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ABSTRACT

Ef fects of Policy Related Variables on Traffic Fatalities:
An Extrene Bounds Analysis Using Tine Series Data

Ri chard Fow es and Peter D. Loeb

This study finds that reducing speed limts (to 55 nph) in
the U S results in a reduction of fatality rates. In addition,
the proportion of newer vehicles on the highways (subject to
newer safety regulations) has a significant effect on fatality
rates. The analysis is conducted using extrene bounds anal ysis
applied to a tine series nodel of the determ nants of U S
fatality rates. This nodel incorporates nany policy and soci o-
econom c vari abl es.



. Introduction

The determ nants of autonobile related fatalities have been
of great interest anbng econom sts, statisticians and gover nnent
officials lately. Statistical nodels and techniques of various
degrees of sophistication have been enployed to eval uate the
potential contributing effects of a host of soci oeconom c and
policy related variables on notor vehicle fatality rates.* Loeb
[17; 18; 19; 20], Loeb and Glad [21], Fuchs and Leveson [10] and
Crain [5] evaluated the inpact of notor vehicle inspection on
fatality rates. The Loeb and Loeb and G| ad studies found
I nspection to have a significant inpact on reducing various
measures of fatalities as neasured by the significance and
stability of the coefficient associated with the inspection
vari abl e across various specifications. Furthernore, both Crain
and Fuchs and Leveson al so found sonme support for the effective-
ness of inspection, although Crain does not favor inspection.
More recently, Keeler [12] found inspection to be effective in
reducing fatalities in 1970 but not in 1980.

The effect of raising the mninmmlegal drinking age (MDA)
was eval uated by Cook and Tauchen [4], Asch and Levy [1; 2] and
Loeb [19]. Cook and Tauchen found that reducing the MDA
resulted in an increase of fatality rates anong youthful drivers.

Asch and Levy, as well as Loeb, found the effect of the M.DA on



fatality rates either smaller or less significant than reported
by ot hers.?

I n general, al cohol consunption has been found to have the
expected effect on fatality rates, i.e., higher al cohol consunp-
tion is associated with higher fatality rates.® Interestingly,
Fow es and Loeb [8] found an interactive effect of altitude and
al cohol on traffic fatality rates.

Finally, the literature evaluates the effect of notor
vehi cl e speed, generally nmeasured as the average speed of free
novi ng vehicles on rural interstate highways. The reported
results indicate that speed is positively and significantly
associated with fatality rates. This was denonstrated directly
by both Loeb [18; 19], Fow es and Loeb [9], and Sommers [ 26].
The effects of speed and speed vari ance have been addressed by
Lave [13; 14], Levy and Asch [16], Fow es and Loeb [9], Synder
[25], Rodriguez [24], and Keeler [12]. The effect of speed has
gai ned nore recent public attention with the March 1987 Congres-
sional Hearings resulting in possible changes of the maxi num
speed limt on rural interstate highways. Forester, MNown and
Singell [6] evaluated the 55 nph speed |imt using a three
equation recursive nodel. They conclude that the 55 nph speed
limt is not cost-effective, although they find the net inpact of
the speed limt is a reduction in fatalities. This latter result

may be conpared with findings of Loeb [18; 19], Sommers [26], and



Keel er [12].

Many of the specifications utilized in the above studies use
an assortnment of socioecononmic variables in addition to driving
and policy related variables. Due to problens of collinearity
bet ween the regressors, conclusions are sensitive to nodel
specification.* Froma traditional econometric perspective,
results are suspect due to variable om ssion bias. |In this paper
we examne the fragility of various policy related and soci oeco-
nom c variables in regression specifications using Bayesian

extrenme bounds anal ysis as devel oped in Leaner [15].

1. The Model
In order to evaluate the effect of several policy related
variables on fatality rates, a log-linear tinme series nodel of

the followng formis considered for forty years beginning in

1952:°
In(Fatality Rate;) = Bo + Bil n(PRDINS); +
Bol N( 1+SPDLMT;) + Bsl n(M.DA) + Bal n(AGE;) +
Bsl N(ALCH) + PBel n(1+VEQUI P,) + PB7l n(PRICE) +
Bsl n(I NTRST,) + Bl n(DDI NCG) + PBiol N( 1+BELTS,) +
B11( UNEMPLOY;) + &

wher e:

Fatality Rate; = the nunber of traffic fatalities per



100 nmillion vehicle miles of travel in the tth

year.
PRDINS; = ratio of autonobiles subject to

safety inspection to total registered auto-

nmobi | es.

SPDLMT; = 55 nph binary vari abl e.

MLDA; = medi an m ni num | egal drinking age for purchas-

I ng beer.

