
for measured characters with an interme- 
diate optimum; unless data from experi- 
mental species are grossly misleading, 
the change in impact following a change 
in mutation rate would be very slow. 
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Conflicting Objectives in 
Regulating the Automobile 

Lester B. Lave 

The automobile has provided an un- an additional 1400 fatalities a year by 
precedented degree of personal freedom 1984. Seeking to achieve each goal inde- 
and mobility, but its side effects, such as pendently has promoted confusion, in- 
air pollution, highway deaths, and a de- tensified the pressure on manufacturers, 
pendence on foreign oil suppliers, are and imposed needless costs on consum- 

Summary, Federal regulation of automobile safety, emissions, and fuel economy is 
contradictory. Safety equipment and emissions control reduce fuel economy; reduc- 
ing the size of automobiles is estimated to increase fatalities by 1400 a year and 
significantly increase serious injuries. These secondary impacts of regulation roughly 
double the estimated costs of achieving the individual goals. In formulating regula- 
tions, these contradictions must be taken into account, along with the effects on the 
price of the vehicle and its attractiveness to buyers. 

undesirable. The United States has tried 
to regulate the social cost of these side 
effects through a series of major federal 
laws. Since the laws intrude on the inter- 
action between buyers and manufactur- 
ers, they have all caused controversy. 

More fundamentally, however, each 
law has been aimed at a single goal, 
either emission reduction, safety, or fuel 
efficiency, with little attention being giv- 
en to the conflicts and trade-offs between 
goals. For example, the law to control 
emissions also reduces fuel efficiency by 
7.5 percent, and a fuel efficiency law that 
has forced the building of smaller cars is 
estimated to reduce safety by resulting in 
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ers. In this article, I sketch the quantita- 
tive trade-offs among these three goals 
and then estimate the social costs of the 
existing regulations and of some pro- 
posed regulations. 

Conflicting Social Goals 

The undesirable side effects associated 
with use of the automobile include inju- 
ry, air pollution, and depleted petroleum 
resources. Each is, at least in major part, 
an externality (an interaction that ad- 
versely affects one party, without market 
intermediation: for example, driving a 

car carelessly so as to injure pedestri- 
ans). The size of the three effects de- 
pends on the design of the vehicle as well 
as how it is operated and maintained. 
This is most evident in the case of safety, 
where selection of a vehicle and driver 
behavior are the overwhelming determi- 
nants of individual risk ( I ) .  

Physical conjicts among goals. The 
interactions of safety, emissions, and 
fuel economy are illustrated in Fig. 1. 
Increases in vehicle size and weight may 
affect safety. For instance, side door 
guard beams, the energy absorbing steer- 
ing column, and other safety features 
have added about 200 pounds to the 
weight of an automobile which, while 
increasing safety, have lowered fuel effi- 
ciency. Larger vehicles are inherently 
safer in a crash since there is more space 
to absorb the impact and protect the 
vehicle's occupants. Additional size and 
weight, however, also increase fuel con- 
sumption. 

Constructing and tuning an engine to 
reduce emissions lowers fuel economy, 
other factors being held constant (2). A 
small decrease in fuel economy results 
from the addition of equipment such as a 
catalytic converter because of added 
weight. 

In order to achieve greater fuel econo- 
my, either weight must be reduced, thus 
reducing safety, or the engine must be 
retuned, thus increasing emissions. One 
minor interaction shown in Fig. 1 is the 
slight lowering of safety related to emis- 
sions control. Catalytic converters can 
set fire to dried leaves or other combus- 
tible material under a car. 

Consumer preferences. Enhancing 
one attribute requires sacrificing the oth- 
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Washington, D.C. 20036, and professor of econom- 
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sylvania 15213. 
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ers, although the trade-offs can some- 
times be mitigated by the use of more 
expensive technologies. Society must 
decide how to balance safety, emissions, 

S a f e t y  ----------------Emissions trade-offs depend on what has already 
been achieved; for example, the cost of 
lowering emissions of nitrogen oxides 
(NO,) by 0.1 gram per vehicle-mile is 
much greater from a level of 5.0 grams 
than from 0.5 gram. Fourth, the trade- 
offs depend on factors such as the size 
and design of each vehicle and thus are 
relevant only for a particular model. Fi- 
nally, there is a great difference in cost 
between designing a feature into a vehi- 
cle and adding on a device to accomplish 
the same purpose. For example, many 
safety features are expensive initially, 
but once automobile design has been 
modified, the cost is lower (10). 

