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Abstract. We considered unemployment, an often overlooked covariate of high- 
way fatalities, hypothesizing that (1) as unemployment rises, aggregate driving 
decreases, especially among the unemployed, and as driving decreases, fatalities 
should decrease; (2) unemployment may influence drinking-some among the un- 
employed may drink less due to lower incomes, while others may drink more due 
to stress so the net effect would be ambiguous; and (3) unemployment may increase 
aggregate levels of stress and unhappiness, which can result in poor concentration 
on driving and thus, in turn, should result in more accidents and deaths. We used 
data from fifty states and the District of Columbia from 1976-1980, representing 
255 observations. (No prior study has as many observations or controls for as many 
covariates.) Using econometric models of the data, we present evidence for two of 
the three hypothesized effects of unemployment. We conclude that, if the number 
of miles driven is held constant, worsening unemployment leads to higher fatality 
rates, most likely due to stress effects. But because more unemployment means 
less driving, increases in unemployment, on balance, are associated with decreases 
in fatalities. 

In recent years, road and highway fatalities have claimed between 43,000 
and 54,000 lives annually. Since a disproportionate number of fatalities occur 
among the young, the sum of the years of potential life lost is staggering. Foege 
et al. (1985) show that the years of potential life lost due to highway crashes 
are nearly as many as number lost due to heart disease. Yet the research attention 
devoted to highway deaths has been paltry compared to that devoted to heart 
disease. This lack of attention, in part, is the result of a bias against social 
science research in favor of natural science research since highway accidents, 
like most accidents, are frequently viewed as resulting from human error. It is 
also the result, in part, of the relatively few social science studies which have 
attempted to show any relationship between traditional social science variables 
and health outcomes. Our study represents another attempt to demonstrate how 
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social science can be useful in explaining a health variable of significant pro- 
portions-highway fatalities. We directed our attention toward unemployment, 
an underresearched covariate. Our literature search found only two highly ag- 
gregated studies of highway fatalities that considered unemployment as a pos- 
sible predictor (Wagenaar 1984; Partyka 1984). Moreover, the words “unem- 
ployment’’ or “job loss” do not appear in any of the indexes to three popular 
books on injuries, by Foege et al. (1985), Baker et al. (1984), and Robertson 
(1983). Unemployment and general ill-health associations, on the other hand, 
have been extensively studied. 

Review of literature on unemployment and psychological and 
physiological health 

Harvey Brenner (1971, 1973, 1976, 1979, 1980), Bunn (1979), Catalan0 and 
Dooley (1983), Cobb and Kasl(1977), Eyer (1977), Moser et al. ( 1984, 1986), 
and Leigh ( 1987) have discovered statistical associations between unemploy- 
ment and measures of poor psychological and physiological health. Advocates 
of the unemployment and ill-health hypothesis hold that unemployment, par- 
ticularly extended unemployment, can result in stress, unhappiness, ill health, 
disability, and early death. Recent evidence in the psychological literature on 
the association between unemployment and the strength of the immune system 
appears to support this view (Ametz et al. 1987). Lengthy unemployment may 
be especially serious since it can result in loss of health insurance and illness 
may go untreated (Fbdgursky and Swain 1987). 

Charlton et al. (1987), Gravelle et al. (1981), Kasl(1979), and Joyce (1990), 
however, challenge the stress hypothesis. The critics maintain that (1) the sta- 
tistical models are poorly conceived, and (2) while unemployment may cause 
some psychological hardship, it is unlikely to result in serious physiological 
problems. The statistical problems arise from the lag structure of the models. 
Is it the person’s current unemployment that can lead to immediate death, or 
is it extended bouts of unemployment in past years that have a cumulative effect? 
The lag structure is important if the cause of death is a chronic disease, such 
as heart disease or cancer, since chronic diseases require years of gestation. 
Charlton et al. (1987) and Gravelle et al. (1981) reestimate the statistical models 
with varying lag structures and demonstrate the frailty of the results in Bren- 
ner’s and other advocates’ studies. Skeptics also point out that while much of 
the public believes that stress can lead to physiological illness, the hypothesis 
is not widely accepted in the scientific medical community. 

