TRAFFIC FATALITIES IN TAIWAN

By Christopher Garbacz*

INTRODUCTION

During the mid-1970s motor vehicle deaths appeared for the first time among
the ten major causes of death in Taiwan. In 1984 they were fourth on the list.
This may be attributed directly to economic growth, higher associated income
and increased travel by private vehicles. Traffic fatalities, in effect, are a cost to
be measured against the many obvious benefits of economic growth. Kuo (1985)
refers to other costs of economic growth, such as crime and pollution.

The number of traffic deaths may be considered small by comparison with
the tremendous expansion of the life span (estimated to have increased by about
twelve years in the last thirty years) and the eradication of many disease-related
deaths. Nevertheless, whatever the cause of death and even if the total numbers
are much reduced, we are attracted to any current main cause of death as a
potential area for policy action.

Most studies of traffic fatalities have been based on data from the United
States and Western Europe. Jacobs and Sayer (1983) have done some work on
developing countries. This study analyses traffic fatalities in Taiwan.

The case of Taiwan is unique in several ways. Drunk driving does not appear
to be an important cause of accidents. The proportion of motorcycles in the
vehicle stock is very high, higher than in any other country that has been studied.
Also, the growth in income and the associated introduction of travel in private
vehicles is unprecedented in such a short period of time. Finally, motor vehicle
deaths have increased at a very rapid rate, from 632 in 1964 to 5702 in 1984.
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If deaths per capita in the United States were on the same level as in Taiwan,
deaths in the United States would have exceeded 62,000 in 1983. However, the
actual number of deaths in the US in 1983 was only about 44,400. When adjust-
ment is made for the much heavier use of private vehicles for travel in the United
States, the Taiwan death rate per 100 million kilometres is likely to be very high
— probably much more than twice the US rate.

MODEL

Safety measures and offsetting behaviour

In a seminal work applying economics to the abatement of traffic fatalities,
Peltzman (1975) argues that mandated automobile safety legislation, though it
leads to machines that incorporate engineering safety, may not achieve the
predicted drop in fatalities (per vehicle miles driven), because drivers may
partially or entirely offset the safety effects by driving more intensively (danger-
ously). Peltzman (1975) carefully developed a double-log model of fatalities
(rate), including most of the essential variables (alcohol, youth, speed, income,
accident cost, secular trend). The empirical results of this work strongly support
the concept of offsetting behaviour.

Recent work by Garbacz (1985), Graham (1984) and Crandall and Graham
(1984), using richer data bases and more accurate or appropriate variables, has
shown that offsetting behaviour either is not present or does not completely
offset mandated safety design in automobiles. However, Garbacz and Kelly
(1987), using time series data, have shown that automobile safety inspection, of
whatever type, is of no benefit and has substantial costs. Crain (1980), using
cross-sectional data, also showed automobile safety inspection to be ineffective,
with the exception of spot inspection programmes. Garbacz (1989a) has found
that mandatory use of seat belts in New Zealand is almost completely offset.

Adams (1985) provides an excellent review of the traffic fatality literature
from around the world; but, apart from Peltzman (1975), he cites little of the
important and growing work by economists in this area. It is interesting that
the theory of Wilde (1982) takes the work of Peltzman one step further. In
essence, Wilde argues that drivers have a risk target that they seek to maintain.
Therefore any safety regulation is completely offset.

The work of Smeed (1974) is given prominence by Adams. Essentially, Smeed’s
law finds that the traffic death rate is inversely related to vehicles per capita, and
that the coefficient is reasonably stable over time and for numerous countries.
Therefore, it is possible to “forecast” death rates in relation to the growth of
vehicle availability with some degree of accuracy. Adams provides a table based
on Smeed’s law for comparing the 1980 road accident rates of sixty-two countries.

A study of traffic fatalities in Taiwan must deal with circumstances that are
quite different from those of the United States. It is also hampered by some
important limitations in data. An important item of missing data is kilometres
driven by the stock of vehicles. For buses, trains and business trucks this inform-
ation is available in great detail. However, for automobiles and motorcycles there
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are no kilometre data (except for the National Highway, which accounts for only
about 100 fatalities per year). It is therefore necessary to include proxies in the
equation in the form of registered vehicles, and to assume that mileage driven per
vehicle is constant.

Sources of data

Accident and injury data in Taiwan are not reliable, because there is a tendency
to settle damage claims privately and many accidents are not reported. There is
no classification of severity of injuries and no follow-up system on injuries.

