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Summary

Objective: This paper explores why traffic fatalities increase with GDP per capita in lower income countries and
decrease with GDP per capita in wealthy countries.
Methods: Data from 41 countries for the period 1992–1996 were obtained on road transport crashes, injuries, and

fatalities as well as numbers of vehicles, kilometers of roadway, oil consumption, population, and GDP. Fixed
effects regression was used to control for unobservable heterogeneity among countries.
Results: A 10% increase in GDP in a lower income country (GDP/Capita5$1600) is expected to raise the number

of crashes by 7.9%, the number of traffic injuries by 4.7%, and the number of deaths by 3.1% through a mechanism
that is independent of population size, vehicle counts, oil use, and roadway availability. Increases in GDP in richer
countries appear to reduce the number of traffic deaths, but do not reduce the number of crashes or injuries, all else
equal. Greater petrol use and alcohol use are related to more traffic fatalities in rich countries, all else equal.
Conclusion: In lower income countries a rise in traffic-related crashes, injuries, and deaths accompanies economic

growth. At a threshold of around $1500–$8000 per capita economic growth no longer leads to additional traffic
deaths, although crashes and traffic injuries continue to increase with growth. The negative association between
GDP and traffic deaths in rich countries may be mediated by lower injury severity and post-injury ambulance
transport and medical care. Copyright # 2005 John Wiley & Sons, Ltd.

JEL classification: O57; R41; I12

Keywords transportation; motor vehicles; traffic safety; cross country studies

Introduction

Expansion of road transport brings opportunity
for wealth and prosperity through increased
commerce. An unintended side effect of increasing
the contact between people and vehicles through-
out the world will be a worsening of the traffic
injury pandemic. With over 1 million killed by car
crashes annually, traffic injuries are projected to
become the 3rd leading cause of disability adjusted
life years lost by 2020 [1]. The Red Cross has

dubbed the 20th century, ‘The Century of Road
Death’ [2] and the 21st century may show little
improvement. Over 30 million people have per-
ished in traffic fatalities since the very first
pedestrian casualty in 1898 [2].

Prior studies have recorded a biphasic relation-
ship between traffic fatalities and economic devel-
opment with fatalities rising for the low income
countries and falling for the high income countries
[3]. Environmental economists finding a similar
relationship between pollution and income noted
homology to Kuznets’s inverted-U relationship
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between income inequality and development. They
discuss an ‘environmental Kuznets curve’ [4] in
which the pollution externalities of mechanized
activity first rise and then fall with the economic
growth that attends industrialization. For pollu-
tion to decrease while mechanized activity in-
creases requires investments in harm reduction.
The critical question is whether the investments in
harm reduction will be able to keep up with
growth in the scale and intensity of polluting
activity.

While environmental economists have been
concerned with the harms from motorized trans-
port, they tend to focus on the exhaust pipe as the
source of harm. To date, few economists have been
as concerned with harms emitted from the bumper.
With over 1 million deaths per year due to traffic
fatalities, motor vehicles are the most lethal aspect
of the modern physical environment, and it is not
surprising that a country’s ability to control the
harms in its roadways would be similar to its
ability to control other environmental hazards.
Motor vehicle fatalities can be considered the
greatest health hazard which rises and falls with
economic development on the environmental
Kuznets curve.

Ceteris paribus, a population that spends more
time exposed to moving vehicles ought to experi-
ence more traffic harms. The crudest measure of
exposure to motorized transport, vehicles/popula-
tion, always increases with economic growth [5] as
do other measures such as petroleum consumption
per capita and kilometers per capita. Since traffic
fatalities can decline at advanced stages of
economic growth despite increases in traffic, we
need to understand why higher income countries
are able to mitigate the harm from the increased
population exposure to road traffic. One scenario
would be that investment in harm reduction (safer
drivers, roads, and vehicles) has simply reduced
the numbers of crashes. Another possibility would
be that harm reduction policies have reduced the
number and severity of the injuries that attend
crashes so that even though crashes occur the
energy is channeled away from the occupants and
pedestrians. For example, this might occur with a
transition away from motorized bicycles to
sedans, or through occupant restraints. Finally it
might be the case that improvements in emergency
transport and in the medical treatment of trauma
have enabled better survival despite continuing
upward trends in the numbers of crashes and
injuries.

The objective of this paper is to identify the
relationship between economic growth and traffic
fatalities, traffic injuries and crashes. We will show
that although there is an inverted U (an environ-
mental Kuznets curve) for fatalities, there is no
such relationship for injuries and crashes. A
secondary objective of the paper is to identify
some of the mechanisms by which economic
growth is related to fatalities, injuries, and crashes.
Because there are cross country panel data on only
a limited number of variables, the relative con-
tribution of various unmeasured determinants of
traffic fatalities such as road quality, enforcement
efforts, motorist attitudes, etc. cannot be assessed
in this study. We control for the total contribution
of time-invariant unmeasured determinants of
traffic fatalities using country fixed and random
effects models.