An investigation of unemployment and vehicle accidents in total miles or per 
mile driven might avoid the two complaints lodged by the critics. First, ac- 
cidents are acute, not chronic. If unemployment and accidents were related, it 
would not be necessary to introduce a lag structure into the model. Second, 
even the critics grant that unemployment can lead to psychological difficulties. 
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If one of those difficulties is lack of concentration or increased drinking, even 
they may allow that a relation could be found between unemployment and ac- 
cidents in total miles or per mile driven. 

An investigation of the relation between unemployment and highway acci- 
dents may introduce several new problems, however. First, as unemployment 
worsens, unemployed people may drive less. Employed people, too, fearing 
unemployment, may drive less and save the money they would otherwise spend 
on gasoline. This effect on driving may be especially noticeable among young 
males, where unemployment is volatile. Second, unemployment results in lower 
incomes, which, in turn, could result in less alcohol consumption and, thus, 
fewer crashes (assuming a causal connection between alcohol use and crashes). 

The hypotheses that link increased stress and drinking to unemployment pre- 
dict a positive correlation between unemployment and fatalities, whereas hy- 
potheses linking decreased driving and drinking to unemployment predict a 
negative one. 

Review of litemture on highway fatalities 

The literature on highway fatalities is split into two categories: studies on 
technological improvements in the safety design of automobiles and the human 
response to those designs, and studies on the human capabilities of driving in 
general. Airbags, seatbelts, shoulderbelts, soft dashboards, collapsible steering 
wheels, car weight, and so on, have received attention in the engineering lit- 
erature. A good review of these studies is provided in Robertson (1983) and 
Crandall et al. (1986). 

Peltzman (1975) sharply criticized the engineering studies for not accounting 
for peoples’ responses to the new safety innovations. He argued that people 
have a given desire for risk and that if, for example, they are forced to buy 
safer cars, they will drive more recklessly. Peltzman’s study has since served 
as a lightning rod. His conclusions have been challenged by many researchers 
who do not find evidence that safety innovations lead to more careless driving. 
Many of the studies surrounding the Peltzman debate are reviewed in Crandall 
et al. (1975). 

Regardless of the viability of Peltzman’s controversial assertions, there is no 
doubt that the debate his study generated served to remind researchers that the 
behavioral element cannot be ignored in analyzing annual fluctuations in high- 
way fatalities. Since Peltzman’s study, social scientists, and economists in par- 
ticular, have ventured beyond the narrow question of the human response to 
engineering safety innovations into questions involving the general sociological, 
demographic, and economic correlates of highway fatalities. Since this study 
considers an underresearched economic covariate, unemployment, the recent 
studies on the general covariates and the two on unemployment are reviewed 
below. 
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The Appendix presents a partial review of fifteen of the more notable studies 
from recent years. The first thirteen studies considered general covariates of 
fatalities. The last two studies focused on unemployment. 

The authors of the first thirteen studies have each had their favorite variables. 
Crandall et al. (1986) Zlatoper (1987), and Robertson (1983) were concerned 
primarily with testing kltzman’s hypothesis. Safety features were indirectly 
measured in these studies, based on the percentage of new cars among those 
registered. Crandall et al. and Robertson found that the engineering safety fea- 
tures decreased fatalities, while Zlatoper found that they were positively as- 
sociated with fatalities. McKenzie and Warner (1987) wanted to estimate the 
relationship between increased airline use since the 1978 deregulation of air- 
lines and the possible reduction of car and truck use, and the resulting reduction 
in highway fatalities. Wilkinson (1987) was concerned with state laws gov- 
erning drunk driving. Four studies, those by Fuchs and Leveson (1967), Crain 
(1980), Loeb (1983, and Loeb and Gilad (1984) were concerned with whether 
state-mandated vehicle inspection laws were associated with reduced fatalities. 
Three others, by Levy and Asch (1989), Lave (1985), and Fowles and Loeb 
(1989) concerned the variance of speed as a predictor of fatalities. 

