COST EFFECTIVENESS OF URBAN TRAFFIC
LAW ENFORCEMENT

By Donald C. Shoup*t

Examination of the production of public services is increasingly important because
for many public services there is disagreement, often not so much about whether the
public ends are socially valuable as about whether a particular allocation of resources
(means) will produce the desired ends. Consequently much time is wasted in arguing
over the form of relationships which are not known, but could and should be known.

Thus, for instance, in the field of traffic law enforcement there has long
been disagreement as to whether officers on motorcycles (“two-wheel”” enforcement)
or officers in patrol cars (‘“‘four-wheel” enforcement) are more effective in reducing
auto accidents under urban traffic conditions. It is suggested, for example, on the
one hand that four-wheel units can operate under all weather conditions, but on
the other that two-wheel units are more mobile where there is congestion. More
effort appears to be put into discussion of the possible merits of two-wheel versus
four-wheel enforcement than into any scientific attempt to test actual results.

The purpose of this paper is to focus attention on the importance of examining the
various processes by which police resources (inputs) are converted into desired
outputs. This attention to production functions (the function relating inputs to
outputs) is illustrated in detail in an examination of a major programme of the Los
Angeles Police Department: traffic law enforcement by means of specially assigned
motorcycle officers.

It is clear that, without more information on the actual production function for
agency outputs, decisions about resource allocation within a traffic law enforcement
agency must be made largely on the basis of “judgement” and “feel” rather than on
explicit calculations of costs and benefits. However, such judgements often turn out
to be based on simple rules, on myths, or simply on extensions of past policies. This
is as true of law enforcement as it is of other public services, and it has been said that
it is especially true of traffic law enforcement. In a recent comprehensive survey of
police traffic services it was reported that “Our summary conclusion is that there is
no quantitative and objective evidence currently available that enables us to
recommend any ‘optimal’ or ‘desirable’ levels of traffic law enforcement or standards
for police performance based on the material collected and analysed in the course of
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this study” ([1], page xvii). In particular, it was found that research is particularly
deficient on some of the most important questions: ‘“Two problem areas are
conspicuous by their absence; one is the effectiveness of police activities in urban
areas, and the other is a justification of the concept of ‘selective enforcement’. There
are no direct studies of the effects of police activities in urban areas. . . . Nowhere is
an attempt made to compare selective and nonselective enforcement” ([1], page
135). Another survey of traffic safety literature concluded that:

At present, there is no firm evidence to indicate the degree to which enforcement
contributes to traffic accident prevention. The objective investigation of
optimum methods of police supervision of traffic is just beginning. In view of
the high cost of this activity and of the possible contribution that expansion and
improvement of police supervision could make to traffic safety, further studies
of tactics as applied to specific situations should prove to be rewarding. The
limited amount of investigation now under way concerns principally rural roads
and particularly the Interstate system. Specific study of the quite different
problems of urban traffic supervision would seem to be in order ([2], page 251).

Thus information is almost entirely absent on two relationships which are central
to much activity in metropolitan traffic law enforcement: (1) the overall effect the
police have on the important traffic variables, safety and speed, in urban areas; (2)
the localised effect of selectively higher enforcement levels in particular areas (a
common enforcement technique). :

Perhaps because of this lack of hard facts, there is enormous variation among
police departments in the attention devoted to traffic. For instance, in 1965 the police
departments of Boston and Dallas, which have approximately equal populations,
wrote 11,242 and 273,626 moving violation tickets respectively, a twenty-four-fold
difference ([3], page 8). From a series of case studies of traffic law enforcement in
Massachusetts towns, Gardiner concluded that:

Variations in traffic-enforcement policies can be explained only to a limited
extent by such environmental variables as political pressures, demographic
characteristics, or court conviction and accident rates. Although a high degree
of population instability may increase the reliance on formal sanctions, the
evidence presented in the case studies suggests that the most significant variables
are within the departments—specialization of the traffic enforcement function,
demands by the chief and commanding officers that ticket writing or courtesy to
motorists be stressed, and so forth. Where the norms of the department reward
active ticket writers, the police will respond with tickets; where norms are
neutral or openly hostile toward traffic enforcement, ticketing will be low and
only serious offenders will be cited ([3], pages 158-9).