Although precise quantitative trade- 
offs will vary widely, trade-offs similar to 
those examined below will occur what- 
ever the current technology and attri- 
butes of the vehicle. 

fuel economy, and low cost. Balance 
cannot be achieved, however, without 
considering the individual consumer who 
purchases, maintains, and drives the ve- 
hicle. The average American consumer 
is attracted, although only weakly, by 
safety, repelled by emissions control, 

Fuel economy 

Fig. 1. Schematic representation of the inter- 
actions of safety, emissions, and fuel econo- 
my in the automobile. Arrows indicate the 
direction of effect, and dashed lines indicate a 
small or weak effect. 

and strongly attracted by fuel economy, 
although this means either an increase in 
price or a reduction in size and weight 
(3). 

Relatively few buyers have ordered 
optional equipment that would make 
their vehicles safer. Only about 14 per- Fig. 1. By devoting resources to research 
cent of drivers and passengers fasten and development, manufacturers can en- 

hance technological trade-offs. Whether 
regulations have promoted innovation 
and thus helped achieve improvements 

their seat belts. People frequently drive 
too fast, drive under the influence of 
alcoholic beverages, or take other un- 
necessary risks. Although regulation can 
require manufacturers to make vehicles 
still safer, the effect would be small in 

in safety, fuel economy, and emissions 
control at little cost to the consumer is a 
controversial issue (8). All three attri- 

Safety 

comparison to that achieved if occupants 
buckled their seat belts (4). 

butes can be enhanced through the use of In examining safety regulations, it is - 
lighter materials and precision manufac- 
turing, but only at increased cost (9). 
However, attractiveness and cost of the 

important to distinguish between fea- 
tures required for collision avoidance 
and those for injury mitigation, that is, 
between features intended to prevent an 

To the public, emissions control ap- 
parently means a less reliable and less 
fuel-efficient car, as judged by the num- automobile should also be considered in 

formulating regulations. 
Estimating the quantitative trade-offs 

among these attributes is difficult for five 

ber of pollution control systems that 
have been deactivated (5). Although fuel 
economy is desirable, for a given engine 

accident and those intended to protect 
occupants in case of an accident. For 
example, dual braking systems, which 

technology it is achieved in part by re- 
ducing the weight and size of a vehicle 
and the engine horsepower. Of the three 
attributes desired by society, only fuel 

reasons. First, a large amount of engi- 
neering work is required to estimate each 
technological trade-off. Second, even 

lower the probability of brake failure, are 
collision avoidance devices, and an ener- 
gy absorbing steering column, which re- 

though vast resources are spent on re- duces the injury in case of a collision, is 
an injury mitigation device. Collision 
avoidance devices are aimed at an exter- 
nality; they are meant to protect pedes- 

economy and, to a lesser extent, safety, 
are also desired by the individual con- 
sumer. 

Galbraith (6) pilloried the fins on auto- 
mobiles of the 1950's, and many others 
have argued that American consumers 
do or should want cheap transportation, 

search and development to improve the 
trade-offs, estimations reflect technolo- 
gies only at a particular date. Third, 

trians and occupants of other vehicles. 
The case for regulating injury mitigation 
equipment is built primarily on a pre- Table 1. Ten safety features listed in order of 

estimated benefit-cost ratio. Costs are esti- 
mated through 1978 in 1975 dollars; benefits 
are estimated for the lifetime of the car in 1975 
dollars on the basis of 1975 accident rates, 
injury rates, and seat belt usage. [Data from 
(21)l 

sumption of consumer ignorance, on 
economies of scale in manufacturing and 
installing the devices, and on consumer 
myopia (4). 

perhaps including enhanced reliability 
and safety. But when Henry Ford tried 
such a policy in the 1920's, he lost in the 
marketplace (7). Similar contests among Congress has apparently decided that 

paternalism is desired for automobile 
safety and has directed NHTSA to re- 

manufacturers in the late 1940's and then 
in the 1960's and 1970's had the same 
result. When given a choice, the vast 

Cost Benefit Feature 6) ($1 
duce the number of accidents and in- 
crease safety during and after collision 
by requiring the installation of both colli- 

