level. The results, by occurrence, 
are reproduced in Table A5 of the Annex. Table 12 summarizes the results 
for the total of RTA deaths, according to gender, age and education.

Table 11
Brazil: Deaths in road traffic accidents by years of education, by occurrence, 2012

OCCURRENCE ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS TOTAL

A = Pedestrian 7,267 1,314 238 8,819

B = Cyclist 1,266 189 37 1,492

C = Motorcyclist 8,510 3,380 590 12,480

D = Three-wheeled vehicle occupant 44 16 4 64

E = Automobile occupant 6,718 2,439 997 10,154

F = Truck occupant 233 97 41 371

G = Heavy vehicle occupant 623 215 25 863

H = Bus Occupant 130 40 23 193

Total RTA 24,791 7,690 1,955 34,436

Source: MS/SVS/CGIAE - Mortality information system – SIM.

Table 12
Brazil: Total deaths arising from RTAs according to gender, age group and levels of education, 2012

GENDER MALE FEMALE

EDUCATION ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS

Age range 15 to 19 1,708 530 135 387 120 31

Age range 20 to 29 5,103 1,583 403 1,158 359 91

Age range 30 to 39 4,003 1,242 316 908 282 72

Age range 40 to 49 3,130 971 247 710 220 56

Age range 50 to 59 2,290 710 181 520 161 41

Age range 60 to 69 1,520 471 120 345 107 27

Total 17,754 5,507 1,400 4,027 1,249 318

Source: MS/SVS/CGIAE - Mortality information system – SIM.
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As the deaths of people aged up to 14 years old, 70 years old or 
more, and those of unknown age are treated separately, the results of the 
gender composition for these age groups were excluded from this table.

The SIM data available from DATASUS, implies that the total number 
of deaths from RTAs, in 2012, reached 34,436 (excluding 15 of unknown 
gender). The total of deaths considered in Table 11, which will be the 
basis for calculating the loss of product, corresponds to 30,255 (24,661 
males and 5,594 females). The total number of deaths for people under 
14 years of age registered by SIM was 1,437 and, as explained above, 
are not part of the Table 11 data. This also applies to the 2,744 deaths 
of people aged 70 or more and those of unknown age. Thus, adding the 
4,181 (1,437 + 2,744) excluded deaths to the 30,255 deaths considered 
in Table 11, we would have a total of 34,436 occurrences.

Table 2.1 from IBGE’s Household Budget Survey, partially reproduced 
in the Annex, as Table A.6, provides, for the aggregate Brazil, monetary 
and non-monetary expenses, as a monthly family average, by age groups, 
of the reference person of the family according to the types of expenditure, 
with an indication of the number and average size of households. Their 
average size varied from 2.53 people, when the reference person was 
70 years of age or older, to 3.68 people, when the reference person was 
between the ages of 40 and 49 years. For Brazil, the average size was of 
3.30 people. 

From the items of expenditure specified in the Household Budget 
Survey, we selected those that, certainly, are associated with the presence 
of children: food, housing, clothing, hygiene and personal care, health 
care and education. The relative importance of these items of expenditure 
per capita ranges from 0.16, for the group whose reference people are 
between the ages of 40 to 49 years old, and 0.29, for the group whose 
reference people are between the ages of 10 to 19 years, being the 
Brazilian average 0.18.

Table 13 shows a set of information extracted from the Household 
Budget Survey in order to infer the total investments made in a child until 
14 years old. Considering the family size, it is established that the group 
of families whose reference person is in the 10-19 years old age group  is 
the one with the lowest average family size, if the age group of 70 years 
old or more is excluded. On the other hand, the selected costs in relation 
to the total costs for this group, have the highest percentage, although it 
is the smallest in absolute terms (R$ 356.47 per month).
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Table 13
Brazil: Household Budget Survey information on expenditures

and on the size of families, values in Brazilian Reais for January 2009

SELECTED 
EXPENDITURE/

TOTAL 
EXPENDITURE

EXPENSES 
(R$) 

MONTHLY

SELECTED EXPENSES 
PER CAPITA(R$) AVERAGE 

FAMILY SIZE
NUMBER OF 

FAMILIES
MONTH YEAR

From 10 to 19 years 0.29 1,238.34 356.47 4,277.64 2.64 291,015

From 20 to 29 years 0.20 1,816.44 370.93 4,451.16 2.99 7,112,584

From 30 to 39 years 0.16 2,435.19 397.41 4,768.97 3.57 12,357,647

From 40 to 49 years 0.16 2,964.50 469.39 5,632.70 3.68 13,517,384

From 50 to 59 years 0.17 3,130.17 536.43 6,437.16 3.37 10,933,765

From 60 to 69 years 0.21 2,815.40 588.68 7,064.11 2.96 7,592,146

70 or more 0.28 2,128.98 594.96 7,139.53 2.53 6,012,063

Weighted Average 0.19 2,449.56 447.31 5,367.68 3.34

Source: Table A.6 of Annex.