AGE; = ratio of 16-24 year olds to popul ation

of age 16 or over.

ALCH = per capita consunption of alcoholic

bever ages. ®

VEQUI P, = ratio of 1966 or newer registered vehicles to
total registered vehicles.

PRI CE; = accident price data based on a wei ghted aver-
age of nedical care and autonobile repair conmponents of
the CPl divided by the total CPI.’

I NTRST; = miles of highway in the interstate system

DDI NG = real disposable personal inconme per driver (in
t housands, 1972=100).

BELTS; = ratio of autonobiles subject to seat belt

| egislation to total registered autonobiles.

UNEMPLOY; = US overall unenploynent rate.

B (j=0,...,11) = 12 paraneters to be estimated.



€& = a random error term?®

Two categories of nodel specifications are considered. A
policy related specification focuses attention on vari abl es
related to government control. A soci oeconom c specification
| ooks at variables related to denographic, incone and "price"
measures of an accident. For both categories, we separate the
variables into two sets. The first set consists of variables
that would typically be included in any regression specification
under that category (policy or socioeconomc). These are con-
sidered free variables; they are included because their effects
are believed to be inportant. The remaining variables are
consi dered doubtful; these variables may or may not be included
in a particular specification.

From a Bayesi an perspective, well defined priors exist for
the expectation of the coefficients on the set of doubtful vari-
ables. They are centered at zero, reflecting the opinion that
the effect of a doubtful variable is small. Priors are com
pletely diffuse for the set of free vari abl es.

Tabl e | defines the set of variables along with a priori
expected effects on fatality rates.® Analysis is based on data

for the years 1952 to 1991 aggregated across all states.

[11. Extrenme Bounds Anal ysis



In this section we derive sets of posterior neans for
mnimally specified priors on the set of doubtful variables.
Beyond consideration for inclusion or deletion in a regression
specification, prior opinions about the effects of variables are
typically not well defined. Due to collinearity between the
regressors, the effect of dropping or adding variables in a
regression equation is not inconsequential and gives rise to the
I ssue of selective reporting. Extrene bounds anal ysis addresses
this problem by reporting the maxi mum and m ni nrum val ues t hat
coul d be obtained via maxi mrum |l ikelihood estimation on the free
set of variables when all possible |linear conbinations of vari-
ables fromthe doubtful set are considered. This is devel oped by
Leamer [15] using a Bayesian natural conjugate prior on the set

of doubtful variables.' For the normal |inear regression nodel
Y ~ N(XB, o?l),

the prior nean on the p doubtful variables is also nornal,

centered at zero, with variance matrix H"'. This is witten as
RB ~ N(O, H%)

where Ris a pxk matrix of constants, B is a kxl vector of

paraneters, O is a pxl zero vector, and H* is a pxp positive
definite symmetric precision matrix (the inverse of the variance

matrix). Leanmer [15] shows that extrene values of |inear func-

tions of the posterior nean for the kx1 vector T,



Ub** = T (H+ RHR Ho
are given by
a+ ™ix( ™A 'trc) °
when H* ~1 is constrained to fall between positive definite matri-
ces Vland Vh and
a = tb- TH ! RRH'R) 'Rb,
™= THRRH'R) Y
f =(h+V ) YhRb+ (VI “t-vh Y
(h+Vh "1 hRb/2),
A =(h+Vh vt t-vh Htth+vh hH+
(h + Vh 1,
¢ = (Rb)h(h + Vh H-tve tovh Hth+ve Y thRb/4,
h=RH "'R)
b = (X'X) Xy,
H=s "2XX,

.5

s = ((Y-Xb)'(Y-Xb)/(n-k))

Tables Il and Ill summarize extreme bounds analysis for both
prior categories for the free parameters as a function of VI and
Vh computed by MICRO-EBA [7]. In addition, Tables Il and 1lI
report "reasonable” bounds which are the maximum and minimum
values for the posterior mean computed on 99% joint likelihood

ellipsoids. 12 The widest possible bounds occur at VI = OH*

and



Vh = oH*"!, Note that priors are mininmal in this reporting style

since H*, the prior precision matrix, is only required to be
positive definite symretric.'® Results are only sensitive to the
free-doubtful mx via the R matrix which reduces the di nensional -
ity for the prior space fromk to p. Various free--doubtful
conmbi nati ons are consi dered.

As can be readily seen in the policy prior, only extrene
bounds for SPDLMI are tight and in accord with a priori expecta-
tions. Upper and | ower bounds conputed on a 99% i kel i hood
ellipsoid are tight for both SPDLMI and VEQU P. Under the
soci oeconom c prior, extreme bounds are tight for UNEWMPLOY and
VEQUI P. Likelihood bounds are tight for UNEMPLOY, VEQUI P, and
SPDLMI' conputed on a 99% i kelihood ellipsoid. Note that SPDLMI
I's a doubtful variable for the soci oeconomc prior, but is non-
fragile over "reasonable" bounds. This enhances the evidence
that SPDLMT is an inportant explanatory vari abl e.