Methods

Theoretical framework

Since safety is a normal good, more income ought
to predict more safety, yet the perplexing trend for
low income countries, is that more income leads to
less traffic safety and more traffic deaths [3]. The
opposite is true in high income countries where
more income leads to fewer traffic deaths [3]. What
can account for the difference? There are several
possible explanations: (1) An externalities story in
which the more advanced stages of economic
development are a prerequisite for the institutional
capacity to successfully assign liability and to
regulate externalities; (2) A competing risks story
in which it is rational for road users to under-
invest in road safety and bear a greater exposure to
high risk transport options in order to generate an
income which can be used to control infectious
and nutritional health risks that are simpler to
control early in the epidemiological transition. In
higher income countries infectious diseases and
malnutrition recede in importance relative to
transport injuries and it becomes rational for
motorists and governments to spend more re-
sources on safety. (3) A vehicle mix story in which
lower traffic fatality rates occur spontaneously as
economic growth empowers more road users to
switch to driving safer sedans instead of more
dangerous transport modalities such as motorized
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bicycles and the rooftops of buses; (4) A medical
technology story, in which a country’s capacity to
transport and resuscitate road trauma victims
must await the development of a highly capable
medical system. We will review these explanations
one by one.

Externalities

Several have identified the potential for a motor-
ist’s insurance policy to increase risk-taking [6,7].
Externalities abound in the transportation market,
and are not limited to the injuries a single motorist
may inflict on others in the rush from point A to
point B. To the extent that car buyers and local
regulators are unconcerned and uninformed about
vehicle safety, manufacturers can impose safety
externalities on the market. Purveyors of alcohol
may impose similar safety externalities in the
absence of regulation and enforcement. Roadway
engineers, despite their operation in the public
sector, may experience political incentives to
under-invest in maintaining the safety properties
of local roadways. In terms of Coase’s theorem, a
first best market solution to any externalities
problem can be achieved if rights to injure or to
be spared injury are securely assigned and then
costlessly traded [8]. In Coase’s terms, all extern-
ality problems are due to institutional failures to
securely assign and administer externality rights
and also due to high transaction costs inhibiting
injurers from bearing liability and/or injury
victims from making claims. Ultimately, both the
generators and victims of traffic safety externalities
are distributed widely in the economy. With
formidable transaction barriers separating them,
motorists and their victims in a less developed
country may have to wait for substantial institu-
tional development before traffic courts and
regulators can successfully assign liability and
officiate over claims.

Competing risks

The competing risks account is familiar to many
transport experts in developing countries who
explain the low rates of investment in road safety
by pointing to ‘limited resources’. A competing
risks explanation of the connection between

economic growth and traffic casualties assumes
that countries prioritize their investments in public
health and safety to maximize increments in
welfare per public dollar spent. Under this view,
investments in traffic safety are deferred by low
income countries as they work down a league table
of public investments that are deemed higher
priorities. With development, more of the higher
yield (lower cost) public health investments will
have been fully exploited. Thus, with development,
investments in safer roads and greater enforcement
become both more attractive and affordable.
These investments would take the form of
regulating and enforcing traffic codes and vehicle
safety standards, as well as controlling the
frequency of alcohol-impaired driving. Prior re-
search has shown that excise taxes on alcohol are
associated with lower rates of traffic deaths [9,10].

A recent study of public investment in road
safety showed that in Pakistan and Uganda rates
of investment in road safety range from $0.07 to
$0.09 per capita per year [11]. Yet the wisdom of
deferring road safety investments in low income
countries is subject to question since some cost–
benefit calculations have shown rates of return on
investments in road safety in lower income
countries that approach the returns on many
commonly accepted developing country health
investments [12,13].

Vehiclemix

Economic growth can alter the mix of vehicles on
the road. Additional income may lead consumers
to upgrade from scooters to sedans, or from
sedans to sport utility vehicles (SUVs). The effects
of income growth on vehicular hazards are
complex and may not necessarily lead to a positive
effect of economic development on safety. Perso-
nal income growth may also lead individuals to
pursue convenience by substituting more hazar-
dous personal vehicles for safer but less convenient
buses and trains. For instance, bus ridership in
Bogota, Colombia fell from 69% in 1972 to 52%
in 1978 [14]. And more SUVs in a country may not
lead to lower fatalities overall. A recent simulation
study showed that an increasing prevalence of
SUVs in a population of smaller vehicles could
actually increase population level injury and death
rates because of the much higher casualty rate
during crashes between asymmetrically sized ve-
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hicles [15]. There have been no systematic cross-
country studies documenting how vehicle mix
changes with economic development.

