OFFSETTING BEHAVIOR EFFECTS OF THE CORPORATE
AVERAGE FUEL ECONOMY STANDARDS

JOHN M. YUN®

Research has concluded that regulatory attempts to improve fuel economy, such as
the Corporate Average Fuel Economy (CAFE) Standards, lower the average weight of
an automobile. Ceteris paribus, this reduction in weight is detrimental to the overall
level of vehicle safety. However, this study attempts to explicitly measure possible
hehavioral responses on the part of drivers that could offset some of the loss in
safetv. The results indicate that CAFE, although increasing the vulnerability rate by
approximaiely 20%, has reduced the accident rate by 26%. The net effect on the
Jatality rate is a decrease of approximately 6%. (JEL D81, L51, 1.62)

|. INTRODUCTION

Consumers value many attributes of an
automobile. The problem for regulators is
that manv features are highly interrelated.,
such as safety and fuel economy improve-
ments. Both features are highly correlated
with vehicle weight. Greater weight increases
the level of safety, in terms of crashworthi-
ness, but decreases the fuel economy. There-
fore. regulatory attempts to improve fuel
economy, such as the Corporate Average
Fuel Economy (CAFE) Standards,’ are likely
to alter average vehicle weight, which will
alter the safety of a vehicle. Crandall and
Graham (1989) find the reduction in weight
attributable to CAFE results in a 149-28%
inerease in occupant fatality risk.

This article seeks to determine whether
drivers are changing their behavior to miti-
gate the detrimental safety effects of CAFE,
which is essentially another application of
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Peltzman’s (1975) offsetting behavior hypoth-
esis. CAFE, through a reduction in passenger
car weight, will increase the ex ante cost of
risky driving® relative to its expected benefit.
The reason is that, once an accident oceurs,
the probability of serious injury or death has
increased, The offsetting behavior hypothesis
1s thal consumers, aware of the increased vul-
nerability, will exercise greater due care and
reduce the amount of risky driving on the
road as a result of CAFE.

However, CAFE has not just affected the
average passenger car weight. Godek (1997)
and Yun (1999) indicate that CAFE has
positively affected the relative sales of light
trucks’ to passenger cars. If we assume that
light trucks are basically heavy cars with

2. This is a broad term that includes speeding, driv-
ing with less care, driving in bad weather. not wearing o
seat belt, and so forth

A Light trucks, as dehned for CAFE, are minivans,
pickup trucks, and sport-utility vehicles (SUVs) with a
gross-vehicle-weight (GVW) rating under 8500 Ihs.

ABBREVIATIONS
CAFE: Corporate Average Fuel Economy
[ CPL Consumer Price Index
GAQ: General Accounting Office
GDF: Gross Domestic Product
GVW: Gross Vehicle Weight
NHTSA: National Highway Traffic Safety
Administration
OLS: Ordinary Least Squares
SUWV: Sport Utility Vehicle
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preater visibility. the same arguments made
for offsctting behavior on the part ol pas-
senger car drivers can be applicd here” The
main difference is that truck drivers will be
maore aggressive amd risky because trucks are
heavier. which lowers the cost of risky drving.
Thus. it CAFE induces more trucks to be on
the roudd. according to the offsetting behavior
hypothesis, CAFLE will increase the amount
of aggressive truck driving while simultane-
ously deereasing the amount of aggressive car
driving. Although the article will focus on the
offsetting behavior from changes in passenger
car weight. it is just as relevant for changes
in relative truck miles driven,

Section H reviews the recent rescarch link-
my automobile weight changes with CAFE
and recent empirical studies that apply oft-
setting hehavior to automobile regulations.
Section 1T details the methodology  used
(o test the offsetting behavior hypothesis.
Section 1V contains o discussion of the data.
The results are reported in section Vo and
section V1 concludes the article.

Il BACKGROUND

The CAFLE standards were mitially set at
IN.0 mpg lor passenger cars and between 158
10 17.2 mpg for various light trucks. These
standards have steadily increased 1o the cur-
rent levels of 27.5 mpg for passenger cars and
20.7 mpy for light trucks.”