Wagenaar (1984) and Partyka (1984) were the only studies to consider un- 
employment. Both studies used time series data. Partyka used annual U. S. data, 
while Wagenaar used monthly data from Michigan only. Partyka entered con- 
trols for the number of employed and number of people not in the labor force. 
Wagenaar controlled for vehicle miles traveled. Neither unemployment study 
controlled for the many covariates considered in other studies, however, such 
as alcohol consumption, percentage of young drivers, average and standard de- 
viation of speed, and percentage of new cars. In addition, the two unemploy- 
ment studies did not attempt to account for variations in vehicle inspection laws, 
drinking-age laws, and motorcycle helmet laws, to the extent that these laws 
changed in Michigan (Wagenaar) or any state (Partyka) over time. In brief, the 
list of covariates held constant in these two unemployment studies is too short. 
We cannot determine whether a correlation between unemployment and fatal- 
ities merely reflects the influence of some third variable, such as alcohol con- 
sumption. Nevertheless, both studies found unemployment and highway fatal- 
ities to be inversely related. 

None of the studies listed in the Appendix had all of the independent variables 
from any prior study. Nevertheless, several statistically significant variables ap- 
peared in most of the first thirteen. k r  capita alcohol consumption appeared 
statistically significant in eight studies. Miles driven and/or gasoline con- 
sumption per capita appeared statistically significant in eleven studies. As Zla- 
toper (1987) points out, miles driven and gas use will be very strongly asso- 
ciated for obvious reasons. A measure of young drivers or young male drivers 
was included in ten studies and was statistically significant in seven. Some 
measure of rural and urban miles traveled or population density appeared in 
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eight studies and was statistically significant in five. Robertson’s (1983) many 
studies suggest that the percentage of new cars, changes in motorcycle helmet 
laws, and laws governing drinking age cannot be ignored. Three studies con- 
sidered vehicle inspection laws. All three found that these laws were signifi- 
cantly associated with fewer fatalities. This favored set of variables-alcohol 
use, percentage of young or male drivers, measures of urban and rural miles 
driven, helmet laws, minimum drinking-age laws, percentage of new cars, and 
a variable reflecting vehicle inspection laws-appeared to be the set of variables 
necessary in any analysis attempting to explain highway fatalities. None of the 
other independent variables, mentioned in the Appendix are listed as frequently 
as these, or given as much attention in the studies. 

Materiuls and methods 

Most of the variables analyzed here are drawn from the data collected by 
Wilkinson (1987). Variables collected by the author include data on unem- 
ployment, vehicle inspection laws, helmet laws, and the percentage of new car 
registrations in the fifty states and the District of Columbia. Wilkinson’s data 
are used for two reasons. First, his data contain all those variables in the favored 
set listed above, with the addition of the vehicle inspection variable, helmet 
laws, and the percentage of new car registrations. Second, his data contain 
many more observations than any other study. Every other study listed in the 
Appendix is either a cross-section or time-series data set. Wilkinson’s data are 
both. Wilkinson pooled data from the fifty states and the District of Columbia 
together for the years 1976 through 1980. He thus has 255 observations on most 
variables. The variables for which he did not have all the observations are ex- 
cluded from my study. 

Table 1 presents the descriptions of variables used in the analysis. The means 
and standard deviations do not exactly match those appearing in the Wilkinson 
study since this study uses all 255 observations, not just the 221 observations 
Wilkinson analyzed. 

All of the variables, except vehicle inspection laws, are self-explanatory. The 
vehicle inspection variable was created by gleaning data from the American 
Automobile Association’s Digest of Motor Laws (1980). The vehicle inspection 
variable assumed only four values: 0, 1, 1.5, and 2. If, say, Arkansas had a 
vehicle inspection law in 1976 which required an annual inspection for reasons 
other than smog control (as, in fact, Arkansas did), then Arkansas in 1976 
would receive a 1 for the vehicle inspection variable. New Hampshire received 
a 2 in every year because New Hampshire’s law required an inspection every 
six months. California received a 0 in every year because California did not 
have an inspection requirement. Mode Island and Utah received a 1.5 since 
the Digest 0fMotor Luws indicated that many vehicles required two annual 
checks, while others required only one. A distinct advantage of these data over 
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all other in the literature is their number-they contain 255 observations. The 
largest samples in the literature contain only 50 or 51. A further advantage is 
that, over this time period, a handful of states changed their laws. Idaho, Ken- 
tucky, and New Mexico went from requiring one inspection to not requiring 
one. Virginia dropped from two inspections to one. 