Obviously, police departments have great discretion in enforcing traffic laws, but
no empirical basis exists for choosing the optimal level of enforcement. The opinions
of police administrators on the importance of traffic services determine what policies
are followed; this has led to a wide divergence of policies in different cities, a diverg-
ence certainly wider than can be explained by differences in traffic conditions.
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PRODUCTION FUNCTIONS IN TRAFFIC LAW ENFORCEMENT

Ideally, a police traffic administrator would like complete knowledge of the effects
on traffic variables of any particular level or method of traffic law enforcement, under
all conditions. This type of knowledge is more usually called a production function,
where the desired effects on traffic safety and flow (reduced accident rates and
increased speed of travel) are the outputs, and police resources employed (officers,
motorcycles, automobiles) are the inputs. The relationship between inputs and
outputs depends heavily on the service conditions (weather, type of road) and on the
technology of enforcement used (motorcycle patrol, unmarked cars, radar) ([4],
pages 485-92). In its mathematical form, the production function can be expressed as

0 =f(L,S,T)
where

O = output, the effects of traffic law enforcement

I = inputs, the police resources

§ = service conditions under which enforcement takes place
T = technology or method of enforcement.

In this formulation, both inputs and outputs are measured per unit of time.

It is obvious that police administrators have some relationship of this sort in mind
when they make decisions on how traffic laws are to be enforced, but it seems fair to
say that the empirical basis for asserting any specific form of the relationship is very
weak. That is, it is usually expected that greater expenditure for traffic law enforce-
ment, I, will produce more of the desired results, O, and that how much of these
desired results are produced for any given expenditure depends on both the particular
conditions under which the services are rendered, §, and the enforcement technology
employed, 7. But just what the quantitative relationship is has remained a mystery,
despite its obvious usefulness in making an efficient allocation of police resources in
traffic duties. Further, the reason for the lack of knowledge concerning traffic
enforcement effectiveness appears to be not that the basic production relationships
are unknowable, but rather that so little research that has been done on the question.
Of course, police departments are not unusual in this respect; the situation is the
same in other municipal services and also frequently in industry. Thus Barna ([5],
page 20) found that only one firm in every four in a sample made ex post investigations
of the profitability of investment projects.

Ideally, the production function describes the output resulting from every possible
combination of inputs. Since public service outputs are usually impossible to describe
fully or measure accurately, output will usually be represented by one or more
output indicators. The production function should show, for a given police pro-
gramme, the relation between the resources used in the programme and the magni-
tude of the relevant output indicator. Perhaps more important for decision making,
the production function also shows how output changes in response to changes in
input. This is important because most questions of resource allocation deal with
marginal changes: how much additional output will result from additional expendi-
ture, or how much reduction in output will result from a reduction in expenditure ?
For many purposes it is only necessary to know this limited bit of information to
make intelligent decisions on resource allocation. And the measurement of changes
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in output may be possible even though measurement of total output is much more
difficult, or even impossible. Thus, for instance, although a traffic accident rate
cannot be directly interpreted as a measure of the total output of a traffic law
enforcement agency, changes in the accident rate can be interpreted as equal changes
in the total output measure, but of the opposite sign (an increase in the accident rate
signifies a decrease of the same magnitude in accident prevention, and vice versa),
when the basic “no enforcement” accident level remains unchanged.

Even without the difficult step of valuing programme output, examination of
public service production functions focuses attention on whether programme output
is produced as efficiently as possible. When both inputs and outputs are valued in
dollar terms, the investigation is usually called cost-benefit analysis; when the inputs
are valued in dollar terms but the output is described in physical terms it is called
cost-¢ffectiveness analysis. There are many situations where formal cost-benefit analysis
is so expensive or uncertain that the results are not worth the cost of making the
analysis, but where simpler cost-effectiveness studies can still make significant
improvements. The basic goal of a cost-effectiveness study is to ensure that a given
level of output is produced at least cost, or, in other words, that for a given expendi-
ture the maximum possible output is produced. Note that a given level of output
may be produced at least cost, but that that level of output may still not be worth
producing (because the benefits lost by reducing output may be less than the costs
saved thereby). Cost-effectiveness analysis says nothing about the appropriate level
of output or of inputs, but rather concentrates on efficient production techniques.
Useful programme analysis can often start with a cost-effectiveness study of produc-
tion techniques and only then proceed to an evaluation in dollar terms of benefits
produced; indeed, too often it is simply assumed in cost-benefit analysis that benefits
are being produced in the most efficient manner possible, while in reality the same
output might be produced by a different and less costly set of inputs.