The key mpact of CAFE on consumer
safety is a reduction in the average passen-
per car weight. Figure 1 illustrates the fall
in weight since CAFE'S passage in 1975
Crandall and Graham (1989) auribute 14%

40 This s abwiousky o simplification of the salety ol
light trocks. Light trueks creste negative visihility exter-
mahities (e e car gnmediinely hehind an STV canmot
see bevond the velnele). Light trucks, with a highér con-
ter of wrvity, Bave o greater propensity (o become up-
endetd v ol over. Thyerefore. i prior one connot really
determine whether o light truck s sater than @ passen:
ger e Pecapse here are eompeting ellvers. Hiwever,
i would seem that weaght should he weighed heavily in
determiniog whether one tvpe of vehicle s safer than
unuthet

50 A Theoretical model of offsetting behavior s onnl-
Fed due o e prior reatment on the subyeer by Peitzman
C1975) and Chirimke and Flarper (1493)

o, The sundards apply equatly to all aum produc
ery witle U1S, sades ower LRI autos per model veur
As long s o iemes ol Beet averige mpg s above the
CAFE standird 1or that vear, there is no vigkinon: Bl
are toomeet the standards results i aavil penalte el
1o [$30 + (CAFE stundard = firm's fleet average) - 1onal
number of vehicles sold],

of the Tall in weight 1o CAFE. Using single-
car accident data, they estimale the elastie-
ity of highway occupant fatality rates with
respeet 1o average car weight is between
.22 aqmd 230, which implies a 17% -
32.2% increase in the fatality rate due o
CAFE. Using the upper and lower bounds,
Crandall and Ciraham (1989) estimate thit
CAFLE is responsible for 2.200-3 900 more
deaths over the life span ol the cars from
a piven model year.” However, there is no
attempt 1o explicitly measure possible offset-
ting behavior effects.

Not all studies find a positive relation-
ship between weight and safety. The General
Accounting Office (GAQJ (1991) acknowl-
edges @ theoretical link between automobile
size and safety: however, they find no direct
empirical link between the wo. They hind the
highest fatality rates oceur not i the light-
est cars but in middle-weight cars. The rea-
soning is that larger. heavier cars increase
the probability of a latality for the lghter
automobile passengers. as well as subjecting
their own occupants to greater foree (i,
mass times acceleration) at impact. Lighter
vehicles, though generally less stable and
crashwarthy, create less force. The GAO
study indicates that there is no simple rela-
tionship between vehicle weight and fatali-
tics. Their explanation relies on force and
weight vartance. which does not account for
the possibility that drivers are changing their
behavior,

The concept ol offsetting behavior,  as
applicd to automobile safety changes. was int-
tally suggested in Lave and Weber (1970):
however, Pelizman (1973) formalized it, hoth
theoretically and empirically. and  spurred
much of the research on the subject, Look-
ing at the National Highway Traflic Satety
Administration’s (NHTSA) broad salety stan-
dards implemented in 1966, he concludes that
these standards had no atfect on the highway
death rate. The most plausible explanation.
in Peltzman’s estimation, is that salety reg-
ulations do reduce the probahility of death
piven an accident, but drivers offset this gain
with more risky driving, thus altering the fre-
quency of accidents. Crandall et al. (1986).

7 Moore (1990 and Lafter (1990 support theit
findinges

S Defaleo C199T) wpdittes their eshimutes for 1946
270070t desths annbutiable w CAFR
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FIGURE 1
Passenger Car Weights
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although critical of some of Peltzman's eco-
nometric assumptions, also find that offset-
ting behavior cannot be dismissed in evaluat-
ing the effectiveness of safety regulations.

Recent studies continue to show the rel-
evance of the offsetting behavior hypothesis
for automobile safety regulations. Chirinko
and Harper (1993) examine offsetting behav-
ior in conjunction with mandatory restraint
systems (Le., air bags and seat belts) and
55-mph speed limit laws. They isolate pos-
sible offsetting behavior effects via a com-
ponent madel that explicitly distinguishes
between occupant fatality, accident, and vul-
nerability frequencies. The component model
is used in this study as well. Peterson et al.
(1995) examine offsetting behavior with air
bags. They conclude drivers of air hag—
equipped cars were disproportionately likely
to be the initiator of accidents. Both stud-
ies could not reject the offsetting behavior
hypothesis.