Following the precedent of statistical analysis used in the thirteen studies 
listed in the Appendix, we used multiple regression analysis, correcting for 
differing error variances across time and states, to ferret out the separate as- 
sociations of alcohol use , gas consumption, unemployment, vehicle inspection, 
and so on, with fatalities per capita. Multiple regressions were corrected for 
random effects and run using the Regression Analysis of Time Series (RATS) 
statistical program ( 1984). Except for the variables of unemployment , drinking 
age, vehicle inspection, and the percentage of young male drivers, each variable 
was entered as a natural logarithm so that the estimated coefficient could be 
interpreted as an elasticity. An elasticity represents the percentage change of 
a dependent variable associated with a percentage change in an independent 
variable (Leigh 1988). 

Three effects of unemployment on fatalities can be imagined. (1) As un- 
employment increases, total driving may decrease. The unemployed may feel 
financially constrained while the employed may fear unemployment, so that 
both seek to limit their spending on gasoline for unnecessary travel. The re- 
duction in driving may be particularly great among male youth, who are liable 
to be unemployed. Unemployment of males less than twenty-five years old can 
sometimes be three times the rate of unemployment among males over twenty- 
five (Kaufman 1989). Since a disproportionate number of deaths occur among 
young drivers, if the young curtail their driving-for any reason-it is likely 
that total highway deaths should fall. (2) Unemployment may be related to ex- 
cessive drinking. To relieve the boredom of unemployment, the unemployed 
may drink and drive more frequently than if they were employed. On the other 
hand, unemployment, which reduces income, may lead to less drinking. Berger 
and Leigh (1988), for example, find a strong positive association between de- 
creased alcohol consumption and decreased earnings among full-time workers. 
(3) Unemployment may cause stress and unhappiness which can result in dif- 
ficulty in concentrating while driving and, hence, more fatal accidents. 

It is unlikely that the number of miles driven would have a direct effect on 
unemployment; thus, causality can be assumed to run in only one direction. 

These three hypotheses can be systematically addressed by selective inclu- 
sion and exclusion of independent variables in the regression equations. For 
example, to test whether the conflicting effects in (1) and (2) above are greater 
or less than the effects in (3), regressions are estimated which alternately in- 
clude and exclude miles driven, percentage of young male drivers, and alcohol 
consumption , while always including unemployment, the inspection law var- 
iable, average speed, standard deviation of speed, percentage of new car reg- 
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istrations, the helmet law variable, and a minimum drinking-age law variable. 
For example, when miles driven, percentage of young male drivers, alcohol 
consumption, and other variables are included in the equation, the first two 
effects are accounted for so that the hypothesis that unemployment can lead to 
unsafe driving due to stress can be tested. When miles driven, alcohol con- 
sumption, and percentage of young male drivers are excluded from the equation, 
but all others are entered, the net association of all three hypothesized effects 
can be tested. 

Alcohol consumption, percentage of young males, and miles driven are re- 
ferred to as intervening variables, since unemployment is alleged to have an 
indirect effect on fatalities through its effects on these independent variables. 
Unemployment may have direct effects on fatalities: these would consist of any 
hypothesized influence it might have independent of alcohol consumption, per- 
centage of young males, and number of miles driven. For example, unem- 
ployment could result directly in poor driving concentration. 

Assuming that causality runs in one direction, that is, from unemployment 
to number of miles driven, or unemployment to the percentage of young male 
drivers, or unemployment to alcohol consumption, then each of the hypotheses 
can be tested with multiple regression techniques (Maddala 1988). 

Results 

The statistics in Figure 1 provide a simple picture of the aggregate relation 
between unemployment and highway fatalities per person over the age of fifteen. 
The pattern is striking. When national unemployment has been low, the fatality 
rate has been high, and vice versa. But the statistics in Figure 1 are very limited. 
The fatality rate dropped considerably as a result of the fifty-five-miles-per- 
hour speed limit introduced in 1974 and the international gasoline shortages in 
1973 and 1979. 