Medical technology

The medical technology explanation for the
decline of traffic fatalities is supported by several
strands of evidence. A case study of urban trauma
outcomes in Ghana, Mexico, and the US identified
the importance of investments in prehospital care
in determining fatality rate – in Kumasi Ghana
51% of severely injured persons died in the field.
Corresponding rates in Monterrey, Mexico and
Seattle were 40 and 21%, respectively [16].
Discrete investments in trauma care and pre-
hosptial care have been associated with improved
trauma survival in a variety of locations [17–19].

An economicmodel

In order to nest these competing hypotheses in a
common economic model let us consider a model
of the choices facing a driver (subscript d), an
innocent bystander (e.g. a walker (subscript w),
and a government policy maker (subscript g). We
begin with a traffic fatality production function.

pf ¼ pf jiðad ; aw; agÞ � pijcðad ; aw; agÞ

� pcðad ; aw; agÞ ð1Þ

where pf is the probability of a fatal traffic injury –
which can be considered the product of the
probability of a crash (pc) and the probability of
any injury conditional on a crash (pijc) and the
probability of a fatal injury conditional on any
injury (pf ji). Each of these probabilities is pro-
duced by a vector of activities selected by the
driver (ad), the walker (aw) and the government
(ag). Activities for each agent, ai (where
i 2 fd;w; gg) are subsets from large but finite
choice sets Si. For instance the choice set for the
driver, Sd includes elements such as vehicle types
and vehicle maintenance, vehicle safety features,
driver diligence, and a composite commodity
representing the choice to invest in items other
than safety. The choice set for the walker, Sw

would include proximity to roadway, time of day,
etc. The choice set for the government, Sg would

include investments in roadway quality, guard-
rails, stoplights, vehicle inspection, traffic
code enforcement, traffic litigation, as well as
investments in trauma care and emergency
transport. The government choice set also
includes a composite commodity, representing
the option of investing in public goods other
than safety. Associated with each agent’s choice
set is a price vector, pi. We stipulate that
dp=dai50 8i{fd; w; gg. So that the probability
of injury diminishes with precautionary actions.

The objective of the driver is to minimize his/her
total expected costs from accidents and accident
prevention

CD ¼ p0dad þ
X

j{ff ;i;c;g

ljpjðad ; aw; agÞ � ðcjÞ ð2Þ

where CD represents the expected costs of the
driver, pd is a vector of shadow costs for the
selected action vector, ad � Sd ; li is the driver’s
share of the joint costs of property loss, health care
costs, and lost life years borne by both the walker
and the driver for each type of event. If lj ¼ 1, the
driver must pay all of both his and the pedestrian’s
costs.

The driver therefore chooses the kth element adk
of the action vector ad from the opportunity set Sd

as follows:

dpf
dadk

lf cf þ
dpi
dadk

lici þ
dpc
dadk

lccc þ pdk ¼ 0 ð3Þ

In Equation (3) the sum of the three partial
derivatives give the marginal benefit of the driver’s
kth action choice while pdk gives the action’s
marginal cost. The notable point is that with either
crash or injury insurance or in regimes where
driver liability is poorly enforced lc and li may be
reduced and the driver perceives a marginal benefit
that is distorted below its true level. Thus a
government’s capacity to assign and adjudicate
disputes over liability for crashes and traffic
injuries can lead to driver choices that can lead
to event rates above the social optimum. There
would also be analogous expressions guiding the
pedestrian’s action choices, except these expres-
sions would contain (1� l) to depict the pedes-
trian’s share of liability for outcome costs. Since
pedestrian injury costs are typically much higher
than motorist costs and since motorist payments
cannot fully indemnify pedestrians against their
pain and suffering, the model predicts that
pedestrians overinvest in safety precautions, e.g.
using roadways less than they would like to.
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The choice variables for the government are l
and ag. Some of the elements in the choice set, Sg,
will affect how well the liability sharing decision is
enforced through the conduct of traffic and civil
courts. With the presence of functioning legal
institutions the government can meaningfully
establish the share of liability borne by drivers
(l). The government would like to minimize the
total expected costs to society of both accidents
and accident prevention activities given by the
following equation:

CG ¼ p0dad þ p0waw þ p0gag

þ
X

j{ff ;i;c;g

pjðad ; aw; agÞ � ðcjÞ ð4Þ

Although not depicted by the model, the action
choices of each party will be best response
reactions to the expected best responses of the
other parties. According to Coase theorem, in an
economy with full information and no transaction
costs between drivers and walkers the choice of l
does not affect the choices of either party. In a
second best world where information is imperfect,
part of the government’s strategy might be to
develop institutions that make it more possible for
roadway users to transact trades in injury liability
by making the assignment of liability more
transparent to all.