The works mentioned have contributed
greatly to our understanding of how behay-
ioral responses can  potentially offset the
cffectiveness of automobile safety regula-
tions. The following section outlines the
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methodology used to measure the possible
behavioral changes due to CAFE.

lll. EMPIRICAL METHODOLOGY
Formulating the Offsetting Behavior Hypothesis

The fatality rate, FR, which is the probably
of a fatal accident, can be separated into two
components:
(1) FR = (VR) x (AR),
where VR is the vulnerability rate (i.e., the
probably of death once an accident occurs)
and AR is the accident rate (i.e., the proba-
bility of an accident). Thus, VR is simply the
ratio of FR and AR.

The central issue is whether drivers of
lighter cars are offsetting the greater vulner-
ability through more alert driving. The off-
setting behavior hypothesis is that the accident
rate and passenger car weight are positively cor-
related. If CAFE is causing the weight of an
average car to fall, then CAFE is simulta-
neously lowering the frequency of accidents.
However, once an accident occurs, the laws
of physics take over; thus, we would expect
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R and passenger car weight to be nega-
tively correlated. Agam. il CAFE 1S causing
weight 1o fall, then CAFE s increasing the
chances that an accident becomes fatal. Much
ol the foundation for the empirical approach
is based on Pelizman (1975), Crandall ct al.
(1986), and Chirinko and Harper (19Y3).

In addition to passenger car weight, from
Godek (1997) and Yun (1999), CAFE has
increased the ratio of truck miles to passen-
per miles driven. Beeause trucks are heavier
and offer greater visibility, et us assume that
trucks generally offer more safety 1o their
occupants,” Thus. as the ratio of truck miles
to passenger miles driven increases. accord-
ing to the offsetting behavior hypothesis. we
would expeet an increase in the accident rate.
However. the effect of more trucks on the
vulnerability rate cannot be predicted given
the high probability that more accidents will
mvolve both a truck and a car. Although
the truck occupants are safer, which means
a lower valnerability rate, the car occupants
are worse off, which means a higher vulner-
ability rate.

Lconometric Spectfication

I'he next step in lesting the offsctting
hehavior hypathesis is to determine whiit fac-
tors influence the fatahity rate. thus influ-
encing the accident and vulnerability rates
as well, Certainly, following Crandall et al,
(1980). vehicle design, driver demographics.,
safety regulations, and driver behavior are all
refevant variables. The following econometric
specification attempts 1o capture these influ-
cnees.

The fatality rate. FR, measured as the
number of fatal accidents per 100 million
vehicle miles, s assumed 1o be a fune-
tion ol the average weight of  passenger
cars (WEIGHT), the variance of WEIGHT
(FAR). the ratio of truck miles to passenger
car miles driven (TRUCK), the real average
carned income per capita (INCOME). the
number of young and old drivers (YOUTH ).
a measure of alcohol consumption (ALCO-
HOLY. an aceident cost index (COST). aver-
age speed (SPEED). the real price of gaso-
line (PEUEL), and a salety index (SAFETY).

U Again, this statement os based purely on weghi
considerition,

This can he represented as
(2y  FR=[(WEIGHT . TRUCK. VAR,
INCOMIE.YOUTH .,
ALCOHROL, COST [ 3PEED,
PFUEL . SAFETY ).
Theretore, the following equation is esti-
mated with ordinary least squares (OLS):
{3 FR =8 WEIGHT + 5, TRUCK
+ 0 AR + S INCOME
+ 8. YOUTH + 6, ALCOHOL
+8.COST +dSPEED
+ 3, PFULL +8,SAFETY .
All the variables are in logs. Theretore all
the coefficients are elasticities, which mea-
sures the marginal cffect of the independent
variables on FR." The sample period is from
1963 to 1993,

Given that the fatality rate decomposes
It fwo components,

(4) FR =(AR) x (FR/AR) = (AR) = (VR),

the following two cquations are also esti-
mated:

(5) AR = WEIGHT + «,TRUCK
o VAR + o INCOME
@ YOUTH + a, ALCOHOL
o COST o SPEED
+ w PFUEL + o SAFETY .
(6)  VR=PB,WEIGHT +B,TRUCK
[ BVAR + BUINCOME
+ B YOUTH + B ALCOHOL
+ B.COST + B SPEED
+ B PEUEL 4 B SAFETY .