The group of families referenced in the age group of 20 to 29 years 
old is one whose average family size is closest to 3, the number of people 
compatible to a couple with a child. Selected expenditure in relation to 
total expenditure for this group of families is 0.20, a much smaller number 
than the one registered for the 10 to 19 years old group. For these two 
groups, if children are part of the family group of the person of reference, 
they most likely will be less than 14 years of age. Thus, these two groups 
were selected to infer the investments in children that are a maximum 
of 14 years of age. As a third illustrative case, the weighted average (by 
number of households) of the expenses of all families was used. Table 13 
summarizes the assumptions about the costs of families with a child aged 
less than 14 years.

Table 14
Brazil: estimation of family expenses with a child aged 14 years or less

AGE GROUP OF REFERENCE PERSON SELECTED EXPENSES PER CAPITA IN R$ JANUARY 2009

MONTHLY ANNUAL

10 to 19 (Minimum) 356.47 4,277.64

20 to 29 (Average) 370.93 4,451.16

Overall average (maximum) 447.31 5,367.68
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The values of Table 14 do not represent the total investment made in 
children. They correspond to the monthly and annual expenses incurred by 
the family in Reais of 2009. In order to obtain the total family investment, 
the hypothesis that annual spending in Reais of 2012 will be the same 
over the 14 years of child development, is introduced. This is a simplifying 
assumption, since expenditure on children increases as they grow. In 
addition, multiplying the annual expenditure by 14 to get the total family 
investment disregards the fact that each portion of this total comes at a 
different moment in time, and aggregation would require a correction to 
this fact. Therefore, the value of the family’s investment in children up to 
14 years will be underestimated.

In addition to the family expenses, public sector spending, particularly 
in health and education, must also be taken into account. For simplicity, 
it is assumed that the public spending on children is double that of 
the household, that is, the public sector contributes 2/3 of the total 
investment in the child. Household (private) and public sector investments 
are shown in Table 14. The original values of household investment in 
Reais of January 2009 were transformed into 2012 Reais (multiplied by 
1.24515). Thus, the estimated value of the investment in a child in its first 
14 years of life ranges from R$ 233,704.39 to R$ 280,709.59.

According to experts in education, families spend around 30% of 
their net income on the development of their children. By applying this 
percentage to the total expenditure of each family group, it is possible to 
obtain, by rule of thumb, the average monthly expenditure on a child in 
each group of families. As the group of families in the age group of 20 to 
29 year olds showed an average size of 2,99 people, it can be assumed 
that 30% of the total expenditure, in this case, R$ 544.96, corresponds to 
the monthly expenditure on a child. This value exceeds the one allocated 
to spending on a child, according to the Table 14.

Table 15
Brazil: Expenditure estimate on a child of up to 14 years of age,
by means of the Household Budget Survey, 2012 prices values

SECTOR PERIOD MINIMUM AVERAGE MAXIMUM

PRIVATE
Annually for 5,326.29 5,542.35 6,683.56

14 years 74,568.13 77,592.96 93,569.86

PUBLIC
Annually for 10,652.59 11,084.71 13,367.12

14 years 149,136.26 155,185.92 187,139.73

TOTAL
Annually for 15,978.88 16,627.06 20,050.69

14 years 223,704.39 232,778.88 280,709.59

Source: Table 13 and explained hypotheses in the text.
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In 2011, INEP (National Institute for Educational Studies and 
Research) estimated that the total cost to the public sector for a child 
to complete basic education, in 14 years, amounted to R$ 59,902.00. 
Updating this value for 2012, that public investment would correspond to 
R$ 62,976.50. Thus, if we deduct the expenses on education as reported 
by INEP from the average estimate of public expenditure, other public 
expenditures (including those on health) over the first 14 years of the life 
of a child would come to R$ 92,209.42. There is no doubt that the values 
of Table 15 underestimate the lost investments for child fatalities in RTAs.