Improved door latches 
Seat belts 

Benefits at 100 per- 
cent usage* 

Energy absorbing 
steering column 

Fire prevention 
High-penetration- 

resistance wind- 
shield glass 

Side door beams 
Dral braking system 
Padded instrument 

majority of new car buyers choose an 
automobile with style, power, and com- 
fort, and these preferences have been sion avoidance and injury mitigation de- 

vices. Estimates of the benefits and costs 
of safety regulations have been made 
(11-13), and some sample estimates are 

persistent in the United States and the 
rest of the world. Thus it makes no sense 
for the National Highway Traffic Safety 
Administration (NHTSA) to label these shown in Table 1. However, there is vast 

uncertainty in estimating the cost of each 
safety feature and the deaths, injuries, 

desires irrational and insist that consum- 
ers are being saved money by regulations 
that restrict horsepower and otherwise 
limit choice to vehicles consumers previ- 
ously rejected. 

Dificulties in estimating trade-offs. In 
addition to consumer preferences, inno- 
vation affects the interactions shown in 

and property damage prevented by it. 
A major controversy has focused on 

seat belts (14-16). When buckled, they 
protect occupants and are cost-effective, 
but they are used by only a small per- 
centage of drivers. In 1974, NHTSA 

panel 
Head restraints 24.32 2.07 
Imvroved bumpers 90.00 (54.45) 

Total 272.12 199.88 

*Assuming a fourfold increase in usage. 
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required an interlock device that pre- 
vented the engine from being started if 
occupants were not belted, but Congress 
overruled NHTSA because of consumer 
complaints and mechanical problems 
with the device. 

The NHTSA has required that by the 
1985 model year automobiles be de- 
signed so that occupants are protected in 
crash without taking protective action, 
such as buckling a seat belt. In particu- 
lar, manufacturers must show that test 
dummies are subjected to forces below a 
defined level when the automobile hits a 
solid barrier head on or up to 30 degrees 
off center at 30 miles per hour in the 
crash test. 

This can be accomplished in two 
ways. The first is a passive seat belt that 
buckles automatically when the door is 
shut. The second is the installation of air 
bags in the steering wheel and dash 
board that inflate and cushion occupants 
when sensors indicate a collision. Both 
devices can meet the NHTSA standard, 
but neither the air bag nor the version of 
the passive belt that has only a shoulder 
portion is as effective as the three-point 
seat belt. The air bags are at best margin- 
ally effective against other than front- 
end collisions and less than fully effec- 
tive if an accident involves more than a 
single collision. They only become as 
effective as the three-point belt when a 
lap seat belt is also worn, and the air 
bags may be harmful to small children 
who are not wearing seat belts. Passive 
seat belts cost consumers about $50 
more than nonautomatic seat belts, and 
air bags $220 to $500 more (17). Air bags 
cannot be disconnected, but about 20 
percent of the passive belt systems in 
operation are estimated to be discon- 
nected (14). 

If all automobiles were equipped with 
air bags, it is estimated that between 
4900 and 10,500 deaths would be pre- 
vented each year. I use Huelke et al.'s 
best estimate of 6800 (18, 19). If all front 
seat occupants in cars with air bags also 
wore lap belts, an additional 2400 deaths 
would be averted. However, since seat 
belt usage is currently low, and since 
people would be paying a premium price 
for the air bags perhaps in order to avoid 
wearing seat belts, it is unlikely that 
many people would use the lap belts. 
Passive belts would prevent an estimated 
7600 fatalities (15). 

The initial cost of installing air bags is 
estimated to be $300 to $580, and the 
cost of passive belts is $130. If the annual 
cost of these devices is 20 percent of 
their initial cost (interest plus deprecia- 
tion), the air bags cost $60 to $1 16 a year 
over the lifetime of the car, and the 

Fig. 2. Trade-offs be- 
Maximum fuel tween fuel economy 

economy and emissions. This is 
a plot of a predicted 
optimum trade-off re- 
gion for a 5.7-liter V-8 
engine installed in a 
vehicle weighing 2054 
kilograms (4518 
pounds). The region 
defines all the optimal 
trade-offs for fuel, 
NO,, and hydrocar- 
bons (HC) .  As an ex- 
ample, point A repre- 
sents the best fuel 

N 
Minimum NO2 economy at engine 

out emissions of 1.0 
4.0 1 1 1 , ~ , 1 1 1 ~ 1 1 1 1 ~ , , , 1  gram of NO, oer ki- 

o 1 2 3 yometer and i.i grams 
NOn(glkm) HC per kilometer. 