A more systematic look at the relation between unemployment and highway 
fatalities is provided by an analysis of the data available in Wilkinson (1987). 
Table 2 presents the results of estimating equations that explain the fatality rate. 
Table 2 does not include either a variable for the 1974 fifty-five-miles-per-hour 
speed limit nor a variable for the dramatic increases in gas prices in 1973 and 
1979. The data begin in 1976, two years after the national fifty-five-miles-per- 
hour speed limit was established, Throughout the data period, from 1976 to 
1980, the national speed limit remained at fifty-five. In these data, therefore, 
the fifty-five-miles-per-hour speed limit was not likely to explain state-to-state 
or year-to-year fluctuations in the fatality rate. As regards the second point, 
Leigh and Wilkinson (1988) explain that it is not necessary to account for the 
effects of the gas price if the effects of miles driven are accounted for. That 
is, an increase in the gas price can only have an indirect, not a direct, effect 
on the fatality rate. As gas prices rise, people consume less gasoline and drive 
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less, other things being equal. The association between gas prices and fatalities 
should, therefore, be accounted for within the association between miles driven 
and fatality rates. 

The results in the first column of numbers in Table 2 are analogous to those 
in Figure 1. The estimated coefficient is negative and strongly statistically sig- 
nificant with a t-statistic of 4.326. Equation 1 (column 1) represents a theo- 
retical extreme which assumes, probably incorrectly, that all of the additional 
independent variables in Table 2-urban vehicle miles through the helmet law- 
are strongly influenced by the unemployment rate. Nevertheless, if this as- 
sumption is invoked, then a 1 percentage increase in the unemployment rate, 
from, say, 6 to 7 percent, would be associated with a roughly 5 percent reduction 
in the fatality rate. (The estimated coefficient, - 0.052, must be multiplied 
by 100, because unemployment rates were entered into the computer as .05, 
.06, .07, etc., for 5, 6, and 7 percent.) 

Equation 2 (column 2) corresponds to a less extreme theoretical view. The 
equation assumes that the percentage of new cars, the inspection law, the av- 
erage speed, the standard deviation of speed, the drinking-age law, and the 
helmet law are not influenced by the unemployment rate, but that alcohol con- 
sumption, percentage of young male drivers, and number of miles driven are 
influenced by the unemployment rate. Increased unemployment, for example, 
could lead to reduced consumption of gas and thus to reduced driving, es- 
pecially among youth; and to reduced alcohol consumption due to lower in- 
comes. Alternatively, more alcohol consumption due to stress could result in 
more crashes as unemployment worsened. In any case, column 2 presumes that 
vehicle miles, alcohol consumption, and percentage of young males are vari- 
ables intervening between unemployment and fatalities. Again, the negative and 
statistically significant association between unemployment and the fatality rate 
is apparent. 

Beginning with column 3, the intervening variables are taken into account 
as alcohol consumption, percentage of young male drivers, and number of miles 
driven are entered into the equations. Each of these three variables has been 
alleged to be influenced (if indirectly) by the unemployment rate, that is, they 
have been alleged to be intervening variables. As the results in column 3 sug- 
gest, when alcohol consumption is added to the equation, the estimate of the 
association between unemployment and the fatality rate appears not to be af- 
fected. The estimated coefficients on unemployment in columns 2 and 3 are 
almost identical. The results suggest that alcohol consumption is unrelated to 
unemployment, or that the effects are sufficiently conflicting to render the over- 
all association nil. But this m y  not be the most reasonable final conclusion 
about alcohol consumption, given the results in column 6, as will be seen. 