All procedures associated with monetary values have to reflect the 
social opportunity cost of the lost resources, since it is desired to estimate 
the loss of product due to RTAs, under the society’s viewpoint. The most 
important element for the calculation is linked to the salary of the injured 
victim that died. The adopted hypothesis was to link average salaries 
for men and women, presented at three levels (minimum, average and 
maximum), to the three levels of education defined in Table 12.

These average salaries reflect the monthly salaries of workers 
and, therefore, do not incorporate social security charges or indirect 
remuneration, both associated with the reported salary. From society’s 
point of view, social security charges, as well as indirect remuneration, 
are part of the marginal product of the worker, since they would not be 
employed if they produced less than what they received. The hypothesis 
to be adopted is anchored in Camargo (1996) and implies that salary 
amounts must be multiplied by 1.9 in order to take into account the labor 
charges and indirect remuneration (in particular the thirteenth salary, 
holiday allowance, paid vacation, vacation bonus and rest). This is the 
only correction applied in the calculation of the loss of product.

However, a hypothesis about that salary over the years considered 
in the calculation of the loss of product will be added. The value of the 
corrected salary reflecting the marginal product of the worker at 2012 
prices will present a growth of 1% per year during the first six years after 
the death. From then, salaries will have a growth of 3% per year, since it 
is expected that, for this period, the Brazilian economy will probably have 
returned to its long-term trajectory. Note that, during the period of 2009 
to 2012, the average salaries corresponding to the IBGE data used in the 
construction of Table 4 showed a real growth of 10.1%, that is, an annual 
average of 3.26%, in an economically troubled period.

4.5 Loss of Product Estimates

Using the information from Table 12, it is possible to estimate the 
loss of product from the death of a man or of a woman with the features 
there described. As information about age is specified by age group, age 
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at the time of death will be taken as the midpoint of the age group 
(without the corresponding fraction). The working age limit was 65 years 
old for men and 60 years old for women, which certainly underestimates 
the lost income stream with premature death, since even after retirement 
under Social Security, people need to work to keep a minimum of well-
being. The withdrawal of women from the work force at 60 years of age 
implies the discard of 345 female deaths in the age group between 60 
and 69 age range. In the case of male deaths for this age group, a loss of 
only a year of work was considered.

The annual fixed salary, as previously explained, and under the 
assumptions of its real growth, together with the years of lost work, 
formed the basis of the information used in the calculation of the present 
value of lost work with a male death and with a female death. Calculating 
the present values of the lost income streams, for each category of 
the deceased person (gender, age and education), these values were 
multiplied by the corresponding numbers of deaths. The calculations 
were made under two discount rate alternatives: 6% and 3% per year. 
The results are listed in Tables A7 to A10, of the Annex. 

Table 16, in addition to summarizing the results above, adds to them 
the total of lost investments with deaths of children aged up to 14 years. 
The total investment lost with the death of children was obtained by 
multiplying the investment lost in a child (table 15) by the number of 
children killed in RTAs (1,437).

In order to solve the problem of loss of information on the number 
of deaths, weighted averages of the present value (PV) of lost income 
stream by deceased person were calculated, according to age group, for 
male and female deaths. These averages were multiplied by the number 
of male and female deaths, to obtain the total cost of RTA deaths. The 
values of the loss of product, estimated by means of the averages, 
outweigh those estimated by HK method solely by considering all male 
and female deaths reported.

Therefore, the total of loss of product due to deaths from RTAs, in 
Brazil, in the year 2012, shows a minimum value of R$ 17,1 billion and a 
maximum value of R$ 29,5 billion. As a proportion of GDP, the estimated 
loss of product varies between 0.39% and 0.67%.

It is important to note that the figures in Table 16 refer specifically 
to deaths from RTAs, according to the SIM records, and cannot be 
generalized. Unlike the VSL concept, whose calculation depends entirely 
and exclusively on the assumption adopted for the income stream, the 
social cost of deaths from RTAs varies according to the profile of the 
people killed in these accidents. The hypotheses adopted in calculations 
summarized in Table 16 were imposed by the precariousness of the 
information about the fatalities in RTAs.
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Table 16
Brazil: Loss of product in 2012 due to deaths in RTAs, values in R$ for 2012