Point A can also be interpreted as the minimum NO, obtainable for a given level of fuel 
economy and HC. [Modified from (27)] 

passive belts cost $26 a year. If the entire 
fleet of 117 million cars were equipped, 
the annual cost would be $7.0 to $13.6 
billion for air bags and $3.0 billion for 
passive belts. Considering only fatalities, 
the best estimates of the cost per life 
saved would be $1.03 to $2.0 million for 
air bags and $395,000 for passive belts. If 
one-third to one-half of the passive belts 
are disconnected, this raises the cost per 
life saved to between $598,000 and 
$789,000. 

According to the Department of 
Transportation (DOT), 70,700 serious in- 
juries occur annually among occupants 
of front seats; these include injuries in 
category AIS-3 (abbreviated injury 
scale), severe, not life threatening, 
through category AIS-5, critical, surviv- 
al uncertain (20). Perhaps 32 to 58 per- 
cent of these injuries (23,000 to 41,000) 
would be prevented by passive re- 
straints; the vast majority would be in 
the AIS-3 category (15). For every fatali- 
ty prevented, three to five serious inju- 
ries would also be prevented. Various 
proposals have been made to compare 
serious injuries to fatalities (11, 21). 
These injuries involve substantial hospi- 
tal stays and medical costs, time lost 
from work, often permanent disability, 
and major pain and suffering. The DOT'S 
estimate of economic loss, including lost 
wages and medical costs, is more than 
$40,000 for each injury (AIS-3 through 
AIS-5), and more than $387,000 for 
death; these costs do not take into ac- 
count pain and suffering (22). Although it 
is impossible to give confident estimates 
of the social cost of injury and death, I 
assume that society values the 23,000 to 
41,000 serious injuries that could be pre- 
vented by passive restraints as about 
equal to the 6800 fatalities that could be 
prevented by air bags or the 7600 pre- 

vented by passive belts. Then the cost 
per fatality equivalent (that is, one fatali- 
ty or three to five serious injuries) avert- 
ed would be $515,000 to $1,000,000 for 
air bags and $299,000 to $394,500 for 
passive belts (after adjusting for discon- 
nected belts). 

The General Accounting Office (GAO) 
evaluated automobile safety regulation 
by isolating the safety record of each 
model year (12). The GAO found that, in 
comparison to earlier models, those for 
1966 to 1968 were associated with 19 to 
23 percent fewer deaths and serious inju- 
ries, the 1969 and 1970 models with 25 to 
29 percent fewer deaths and serious inju- 
ries, and there seemed to be little change 
for the 1971 to 1973 models. If the pre- 
1966 safety levels had persisted, approxi- 
mately 35,300 passenger car occupants 
would have been killed each year; in 
contrast, 27,400 automobile passengers 
were killed in 1977. The package of safe- 
ty features required by regulation is esti- 
mated to have raised the cost of each 
1969 and 1970 vehicle by between $200 
and $300. On the basis of these esti- 
mates, the cost per fatality averted 
would be $592,000 to $889,000. If we 
value the social cost of serious injuries as 
being equal to that of fatalities averted, 
the cost per fatality equivalent averted 
would be $296,000 to $444,500. 

Emissions 

A relation between fuel economy and 
emissions can be traced for a particular 
engine size and design (Fig. 2). The 
curves in Fig. 2 are taken from a function 
fitted to data from experiments with ac- 
tual engines and identify boundaries for 
the best fuel economy (trading off fuel 
economy for NO, emissions), minimum 
NO, emissions (trading off NO, for hy- 
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Fig. 3. Constant performance fuel consump- 
tion plotted as a function of weight for a full- 
size car under various driving conditions; 
SAE, Society of Automotive Engineers; EPA, 
Environmental Protection Agency; and GM, 
General Motors. [Modified from Marks and 
Niepoth (2)] 

drocarbons), and minimum hydrocarbon 
emissions (trading off hydrocarbons for 
fuel economy). 