[0, There s possibility thar SPELD or TRUCK are
endugenoms with PR Inoother words, the crror lerm
intlucnces the Gatality rate. swhich i turn influence truck
miles nnd average speed. 1 true. this influence violates @
central assumprion of OLS. However, hecause the dita
setis at the national level, the exastence of local endo-
peneity of these varihles would not e as systematic
when agpregated. Only it one assumes that the above

endopeneity ocours al the |1:ITi|'IIIiI[ level does the issue
Becinme decisive
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The accident rate, AR. is measured as the
total number of accidents per 100 million
vehicle miles. The vulnerability rate, VR, is
the ratio of FR 1o AR, or the ratio of (atal
to total accidents. For the log model, &, =
&, +[3,. for all i due to the use of OLS.

CAFE Hypothesis

Offsetting  behavior predicts  that  the
marginal effect of WEIGHT and TRUCK on
AR should be positive, but will be negative
when estimated on the vulnerability rate, VR,
Thus the net effect on FR will be determined
by the relative magnitudes of the AR and VR
coefficients."

Evidence of offsetting behavior is not the
only relevant policy issue. In addition, this
article seeks to determine the overall impact
of CAFE on AR, VR, and FR. On the
one hand. the evidence—namely, Crandall
and Graham (1989)—supports the assertion
that CAFE has lowered the average pas-
senger car weight. On the other hand, the
evidence—namely, Godek (1997) and Yun
(1999)—supports the assertion that CAFE
has increased the ratio of truck (o passenger
car miles driven,

Formally, the variable CAFE, which is a
dummy variable from 1975 has the following
ctfect on WEIGHT and TRUCK:

(7) ("DAWEIGHT (% ACAFE) <0
and
(8) (%ATRUCK /9% ACAFE) = (),

where A represents change. In addition, the
offsetting behavior hypothesis is that

(V) (ZAAR/GAWEIGHT)
= (0AR/OWEIGHT Y WEIGHT JAR)
= >
and
(10) (%AAR9%ATRUCK)
= (AR/ITRUCK Y TRUCK /AR)

L The FR coellicient will he insignificant if offset-
ting behavior simply neutralizes the gains in physical
safety: a positive and significant cocfficient supports the
hypothesis that offsetting behavior dominates the physi-
cal safety elfect

Thus, CAFE's total effect on the accident
rate is

(1) x=0(%CAWEIGHT |%ACAFE)
+ s (% ATRUCK /% ACAFE).

Equation (11) is based on the assumption
that CAFE does not change equations (9)
and (10). In other words, it is assumed that
CAFE has not changed the fundamental rela-
tion between passenger car weight and the
accident rate as well as the relation between
truck miles and the accident rate. See the
appendix for details to support this last claim.

Because the sign of the first term in equa-
tion (11) is predicted to be negative and
the second term is predicted to be positive,
the overall sign of x cannot be known with-
out actually running the model. Additionally,
the magnitudes of equations (7) and (8) will
affect x as well. The magnitudes are assumed
to be

(12y (%AWEIGHT [ T0ACAFE) = —0.140
and
(13)  (%ATRUCK /9% ACAFE) = 0.0094,

The estimate for (12) is obtained from
Crandall and Graham’s (1989) study, and
the estimate for (13) is obtained from Yun
(1999)."" Because these numbers are from
other studies, the estimate of x is a second-
best one.™

12. Mare specifically, CAFE has put 1690004 more
light trucks and 1,988,390 more passenger cars on the
road from 1975 10 1993 In 1993, the total number of
trucks and cars in use were 63,260,000 and 121,053,000,
respectively. Thus, the ratio of 1,690,004 and 65,260,000
is (LO2ZSK, and the ratio of LYS8.590 and 121,055,000 is
(.0164. Therefore, CAFE is assumed to have increased
the trucks to car miles ratio by 0.0094 (= (,0258 —
0.0164). This approach assumes cars and trucks depreci-
ate at the same rate.

13. The numbers from (12) and (13) are treated as
constants in computing the standard error for x. ldeally,
one wauld also like to compute the stmdard errars {or
these “constunts™ because these are estimates from other
studies. Unfortunately, not enough information is pro-
vided in Crandall and Graham's (1989) tables 10 com-
pute the standard error for (12), and (13) is based on a
numerous forecasts and avernges over time, which makes
the computition of the standard crror subject 1o a high
degree of complexity and error.
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IV DATA

The following is o detailed deseniption ol

the data used m this study,

The ALCOHOL wvariable is the  total
expenditures on alcoholic beverages per per-
son older than 20 years. in millions of dollars,
divided by the gross domestic product (GDP)
deflator. The souree Tor the aleohol varable
is the Economic Resgarch Serviee (1997).