The full political economy for the government
lies unspecified in this model. Various elements of
pg will shift downward with development in the
various economic sectors. Investments in develop-
ing and maintaining judicial systems, and police
systems are seldom justified by their impact on
traffic safety alone. But as judicial institutions
develop, they lower the opportunity cost of using
litigation to improve driver behavior. Similarly
emergency transport and trauma care systems are
made less costly by developments in the health
system such as blood banking and the availability
of trained neurosurgeons as well as heart–lung
bypass capabilities that would not transpire solely
for the benefit of road transport victims. Some of
the governments’ actions serve to tax roadway user
negligence through fines or to subsidize diligence
by erecting pedestrian byways and maintaining
rest areas. In some societies the incidence of these
sanctions falls on politically organized groups who
may resist these measures preferring to have higher
traffic speeds, higher legal blood alcohol limits,
and looser vehicular safety standards, despite the

likelihood that they themselves may bear a share
of the higher rate of crashes and injuries.

The model helps to organize the four comple-
mentary and competing accounts for why traffic
casualties rise then fall with economic develop-
ment. Development opens up multiple new options
for the players as the prices of the elements in their
choice sets render various choices more affordable.
For walkers and drivers, economic development is
accompanied by development of markets for mass-
transit and/or for safer vehicles making these
features of the choice sets, Sw and Sd, more
affordable. We refer to this possibility as ‘the
vehicle mix’ explanation for a reduction in traffic
casualties.

For governments, when economic development
enhances the quality of legal institutions it
encourages governments to select actions from Sg

that assign and regulate driver liability. We refer to
this possibility as ‘the externalities’ explanation for
a reduction in traffic casualties. Development
related improvements in the capacity of local
medical systems enables governments to select
elements from Sg that enhance emergency care. We
call this the ‘improved trauma care’ explanation.
Finally as returns to scale are increasingly
exploited in the components of Sg that is
orthogonal to traffic safety, governments will find
it optimal to substitute away from the less
productive public sector activities towards traffic
safety. We call this the ‘competing risks’ explana-
tion. These multiple competing explanations can
be tested, because they lead to different predic-
tions. Table 1 summarizes the predictions of the
model.

With all four explanations, small increases in
income in less developed countries simply increase
exposure to road hazards without sufficient devel-
opment to predict a reduction in casualties. The
differences in the explanations occur further along
in the process of development. Both the external-
ities and competing risks explanation involve
investments in government activities that lead to
more driver diligence and safer roadway environ-
ments reducing crashes, and injuries, and fatalities.
The vehicle mix explanation does not predict a
reduction in crashes. It predicts that the vehicles
on the roads could potentially be safer, so that
when a crash occurs there will be fewer injuries
and fatalities. Finally the improved trauma care
explanation predicts no reductions in crashes or
injuries – ambulances and doctors just do a better
job saving the lives of all of the victims.
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Data

Data were obtained from International Roadway
Federation (IRF) for a 5 year period from 1992–
1996. This period was chosen to coincide with the
timing of cross country data on alcohol consump-
tion which was available for a single year – 1995
[9]. The IRF data included annual road fatalities,
annual injuries, annual crashes, number of regis-
tered vehicles, total road network kilometers, and
kilotons of petroleum used for road vehicles [20].
Data on the proportion of buses, trucks, cars and
motorcycles, were quite limited and were not used.
The sources upon which IRF relies are country
statistics that are of variable quality. Past authors
have suspected under-reporting of road crashes in
this data [21]. Under-reporting may be system-
atically more severe in lower income countries.
Events which are most likely to be under-reported
are crashes and injuries, the least severe of which
are never brought to the attention of any
authorities. Data on population and GDP was
obtained from World Development Reports [22].
Data on alcohol consumption came from the
WHO [23].

Complete data on all variables could be
assembled for 46 countries for at least one year
between 1992 and 1996. A maximum total of 183
country years of data could be analyzed in
bivariate regressions. Multivariate regression re-
duced the sample size to 41 countries and 146

country-years. The availability of data from this
limited set of countries means that our findings
will not be representative of any particular region.
Table 2 lists the countries studied. Table 3 lists the
country means and standard deviations of the key
variables analyzed.