In other words, for a particular engine 
emission control system at the best fuel 
economy point, NO, emissions are 1000 
percent higher and hydrocarbon emis- 
sions are 19 percent higher than they are 
at the points of minimum emissions. At 
the point of minimum NO, emissions, 
fuel economy is 30 percent lower than it 
need be, and hydrocarbon emissions are 
29 percent higher than they need be. At 
the point of minimum hydrocarbon emis- 
sions, fuel economy is 10 percent lower 
than it need be, and NO, emissions are 
433 percent higher than is achievable. A 
new figure could be drawn for each en- 
gine size, for each engine technology, 
and for each emission control system. 

Fuel Economy 

Fuel economy is related to vehicle 
weight, aerodynamic design, engine 
horsepower, level of emissions, and oth- 
er factors. Figure 3 illustrates some 
trade-offs between vehicle weight and 
fuel economy. A change in vehicle 
weight is estimated to change fuel con- 
sumption in the range of 8.4 to 16.8 
gallons per 100 pounds of additional 
weight for each 10,000 miles traveled 
(the average annual mileage for passen- 
ger cars), with a best estimate of 11.0 
gallons. Fuel economy is proportional to 
the ratio of old to new vehicle weights 
raised to the .85 power 

where FER and FEo are the revised and 
original fuel economies, and WTR and 
WTo are the revised and original weights 
(9). 

Figure 4 illustrates some trade-offs be- 
tween engine performance and fuel econ- 
omy in terms of the number of seconds 
required to accelerate from a stop to 60 
miles per hour. Current cars generally 
take between 11.3 and 19.2 seconds. 
Less power would be associated with a 
longer time to accelerate to any speed. 
Figure 4 shows that fuel economy could 
be increased significantly if the consum- 
er would accept degraded performance. 

Indirect Costs of Regulation 

Most analyses of federal standards for 
automobiles have focused on the direct 
costs of meeting each goal. The NHTSA, 
for example, estimated the cost and cost- 
effectiveness of many safety devices and 
the cost of enhanced fuel economy, and 
the Environmental Protection Agency 
estimated the cost of emissions control 
(I). Few estimates have included the 
indirect costs stemming from the feed- 
back effects of one goal on another (23). 
The principal feedback effect, the desir- 
ability of the vehicle to the purchaser 
(24), cannot be estimated with confi- 
dence, but many interactions can be 
quantified. 

Factors affecting weight. Safety fea- 
tures have added about 200 pounds to 
each car; air bags would add an addition- 
al 60 pounds, and the passive seat belts 
about 13 pounds (1, 25). Emissions con- 
trol equipment has added about 50 
pounds to each car. 

Factors affecting fuel economy. To 

/ ! L I I I I ,  

6 10 14 18 22 26 30 34 

Acceleration (performance-seconds) 

Fig. 4. Engine performance in accelerating 
from 0 to 60 miles per hour plotted as a 
function of composite fuel economy (Environ- 
ment Protection Agency's test) for a base 
engine of 350 cubic inches with the best ratio 
of spark and air to fuel. The (0) represents a 
displacement of 150 cubic inches, the (0) 230 
cubic inches, and the (A) 350 cubic inches. 
[Modified from Nicholson and Niepoth (2)] 
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Fig. 5. Risk to an unbelted driver of serious 
injury or death in a two-car collision plotted 
as a function of car weight. Data points repre- 
sent collisions between cars of different 
weights (a) and collisions between cars in the 
same weight classes from different states (A 
and m). [Modified from (13)] 

increase the fuel economy of new auto- 
mobiles from 19 to 27.5 miles per gallon, 
as mandated by Congress, a reduction in 
vehicle weight from about 4500 pounds 
to 3000 pounds is needed. A doubling in 
fuel economy from 14 miles per gallon, 
the fleet weighted average, to 27.5 miles 
per gallon would reduce fuel consump- 
tion by 49 percent. This would mean that 
if cars continue to be driven an average 
of 10,000 miles a year, the savings would 
be 351 gallons of gasoline per car per 
year. For the entire fleet of 117 million 
passenger cars, the savings would be 
41.1 billion gallons a year. At $1.50 a 
gallon, the nation would save $62 billion 
a year. 

