THE DETERMINANTS OF AUTOMOBILE
FATALITIES

With Special Consideration to Policy Variables

By Peter D. Loeb*

Recently there has been growing interest among economists, public health pro-
fessionals and government officials in the determinants of automobile-related
fatalities, and especially in the policy-related variables: the inspection of motor
vehicles, consumption of alcohol, the minimum legal drinking age, and speed
limits. Loeb (1985) and Loeb and Gilad (1984) evaluated ‘the efficacy of
inspection; Lave (1985) and Forester, McNown and Singell (1984) evaluated the
55 mph speed limit; Cook and Tauchen (1984) evaluated the effect of the
minimum drinking age on car deaths among the young. These studies have tended
to concentrate on only one policy variable. Sommers (1985), on the other hand,
attempted to examine several policy variables by means of two regression models
which evaluated the effects on fatality rates of the minimum legal drinking age
(AGE), beer consumption (BEER) and the average speed of vehicles (SPEED).
The results obtained may appear consistent with the conventional wisdom; but
they may suffer from bias through possible misspecification of the simple model
employed, which is devoid of the expected socio-economic variables normally
included in such work (see, for example Crain, 1980; Loeb and Gilad, 1984; and
Loeb, 1985). If the model used by Sommers omits an important variable, biased
estimates may result for the coefficients of the remaining variables.

Loeb and Gilad (1984) and Loeb (1985) developed more inclusive models to
evaluate the efficacy of inspection of motor vehicles. They used as independent
variables not only the policy variable in question (the existence of an inspection
programme), but many others, including the effects of personal income,
education, fuel consumption, density of population, precipitation, highway
mileage, consumption of distilled spirits, and the age composition of the
population. Loeb’s cross-section study (1985) took into account the effect of
alcohol consumption, but not the speed of vehicular traffic or the minimum
legal drinking age. A more complete model, or set of models, is suggested in
this paper to account for these policy variables, in order to avoid the potential
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specification error of Sommers (1985). The procedure applied is that of
evaluating the fragility of the coefficients under various specifications as suggested
by Leamer (1983, 1985) instead of using (for example) the criterion of
maximising R?, which has been shown to be quite likely to select misspecified
models (see Ramsey and Zarembka, 1971) and Loeb (1976)). If the effects of
the set or subset of these policy variables, as measured by the size and significance
of their associated coefficients, can be shown to be stable or non-fragile across
competing specifications, supporters of public policy which acts on these variables
have strong reason for their conviction of its efficacy (given the standard
assumption that all else is equal). Alternatively, if any of the policy variables are
found to have varying effects on the dependent variable, or if their significance
fluctuates widely (from insignificant to significant) across alternative models,
one may have reservations on their efficacy in reducing fatalities. If the models
evaluated are reasonable and likely to incorporate the ‘“true” model or a
reasonable facsimile of it, non-fragile results, though not by themselves capable
of selefting the true model, will still warrant strong confidence in the general
results.

THE MODEL

In order to evaluate the efficacy in reducing fatality rates of the policy-related
variables under investigation (inspection, legal minimum drinking age, alcohol
consumption and average speed), we posit a cross-section model of the following
form, using data for the year 1979:

. k
Fatahty Ratei = b1+ bZDi + b3AGE, + b4BEER, + bSSPEED, + E6b]X” + €; (1)
]-_—

where

Fatality Rate ; =  the number of traffic fatalities per 100 million vehicle
miles of travel in the ith state.

D; = a binary variable accounting for the existence or non-
existence of an inspection system in the ith state; i.e.
D =1 for states having an inspection system in effect
in 1979 and D = 0 otherwise.

AGE; =  minimum legal drinking age for purchasing beer in the
ith state.

BEER; =  per capita consumption of malt beverages in the ith
state (in gallons).

SPEED; =  average speed in the ith state of free moving vehicles

on rural interstate highways.

k—5 additional socio-economic and driving-related
independent variables.

k parameters to be estimated.

a random error term.

Xii (j=6a s >k)

b; G=1,... k)
€;

! The interested reader may learn more of the philosophy of model selection from Leamer
(1983, 1985) and Loeb (1985).
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TABLE 1

Symbols and Definitions*

Symbol Definition Expected Effect
on the
Dependent Variable

AGE Minimum legal drinking age <0
BEER Per capita consumption of malt beverages >0
SPEED Average speed of free-moving vehicles on rural

interstate highways >0
D Dummy variable for inspection <0
Y Personal income per capita =0
GASPC Fuel consumption per capita >0
HIGH Total highway miles >0
POPD Population density z0
PPOP1 Percentage of the population between the ages

of 18 and 24 z0
PPOP?2 Percentage of the population between the ages

of 25 and 44 20
PPOP3 Percentage of the population between the ages

of 45 and 64 20
PPOP4 Percentage of the population 65 or older z0

* See Jackson, Loeb and Franck (1982) for a discussion of the variables and their expected
effect on the dependent variable.