Statistical approach

We use regression to estimate a transformed
version of the analysis originally conducted by
Smeed in 1949 [24].

LogðoutcomesitÞ

¼ C þ b1 logðvechiclesitÞ þ b2 logðpopulationitÞ

þ b3 logðoil useitÞ þ b4 logðGDPitÞ

þ b5 logðroad kilometersitÞ

þ b6 logðalcohol consumptioniÞ þ mi þ eit ð5Þ

Here ‘outcomes’ can be crashes, injuries or
accidents, and mi represents the combined effects
of unmeasured factors associated with traffic
fatalities in a country that does not rapidly change
over time. These could include the degree of
enforcement, cultural attitudes, the quality of
roads and vehicles, the quality of medical care,
etc. The other component of the error term, eit, is
assumed to be random noise which has a normal
distribution.

Table 1. Predictions made by each of the 4 contending theories with respect to patterns in fatalities, injuries, and
crashes as economic growth ensues. Only one theory, improved trauma care, is consistent with the data showing
declines solely in fatalities

Theory

Predicted overall pattern
for plot of events
vs GDP/capita

Pattern in higher
income countries

Pattern in lower
income countries

Improved trauma
care explanation

Inverted U for fatalities Fatalities decline

Monotonic non-decreasing
for crashes and injuries

Vehicle mix
explanation

Inverted U for injuries
and fatalities

Injuries and
fatalities decline

Rises in crashes, injuries
and fatalities as vehicles
per capita increase

Monotonic non-decreasing
for crashes

Externalities
explanation

Inverted U for all
three events

Crashes injuries and
fatalities decline

Competing risks
explanation

Inverted U for all
three events

Crashes, injuries and
fatalities decline
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Multivariate regression can estimate all of the b
parameters. Because inspection of the raw data

showed a biphasic relationship, the sample was
stratified into an upper tertile with GDP/capita

Table 2. Countries studied

Country
Deaths per 100 000
vehicles (MEAN) SD Number of years

Austria 33 4.3 5
Bahrain 38 8.5 5
Brunei 41 7.6 5
Bulgaria 74 14.8 5
Byelarus 225 48.3 4
Cambodia 306 69.3 5
Croatia 109 23 5
Cyprus 40 4 5
Ecuador 296 23 4
El Salvador 177 75.7 4
Estonia 74 18 5
Finland 23 3.4 5
France 29 2.2 5
Georgia 141 47.8 4
Germany 25 4.9 5
Greece 69 5.2 5
Hong Kong 64 11 5
Iceland 12 4.4 5
India 1155 30.8 2
Israel 40 3.5 5
Japan 17 1 3
Kazakhstan 232 45 4
Korea, Rep. 159 39.4 5
Lithuania 100 22.3 5
Macedonia 57 2.4 4
Malaysia 179 10.4 4
Namibia 91 18 4
Netherlands 20 0.4 4
New Zealand 32 2.5 3
Nicaragua 270 72 4
Norway 15 1.5 5
Pakistan 848 30.6 4
Portugal 67 12.5 5
Romania 122 16.8 5
Saudi Arabia 141 5.7 2
Senegal 536 122 4
Serbia 79 15 5
Slovakia 57 4.1 5
Spain 35 2.4 3
Sri Lanka 667 88.5 4
Sweden 16 2.2 4
Switzerland 21 2.6 5
Taiwan 70 7 5
Turkey 152 17.8 5
UK 17 1.6 3
US 21 0.1 5
Yemen 259 27 5
Zimbabwe 328 29.5 5
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5$1600 and a sample including the lower two
tertiles of low income countries with GDP/capita
4$1600. Models were run to test the robustness of
the findings to alternative cut points. Ordinary
least squares (OLS), fixed effects (FE), and
random effects (RE) models were estimated. Both
the outcomes and the inputs in the production
models are log-transformed to both normalize the
variables and to ease interpretation.

Rather than conduct regressions on outcomes
per capita as a function of inputs per capita, we
enter both outcomes and inputs unadjusted per
capita. Note that if Y and X are completely
uncorrelated, it is elementary to show that Y/P
and X/P can still show a spurious correlation.
Consequently, we do not regress events/popula-
tion against GDP/population or other factors/
population because the regression would be biased
by correlation caused by the common population
denominator on both sides of the regression
equation. All multivariate models include log
population as a separate independent variable,
this permits the same ‘per capita’ interpretation
without creating spurious correlation. In a regres-
sion of Y ¼ b0 þ b1X þ b2P, one can interpret b1
as the effect of X on Y holding population fixed.
Alternatively, after estimation is complete, one can
divide through by P to show that ðY=PÞ ¼ ðb0=PÞ
þðb1ÞðX=PÞ þ b2 and b1 is the effect of per capita
X on per capita Y.