The COST vartable s a weighted aver-
age of the consumer price indexes (CPIs)
for medical care commoditics, medical care
services, and automaobile maintenance and
repair. The variable is based on Crandall
et oals (19sh) COST index, which s o
weighted average of the CPLs for hospital
care, doctors” services, and auto repair. The
weights given cach category remain the same
as. Crandall ¢t al’s (00180 0.22, and 0.60,
respectively).

The FR varable is the number of fatal
accidents per 100,000,000 vehicle miles. The
AR wvarmable is the total number of accr-
dents (ie.. Tatal, nonfatal, and property) per
L0000 000 vehicle miles. The vulnerability
rate. VR, is the ratio of FR 1o AR. The
source s the National Safety Council’s Aect-
dent Facts (varous vears),

INCOMLE is real disposable income per
capita. PFUEL s the price of motor fuel
divided by the GDFP deflator. Both are from
the Economic Repore of the President (1997),

The SAFETY variable s intended to cap-
ture the changes in salety since 1966, 11 s 4
construeted variable that is the percentage ol
passenger cars in use that are subject 1o the
safety regulanons implemented in 1960 multi-
plicd by a trend term: SAFETY = (cars in use
produced after [Y06icars in usg) = (corrent
year). The variahle equals zero from 1963
ta 1965, then takes an pasitive values trom
1966, After 1966, the trend term makes the
assumplion that safety is improved uniformly
cach year. Due 1o data limitations,” after
19K2, the percentage of safety regulated cars
is assumed to o increase 1%edvear until 100%
is reached in 1986, The data for cars in use
arc availuble from both Macd's Aweomotive
Yearbook (Ward's, various years) and AAMA
Maotor Vehiele Fuets & Figures (AAMA. var-
ous vears), Previous studies have used an

T Aftes TUR2. the chrs il in use frome 966 Gl
bevand are prouped together. Thus, i1 s not possible 1o
measure the number of so models mouse exphoitly

index of safety regulation developed by Gra-
ham. which is not kept current.

The SPEED variable is the average speed
on main rural roads. The source is the
Federal Highway Administration’s Highway
Stausties Summary (various years). The col-
lection of the speed variable has under-
gone some changes over the sumple period.”
Although this certainly raises questions aboul
the wscfulness of the series. it is the only
speed series that T am aware of for the sam-
ple period. Additionally. this series has been
used - many of the prior studies in the
auta aceident  literature, namcly, Peltzman
(1975) and Crandall et al. (1986). Morcover.
speed on urban roads is not available [or the
sample period. Peltzman (1975, 692) defends
the used of rural speed in 4 footnote stat-
ing, “The link between accidents and speed
is appirently much more important in rural
arcas. .. (S{peed is cited as the principat cause
on the order of L5, two. and three times
more frequently in rural than in urban fatal,
mjury, and damage accidents. respectively.”

TRUCK represents the ratio of truck to
passenger car miles traveled for the given
year. The variable includes all trucks, not just
light trucks. Light truck miles are not aviif-
able for the sumple period. The source is

Avtomotive News Marker Data Book (Auto-

motive News, J997)

WEIGHT is the estimated average weight
of passenger cars in use in pounds. The series
is constructed from these vanables: new car
weight (domestic and foreign), cars in operi-
tion from cach model vear, and new car sales
(domestic and forcign) in a given year. | esti-
mated the domestic average weight in a given
vear for cach major division of the Big Three
using weight data from Ward's  Awtomotive
Yearbook, To compute new car weight for all
domestic manulacturers, [ used a weighted

15 “The data eollected from 1945 1o 1979 represent
only frec-mowing traffic on level stringht, uncongested
siecbions of pural Tnterstate nghwavs. Beginoimg with s-
cal vear 1981, the diuta show the speeds of all velnen-
L traffics Between 1945 gnd 19750 speed trend infor-
mation was collected by veliele tvpe by varions Stale
aeencies. normally durng the summer months, and sub-
mitted W FHIWA | Federal Tighway Adninistration| in
annual speed tremd reports. Sinee October 1975 4l Stutes
have monitored speeds ot locations on several highwiy
systems, ancluding e Interstate System, as parl of the
a5 miles per hour speed i monitoring progrm. The
Gt are reported o FHWA for all velicle types come
Bined o o gquarterly basis™ (Fliefiway Sty St
(Y85, 170
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average based on sales for each major divi-
sion. The foreign average weight data are
directly from the NHTSA." For the miss-
ing years in the foreign weight data set. |
use the domestic weight series (o interpolate
whal the missing values would be. Although
it is an imprecise technique, I believe it
is a better approach than simply exclud-
ing foreign weight data altogether, especially
because foreign cars were much lighter in
the past relative to domestic ones. The sales
data are from Awtomotive News Marker Data
Book, 100-Year Almanac (Automotive News,
1996). The foreign sales data are from the
AAMA Motor Vehicle Facts & Figures. Finally,
the average weight of passenger cars in use
series is constructed using the average weight
of new cars series and a cars in operation
series obtained from both Ward's Automotive
Yearbook and AAMA Motor Vehicle Faces &
Figures.