Table 1 provides a list of all the variables incorporated in the models. In
addition it indicates the expected effect of each variable on the dependent
variable.? The model presented in equation (1) incorporates vehicular speed and
the legal minimum drinking age, as in Sommers (1985), into a more general and

2 See Jackson, Loeb and Franck (1982) for a further discussion of the variables and their
expected effect on the dependent variable. The mean values of the variables are as follows:
Fatdlity Rate = 3.51255, AGE = 19.04255, BEER = 24.50638, SPEED = 58.20850, D =
0.70213, Y = 8550.04255, GASPC = 587.74055, POPD = 358.8255, PPOP1 = 0.13415,

PPOP2 = 0.27009, PPOP3 = 0.19495, PPOP4 = 0.13889, and HIGH = 80664.76596.
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realistic framework suggested by Loeb (1985). The model is evaluated for the
year 1979. With a few exceptions, the data relate to all fifty states and the
District of Columbia. Fatality data for that year were not available for Louisiana,
Maryland, Rhode Island and Vermont.

Data on fatality rates, fuel consumption and highway mileage are from US
Highway Statistics, 1979. Data on the inspection variable are from American
Automobile Association (1980), and data on personal income per capita,
population density and population by age are from the US Statistical Abstract,
1980. The data on minimum legal drinking age limits are from The World
Almanac, 1979.

THE REGRESSION RESULTS

Table 2 provides the OLS regression results on fatality rates. Numbers in
parentheses indicate f-statistics associated with the estimated coefficients. The
models evaluated are based on combinations of the regressors suggested in
Table 1:3 they cover a relatively wide range of plausible specifications from
model (1), which includes only the policy variables, through models which
incorporate the entire set of regressors. Model (1) is closest to that suggested by
Sommers (1985); model (9) is closest to that of Loeb (1985). Alternatively,
the models vary with regard to R? from 0.472 (model 1) to 0.660 (model 3).
Since R? is not a good criterion for model selection, we employ the criterion
of non-fragility to lead to some conclusions on the policy variables.*

Age

The age variable proves to be highly insignificant across all specifications. This
result conflicts with that of Sommers (1985), and may initially appear to
violate the conventional wisdom. However, it may be that raising the minimum
legal drinking age does not significantly reduce fatality rates, but rather post-
pones traffic deaths in that age peer group to a future period. Thus, if the
minimum legal drinking age is increased from 18 to 21 in a given state, young
adults aged 18 to 20 may postpone accidents till they reach the new minimum
legal drinking age of 21 or more. So changing the legal minimum drinking age
by itself may just move accidents from one age category to another.’

Beer, Speed and Inspection :
The BEER, SPEED and Inspection variables have very stable coefficients across
model specifications, and they are generally significantly different from zero.

3 Additional regression results, which conform with those reported in Table 2, are available
from the author.

4 See Ramsey and Zarembka (1971) for a discussion on the inappropriateness of R? for
model selection.

5 The combination of an educational element (with maturation) to the raising of the legal
drinking age may, however, have the desired effect. See Asch and Levy (1985) for further
discussion on the effect of raising the minimum legal driving age.
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Thus, increases in beer consumption per capita and in the speed of vehicles will
result in significant increases in the fatality rate, and states with motor vehicle
inspection will experience significantly lower fatality rates than states with no
inspection programme. These results do indeed conform with our expectations.

The estimates for the coefficient associated with beer consumption are con-
sistently lower than reported by Sommers, but those associated with SPEED are
fairly similar to his findings.

The coefficient of the inspection variable, as mentioned above, is significantly
less than zero and stable (non-fragile) across all alternative specifications. This is
consistent with the findings of Loeb (1985) and Loeb and Gilad (1984).

The Socio-Economic Variables

The income and highway variables tended not to be significant, and their
inclusion or exclusion did not affect the lack of fragility of the coefficients
associated with the policy variables.

GASPC, a proxy for driving intensity, varied from insignificant to significant,
with relatively stable coefficients across specifications. Similarly, the variable
for population density had coefficients which varied in significance. However,
once again the inclusion or exclusion of these variables did not seem to change the
effects of the policy variables or their significance. This was especially true of the
inspection variable.

The variables for distribution of population suggest that states with a compar-
atively large proportion of their population in the age categories 25—44 and 65
or older had significantly lower fatality rates than other states. Once again, the
population variables appear to have no effect on the policy variables.