In the case of deaths, the best data come from death certificates, primarily
processed by physicians and compiled by the Department of Health. These data
are very good, but there is a discrepancy between the figures based on death
certificates and those reported by the Department of Police Administration on
the basis of accident reports. The most reasonable explanation for the difference
is that the Police Administration defines a traffic death as one that occurs within
twenty-four hours of the accident, whereas death certificates count deaths that
occur any time after the accident. Before 1964 there are unexplainable discrep-
ancies in the two measures, since the death certificate figures dip below those
reported by the Police Administration. Death certificate figures should always
be higher, because of the longer reporting time.

Factors contributing to more or fewer deaths

It is interesting that drunk driving has very little influence on the level of deaths.
Alcohol is the main cause of death in less than six per cent of deaths related to
road accidents, according to the Department of Police data. There may be some

" under-reporting of alcohol-related deaths, but the general feeling is that drunk
driving is not very important. This is an apparent very large difference from the
US experience. Secondly, youthful drivers do not have the disproportionate
impact on the youth death rate that they have in the United States. (This
assertion is based on an examination of the proportions of young drivers estim-
ated from population age classifications as a proxy.) Possible reasons are the
higher minimum driving age (see Table 1) and the greater difficulty in gaining
access to vehicles as a result of the lower income level. (These data may not
provide a correct comparison because of the divergence over time between the
true age structure of the driving population and the proxy. This is not a problem
with US data because of the tendency, over time, for very high proportions of
the relevant age groups in the population to be licensed drivers.)! Using the same
proxy for licensed drivers by age, there is evidence that those over the age of sixty
have much more than average likelihood of being killed in a vehicle accident.
Also, deaths are heavily male at all ages (over 75 per cent for the whole series).
This is probably the result of a much higher exposure rate for males.

1 1n effect the definition of the variable changes over time. The only solution is to gain access
to drivers’ licence data broken down by age. These data are apparently not available for the
time period of this study.
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TABLE 1

Licensing and Safety Regulations

Drivers’ Licenses

Motorcycle: 18 years.
Private automobile or small truck: 18 years,
Private large truck: one year’s experience in private automobile.

Business automobile: 20 years.

1

2

3

4. Private bus: one year’s experience in large truck.

5

6. Business large truck: one year’s experience in business automobile.
7

Business bus: one year’s experience in business automobile,

Safety Inspection

1. Automobile: Once a year for five years.
Twice a year after five years.

2. Motorcycle: Not inspected.

Seatbelt Law

Automobiles travelling on National Highway — introduced in March 1985. Fine: NT$3,000.

If we calculate the rate of traffic fatalities by population age classification for
youthful male drivers, a disproportionate share is attributed to this group.
However, the assumption is still that the population age classification is a good
proxy for licensed drivers. Our intuition tells us that it is a “better” proxy in this
case. How much better is unclear.

Long-distance travel by private vehicle is a small part of total travel, even after
the recent development of the National Highway system (completed in 1977).
This is the result of an elaborate train and bus system which is very reasonably
priced. Also, extensive bus and taxi transport in the main urban areas probably
has a negative impact on deaths.

The model presented here is the Peltzman model adapted to the particular
characteristics of Taiwan. The model in equation form is as follows:

Fi=aoY,"' P2 MC,* AU, ** TK "5 Z,*5 PG,* " y

where u is an error term. Table 2 gives definitions of the variables. The equation
is estimated via ordinary least squares in log-log form. The model is also estim-
ated using the Police Administration twenty-four-hour death definition (F24,) as
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TABLE 2

Variable Definitions

Fy Motor vehicle deaths. Compiled from death certificates by the Department of
Health. Includes motor vehicle non-traffic deaths (a small number). All motor
vehicle deaths in a calendar year.

F4, Motor vehicle deaths. Compiled from accident data by the Department of Police
Administration. Only deaths that occur within twenty-four hours of the
accident are included.

Y, Real disposable per capita income (1981 = 100).
P, Accident price. The sum of the medical and medical care index plus the transport
and communication index (appropriately weighted and in relative terms) of

the consumer price index (1981 = 100).

MC, Registered motorcycles (China Petroleum Corporation data indicate that vehicle
" registrations may be overestimated in recent years).

AU, Registered automobiles.

PG, Real price per litre of regular gasoline (1981 = 100).
TK,; Truck-ton-kilometres.

Z; Ratio of égricultural employment to total employment.

the dependent variable. This allows some interesting comparisons in regard to the
severity of accidents. The annual time series is from 1964 to 1984.