GDP = R$ 4,392 MILLION LOSS OF PRODUCT AS A RESULT OF DEATHS IN RTAS

DISCOUNT RATE 0.06 0.03

Male deaths R$ milhões % PIB R$ milhões % PIB

(1) HK Method 14,470.9 0.33 22,484.5 0.51

Weighted average of PV of the loss of product stream 16,460.7 0.37 25,576.2 0.58

Female deaths

(2) HK method 2,341.2 0.05 3,471.5 0.08

Weighted average of PV of the loss of product stream 2,663.0 0.06 3,948.7 0.09

Total do produto perdido 

Método KH (1+2+3)* 17,146.6 0.39 26,290.5 0.60

Pela média dos VP** 19,123.7 0.44 29,525.0 0.67

WEIGHTED AVERAGE LOSS OF PRODUCT BY DEATH

Male 586,792.6 911,744.2

Female 418,516.87 620,574.7

(3) TOTAL OF INVESTMENT LOST DUE TO DEATHS OF CHILDREN AGED UP TO 14 YEARS, R$ IN THOUSANDS

MÍNIMO MÉDIO (3) MÁXIMO

321,463.2 334,503.2 403,379.7

Notes:  * Includes the average loss of investment done in children of up to 14 years of age.
 ** Does not include the loss of investment in children up to 14 years of age.
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This research explores the sensitive and controversial theme of 
quantifying the statistical value of human life, with the Brazilian statistics, 
with the objective of measuring the losses from deaths caused by road 
accidents. The estimates relate to 2012 and show that the loss with 
the 34.4 thousand premature deaths, according to DATASUS data, 
reaches almost 0.7% of the GDP. These values are an underestimate of 
the loss of product with road accidents, for at least two reasons. The 
first one is that this value does not take into consideration the product 
lost with disablements, in its many intensities (from serious to minor), 
which affects the victim’s productive capacity and requires additional 
expenditures on hospitals, rehabilitation, etc. The second reason is the 
divergence with more specific information from the claims registered by 
the DPVAT insurance, which shows for the same 2012 year, a total of 
60.7 million deaths – that is, 76% higher than the DATASUS data – and 
325.5 thousand people with some kind of disablement caused by traffic 
accidents. As complementary information, in 2014, the DPVAT insurance 
registered 52.2 thousand (that is, an improvement in relation to the 2012 
data) and 595.7 thousand disabled people (83% higher than the data 
registered in 2012).

Regardless of values, which can be reviewed with new researches, 
Brazil displays a blatant and appalling frame of statistics on traffic 
accidents. This research opens space for many other works, which without 
a doubt, will enrich the knowledge on a problem that must be faced by 
the Brazilian society.  

5 – CONCLUSIONS
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Table A.1
Value of a Statistical Life (VSL): Brazil: major regions and states and Federal District. 2012