Hausman tests are used to test model specifica-
tion [25]. The Hausman test is used to test the null
that two estimators are consistent where one is a
conditional maximum likelihood estimator and
therefore inefficient and the other is efficient under
the null hypothesis. We first test the null that fixed

effects models are consistent relative to OLS, and
then the null that random effects models are
consistent relative to fixed effects models. Because
the Hausman test relies on an estimate of
Var(b�b) as Var(b)�Var(b) it can sometimes lead
to negative Chi squared statistics suggesting that
the data do not conform to the model assump-
tions. Whenever this occurred we used the ‘suest’
command in Stata 8.0 [26] to implement a robust
Hausman test which estimates Var(b�b) as
Var(b)�cov(b,b)�cov(b,b)+Var(b) which is al-
ways well-defined [27]. We also implemented a
Breusch–Pagan test of the null that all random
effects are zero. Using a combination of the
Breusch–Pagan and Hausman tests we were able
to establish preferred statistical models in each
instance. To enable readers to judge the impor-
tance of specification, we present all three models
and note the preferred specification.

Results

Figure 1 displays a scatter plot of Log(Deaths/
Person) vs Log(GDP/Person) and confirms an
inverted U relationship with an inflection point in
the range between per capita GDPs of $1500 to
$8000 per person. Countries poised at this inflec-
tion point include: Malaysia, Republic of Korea,
Saudi Arabia, Greece, and Portugal. Figures 2 and
3 show a rise in both traffic crashes and traffic
injuries, which levels off, but never declines as
GDP/capita rises. The three figures together
suggest that the drop in traffic fatality rates for
wealthier countries might reflect phenomena re-

Table 3. Descriptive data from the sample

Variables Mean across country-years SD

Petrol consumption (in kilotons used for road transport) 1.5 5.8
Crashes (annual count) 104 777 342 547
Injuries (annual count) 138 166 510 431
Deaths (annual count) 3655 8556
Total road network (kilometers) 275 878 860 115
Four Wheel Vehicles (count in millions) includes
Passenger cars, buses, coaches, lorries, and vans

9.3 3

Population (in millions) 48.22 142.8
GDP per capita $ adjusted for purchasing power parity $ 11 364.5 7894
Alcohol (liters per person per year) 6.78 4.5

Number of countries with complete data for all variables =41.
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lated to better survival of injuries rather than fewer
injuries and crashes.

Table 4 indicates the results of bivariate models
to predict counts of crashes, injuries, and fatalities.
This table shows unadjusted regression coefficients
from a model of log outcomes against a single
logged independent variable: Log(Outcome)=b
Log(Factor)+e. In the unadjusted models GDP,
Population, Vehicle Counts, Oil Use and Roadway
Availability appear to be positively correlated with
all of the outcomes in both low and high income
countries. Alcohol use has its strongest association
with injury counts in high income countries. Since
each of these factors is correlated with the others it
is impossible to infer the relative contributions
without turning to multivariate methods.

Tables 5–7 show multivariate results for crashes,
injuries, and deaths. The structure of each table
includes 3 sets of 3 columns each. The first set uses
data on the subsample of lower income countries,
the second uses data on the wealthier countries,

and the final uses all of the available data. The first
model of each set is an ordinary least squares
(OLS). Since alcohol is only available for one
year during the period, alcohol is omitted from
the fixed effects (FE) and random effects (RE)
models. The Breusch–Pagan test results decisively
indicate the presence of non-zero unmeasured
country level effects, which violate the assumption
of the OLS specification. The Hausman tests
results shown at the bottom of each table show a
preference for the FE specification most of the
time. The overall pattern of significance and
coefficient magnitudes are similar between RE
and FE models.

Due to the log–log structure of the regression
equation, the regression coefficients can be inter-
preted as elasticities. In other words the coefficient
of 0.788 on log GDP model 2 in Table 5 suggests
that holding all other factors constant, a 10% rise
in GDP in this sample would be correlated with a
7.88% rise in crashes in the sample of low income
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Figure 1. Scatterplot of Log Road Deaths per capita vs Log GDP per capita 1992–1996. KEY: Country abbreviations are initial

letters from the list below with exceptions noted in (): Austria, Bulgaria, Byelarus, Cambodia, Croatia, Ecuador, El Salvador (SV),

Estonia, Finland, France, Georgia, Germany, Greece, Hong-Kong, India, Israel, Kazakhstan, Lithuania, Macedonia, Malaysia,

Namibia, Netherlands, Nicaragua, Norway, Pakistan, Portugal, Republic of Korea (Kor), Romania, Saudi Arabia, Senegal,