It is expected that as income rises the value of time rises. Therefore, drivers
may increase speed in order to cut the cost of travel. Greater speed may lead to
more deaths, but this is offset as the value of life rises with rising income. It is
expected that drivers with higher income exercise more caution. The predicted
sign on the coefficient can therefore only be decided empirically by the net effect
of offsetting factors.

Price (P;) is a proxy for the relative cost of an accident. The medical com-
ponent of the consumer price index is included to measure the price of medical
care for the injured. The transport and communication component of the con-
sumer price index is included to measure the price of vehicle repair. The two
sub-indexes are appropriately weighted, summed and converted to a relative
measure. Price, as constructed here, may be more valid as a measure of the price
of medical care than of vehicle repair, since it is not possible to refine the trans-
port and communication index to improve the quality of the proxy. We expect
that, as the cost of an accident rises, the consumer will drive more carefully.
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The stock of the two main types of private transport is included in the model —
motorcycles (MC,) and automobiles (4U,). The implied assumption is that there
is a constant level of driving per vehicle. On this basis we can distinguish the
effect on traffic fatalities of motorcycles from that of automobiles.

Motorcycles comprised 83.2 per cent of the stock of private vehicles in 1984.
According to Department of Police data, deaths of motorcyle riders were close
to 38 per cent of all deaths associated with vehicles of all types (24-hour death
definition). This variable may partially capture the youth variable if motorcycles
are more than proportionately operated by youthful drivers.

The price of petrol is expected to be negatively related to traffic fatalities.
The quantity of gasoline purchased, and kilometres driven, will fall in response to
a rise in the price of petrol that is not completely offset by an increase in
efficiency of the vehicle stock. There is no reason to believe that large gains in
efficiency have been made in Taiwan, especially since the trend has been to
increase the use of automobiles at the expense of motorcycles. Garbacz (1989b)
finds strong evidence for Taiwan that the price elasticity of demand of petrol is
about —0.33 in the short run, and from about —0.6 to —2.0 or so in the long run.
Crandall ez al. (1986) have used the price of petrol as an explanatory variable in
a more elaborate model of traffic fatalities, using United States data. Registered
automobiles are included in the model to provide the full range of vehicle cover-
age. The number of deaths in automobiles is small for two reasons. First, auto-
mobiles comprise a small proportion of the vehicle stock. Second, automobiles
are safer when involved in an accident than motorcycles. In fact, we would expect
over time that thé¢ substitution of automobiles for motorcycles in the vehicle
stock would cause at least some reduction in the fatalities.

Trucks are second only to motorcycles in number of deaths by vehicle (around
27 per cent of the total from Police Administration data). The variable in this
case is the more sophisticated intensity-of-use measure of truck ton kilometres
(TK,). _

Finally, a variable (Z,) is included for the change in the structure of the eco-
nomy. In 1964, at the beginning of the time period under study, almost 50 per
cent of the labour force was in agriculture, but in 1984 it was only 17.6 per cent.
This represents an enormous change in the structure of work, in where people
live and in how they travel to work. The basic assumption is that less mobility
leads to fewer traffic-related deaths.

RESULTS

The model results are reported in Table 3. It has a high R? and good Durbin-
Watson statistics (the rho coefficient in the autocorrelation adjustment is not
statistically significant at the 0.10 level (¢ value of 1.6) and there does not appear
to be evidence of an autocorrelation pattern in the residuals). The signs on co-
efficients are as expected and have reasonable values. The coefficients reported
in Table 3 may be interpreted as elasticities, since the model is estimated in log-
log form. The results for the F, model are examined first, and then the results
for the F24, model are compared with those of the F, model.
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Income is positively related to fatalities. The estimated coefficient indicates
that a 10 per cent rise in income per capita will lead to a 5.53 per cent rise in
fatalities per capita. Apparently the value of time outweighs any offsetting
factors.