TERRITORIAL UNITS

GDP* IN R$ 
MILLIONS POPULATION* GBP PER 

CAPITA VALUE OF A STATISTICAL LIFE

R$ 1,000,000 THOUSAND 
INHABITANTS R$ α ∂ = 60 α ∂ = 70 α∂ = 80

 Brazil 4,392,094 193,946,886 22,646 1,358,752 1,585,210 1,811,669

North 231,383 16,318,163 14,179 850,769 992,564 1,134,359

Rondônia 29,362 1,590,011 18,466 1,107,990 1,292,655 1,477,320

Acre 9,629 758,786 12,690 761,419 888,323 1,015,226

Amazonas 64,120 3,590,985 17,856 1,071,347 1,249,905 1,428,462

Roraima 7,314 469,524 15,577 934,628 1,090,399 1,246,170

Pará 91,009 7,792,561 11,679 700,738 817,527 934,317

Amapá 10,420 698,602 14,915 894,891 1,044,039 1,193,187

Tocantins 19,530 1,417,694 13,776 826,540 964,297 1,102,054

Northeast 595,382 53,907,144 11,045 662,675 773,121 883,567

Maranhão 58,820 6,714,314 8,760 525,620 613,224 700,827

Piauí 25,721 3,160,748 8,138 488,251 569,626 651,001

Ceará 90,132 8,606,005 10,473 628,387 733,118 837,850

Rio Grande do Norte 39,544 3,228,198 12,249 734,968 857,462 979,957

Paraíba 38,731 3,815,171 10,152 609,113 710,631 812,150

Pernambuco 117,340 8,931,028 13,138 788,309 919,693 1,051,078

Alagoas 29,545 3,165,472 9,333 560,006 653,340 746,674

Sergipe 27,823 2,110,867 13,181 790,856 922,665 1,054,474

Bahia 167,727 14,175,341 11,832 709,940 828,263 946,587

Southeast 2,424,005 81,565,983 29,718 1,783,100 2,080,284 2,377,467

Minas Gerais 403,551 19,855,332 20,325 1,219,475 1,422,721 1,625,967

Espírito Santo 107,329 3,578,067 29,996 1,799,778 2,099,741 2,399,704

Rio de Janeiro 504,221 16,231,365 31,065 1,863,878 2,174,524 2,485,171

São Paulo 1,408,904 41,901,219 33,624 2,017,465 2,353,709 2,689,953

South 710,860 27,731,644 25,634 1,538,012 1,794,347 2,050,683

Paraná 255,927 10,577,755 24,195 1,451,688 1,693,636 1,935,584

Santa Catarina 177,276 6,383,286 27,772 1,666,311 1,944,030 2,221,748

Rio Grande do Sul 277,658 10,770,603 25,779 1,546,753 1,804,545 2,062,337

Central-west 430,463 14,423,952 29,844 1,790,619 2,089,056 2,387,492

Mato Grosso do Sul 54,471 2,505,088 21,744 1,304,659 1,522,103 1,739,546

Mato Grosso 80,830 3,115,336 25,946 1,556,752 1,816,211 2,075,670

Goiás 123,926 6,154,996 20,134 1,208,056 1,409,398 1,610,741

Distrito Federal 171,236 2,648,532 64,653 3,879,180 4,525,710 5,172,240

* Source. IBGE. ∂ = (VSL/GDP per capita)
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Table A.2
Cost in Reais of the loss of product arising from deaths by road traffic accidents:

Brazil: major regions, states and Federal District 2012.

 TERRITORIAL UNIT DEATHS BY RTA 
COST IN R$ MILLIONS FOR LOSS OF PRODUCT IN RTA

α ∂ = 60 α α ∂ = 70 α ∂ = 80

Brazil 34,436 46,790.0 54,588.3 62,386.6

North 2,734 2,326.0 2,713.7 3,101.3

Rondônia 380 421.0 491.2 561.4

Acre 90 68.5 79.9 91.4

Amazonas 354 379.3 442.5 505.7

Roraima 131 122.4 142.8 163.2

Pará 1,325 928.5 1,083.2 1,238.9

Amapá 22 19.7 23.0 26.3

Tocantins 432 357.1 416,.6 476.1

Northeast 9,996 6,624.1 7,728.1 8,832.1

Maranhão 1,273 669.1 780.6 892.1

Piauí 1,075 524.9 612.3 699.8

Ceará 1,657 1,041,2 1,214.8 1,388.3

Rio Grande do Norte 478 351.3 409.9 468.4

Paraíba 620 377.6 440.6 503.5

Pernambuco 1,766 1,392.2 1,624.2 1,856.2

Alagoas 267 149.5 174.4 199.4

Sergipe 638 504.6 588.7 672.7

Bahia 2,222 1,577.5 1,840.4 2,103.3

Southeast 12,021 21,434.6 25,007.1 28,579.5

Minas Gerais 3,483 4,247.4 4,955.3 5,663.2

Espírito Santo 1,037 1,866.4 2,177.4 2,488.5

Rio de Janeiro 2,135 3,979.4 4,642.6 5,305.8

São Paulo 5,366 10,825.7 12,630.0 14,434.3

South 6,080 9,351.1 10,909.6 12,468.1

Paraná 2,838 4,119.9 4,806.5 5,493.2

Santa Catarina 1,698 2,829.4 3,301.0 3,772.5

Rio Grande do Sul 1,544 2,388.2 2,786.2 3,184,3

Central west 3,605 6,455.2 7,531.0 8,606.9

Mato Grosso do Sul 739 964.1 1,124.8 1,285.5

Mato Grosso 936 1,457.1 1,700.0 1,942.8

Goiás 1,390 1,679.2 1,959.1 2,238.9

Federal District 540 2,094.7 2,443.9 2,793.0

* Source. IBGE. ∂ = (VSL/GDP per capita) 
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Table A3
Brazil: Deaths in RTAs by occurrence by age group, 2012

OCCURRENCE AGE RANGE

≤ 14 15 to 19 20 to 29 30 to 39 40 to 49 50 to 59 60 to 69 70 to 79 80 and + Unknown Total