Slovakia, Sri Lanka, Sweden, Switzerland, United Kingdom (UK) United States (US), Yemen, Zimbabwe
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countries. Note that in Table 5 the positive
relationship between crashes and GDP is stronger
and more significant in low income countries, and

the results in the full sample are attributable to the
effects in the low income subset. Alcohol use
appears to increase traffic deaths (Table 7) with
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Figure 2. Scatterplot of Log Traffic Crashes per capita vs Log GDP per capita 1992–1996. Key as per Figure 1
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most of its contribution occurring in rich coun-
tries. Note that alcohol use does not predict an
increase in the number of crashes (Table 5) or
injuries (Table 6). It is unusual that alcohol effects
are seen for deaths, but not for crashes and
injuries. This is counterintuitive and may reflect
the inability of ecological models to fully reflect
factors that increase risk on an individual basis
[28].

Table 6 suggests that like crashes, injuries are
more strongly positively related to GDP among
lower income than higher income countries. Note
further that according to the OLS models in
Table 6 holding the number of vehicles and
persons constant, low income countries that
consume more oil have fewer injuries. In the OLS
model it is likely that oil usage is reflecting factors
related to the type of vehicles used in a country. If
a country used more motor fuel, but held the
number of vehicles and people constant, one
would suspect that such a country would have
larger vehicles. Fixed effects and random effects
models eliminate this type of ‘vehicle mix’ con-
founding and in models 2,3,5,6,8, and 9 of Table 6,
the protective effect of oil is absent. In wealthier
countries, the preferred models reveal that addi-
tional oil use is, all other things equal, associated
with more injuries (Table 6, Column 5) and deaths
(Table 7, Column 5), but not more crashes
(Table 5, Column 6). This gives a suggestion that
the pure effect of additional oil use, e.g. absent
fixed effects such as vehicle mix, is to increase the
‘energy’ associated with each crash leading to
more injuries and deaths.

Table 7 recovers evidence for the biphasic
relationship between GDP/capita and traffic
deaths per capita with a positive relationship in
low income countries and a negative or zero effect
in higher income countries. Table 7 also points out
that for lower income countries holding GDP
fixed, growth in the number of vehicles and in
population are both stronger contributors to
traffic deaths than GDP itself.

The fixed effects models in Table 7 show that
unobservable country effects always bias the
effects of GDP negatively. In lower income
countries where GDP increases traffic mortality
these harmful effects are underestimated by OLS
models, suggesting that the unobservable factors
confounded with GDP are protective. In higher
income countries where GDP decreases mortality,
the protective effects of GDP are overestimated,
again suggesting that the unobservable factorsT
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confounded with GDP are protective. In other
words, under the assumption that GDP is con-
founded with unmeasured co-factors in OLS
models – these confounders work to reduce deaths
in both lower and higher income countries.

All of the independent variables in the analysis
are highly correlated. Raw correlation coefficients
ranged from a low of 0.6722 for Cor (Log GDP,
Log Pop) to a high of 0.8957 for Cor (Log
Vehicles, Log Oil). Comparing the bivariate results
to the multivariate results indicates that the
significant effects of roads and vehicles in the
bivariate regressions are often lost in multivariate
specifications because of this colinearity. Oil use is
also collinear with GDP, vehicles, and roads. It
has positive effects on crashes, injuries, and deaths
in the bivariate specification, but, as discussed
above, oil use has protective effects in the multi-
variate models because it may proxy for vehicle
type.

Discussion

Prior analysis of longitudinal cross country data
on traffic deaths has found an early positive effect
of GDP/capita on fatalities followed decades later
by a protective negative effect [3]. This study offers
some clues about what makes GDP growth
protective in rich countries and hazardous in low
income countries. Much of the complexity stems
from using GDP as a proxy measure for a host of
relevant, hard-to-measure factors including urba-
nization, vehicle mix, road quality, and health
services. Although these factors tend to correlate
with GDP – they remain largely unidentified. By
comparing the OLS models to FE models, we
develop insight that these unidentified factors
appear to reduce fatalities in both rich and poor
countries, and may be related to institutional
capacity of the legal and medical systems.

Prior speculation on the reason for the rise of
traffic deaths with GDP growth in low income
countries held that it was due to mobility growth –
more commodities being produced leads to more
vehicles to deliver them, and more kilometers
traveled. The results here suggest a modification of
that hypothesis, because GDP growth, holding
population fixed, appears to increase deaths,
injuries, and crashes independently of vehicle
counts or oil consumption, or – in fixed effects
models – other unmeasured confounders. In low

income countries GDP growth appear to increase
the inherent hazardousness of driving, not just the
mobility of the population. One mechanism for
this could be an increase in pedestrian and cyclist
activity (holding motorized vehicles fixed) that
could accompany GDP growth in low income
countries holding oil use and motor vehicle counts
fixed. The latest data from Uganda show that the
majority of traffic injuries involved cyclists [29].