The addition of the percentage of young male drivers appears to matter. The 
estimated coefficient on unemployment, while still negative, drops by half and 
is no longer statistically significant in equation 4. The estimated coefficient on 
the percentage of young male drivers is strongly significant in explaining the 
fatality rate, however, with a t-statistic above 12. 
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Finally, the addition of the miles-driven variables drastically affects the es- 
timated association. The estimated coefficients on the unemployment rate in 
columns 5 and 6 are positive and statistically significant at the .05 level. A t- 
statistic of 1.96 or higher is required for the two-tailed statistical significance 
with a sample size of 255. Estimated coefficients on the urban- and rural-miles- 
driven variables draw large t-statistics. Alcohol consumption now becomes pos- 
itively and statistically significant in its association with fatalities. 

To consider the inspection variable and the binary law variables for the drink- 
ing age, it is first necessary to interpret their estimated coefficients. Since the 
dependent variable is a logarithm, an estimated percentage effect can be cal- 
culated by exp(p - l),  where p is the estimated coefficient. If p is small, say, 
less than 0.12, as it is in Table 2, then exp(f3 - 1)- f3 (Halvorsen and Palmquist 
1980). The estimated coefficients can, therefore, be interpreted approximately 
as the percentage changes in the fatality rate associated with one more required 
inspection per year. The estimated effects of inspection in Table 2 thus range 
from 3.6 to 6.8 percent, which are smaller than the 14 to 26 percent effects in 
Loeb and Gilad (1984), or the 13 to 19 percent effects in Loeb (1985), or the 
5 to 10 percent effects in Fuchs and Leveson (1967). It may be that one reason 
for the smaller estimates in Table 3 is this study’s use of a sample which is 
five times the size of any of the prior studies. More precise estimates result 
when sample sizes increase. Laws which allow eighteen-, nineteen-, and 
twenty-year-olds to drink are associated with roughly 7 to 9 percent more fa- 
talities than laws which allow only persons twenty one and over to drink. States 
with helmet laws have roughly 1 to 2 percent fewer total fatalities than states 
without helmet laws. The effect would undoubtedly be larger if the dependent 
variable had been motorcycle fatalities rather than total fatalities (Sass and 
Leigh forthcoming). 

Discussion 

Three unemployment results require explanation: 

(a) The unadjusted univariate association between unemployment and fa- 
talities (column l), as well as the association adjusted for alcohol con- 
sumption and the other controls (columns 2 and 3), are negative and 
strongly statistically significant. 

(b) The association becomes statistically insignificant, yet remains neg- 
ative, once the percentage of young male drivers is accounted for. 

(c) When miles driven are accounted for, the association becomes positive 
and statistically significant. 

To explain (a) above, it should be recalled that two opposing views of the 
link between alcohol consumption and unemployment could be cited. On the 
one hand, as unemployment increases, it could be that alcohol consumption 
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increases as the unemployed drown their sorrows. On the other hand, the un- 
employed may cut their consumption of alcohol, viewing alcohol as a luxury 
rather than a necessity. The results in Table 3 suggest that neither effect dom- 
inates. A simple correlation coefficient between alcohol consumption and un- 
employment was calculated to test the conclusion that the net effect was nil. 
The coefficient was 0.094, which is not statistically significant at the .05 level 
in a two-tailed test. It therefore appears credible to conclude that the two in- 
fluences of unemployment on alcohol use cancel each other out. Apparently, 
once the intervening variable of alcohol use is accounted for, the association 
between unemployment and fatalities is negative: as unemployment worsens, 
highway fatalities drop. 

The result in (b) was expected. Miles driven among young males may be 
strongly related to their employment status. If a young male becomes unem- 
ployed, the results in Table 2 suggest, he is likely to curtail his driving. As an 
additional test of this conclusion, a correlation coefficient was calculated be- 
tween percentage of young male drivers and fatality rate. The coefficient was 
0.142, which carries a p-value of .05, implying a statistically significant cor- 
relation. 

The result in (c) resolves conflicting prior hypotheses. If the association be- 
tween miles driven and the fatality rate can be controlled for, then any remaining 
association between unemployment and fatalities is due to either the young- 
male-driver hypothesis, the alcohol-use hypothesis, or the stress hypothesis. 
The results in column 5 reveal that the stress effect may be more powerful than 
the young-male-driver effect or the alcohol effect in explaining the association 
between unemployment and fatalities, holding miles driven constant. 