The WEIGHT variable is only a measure
of average passenger car weight, not trucks,
The inclusion of trucks could create endo-
geneity problems between the WEIGHT and
TRUCK variables. As more trucks are on the
road, then the average vehicle weight will
increase. Thus, the TRUCK variable controls
for the increase in truck usage.

The YOUTH variable is the ratio of young
and old licensed drivers to the rest of the
drivers. More specilically, the numerator is
the sum of 15-19-year-old drivers and those
drivers aged 70 and over: the denominator is
the sum of those drivers aged 20 to 69, The
licensed driver data are from the Highway
Statistics Swmimary (Federal Highway Admin-
istration, various years).

V. RESULTS
Offsening Behavior and CAFE

Table | presents the results of the regres-
sions. The positive and significant relation-
ship between passenger car weight and AR
supports the offsetting behavior hypothesis.
According to the model, a 0% increase
in weight causes a 15.187% increase in the
accident rate. However, once an accident
oceurs, the vulnerability rate falls by 10.88%,
although the coefficient is not significant.
This fall is likely the result of the increased

I, Obtained by the generosity of Paul Godek.

crashworthiness that heavier cars provide. In
terms of the FR equation, the finding is that
a 0% increase in weight causes on net a
4.30% increase in the fatality rate; however,
the result is not significant. Thus, there 1s
no support for the finding that weight signif-
icantly influences the fatality rate.

The variance of weight is significant for
the AR and VR estimations, As the variance
increases 10%, the accident rate increases
2.00% and the vulnerability rate decreases
1.85%. In terms of the AR estimation, this
could be indicating that the net effect from
heavy car drivers becoming more aggressive
and light car drivers becoming more careful
with greater variance is more accidents. In
terms of vulnerability. it appears that greater
variance improves the safety of the heavier
car more than it hurts the safety of the lighter
car. Although the TRUCK coefficients are of
the expected signs, they are insignificant for
all three estimations.

Using the estimated coefficients and the
assumptions mentioned carlier, CAFE’s net
effect on the accident rate is a 21.10%
decrease. Therefore, CAFE and offsetting
behavior have caused less accidems, How-
ever, CAFE has increased the vulnerability
rate by 14.99%. Overall, the results indicate
thut CAFE is responsible for a 6.11% net
decrease in the annual fatality rate, although
this finding is not significant because weight
does not have a significant effect on FR.
Regardless, the findings run counter to the
claim that CAFE has cost lives.

Other Independent Variables

From Table 1, the ALCOHOL variable is
significant in the fatality rate regression. A
19 increase in alcohol expenditures per adult
causes a 1.95% increase in the fatality rate.
The COST variable is insignificant for all
three regressions.

The INCOME variable is significant for
both the fatality and accident rate regres-
sions. A 1% higher income per capita causes
a (L.82% fall in the fatality rate and a 1.42%
fall in the accident rate. Are these signs
consistent with theory? Chirinko and Harper
(1993, 273) would expect higher income “to
be associated with a greater demand for
safety and hence a lower level of occupant
fatalities.” This statement is based on the
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Notes Al the variiables are in logs, (Sample periods 19031903 ) Absolute value ol
ceattistics are o oparentheses, The reparted -statisties are estimated with the Newey-
West heteroskedasticty-consistent standard errors that also corrects for unknown gutocors-

clitiomn

Rumsey s RESET test for functional torm using the square ol the finted values. The
null hiypothesis s accorreet functional form, and the reported statiste is an £ -statistic, The
probibility that the null hvpathesis cannot be rejected is in brackets,

Py the CAFE stabistic detaled mesection HL The standard error tor the stabistic s in

brickets,

“Signiticant at the 00 level
“Sienthcant al the 03 level
crsienificant at the 00T Tevel

assumption that safety is a normal good,
which I believe is reasonable.