A= Pedestrian 584 377 1,086 1,143 1,405 1,299 1,155 1,012 565 193 8,819

B = Cyclist 136 119 177 210 222 267 216 110 27 8 1,492

C = Motorcyclist 165 1,570 4,472 2,990 1,837 881 390 131 33 11 12,480

D = Three-
wheeled vehicle 
occupant 5 8 14 8 12 5 5 3 4 0 64

E = Automobile 
occupant 498 758 2,673 2,129 1,568 1,248 713 400 152 15 10,154

F = Truck occupant 21 23 69 80 76 40 35 18 8 1 371

G = Heavy 
transporter 
occupant 22 39 177 229 177 136 52 19 7 5 863

H = Bus occupant 6 17 28 32 37 27 24 17 5 0 193

Total RTAs 1,437 2,911 8,696 6,821 5,334 3,903 2,590 1,710 801 233 34,436

Source: MS/SVS/CGIAE - Mortality information system – SIM.
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Table A4
Brazil: male and female deaths in road traffic accidents

by years of education, according to occurrence

OCCURRENCE ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS TOTAL

MALE DEATHS

A = Pedestrian 5,369 971 176 6,515

B = Cyclist 1,134 169 33 1,336

C = Motorcyclist 7,585 3,012 526 11,123

D = Three-wheeled vehicle occupant 36 13 3 52

E = Automobile occupant 5,188 1,884 770 7,842

F = Truck occupant 187 78 33 297

G = Heavy transporter occupant 567 196 23 786

H = Bus occupant 79 24 14 118

Total RTA 20,207 6,268 1,594 28,069

FEMALE DEATHS

A = Pedestrian 1,898 343 62 2,304

B = Cyclist 132 20 4 156

C = Motorcyclist 925 368 64 1,357

D = Three-wheeled vehicle occupant 8 3 1 12

E = Automobile occupant 1,530 555 227 2,312

F = Truck component 46 19 8 74

G = Heavy transporter occupant 56 19 2 77

H = Bus occupant 51 16 9 75

Total RTA 4,584 1,422 361 6,367

Source: MS/SVS/CGIAE - Mortality information system – SIM.
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Table A5
Brazil: Male and female deaths in road traffic accident by years of education

and age group, according to occurrence. 2012

EDUCATION ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS

GENDER MALE FEMALE

OCCURRENCE AGE <  14

A= Pedestrian 310 96 24 110 34 9

B = Cyclist 88 27 7 10 3 1

C = Motorcyclist 106 33 8 13 4 1

D = Three-wheeled vehicle occupant 3 1 0 1 0 0

E = Automobile occupant 277 86 22 81 25 6

F = Truck occupant 12 4 1 3 1 0

G = Heavy transporter occupant 14 4 1 1 0 0

H = Bus occupant 3 1 0 1 0 0

Total RTA 843 261 66 191 59 15

EDUCATION ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS

GENDER MALE FEMALE

OCCURRENCE AGE RANGE 15 TO 19

A= Pedestrian 201 62 16 71 22 6

B = Cyclist 77 24 6 9 3 1

C = Motorcyclist 1,007 312 79 123 38 10

D = Three-wheeled vehicle occupant 5 2 0 1 0 0

E = Automobile occupant 421 131 33 125 39 10

F = Truck occupant 13 4 1 4 1 0

G = Heavy transporter occupant 26 8 2 2 1 0

H = Bus occupant 7 2 1 5 2 0

Total RTA 1,708 530 135 387 120 31

EDUCATION ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS

GENDER MALE FEMALE

OCCURRENCE AGE RANGE 20 TO 29

A= Pedestrian 577 179 46 204 63 16

B = Cyclist 114 35 9 14 4 1

C = Motorcyclist 2,870 890 226 350 109 28

D = Three-wheeled vehicle occupant 8 2 1 2 1 0

E = Automobile occupant 1,486 461 117 438 136 35

F = Truck occupant 40 12 3 10 3 1

G = Heavy transporter occupant 116 36 9 12 4 1

H = Bus occupant 12 4 1 8 2 1

Total RTA 5,103 1,583 403 1,158 359 91
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EDUCATION ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS

GENDER MALE FEMALE

OCCURRENCES AGE RANGE 30 TO 39

A= Pedestrian 608 188 48 215 67 17

B = Cyclist 135 42 11 16 5 1

C = Motorcyclist 1,919 595 151 234 73 18

D = Three-wheeled vehicle occupant 5 2 0 1 0 0

E = Automobile occupant 1,184 367 93 349 108 28

F = Truck Occupant 46 14 4 12 4 1

G = Heavy transporter occupant 150 47 12 14 4 1

H = Bus occupant 14 4 1 9 3 1

Total RTA 4,003 1,242 316 908 282 72

EDUCATION ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS

GENDER MALE FEMALE

OCCURRENCES AGE RANGE 40 TO 49

A= Pedestrian 747 232 59 264 82 21

B = Cyclist 143 44 11 17 5 1

C = Motorcyclist 1,178 366 93 144 45 11

D = Three-wheeled vehicle occupant 7 2 1 1 0 0

E = Automobile occupant 872 270 69 257 80 20

F = Truck Occupant 44 14 3 11 3 1

G = Heavy transporter occupant 116 36 9 12 4 1

H = Bus occupant 17 5 1 10 3 1

Total RTA 3,130 971 247 710 220 56

EDUCATION ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS

GENDER MALE FEMALE

OCCURRENCES AGE RANGE 50 TO 59

A= Pedestrian 691 214 55 244 76 19

B = Cyclist 172 53 14 20 6 2

C = Motorcyclist 565 175 45 69 21 5

D = Three-wheeled vehicle occupant 3 1 0 1 0 0

E = Automobile occupant 694 215 55 204 63 16

F = Truck Occupant 23 7 2 6 2 0

G = Heavy transporter occupant 89 28 7 9 3 1

H = Bus occupant 12 4 1 7 2 1

Total RTA 2,290 710 181 520 161 41
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EDUCATION ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS ≤ 7 YEARS [8 TO 11] ≥ 12 YEARS

GENDER MALE FEMALE

OCCURRENCE AGE RANGE 60 TO 69

A = Pedestrian 614 190 48 217 67 17

B = Cyclist 139 43 11 17 5 1

C = Motorcyclist 251 78 20 30 9 2

D = Three-wheeled vehicle occupant 3 1 0 1 0 0

E = Automobile occupant 397 123 31 117 36 9

F = Truck Occupant 20 6 2 5 2 0

G = Heavy transporter occupant 34 10 3 4 1 0

H = Bus occupant 11 3 1 6 2 1

Total RTA 1,520 471 120 345 107 27

Source: MS/SVS/CGIAE - Mortality information system – SIM.

Table A.6
 Brazil: Monetary and non-monetary expenses monthly average family, 

by age groups for the family reference person, according to the selected types of
expenditure, values in R$ for January 15th, 2009

DISTRIBUTION OF MONETARY AND NON-MONETARY COSTS AVERAGE FAMILY MONTHLY (%)

 EXPENSE TYPES ACCORDING 
TO SELECTED ITEMS AGE GROUPS OF THE REFERENCE PERSON OF THE FAMILY

TOTAL
FROM 10 

TO 
19 YEARS

FROM 20 
TO 

29 YEARS

FROM 30 
TO 

39 YEARS

FROM 40 
TO 

49 YEARS

FROM 50 
TO 

59 YEARS

FROM 60 
TO 

69 YEARS

70 YEARS 
OF MORE

Total expenditure  2,626.31  1,238.34  1,816.44  2,435.19 2,964.50  3,130.17  2,815.40  2,128.98

   Food   421.72   287.30   340.30   410.76   466.74   483.73   413.37   343.63

   Housing   765.89   415.13   504.17   675.05   819.32   873.97   893.77   801.06

   Clothing   118.22   86.60   108.25   119.99   148.26   127.47   99.24   67.55

   Hygiene and personal care   51.02   42.64   47.20   52.40   59.92   55.13   45.03   33.19

   Healthcare   153.81   40.04   70.35   95.32   141.64   182.73   243.23   240.16

   Education   64.81   69.37   38.81   65.25   91.48   84.74   47.84   19.66

Sum of the expenditure items  1,575.47   941.08  1,109.08  1,418.77  1,727.36  1,807.77  1,742.48  1,505.25

Sum of items per capita   477.42   356.47   370.93   397.41   469.39   536.43   588.68   594.96

Sum per capita /Total expenditure   0.18   0.29   0.20   0.16   0.16   0.17   0.21   0.28

 Number of families  291,015 7,112,584 7,592,146 6,012,063

Average family size 3.30 2.64 2.99 3.57 3.68 3.37 2.96 2.53

Source: IBGE. Research Directory. Coordination of Work and Income. Family Budgets Survey 2008-2009.
Note: The term Family is being used to indicate a research “Consumer Unit”, as described in the introduction.
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Table A.7
Brazil: Value of loss of product for male deaths in RTAs according to age and years of 

education, in R$ for 2012 – Discount rate of 6% p.a.