CONCLUDING COMMENTS

This paper, using cross-sectional models for fatality rates for the year 1979,
evaluates the efficacy of four policy variables: inspection, average vehicular
speed, the legal minimum drinking age, and beer consumption. The models are
analysed through an examination of the fragility of the coefficients, as suggested
by Leamer (1983). :

We have used a more extensive model than that of Sommers (1985) and our
findings, unlike his, do not support the often suggested policy of raising the
minimum legal drinking age to reduce fatality rates. The coefficient associated
with this variable, while consistently negative (in conformity with the con-
ventional wisdom), was never significantly different from zero in any of the
specifications suggested. This supposed anomaly may be due to the postpone-
ment of accidents by youths in, for example, the 18—20 age category till they
reach the age of 21 or older.

The beer consumption variable was consistent in having a positive and
generally significant effect on fatality rates. Furthermore, the size of the
coefficients were quite stable (non-fragile) across the specifications. This suggests
that reducing the per capita consumption of malt beverages would result in a
significant decline in the fatality rate. States interested in adopting this policy

283



JOURNAL OF TRANSPORT ECONOMICS AND POLICY

September 1987

(Le'7) (g€°1) (s9°1) (Ls'2) (6€°1)
94200°0 LET00°0 91000 $200°0 +100°0 OdSVO
(0gs'0-) (615°0-) (ss€'0-) (g0€°0—) (sz'1-)
$€50000°0—  LZ90000°0— 9€0000°0— 98€0000°0—  ST1000°0— X
(L1°e-) (oL°z-) (zrv=)  (99°2-) (81°¢-) (szv-) (Lo'v-) (oL'z-) (zzv-) (zTy-)
SELO— 799°0— 088°0—  179°0— 6TL°0— LS60— 188°0— 899°0— S¥6°0—  TS6°0— a
(66°1) (sL°1) (86'7) (6L°1) (z0°7) (67°€) (1s'2) (s8°'1) (9%°7) (91°€)
A 10 122°0 SH1°0 $91°0 952°0 60270 891°0 Z81°0 L1T0 agads
(66°1) (90°2) (10°7) (00°2) (65°1) (£8°1) (L6°T) (89°1) v L1°0)
15€0°0 L6€0°0 S8E0°0 89€0°0 LOEOD"0 €LEOO TI40°0 v€0°0 L0S0°0 8TH0°0 it g
(1z€'0-) (0z9'0-) (€9€0-) (s19°0-) (1ve0—) (be1°0-) (sve0-) (619°0—) (ge1°0-) (951°0-)
S$20°0— S$0°0— LT00—  €v0°0— $20°0— 110°0— 920°0— $$0°0— 9010°0— SZ10°0— aovV
ari-) (s19°0) (soz'0—) (€1v°0) (Ls'1-) (1s'z-) (95°1-) (1L1°0-) (9g'1-)  (9TT-)
18°5— ILY0 68°8— v6°C TrL— €11 L6'L— - w9 €6— INVISNOD
a]qouD/
or 6 8 L 9 [ | 4 £ 4 I 12POW

§]INSay UOISSa432Y

[ACULAAR

284



P. D. Loeb

THE DETERMINANTS OF AUTOMOBILE FATALITIES

(sesayjuared UT UMOYS dIB SOY)SIIB)S-7)

€8t°0 84S0 T6%°0 655°0 €64°0 €20 08t°0 ovso 6Tv°0 (44°a0) -
295°0 959°0 855°0 S¥9°0 655°0 984°0 6550 099°0 T64°0 LYo "
(1s°'z-) (z1°¢-) (arz-)
9'61— s'TT— LLI— vdodd
(086°0) (18L°0) (698°'0)
(A} 60°L €6 €dOdd
(9L°1-) (ov°z-) (z9'1-)
bLI— €1T— poT— tdOdd
(€91°0-) (8€L°0—) (160°0—)
61°€— A 18°1— 1dodd
(1L8°0—) (ss'z-) (ze'z-) (z0°'1-)
850000°0—  9T000°0— S $ST000°0—  TLO0000— adod
(e1°1-) (se'1-) (s0°1-) (67°1-) (s¥9°0—)
$9700000°0— 0€00000°0—  £Z00000°0— T€00000°0— ST00000°0— HOIH
a1qouvg
oI 6 8 L 9 [ [ 4 £ Z I ool

SJINSIY UO1SSILZ2Y

panunuoo 7 FIgV.L

285



September 1987 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

might consider various tax reforms to reduce the consumption of alcohol.