For every 100 pounds of weight added, 
the increase in gasoline consumption per 
vehicle would be about 11.0 gallons a 
year. Safety features, emissions control, 
and passive restraints weigh 200, 50, and 
13 to 60 pounds, respectively (26); for a 
fleet of 117 million cars, the increase in 
fuel consumption would be in the range 
of 3.38 to 3.99 billion gallons at a cost of 
$5.1 to $6.0 billion. Safety devices ac- 
count for about 76 percent, emissions 
control devices 19 percent, and passive 
seat belts 5 percent of this increase. If air 
bags are installed, the percentages are 
64, 16, and 19, respectively. 

Under experimental conditions, emis- 
sions control reduces fuel economy by 
10 to 33 percent for the points of mini- 
mum NO, and hydrocarbon emissions 
relative to the best fuel economy (27, 
28). Since the average passenger car uses 
714 gallons of gasoline a year, this means 
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an increase in fuel consumption of 42.8 
gallons a year. The fleet consumption is 
5.01 billion gallons ($7.52 billion a year). 
When the weight of emissions control 
devices is taken into account, fuel con- 
sumption increases to 5.65 billion gallons 
($8.48 billion a year). 

These estimates are for fuel economy 
within the engine. In addition, removing 
lead and other compounds that raise 
octane requires additional refining of 
gasoline and loss of energy. Emissions 
control devices have markedly reduced 
the number of miles that can be traveled 
per barrel of fuel oil. 

Some contributions that can be made 
to fuel economy are shown in Table 2. 
Increasing fuel economy above current 
levels becomes progressively more diffi- 
cult. Thus, the 7.5 percent decline in fuel 
economy due to emissions control stan- 
dards is large. If NO, emissions were 
lowered to 0.4 gram per mile, the decline 
in fuel economy would double (26, 28). 
Furthermore, the 7.5 percent penalty 
may understate what is found in prac- 
tice. The highly controlled engines need 
more maintenance, in the absence of 
which both emissions and fuel economy 
deteriorate. 

Factors affecting safety. The reduc- 
tion in weight required to achieve greater 
fuel economy will have a large effect on 
safety. A reduction in vehicle weight 
from 4500 pounds to 3000 pounds is 
estimated to increase from 4 to 6 percent 
the chance of a driver being seriously 
injured or killed in an accident, all other 
factors held constant (Fig. 5) (29). In 
1977, when 42 percent of the fleet con- 
sisted of small cars, 27,400 automobile 
occupants were killed in accidents. If the 
entire fleet in 1977 had consisted of cars 
weighing 4500 pounds, and if the mortal- 
ity rate for small cars were 50 percent 
higher than for large cars, 22,600 deaths 
would have been expected, suggesting 
that 4800 deaths were due to the small 
vehicles. If the entire fleet were 3000- 
pound vehicles, 34,000 fatalities would 
have been expected, an increase of 6600 
deaths. Thus, a fleet of small vehicles 
would have increased the number of 
fatalities an estimated 11,400 a year (30) 
compared to a fleet of larger vehicles. 

The combination of higher fuel prices 
and fuel economy standards is expected 
to increase the proportion of new small 
cars sold from about 46 percent in 1976 
to 66 percent in 1985. In the absence of 
changes in design, the increasing propor- 
tion of small cars would suggest that 
there will be a substantial increase in 
fatalities by model year 1984 (when small 
cars were to have been required to meet 
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the crash protection standard). At that 
time, about 53 percent of the fleet is 
expected to be small cars, and they 
would not have been required to pass the 
crash test. If it is assumed that the num- 
ber of vehicles increases by 15 percent 
between 1977 and 1984, driving habits do 
not change, and all of the fleet were 1977 
model 4500-pound cars, then an estimat- 
ed 26,000 fatalities would occur each 
year; if all of the fleet were 1977 model 
3000-pound cars, then 39,100 fatalities 
would be expected. If 42 and 53 percent 
of the fleet consisted of small cars, 
31,500 and 32,900 fatalities, respectively, 
would be expected. Thus, the increase in 
the proportion of small cars in that fleet 
from 42 to 53 percent might result in an 
estimated 1400 additional fatalities in 
1984. 

Three policies could avert such a large 
increase in severe injuries and fatalities: 
(i) curtailing gasoline sales by perhaps 20 
percent, (ii) enforcing a lower speed lim- 
it, and (iii) requiring all occupants to 
wear seat belts. A belted occupant of a 
3000-pound car is estimated to be slightly 
safer than an unbelted occupant of a 
4500-pound automobile. The most oner- 

ous option would be to curtail the avail- 
ability of gasoline; requiring the use of 
seat belts would seem to be the least 
onerous. 