For conparison, |east squares estimates for the full nodel
with 12 variables are reported in Table IV.* Froma classica
perspective, the estimated coefficients for UNEMPLOY, AGCE,
SPDLMI, VEQUI P, INTRST, and PRICE are statistically significant
at or above the traditional 95% confidence level. Al variables
in this category have signs that are in accord with a priori

expect ati ons. *°



[11. Conclusion

In this paper we find the effects on fatality rates of the
55 nph speed Iimt and the relative nunber of registered newer
vehi cl es on the highway to be negative and significant. Most
I mportantly, these results are non-fragile across a | arge set of
reasonabl e alternative specifications based on reasonabl e bounds
analysis on a 99% /i kelihood ellipsoid. As such, governnent
officials mght be cautious in devel oping policy recommendati ons
whi ch woul d result in higher average speeds, such as raising
speed |limts, since such recomendations are likely to result in
an increase in fatality rates.' In addition, the effects on
fatality rates of the youthful conponent of the popul ation, the
55 MPH speed limt, the price of an accident, interstate highway
m | eage, the newer safety criteria (which VEQU P neasures), and
t he unenpl oynent rate have statistically significant coefficients
and were found to be consistent with a priori expectati ons based

on regression evidence presented in Table IV.
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Table |I. Synbols and Definitions

Expected Effect on
t he Dependent

Synbol Definition Vari abl e
PRDI NS Rati o of autonobiles subject to safety

i nspection to total registered vehicles. <0
SPDLMI 55 nph dunmmy variable (1 when 55 nph

speed linmt in force, 0 otherw se). <0
M_DA Medi an m ni mrum | egal drinking age for

pur chasi ng beer. <0
AGE Rati o of 16-24 year olds to the popul ation

of age 16 or over. >0
ALCH Per capita consunption of al coholic beverages. >0
VEQUI P Ratio of 1966 or newer registered vehicles to

total registered vehicles. <0

PRI CERel ative price index of an accident based on
conmponents of the CPI
<0

| NTRST Ml es of highway in the interstate system <0

DDI NCReal di sposabl e personal inconme per driver
(in thousands, 1972=100). %20

BELTS Rati o of autonobiles subject to seat belt
legislation to total registered vehicles. <0



UNEVPLOY

US overal |

unenpl oynent

rate.

<0




Table Il. Extrene Bounds for the Bayesian Posterior Mean for Free Vari abl es:
Policy Prior*

FREE UPPER LOVER 99% UPPER  99% LOWER
VARI ABLE BOUND BOUND BOUND BOUND
CONSTANT 14. 977 -6.718 10. 586 -2.052
ALCH 3. 428 -2.258 2.193 -1.119
BELTS 0. 467 -0.774 0. 344 -0. 345
PRDI NS 0. 941 -1.532 0.718 -0.641
SPDLMT -0. 140 -0.618 -0.169 -0.421
VEQUI P 0.274 -1.511 -0. 064 -1.102
M.DA 0. 308 -0. 845 0. 308 -0.076

* The set of doubtful variables includes DD NC, UNEMPLOY, PRI CE, |NTRST, AGE.
No doubtful variables were tight on 99% bounds.



Table I1l. Extrenme Bounds for the Bayesian Posterior Mean for Free Vari abl es:
Soci oecononi ¢ Prior*

FREE UPPER LOVER 99% UPPER  99% LOAER
VARI ABLE BOUND BOUND BOUND BOUND
CONSTANT 8.910 -1.715 8.799 -1.140
DDI NC 0.779 -0.940 0.594 -0.940
UNEMPLOY -0.107 -0. 237 -0. 107 -0. 210
PRI CE 0.161 -2.035 0.161 -1.800
VEQUI P -0. 201 -1.130 -0. 205 -1.065
AGE 2.102 -0. 310 2.059 -0.212

* The set of doubtful variables includes ALCH | NTRST, BELTS, PRDINS, SPDLM,
M.DA. SPDLMI was tight on 99% bounds: Upper = -0.041, Lower = - 0.793.