This result, which is the general empirical result of traffic fatality models
(time series), seems at first to violate our intuitive feeling about the relative
weights of the factors. Why would people drive so much faster to save time and
end up killing themselves? A simple explanation is that we have an inaccurate

TABLE 3
Coefficient Estimates
F, F24,

Constant 9.159¢ 4.354

(4.203) (5.754)
Y, 0.553° 0.518

(0.288) (0.394)
P, ~1.792° ~0.995

(0.672) (0.921)
McC, 0.258°¢ 0.397°¢

(0.135) (0.184)
AU, ~0.605° —0.863°

(0.201) (0.294)
TK, 0.5072 0.7082

(0.117) (0.153)
z, ~1.240° —0.896°

(0.438) (0.600)
PG, —-0.229¢ -0.371°

(0.128) (0.175)
DW 2.498 1.956
F 396.3 134.9
R? 0.995 0.986
R? (Adjusted) 0.993 0.979

significant at 0.001 level
significant at 0.01 level
significant at 0.05 level
significant at 0.10 level
tandard errors in parentheses.

naooe
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view of the weights. The more complex explanation may be that traffic deaths
are often caused by the actions of other drivers. As Lave (1985) has shown, it is
not the speed that contributes to traffic deaths, but the magnitude of variation
between speeds. Some drivers drive at more than average speed more often than
others. These may include drivers who have a more direct tie between income and
travel time (perhaps truck drivers or salespersons). Other drivers may tend to
drive at below average speed (perhaps in scenic driving or general travel to work).
This variation in speed is enough to offset the increase in value of life. In the
extreme, with very few drivers on the road and/or little variation in speed, this
trade-off could result in a negative coefficient sign.2

The price of accidents has a substantial downward impact on fatalities, as
drivers exercise more caution in response to rising price. This may be the result
of the lower income level in Taiwan. Recent work with US data (Garbacz, 1985,
1987) generates a coefficient of less than 1.

The coefficient for motorcycles is positive and somewhat inelastic. However,
given the sharp increase in the motorcycle stock in recent years, even a small
elasticity becomes important.

Truck ton-kilometres has a larger estimated elasticity than motorcycles. This
may be the result of speed. Motorcycles are most often operated in cities or for
short trips. Trucks are more often involved in long hauls. Intensity of truck use
is a higher quality variable than the simple stock variable employed for motor-
cycles. Also, trucks may contribute to the deaths of motorcyclists and occupants
of automobiles.

The automobile coefficient shows a decided negative impact on fatalities. This
may measure the effect of the substitution of safer automobiles for dangerous
motorcycles.

The price of gasoline has a negative coefficient, as expected. A 10 per cent
increase in the price of gasoline reduces fatalities by 2.29 per cent.

Finally, the coefficient for structural change of the economy is strongly
negative. This indicates that vehicle fatalities decline as the economy becomes
more oriented toward labour-intensive agriculture, or becomes less mobile.

Now examine the results of the 24, model. Its explanatory power is slightly
less than that of the F, model. The constant, income and price coefficients are
not significant at the 0.10 level. In the case of price, the coefficient is about half
as large as in the F; model. This provides another indication that medical costs
are important, since deaths within 24 hours of the accident minimise medical
costs.

The motorcycle coefficient is larger than in the F, model. This conforms to
the observed high death-to-accident ratio for motorcycles reported by the Police
Administration. The truck coefficient reflects the same pattern. Apparently, the
severity of accidents involving motorcycles and trucks is high. For automobiles

2 A referee has suggested that drivers may lack essential knowledge about the danger of higher
speed or their interaction with other vehicles, It may also be possible that some people know
the overall risk, but refuse to believe that these odds apply to them (“It will never happen to
me” mentality). The present model is not capable of resolving these issues.
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the negative coefficient is larger, too, giving some additional evidence that auto-
mobiles are safer than other vehicles.

Lastly, the price of gasoline has a larger negative coefficient. This tells us that
the price of gasoline is more important when high speed is a factor in severity of
accidents (speed variation is skewed towards higher speeds), because at higher
speeds gasoline becomes more expensive as kilometres per litre fall.

IMPLICATIONS AND SUGGESTIONS

The model we have described provides an estimate of the impact of various
factors on traffic deaths in Taiwan. For example, it provides the only estimate
available for total deaths of motorcyclists. From Police Department data we only
have vehicle deaths that occur within twenty-four hours of the accident. In 1984
total deaths exceeded twenty-four hour deaths by 2,162.