Secondavy effects. To achieve the fed- 
erally mandated goal for automobile fuel 
economy (27.5 miles per gallon) will 
mean that the average vehicle in 1985 
will weigh about 1500 pounds less than a 
1976 vehicle; this weight reduction will 
achieve just under half the required fuel 
savings. At a saving of 11 gallons of 
gasoline per 100 pounds of weight reduc- 
tion per year, the lightening would save 
165 gallons per vehicle per year or about 
19 billion gallons, or $29.0 billion, per 
year for the fleet. Since reducing the 
weight of all vehicles by 1500 pounds 
would increase fatalities by 11,400 a 
year, Congress, implicitly, has decided 
that the nation is willing to endure an 
extra fatality for each $2.6 million sav- 
ings in fuel. Neither this trade-off nor 
those involving the extra weight of safety 
and emissions equipment or the fuel 
costs of emissions control were central 
issues in congressional debate. 

Several other examples of these sec- 
ondary impacts should underscore their 

Table 2. Some techniques for improving fuel economy in passenger cars and light trucks in the 
mid-1980's. [Data from the National Highway Traffic Safety Administration (8)] 

Technology Improvement from 1978* 
(percent) 

Weight reduction from reduction in size, A 10 percent reduction increases fuel 
materials substitution, alternative configura- economy by 8 percent at constant 
tions for body or power train acceleration performance 

Engine improvement 
Spark ignition efficiency: 

Optimized control 
Engine quality 

Alternate engines: 
Diesel 
PROCO* 

Turbocharging 

Transmission improvement 
Automatic: 

Locked-up torque converter 
Wide-range three-speed 
Wide-range four-speed 
Improved efficiency 
Improved engine transmission matching 
Four-speed with locked-up torque converter 

Overdrive manual 

Improved lubricants 
Crankcase: 

Lower viscosity 
Friction modified 

Rear axle lower viscosity 

25 
20 

Car specific; typically 5 to 10 percent 

Reduced parasitic losses 1 to 4 

Reduced tire rolling losses 5 

Improved aerodynamics 
Complete body redesign 5 
Add-on devices 3 

*Values are not necessarily additive, ?As compared to an average 1978 engine. $Advanced engine 
being developed by the Ford Motor Company. 



Table 3. Summary of primary and secondary impacts of regulation. 

Regulation 

Primary impact Secondary impact* 

Cost 

Extra Extra PeT 
Cost per car Primary social impact Cost per fatality fuel$ fatality weight 

($1 (savings) equivalent? ($) (pounds) equiva- 
lent? 

Current safety features 200 to 300 15,800 equivalent lives 296,000 to 444,500 200 2.57 247,000 
Passive seat belts 130 15,200 equivalent lives 299,000 to 394,500 13 0.17 17,000 
Air bags 300 to 580 13,600 equivalent lives 515,000 to 1,000,000 60 0.76 84,000 
Fuel economy 19 billion gallons saved - 1500 - 19.00 1,250,000 
Emissions control CO and hydrocarbons 50 0.64 

reduced 90 percent 
NO, reduced 75 percent 5.01 

*These secondary impacts describe only the changes in fuel consumption effected by the regulation. tThree to five serious injuries equal a fatality in constructing 
equivalent fatalities. $Estimated at $1 S O  a gallon. 

importance. The costs per death or fatal- 
ity equivalent prevented by passive seat 
belts and air bags were estimated to be 
$299,000 to $394,500 and $515,000 to 
$1,000,000, respectively. Since the pas- 
sive belts add 13 pounds and the air bags 
60 pounds to the weight of a car, the 
devices would increase fuel consumption 
for the entire fleet by an estimated 0.17 
and 0.76 billion gallons a year at costs of 
$0.26 and $1.14 billion. Thus, passive 
belts require the use of 11,000 additional 
gallons of gasoline a year by the fleet 
($17,000) per life equivalent and air bags 
56,000 gallons ($84,000) because of the 
extra weight. The estimated cost of 
averting a fatality or three to five serious 
injuries is then $316,000 to $411,500 for 
passive belts and $599,000 to $1,084,000 
for air bags, increases of 5.7 and 4.3 
percent and 16.3 and 8.4 percent, respec- 
tively. 