SPEED has o positive and  significant
impact on the fatality and accident rates,
Increasing average speed 1% results inoa
(1.94%% increase in the fatality rate and a
[.30% increase in the acadent rate. The
YOUTH variable is only significant on the
Fatality rate. where a 197 incerease in the rela-
tive number of young and old licensed drivers
results in oo L4119 fall in the Ltality rate.

This sign does not seem to conform with the
standard view that voung and old drivers are
less safe drivers. However, being counterintu-
itive is the cornerstone of offsetting behavior.
The above finding could be a result of non-
voung and nonold drivers exercising greater
due care on the ageregate level to account for
the increasing number of bad drivers. Finally,
the SAFETY variable lacks significance and 1s
close 1o zero for all regressions.
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Specification Testy

To check the reliability of the above mod-
els, the adjusted R*s and the Durbin-Watson
statistic are also reported in Table | for each
model. The adjusted R° for the FR, AR, and
VR models are 0.98. 0,91, and 0.70, respec-
tively. The Durbin-Watson statistic, at the 1%
significance points of dL and JdU, falls in
the inconclusive range for first-order auto-
correlation for all three maodels. Therefore,
no attempt is made to correct for first-order
autocorrelation,

The reported ¢-statistics are  estimated
with the Newey-West  heteroskedasticity-
consistent standard errors that also corrects

for unknown autocorrelation. To check for
multicollinearity, a correlation matrix was
computed for the independent variables. A
number of close correlations were found:
COST and WEIGHT: 0910; COST and
TRUCK: 0.929; and COST and ALCOHOL.:
0,933, To account for these correlations,
Table 2 presents the results from the regres-
sions run dropping the COST variable. How-
ever, even in the presence of multicollinear-
ity, the OLS estimator remains unbiased and
is still the best linear unbiased estimator. On
a final note, also reported are the F-statistics
from the Ramsey RESET test for functional
form. According to this test, the hypothesis of

TABLE 2
Results Dropping the COST Variable
R AR R
WEIGHT 0.4( 1.863 ~1.455
(2.044) (2.563)™ (2.153)"
TRUCK .08 (064 —(),132
(11.465) {(h.2000) (1.444)
ARIANCE 0014 0212 —{. 198
(0.761) (h6l5) (5.620)
AL [.931 (854 1046
24977 (1).5062) (1.207)
INCOME ~0.8110) —1.543 0.783
(3.465) (2.253)* {1.158)
PEUEL 11.006 —0.277 0.343
(1.895) (1.290) (2.002)*
SPEED 0,950 1.173 ~1L.216
(2. 159) (2.705)" (11.436)
Yot 1.429 —0,443 —1.980
(3140 (1,597) (1.862)
SAFETY 000006 1.0 —{.00G
(L373) (NI (0.976)
R 0).U87 (.934 0.7490
Adjusted RY 11,953 (916 0.713
Durbin-Witson 1.253 1.585 1.628
RESET tey? | 2,740 1,290 3518
[L001) [0.268] [(L.074)
y" ALOSR] —(1L.2605 1.2023
[0LO270) 00094 (00044

Notes: AL the variables are in Jops. (Sample period: 1963-1993) Absolote value of 1-siistics are in
purentheses. The reported f-statistics are estimated with the Newey-West heteroskedasticity-consistent
standard errors that also corrects for unknown autocorrelation.

"Ramsey’s RESET test for functional form using the square of the ftted values. The null hypothesis
is @ correct functional form, and the reported statistic is an F-statistic. The probability that the null

hypothesis cannat be rejected is in the brackets.

"x is the CAFE statistic detailed in section 11, The standard error for the statistic is in brackets.

“Significant at the (.10 level,
“Significant at the (105 Jevel
“Significant at the (L0171 level.
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a correct funcuonal Torm s rejected for both
FR equations at the 1% level.