Table I'V. OLS Results for the Fatality Rate Model *

VAR ABLE ESTI VATED  STANDARD [T
NANVE COEFF ERROR STATI STIC
CONSTANT 4. 298 1.204 3.568
DDI NC -0.361 0. 266 1. 358
AGE 0. 980 0.242 4.047
SPDLMTI -0. 275 0. 040 6. 954
VEQUI P -0. 557 0.113 5.109
PRDI NS 0.116 0.181 0. 641
PRI CE -0.582 0.234 2. 490
ALCH 0.526 0. 337 1. 559
| NTRST -0.083 0.021 3.958
MLDA 0.277 0.162 1.703
BELTS 0. 035 0. 080 0. 439
UNEMPLOY -0.136 0.028 4.764
Adj RSQ 0. 954
SE 0. 025
DW STAT 1.477
* Natural logarithns used for all variables.
1. See, for example, Keeler [12], Loeb [19; 20] and Loeb
and Gilad [21] for a discussion.
2 See Loeb [19] for a further discussion.
3 See Loeb [19] and Sommers [26].
4. See Loeb [18].
5. See Loeb [17] for a classical analysis of alternative
models.
6. The model was also evaluated using beer consumption 1in

place of alcohol consumption. The beer results do not vary
substantially from those reported here and are available from the

authors.

7. In this paper the weights for medical care and automo-
bile repair were .74 and .26 respectively. These weights are
based on relative expenditures for 1980. See Peltzman [22] for a



discussion on the Tack of sensitivity of results to various
weighting schemes. Alternative measures of the price of an
accident have been suggested which incorporate an insurance
Toading factor. See Loeb [17] or zZlatoper [27]. We examined in
place of our accident price one such measure developed by
Zlatoper using data from the period 1952 to 1985. Results do not
vary substantially using this measure and are available from the
authors.

8. Given that the model is in double log from, a “1" was
added to the value of binary and ratio variables whose observa-
tion could take on a value of zero.

9. See Jackson, Loeb and Franck [11] for a further discus-
sion of the variables and their expected effect on the dependent
variable.

10. Data sources are as follows:

Fatality Rate: National Safety Council, Accident Facts,
Chicago, Illinois.

DDINC: National Ssafety Council, Accident Facts, Chicago,
I1linois and Economic Report of the President, (various issues),
U.S. Government Printing Ooffice, washington, D.C.

AGE: U.S. Bureau of the Census (various issues), Statistical
Abstracts of the uUnited States, Washington, D.C., and U.S.
Department of Commerce, Bureau of the Census (various issues),
Ccurrent Population Reports, Series P-25, U.S. Government Printing
office, washington, D.C.

VEQUIP: Motor Vehicle Facts and Figures (various 1issues).

PRDINS: U.S. Department of Transportation, Federal Highway
Administration, Highway Statistics, (various editions), U.S.
Government Printing Office, washington, D.C. for vehicle
registrations. Data on states having some form of inspection, by
year, was provided by Motor Vvehicle Manufacturers Association of
the United States, Inc., Detroit, Michigan.



PRICE: U.S. Bureau of the Census (1975), Historical Statis-
tics of the uUnited States, cColonial Times to 1970, Bicentennial
Edition, washington, D.C. and U.S. Bureau of the Census (various
issues), Statistical Abstracts of the United States, Washington,
D.C.

ALCH: Data on alcohol consumption from National Institute on
Alcohol Abuse and Alcoholism. Population data from U.S. Bureau
of the Census (various 1issues), Statistical Abstracts of the
united States, Washington, D.C., and U.S. Department of Commerce,
Bureau of the Census (various issues), Current Population Re-
ports, Series P-25, U.S. Government Printing Office, washington,
D.C.

UNEMPLOY: U.S. Bureau of the Census, Statistical Abstracts
of the United States, Washington, D.C.

INTRST: U.S. Department of Transportation, Federal Highway
Administration (various editions), Highway Statistics, U.S.
Government Printing office, washington, D.C.

MLDA: Data on the minimum legal drinking age were provided
by the Distilled Spirits Council of the United States.

BELTS: Motor Vehicle Facts and Figures.

11. see Raiffa and Schlaifer [23] for a discussion on
natural conjugate priors.

12. Complete EBA results which present values for the
extreme bounds on a wide grid as well as extreme bounds computed
over other common Tikelihood ellipsoids are available from the
authors.

13. This is discussed in Chamberlain and Leamer [3] and in
Leamer [15].

14. only a partial set of all results are provided due to
space limitations. Additional results, consistent with those
reported, are available from the authors.



15. W note that since approximately half of autonobile
fatalities involve al cohol, the anmpbunt of drunk driving al nost
certainly is related to fatality rates. The |ack of significance
associated with the coefficient of the al cohol variable (per
capita consunption of al coholic beverages) probably neans that
this often-used variable is a poor neasure of drunk driving
frequency.

16. Note that the results pertaining to speed 1limits were
non-fragile even when using maximum extreme bounds, i.e., analy-
sis on 100% likelihood ellipsoids.