Our theoretical framework supported four
alternative explanations linking rising GDP in
higher income countries to reductions in traffic
casualties: (1) The institutional capacity to control
externalities; (2) An accumulation of investments
in controlling competing risks rendering traffic
control investments the next best use of funds; (3)
A correlation of GDP with a transition away from
motorized bicycles towards sedans; (4) The avail-
ability of improved trauma care. Of these four
mechanisms, improvements in pre-hospital and
emergency medical care would reduce death rates
only, while the other three explanations predict
fewer crashes and/or fewer injuries as well. Since
the observed patterns in Figures 1–3 show only a
decline in deaths, but no decline of crashes or
injuries, our findings lend the most support for the
theory that improvements in the survival of
trauma victims is the leading factor behind the
successful control of traffic casualties in higher
income countries. Both improved emergency
trauma care and occupant protection devices
could improve death rates without reducing
crashes or injuries. All of the other theories that
connect economic growth to traffic safety predict
declines in crash or injury rates as high income
countries develop that have not (as of 1996) been
observed in the data.

Prior authors have suspected that both improve-
ments in traffic infrastructure and in effective post-
injury ambulance transport and medical care could
mediate the effect of GDP/capita on traffic
casualties [3]. Because GDP/capita growth in high
income countries was not associated with reduc-
tions in injuries or crashes, we find it difficult to
credit a major role for GDP related improvements
in traffic infrastructure that prevent crashes. It is
conceivable that improvements in occupant pro-
tection and reductions in crash severity somehow
reduce fatalities without reducing the number of
nonfatal injuries. It may also be that injuries, but
not deaths are systematically over-reported in
higher income countries. The presence of motorist
insurance systems in higher income countries
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could provide an incentive for growing numbers of
minimally injured motorists to seek medical care in
order to be indemnified. Until injury surveillance
systems improve their tracking of injury severity in
more countries it will be difficult to know whether
there are cross-country trends towards lower
injury severity that one would expect if occupant
protection and vehicle design factors were playing
an important role.

There were several limitations of this study. The
set of countries with available data are unlikely to
be representative of any particular region or stage
of development. Countries with missing years of
data contribute less than other countries, further
impairing any representativeness of the dataset.
Where they are measured, data on casualties from
lower income countries could be measured with
error which would bias our results towards zero.
Data on crashes may be systematically more
complete where police resources and GDP are
higher lending an upward reporting bias to
estimates of traffic events per change in GDP.
One could also conjecture that the very availability
of traffic casualty data from a low income country
may be correlated with greater investment of
government resources in traffic issues. Thus sample
selection bias could create a downward bias in our
findings. A selection bias in government statistics
would allow for the appearance of fewer incre-
mental casualties per increment of GDP Despite
these limitations, the major qualitative differences
in the time course of fatalities (inverted-U), vs
injuries and crashes (monotonic growth) (Figures
1–3) should be immune to sample selection bias.

Conclusion

According to Red Cross estimates, the costs of
road transport crashes in developing countries, at
more than $50 billion annually, exceeds the total
world expenditure on foreign aid [2]. In low
income countries, it appears that GDP/capita
growth is associated with a rise in traffic deaths.
The mechanism is independent of oil use, popula-
tion and vehicle ownership, and may be related to
increases in pedestrian or cyclist activity required
to transact the exchanges that are necessary for
GDP/capita to grow holding vehicle counts and oil
use fixed. In rich countries GDP growth lowers
traffic fatalities. Because GDP does not lower the
numbers of crashes or injuries in rich countries, the

mediating factor there may indeed be occupant
protection as well as post-injury ambulance trans-
port and trauma care which can reduce deaths.

Low income countries interested in a develop-
ment path that softens the link between GDP
growth and traffic fatalities, urgently need to
collect basic data on the patterns of traffic fatal-
ities. Cost-effective measures to protect pedestrians
and cyclists do exist for countries that identify
these groups as having a heightened risk [30–32].

In higher income countries, petroleum and
alcohol both appear to contribute to the problem
of traffic deaths. Both of these liquids are heavily
regulated and taxed, although seldom with the
express intent of controlling traffic fatalities. More
complete assessment of the economic effects of
higher fuel prices and higher alcohol prices should
include estimates of the savings due to traffic
fatalities that are averted.
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