Comparing Tables 1 and 2. overall the
results are similar, in terms of sign and signif-
icance changes. The exceptions are the coef-
ficients for WEIGHT in the FR and VR equa-
tions, which hoth become significant at the
5% level, and YOUTH in the FR cquation
hecomes significant at the 109% level. In Table
2 tor o 109 increase in passenger car weight,
FR. AR, and VR increases .09, increases
18.65%, and decreases 14.55%, respectively.
Therefore. CAFE's overall impact on FR.
AR, and VR is o decrease of 3.81%, a dee-
rease of 26,05%, and an increase of 20.23%%,
respectively, Together. Tables | and 2 can be
used to estimate an upper and lower bound
for the offsetting behavior effect of passen-
ger cur weight. CAFE causes the faality
rate 1o decrease by S.817% 6,119, the acci-
dent rate to decrease by 21107 -26.05%, and
the vulnerability rate to increase by 14.99%—

HL23m

VI CONCLUSION

The elfects of CAFE on safety have pro-
duced interest in and out of the academic
community—especially due to the recent
debates regarding the merits of increasing the
CAFE standards GAQ (20000, Driver behav-
ior is recognized as an important factor in
assessing safety, and this study is an attempt
to measure how CAFLE has influenced this
hehavior. The results are that CAFE has not
necessarily cost lives. Although, CAFE has
increased the vulnerability of passengers once
an accident oceurs, there is less likely 1o be
an accident in the fArst place because drivers
are exercising greater due care. This is not
to state that there are no detrimental welfare
effects on drivers. They are exercising more
caution and due care than they would with-
out CAFE.

In terms ol policy, offsetting  behavior
from drivers ol lighter cars creates a benefi-

cial moral hazard from the vantage point of

automobile insurers. Premiums for small car
owners could be set at too high a rate if off-
setting behavior effects are not incorporated
into the risk estimations,

17 The vulnerabiliy re Ooding s spmlar 1w
Cramdall god Ciralhaom's (TUS9) mpge of [45 =18

APPENDIX
RELATING CAFE AND THE ACCIDENT RATE

This appendix s intended o relate the effects of
CAFE on the accidemt e, AR CAFE does not
dircetly aftect the averdent rate, bur rather indireetly
through two channels. The st is through the aver-
ape weight variable, WEHGHET The second s through
the relatve truck o passepger car miles driven variahle,
FRUCK. In other words, the overaee weight and relutive
trick miles are a functon of varioos Tactors and CAFE:

(Al WENHT = HX,CAFE)

(1A2) TRUCK = FUY  CARE).

where X and ¥ oare mdependent varmbles!™ und CAFE
is g dummy vatiable from 1975 1o other words, letting
W7 represent WEIGHT and TH represent TRUCK:

(A3 W7 =WT +y
(A4 TR = TR +u
where

(AS) W= X CAFE)Y = 3, X 4 0 CAFE

tAn TR=1(Y.CAtEy=vY + B 0AFE.
The CAFE hvpothesis s
(AT} (T ae ARy =0y < .
{AN) (ATRACAFEY =0, - 1)
Assuming [AY) and (Ad) are esumated using a log-log

functonal form, 4 and B pepresent elusticities, Combin-
ing the fact that
{AY) W=~ N+ HCAFE + &,
(AL TR =Y « 0CAFE + 1, and
(AT R = o T o TR VAR oo INCOMEE
S YOUTH + e, ALCOROT
~ o, CONT = o SPEED 40, PFURL
o SAFETY Saeg

where pos an error term. the tollowing reduced form s
abrained:
(ALZE AR = (o oy, X b o VL CAPE +ae)
floey Y = o L CARE o)
+ o VAR + o INCOME + o YOUTH
b AL OO o CONST + o SPEED

PP UEE - a SAFETY <o e

I8 The tollowing can also be used b relatle CAFE 10
FR and VR

10 Only one imdependent varable s used lor each to
simphify the analysis,
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Thus, the effect of CAFE on AR is

(A13) (AR /DCAFE) = ot B, + 0.,

From (AL3). there is no reason 1o suspect that CAFE
will aftect o, or o, (e the fundamental relationship
between W and TR on the acadent rate), but it will
alfect AR mdirectly through a change. or more specil-
cally a0 reduction. i average weight and through a
change. or more specifically an increase. in relative truck
miles.

Note that the equation actually estimated 15 (Al1),
not (AL2). Specifically, this study estimates o, and ..
while using Crandall und Graham ( 1989) for an ¢stimalte
of Hand Yun (1999) for #,. Again, assuming (All) is
estimuted using a log-log funetional form. the right-hand
side of (A13) represents an elasticity:

(Al14) (% AAR/ T ACAFE) = a0, + b,
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