For any policy recommendation based on the estimated model, akey ingredient
is a reliable estimate of the value of saving a life. Recent estimates by Hsueh and
Wang (1987), using a hedonic wage equation, indicate that the value of life in
Taiwan ranges from about 21 to 34 NT$ million. Graham and Garber (1984)
estimate that helmet lawas in the US reduce motorcycle deaths by from 60 to 70
per cent. If 60 per cent of motorcycle deaths could be eliminated by a helmet
law, and helmets cost NT$500, then the initial cost of implementing the law
would be NT$3.9 billion (assume 1.5 riders per motorcycle and that 15 per cent
of the riders already own helmets). The one-year savings, if we use the low value
for life, would be (for 1984) 0.60 times 1,471 motorcycle deaths (model estimate)
times NT$21 million = NT$18.53 billion. The estimate of net savings in Year 1
would be NT$18.53 billion minus NT$3.9 billion = NT$14.63 billion. This
ignores any costs of inconvenience associated with wearing the helmet, and any
costs of enforcement. However, NT$14.63 billion leaves a lot of room for these
costs to be included without exceeding the benefits. Furthermore, these are the
net benefits in Year 1. It will be some years before the original stock of helmets
wear out. From US data, Muller (1980) estimated the average life of helmets to
range between 4.1 and 4.0 years. Also, lives will be saved in Year 2, Year 3, and
so on. We realise that the future value must be discounted, but the first few years
are still very powerful in additional benefits.

There are two strong arguments that may be advanced on the other side of this
question.

1. Certainly motorcycle riders implicitly understand the basic laws of physics.
They know that if they are thrown from their motorcycles without helmets their
chances of serious injury or death are high. It is expected that as a result they will
weigh the risk and make a rational choice in regard to safety. If they are killed,
they knew the danger and accepted the responsibility. Should society restrain
their decision? Intervention may be justified if society has to bear some of the
costs. Society may bear some of the costs, if the injured person must have exten-
sive medical treatment but is unable .to pay. Or society may bear the costs of
supporting dependants of the deceased. If society refuses to bear these costs, this
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possibility is eliminated. The general case, of course, is that society contracts to
bear some of the costs through various forms of social insurance.

2. If a helmet law for motorcycle riders is enacted, there' may be offsetting
effects. Fewer lives may be saved because motorcyclists drive their vehicles more
recklessly, assuming that they are now safer. This may occur on a modest scale,
but the evidence from the United States in regard to mandated safety equipment
on automobiles indicates that the benefits are not substantially less than initial
estimates (see Garbacz, 1985, 1987).

Other possibilities should be mentioned. Over time, as income continues to
grow in Taiwan, there may be a natural decline in motorcycle deaths as auto-
mobiles are substituted for motorcycles. Automobile-related deaths will rise;
however, the net effect should be a general decline in the death rate for the sum
of these two causes (assuming everything else remains the same).

Fatalities may be reduced in less coercive fashion. If we require helmets for
motorcycle riders or seat belts for truck drivers, we may incur substantial enforce-
ment costs and/or loss of freedom or costs of convenience. If we wish to reduce
fatalities with a minimum of coercion, we should increase the cost of an accident
or the cost of driving.

The cost of an accident can be increased in a variety of ways. For example,
if a motorcyclist has an accident and is not wearing a helmet any insurance
benefits could be cancelled. Everybody would be informed of this cost before-
hand. ,

By increasing the price of gasoline (or imposing taxes) we can reduce private
travel in general and associated fatalities. Travel by mass transit could be sub-
stituted for private travel, or other goods and services could be substituted for
travel. Some might argue for other benefits of higher gasoline prices, such as
reduced pollution, reduced congestion, and reduced pressure on foreign exchange.

CONCLUSION

A simple model of traffic fatalities has been developed for Taiwan. The direction
of impact of each explanatory variable is as expected. Income is positively related
to fatalities. Motorcycles are positively related to fatalities, though perhaps to a
smaller degree than might be expected. Ton-kilometres of trucks yield a larger
impact than of motorcycles. An economy based on labour-intensive agriculture
reduces fatalities. Automobiles and the price of gasoline also reduce fatalities.

A very simple benefit-cost analysis of a motorcycle helmet law is presented.
Under certain restrictive assumptions, the law might be justified on strictly
economic grounds. Also, the price of an accident and the price of travel are
important policy variables.

Time series analysis is useful in analysing the very large changes that have
occurred in Taiwan in a very short period. However, it is suspected that cross-
sectional analysis, or pooled time series cross-sectional analysis, may be an appro-
priate extension of this work. .

An examination of the data shows that there are substantial differences in
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deaths per capita between regions of the country. Some regions have rates of
deaths per capita more than three times as high as that of Taipei. This may have
several causes. Large income differences exist between regions. Emergency medical
treatment is much better in the cities than in rural areas. Concentrations of
motorcycles are much higher outside Taipai, Kaoshiung and Taipei County.
Public transport is skewed toward the main cities. Variations in speed may be
important.

Date of receipt of final typescript: August 1988
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