ANNUAL SALARY WITH LABOR AND 
INDIRECT SALARY COSTS, R$ 20,243.44 52,967.82 138,593.68

AVERAGE AGE AT 
TIME OF RTA

NO. OF WORKING 
YEARS LOST EDUCATION

≤ 7 YEARS [8 TO 11] ≥ 12 YEARS

18 47 824,935,889.54 669,786,009.36 446,401,130.22

24 41 2,310,908,560.81 1,875,711,227.57 1,249,457,315.70

34 31 1,559,289,588.20 1,265,874,509.69 842,728,063.48

44 21 955,116,476.34 775,280,926.16 516,021,904.95

54 11 441,296,961.33 357,998,884.51 238,799,390.79

64 1 60,088,629.27 48,718,901.38 32,477,989.73

Total = R$ 14,470,892,359.05 6,151,636,105.49 4,993,370,458.67 3,325,885,794.88

Table A8
Brazil: Value of loss of product for female deaths in RTAs according to age and years of 

education, in R$ for 2012 – Discount rate of 6% p.a.

ANNUAL SALARY WITH LABOR AND 
INDIRECT SALARY COSTS 15,892.51 43,167.47 117,252.19

AVERAGE AGE  AT 
TIME OF RTA

NO. OF WORKING 
YEARS LOST EDUCATION

≤ 7 YEARS [8 TO 11] ≥ 12 YEARS

18 42 139,223,996.86 117,259,599.39 82,279,804.03

24 36 384,972,297.91 324,174,908.01 223,198,224.10

34 26 249,753,754.08 210,687,763.19 146,112,407.01

44 16 140,997,556.25 118,669,727.59 82,048,318.75

54 6 50,276,654.32 42,281,747.64 29,246,594.60

64 0 0.00 0.00 0.00

Total = R$ 2,341,183,353.73 965,224,259.42 813,073,745.82 562,885,348.49

Author’s estimates
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Table A9
Brazil: Value of loss of product for male deaths in RTAs according to age range and 

education, in R$ for 2012 – Discount rate of 3% p.a.

ANNUAL SALARY WITH LABOR AND
INDIRECT SALARY COSTS

20,243.44 52,967.82 138,593.68

AVERAGE AGE AT 
TIME OF RTA

NO. OF WORKING 
YEARS LOST EDUCATION

≤ 7 YEARS [8 TO 11] ≥ 12 YEARS

18 47 1,488,641,187.17 1,208,664,882.64 805,554,852.04

24 41 3,896,602,398.09 3,162,782,375.49 2,106,807,017.48

34 31 2,336,251,157.20 1,896,633,448.02 1,262,641,929.00

44 21 1,263,454,629.34 1,025,563,163.71 682,608,122.47

54 11 512,259,675.58 415,566,859.75 277,199,503.23

64 1 60,942,569.27 49,411,262.30 32,939,545.52

Total = R$ 22,484,524,578.29 9,558,151,616.64 7,758,621,991.91 5,167,750,969.74

Author’s estimates

Table A10
 Brazil: Value of loss of product for female deaths in RTAs according to age range and 

education, in R$ for 2012 – Discount rate of 3% p.a.

ANNUAL SALARY PLUS SOCIAL SECURITY 
AND INDIRECT SALARY COSTS 15,892.51 43,167.47 117,252.19

AVERAGE AGE AT 
TIME OF RTA

NO OF WORKING 
YEARS LOST EDUCATION

≤ 7 YEARS [8 TO 11] ≥ 12 YEARS

18 42 237,463,379.55 200,000,440.90 140,338,165.65

24 36 612,384,205.85 515,672,412.48 355,046,500.63

34 26 351,889,717.95 296,847,820.52 205,864,588.03

44 16 174,843,386.73 147,155,863.01 101,743,649.37

54 6 54,585,876.85 45,905,725.05 31,753,326.33

64 0 0.00 0.00 0.00

Total = R$ 3,471,495,058.90 1,431,166,566.92 1,205,582,261.96 834,746,230.01

Author’s estimates
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