Conclusions 

The hypothesis that unemployment can lead to anxiety and poor driving, 
holding constant the amount of driving and percentage of young male drivers, 
is supported. This conclusion is consistent with the studies by Brenner (1971, 
1973, 1976, 1979, 1980), Bunn (1990), Moser (1984, 1986), and Leigh (1987), 
as well as by a new economic study on the effects of mental distress on income 
by Frank and Gertler (1986). Unemployment apparently results in considerable 
stress, which can lead to lack of concentration in driving and, ultimately, more 
fatal accidents. Nevertheless, the policy conclusion of Brenner and others may 
not apply to reducing highway fatalities. These authors argue that improvements 
in national health statistics will result from falling unemployment rates. But 
the effects of falling unemployment are manifold. Falling unemployment results 
in higher real per capita incomes, which, in turn, lead to higher gasoline con- 
sumption and greater driving. The results here suggest that this rising income 
and increased driving effect is especially pronounced among young men, which 
unfortunately, will mean more highway deaths. The effects of increased driving 
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more than offset the effects of lower stress due to rising unemployment, so that, 
on balance, rising unemployment results in fewer highway deaths. 

Further empirical studies are needed to determine whether the decreased 
highway fatalities exceed the increased deaths due to heart and other diseases 
documented by Brenner, Bunn, and Moser. Probably the answer is no. Estimates 
from column 2 of Table 2 suggest that a 1 percentage point rise in unemployment 
will lead to roughly a 3 percentage fall in the fatality rate, that is, fifteen hundred 
fewer deaths per year. Brenner (1976) claims, more than six thousand disease 
and suicide deaths result from a 1 percentage point increase in unemployment. 
Finally (see Joyce et al. 1989), future disease studies should also account for 
the health effects of increased carbon monoxide due to increased driving re- 
sulting from falling unemployment. 

Appendix. Summary of Recent Studies 

Dependent 
Authods) Data Variables IndeDendent Variables 

Crandall et 
a]. (1986) 

Crandall et 
al. (1986) 

Zlatoper 
(1987) 

Time series 
1947 - 81 

Cross sec- 
tion, 50 
states 

Time series 
1956-80 

Total deaths, 
nationwide 

Total deaths 
in state 

Deaths per 
capita 

Safety index ( - ), average weight of 
cars (-), average age of cars, national 
real income per capita ( +), percentage 
of youths driving, alcohol consumption 
per capita, average cost of medical care, 
dummy for embargo years 1974-81, av- 
erage speed on rural roads, price of mo- 
tor fuel, share of vehicle miles amassed 
on limited-access highways, share of 
truck miles (+), total miles driven ( + ) 
Safety index ( - ), income per capita 
( - ), percentage of youthful drivers, al- 
cohol consumption per capita (+), aver- 
age speed, ratios of urban to rural miles 
driven ( - ), total miles driven ( + ) 
Medical costs of accident, consumer real 
income, time trend ( - ), alcohol con- 
sumption per capita ( + ), average speed, 
ratios of youths to adults, accumulation 
of snow in January, percentage of cars in 
operation built before 1966 (+) ratios of 
rural to urban miles driven 
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Dependent 
Author(s) Data Variables Independent Variables 

McKenzie Time series Total 
and 1966- 84 national 
Warner deaths 
(1987) 

Wilkinson b l e d  cross Annual 
(1987) section and fatalities 

time series per 1,OOO 
persons 
over age 15 

Robertson 
(many stud- 
ies 
summarized 
in his 
1983 book) 

Fuchs and 
Leveson 
(1967) 

Cross sec- Fatalities per 
tion of states capita and 
in some accidents per 
studies and capita 
separate 
states over 
time in other 
states 
Cross sec- Fatalites per 
tion 1960, capita 
50 states, 
n = 50 

Alcohol consumption per capita ( + ), 
percentage of female drivers ( - ), per- 
centage of female drivers(-), percentage 
younger than 20 in population, ratios of 
urban to rural miles driven, total miles 
driven (+) 