Another example is the current pack- 
age of safety features, estimated to cost 
$296,000 to $444,500 per fatality or three 
to five serious injuries averted and re- 
quire the use of an additional 2.57 billion 
gallons of gasoline a year at a cost of $3.9 
billion because of the extra weight. The 
additional fuel represents a cost of 
$247,000 per fatality or three to five 
serious injuries averted. Thus, the total 
cost per fatality or three to five serious 
injuries averted is $543,000 to $691,500; 
the additional fuel consumption adds be- 
tween 83.4 and 55.6 percent to the direct 
estimate of cost. 

Conclusion 

Table 3 summarizes the effects of the 
regulations examined in this article. Pas- 
sive seat belts appear to be a bargain 
relative to other safety regulations; the 
lower estimate for air bags is comparable 
to the estimated cost of current safety 

regulations per fatality averted. Howev- 
er, both features seem costly when com- 
pared to other options open to society to 
lower risk. In particular, if society were 
willing to pay $150,000 per death avert- 
ed, a host of other activities would have 
first priority, such as improving highway 
construction and maintenance practices 
( I ,  31). Mandatory seat belt use would be 
even more cost-effective. 

The secondary effects of regulation are 
large relative to the primary effects. For 
example, note the additional fuel costs 
associated with current safety features 
(Table 3).  Although one secondary im- 
pact of the fuel economy regulations is 
an estimated increase in fatalities, socie- 
ty would have to be willing to pay $2.6 
million per fatality in order to forgo the 
fuel economy standards. Finally, the fuei 
economy penalties of emissions control 
are 48 gallons or $72 per car per year; 
this amount is greater than the annual 
increase in price for the equipment and 
its maintenance; thus, it is the fuel costs 
that dominate the estimated cost of emis- 
sions control. 

Table 3 illustrates the conflicts among 
safety, emissions, and fuel economy reg- 
ulations as well as the importance of 
estimating the secondary impacts of each 
regulation. In particular, the fuel econo- 
my standard highlights the interdepen- 
dence between fuel economy and 
NHTSA's new safety standards. The 
added cost to emissions control of in- 
creased fuel consumption is large enough 
so that consideration should be given to 
delaying the imposition of tighter stan- 
dards and perhaps even returning to 1978 
standards. 

Abating emissions is a difficult goal to 
evaluate. Costs of reducing all emissions 
are unnecessarily large compared to a 
strategy of stringent emissions control 
only in areas with pollution problems. 
However, the fundamental question at 

issue is the value of clean air, even in 
polluted areas. There can be no doubt 
about the whiskev-colored haze created 
by automobile emissions and the associ- 
ated poor visibility and eye irritation. 
However, there are serious doubts that 
significant health effects are associated 
with levels of photochemical smog cur- 
rently prevailing in even the most pollut- 
ed cities (32). Certainly the health effects 
are small compared to those for suspend- 
ed particulates and sulfur oxides, which 
come primarily from stationary sources. 
This is a case where the secondarv ef- 
fects amplify a conclusion evident from 
the primary effects: health effects do not 
justify the most stringent controls man- 
dated by Congress. 

Safety features are perhaps the most 
difficult issue. Most features, from ener- 
gy absorbing steering columns to seat 
belts, are for the benefit of the vehicle's 
occupant. Yet many individuals appar- 
ently do not value the features and rebel 
against buying and using them. Seat belts 
are ineffective because they are used by 
only 14 percent of occupants. The feder- 
al and state governments have resisted 
mandatory seat belt laws such as those 
imposed in most of Europe, Australia, 
and part of Canada and emphasized pas- 
sive devices that protect the occupants 
in spite of themselves. Lowering speed 
limits to 55 miles per hour has produced 
a major improvement in safety, but little 
else has been done to alter driving hab- 
its. A much greater improvement would 
come from removing drivers who are 
drunk or otherwise incompetent to drive 
from the the roads. 

Higher fuel prices and the implementa- 
tion of safety, emissions, and fuel econo- 
my regulations have dramatized the con- 
flicts among regulations. Analysis can 
clarify the implications of each regula- 
tion and trade-offs among goods, but 
only Congress can clarify the goals. 
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