The coefficient associated with the vehicular speed variable suggests that
raising the average speed of vehicles would significantly increase fatality rates.
This conforms with the findings of Sommers (1985).6

Inspection of motor vehicles is found to cause a significant reduction in fatality
rates. The coefficient is similar across all model specifications in its size as well as
its degree of significance. This suggests that states which practise inspection would
experience a significantly lower fatality rate than those which do not inspect, all
else being equal. Our estimates suggest that inspection reduces the rate by
between 0.621 and 0.957, depending on model specification. If we use New
Jersey as a reference state, it appears that inspection in New Jersey reduces deaths
by between 305 and 470 per annum. These results are consistent with those of
Loeb and Gilad (1984).7

The empirical results of this investigation provide a powerful argument against
any increase in average speeds,® and even more emphatically in support of
imposing or maintaining the inspection of motor vehicles to secure a significant
reduction in motor vehicle deaths.

. REFERENCES

American Automobile Association (1981): Digest of Motor Laws, 1980 and 1981, American
Automobile Association, Falls Church, Va,

Asch, P., and D. Levy (1985): “Minimum Legal Drinking Age, Drinking Experience, and Traffic
Fatalities: Some Evidence”. Mimeographed, Rutgers University, New Brunswick, N. J.

Cook, P. J., and G. Tauchen (1984): “The Effect of Minimum Drinking Age Legislation on
Youthful Auto Fatalities, 1970—1977”. The Journal of Legal Studies, January, 169—190.

Crain, W. M. (1980): Vehicle Safety Inspection Systems. American Enterprise Institute for
Public Policy Research, Washington, D. C.

Forester, T., R. McNown and L. Singell (1984): “A Cost Benefit Analysis of the 55 mph Speed
Limit”. Southern Economic Journal, 50, January, 631—641.

Jackson, B., Peter Loeb and K. Franck (1982): Comprehensive Analysis of New Jersey Motor
Vehicle Inspection System. A report submitted to the Department of Law and Public
Safety, Division of Motor Vehicles, by New Jersey Institute of Technology.

Lave, C. A. (1985): “Speeding, Coordination, and the 55 mph Limit”. American Economic
Review, 75, December, 1159—1164.

Leamer, E. (1983): “Let’s Take the Con out of Econometrics”. American Economic Review,
73, March, 31-43.

Sommers suggests that raising the 55 mph speed limit to 60 mph would lead to an additional
7,907 to 16,898 traffic fatalities. Our study would support this, in view of the similarity of the
coefficients of SPEED in our specifications to that found by Sommers.

7 See Loeb and Gilad (1984) and Loeb (1985) for benefit/cost studies on motor vehicle
inspection. In addition, preliminary results of the models evaluated by Loeb (1985) and Loeb
and Gilad (1984) in terms of specification error analysis failed to reject these models for the
specification errors of: omission of variables, simultaneity bias, incorrect structural form of the
regressors, non-normality of the residuals and heteroscedasticity. The models evaluated by the
specification error tests are similar to those described in this study, and the specification error
results are available from the author.

8 See Lave (1985) for a further discussion on the effect on fatality rates of the reduction of
the variance of speed.

286



THE DETERMINANTS OF AUTOMOBILE FATALITIES P. D. Loeb

Leamer, E. (1985): “Sensitivity Analysis Would Help”. American Economic Review, 75, June,
308-313.

Loeb, P. D. (1976): “Specification Error Tests and Investment Functions”. Econometrica, 44,
January, 185—194.

Loeb, P. D. (1985): “The Efficacy and Cost-Effectiveness of Motor Vehicle Inspection Using
Cross-Sectional Data — An Econometric Analysis”. Southern Economic Journal, 52,
October, 500—509.

Loeb, P. D., and B. Gilad (1984): “The Efficacy and Cost-Effectiveness of Vehicle Inspection —
A State Specific Analysis Using Time Series Data”. Journal of Transport Economics and
Policy, 18, May, 145—164.

Ramsey, J. B., and P. Zarembka (1971): “Specification Error Tests and Alternative Functional
Forms of the Aggregate Production Function”. Journal of the American Statistical
Association, Applications Section, 57, 471—-477.

Sommers, P. M. (1985): “Drinking Age and the 55 mph Speed Limit”. Atlantic Economic
Journal, 13, March, 43—-48.

United States Department of Commerce (1980): Statistical Abstracts 1980. US Government
Printing Office, Washington, D. C. .

United States Department of Transportation (1979): Highway Statistics — 1979. US Govern-
ment Printing Office, Washington, D. C.

The World Almanac & Book of Facts (1979). Newspaper Enterprise Associates, Inc., New York.

287



	Volume_XX1_No_3 60.pdf
	Volume_XX1_No_3 59.pdf
	Volume_XX1_No_3 58.pdf
	Volume_XX1_No_3 57.pdf
	Volume_XX1_No_3 56.pdf
	Volume_XX1_No_3 55.pdf
	Volume_XX1_No_3 54.pdf
	Volume_XX1_No_3 53.pdf
	Volume_XX1_No_3 52.pdf