Alcohol consumption per capita over age 
15 ( + ), percentage of male drivers 
under age 24 ( + ), average vehicle speed 
weighted by number of vehicle miles of 
travel ( + ), average standard deviation of 
speed weighted by vehicle miles of 
travel ( + ), variables reflecting probabil- 
ity of arrest and conviction and length of 
jail term for drunk drivers ( + ), number 
of vehicle miles traveled on urban roads 
per person over age 15 ( +), number of 
vehicle miles traveled on rural roads per 
person over age 15 (+ ) 

Motorcycle helmet laws (-), minimum- 
drinking-age laws ( -), newer, safer cars 
( - ), alcohol consumption ( + ), percent- 
age of young male drivers ( +), car 
weight ( - ), miles driven ( + ) 

Gas consumption ( + ), hundreds of per- 
sons per square mile ( -), percentage of 
young drivers, mortality rate from other 
accidents, percentage nonwhite, alcohol 
consumption per capita, age of car, 
required eye exam ( +) median years of 
schooling, median income 

Appendix continues following page 
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Appendix. Continued 

Dependent 
Author(s) Data Variables independent Variables 

Loeb and Time series 
G i ld  in New Jer- 
( 1984) sey only 

n = 50 
1929-79, 

Loeb (1985) Cross sec- 
tion, 50 
states and 
D.C. 

Crain (1980) Cross sec- 
tion, 50 
states, 
excludes 
D.C. 

Levy and Cross-sec- 
Asch tion, 50 
(1988) states, 

excludes 
D.C. 1985 

Raw count 
of state 
fatalities 

Fatalities per 
capita 

Fatalities per 
capita 

Fatalities per 
capita 

Time trend ( - ), real per capita income 
( + ), population ( +), number of cars 
registered ( + ), vehicle inspection ( - ), 
World War I1 years ( -  ), depression 
years, ratio of vehicle miles to licensed 
drivers. 
Dummy variable for states with vehicle 
inspection laws ( - ), percentage of pop- 
ulation residing in big cities, fuel 
consumption per capita (+), personal 
income per capita, percentage of high- 
school graduates , percentage of 
population 18 to 24, percentage popula- 
tion 25 to 44, percentage of population 
45 to 64, percentage of population over 
64, dummy variable for eye exam 
requirement, alcohol consumption per 
capita (+), average annual precipitation 
( -), total highway miles 
Fbpulation density (-), fuel median 
income ( -), percentage of highways 
paid for with federal dollars, percentage 
of young in population, eye and written 
test, dummy alcohol consumption per 
capita. Many inspection variables: peri- 
odic inspection dummy, biannual 
inspection dummy, state-owned stations, 
random inspection dummy 
Miles traveled per driver ( +), income 
per capita, percentage of male drivers 
( + ), percentage of municipal highways, 
percentage of young drivers, legal driv- 
ing age, alcohol consumption per capita, 
mean driving speed ( - ) variance of 
speed ( - ), mean x variance ( + ) 
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Dependent 
Author@) Data Variables Independent Variables 

Lave (1985) Cross sec- 
tion 21-47 
states, 
excludes 
D.C. 

Fowles and Cross-sec- 
Loeb (1989) tion, 44 

states 
excludes 
D.C. 1979 

Partyka Annual time 
(1984) series 1960- 

82, n = 23 
Wagenaar Monthly 
(1984) time series, 

Michigan 
only, 1972- 
82 

Fatalities per 
mile 

Fatalities 
(not per cap- 
ita) 

Mean speed ( - ), variance speed ( + ), 
citations per driver ( + ), hospital access 
(--) 

Minimum legal drinking age, per capita 
consumption of beer, mean speed ( + ), 
variance of speed ( + ), dummy for 
inspection (marginal, - , ts), hospital 
access ( -), total highway miles, per- 
sonal income per capita ( -), population 
per square mile ( - ), percentage young, 
population ( - ), miles h v e n  ( + ) 
Number of unemployed, employed, not 
in labor force 

Percentage unemployment, miles driven 

Note: ( + ) indicates that variable was positively correlated with fatalities and statis- 
tically significant. ( - ) indicates that variable was negatively correlated with fatalities 
and statistically significant. 
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