To sum up this discussion, the allocation of resources to traffic law enforcement
requires: (1) estimates of the value of outputs and the cost of inputs, and (2) an
estimate of the effect on output of alternative input allocations, and particularly of
small variations in input. In the next section we report on an experiment intended to
estimate such a relationship for traffic law enforcement by motorcycles. We attempt
also to estimate the value of outputs and cost of inputs in dollar terms.

AN EXPERIMENTAL INVESTIGATION

During 1968 and 1969, the Los Angeles Police Department conducted a controlled
experiment to assess the effects of traffic law enforcement activity on city streets.
Since the Department currently spends approximately one-sixth of its budget on
traffic regulation (which is defined to include both accident investigation and traffic
law enforcement), efficiency in this operation is important.!

1Traffic regulation actually accounts for close to one-fourth of all non-overhead and non-support
type expenditures. City of Los Angeles Budget, Fiscal Year 1968-1969, p. 60.
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Background of the Experiment

Traffic laws are enforced throughout Los Angeles by units of the patrol bureau;
but on those surface streets with the greatest number of automobile accidents the
traffic bureau assigns special motorcycle officers. This procedure is known as
“selective enforcement”, and is based on the assumption that a concentration of
effort at the times and places where the most accidents occur will produce the
greatest output in terms of accident reduction.

Each motorcycle patrolman is assigned a patrol route (beat) of from three to six
miles in length. These beats are assigned for periods of six months (winter and
summer), and the beats are semiannually reviewed to assign traffic enforcement
officers to areas which have experienced the greatest number of traffic accidents.
The specific allocation of beats among possible street segments is currently performed
intuitively by a clerk, who works with large maps pinned to show the number and
type of accidents that have occurred over the previous six months. Unfortunately,
the allocation is carried out without any real knowledge of the quantitative effect of
traffic law enforcement on traffic accident rates; also, it neglects the effect that
enforcement may have on the traffic volume and on the average speed at which traffic
flows (i.e., if stricter enforcement reduces accidents along a beat by reducing average
speed and/or volume, this negative output should be taken into account). Further-
more, there is no good criterion to determine what the overall level of enforcement
activity should be. The method currently used is the enforcement index, which is the
ratio of traffic convictions to injury-accidents occurring in the city; there has been no
explicit analysis to find the desirable level of activity. For instance, Wilson suggests
that the arrest index? should not be less than 10, but bases this recommendation only
on ‘“the fact that violations, and consequently accidents caused by them, are de-
creased by enforcement. The presence of accidents is evidence of a need for enforce-
ment, and their frequency is a measure of the amount of enforcement needed” ([6],
page 369).

In an attempt to obtain information on the effect of enforcement by motorcycle
patrols, the Los Angeles Police Department with the co-operation of the Institute of
Government and Public Affairs at the University of California, Los Angeles, con-
ducted a controlled experiment. Briefly, the experiment was designed to relate
different levels of enforcement effort to the effect on accident rates and other variables
of interest. If there is a definite relationship between the level of enforcement and the
frequency of traffic accideunts, comparison of similar traffic beats that have different
numbers of motorcycle officers should reveal the successive reductions in accidents
achieved by the addition of more officers. Then (ignoring for the moment other
benefits and costs of enforcement), by estimating the benefit of reducing accidents
(in terms of lives saved and of injuries and property damage avoided) and the cost of
enforcement (in terms of the cost of motorcycle patrol), we should be able to tell at
what level of enforcement the marginal cost is equal to the marginal benefit (i.e.,
what is the optimal level of enforcement).

2The arrest index is the ratio of traffic arrests to injury accidents. It is equal to the enforcement
index (traffic convictions/injury accidents) times the conviction rate (traffic convictions/traffic
arrests). Since the conviction rate in Los Angeles in recent years has averaged 0-98 or 0-99, the
enforcement and arrest indexes are almost identical.
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The Design of the Experiment

The experiment was designed to discover the effect of both (a) the method of
patrol enforcement and (b) the number of motorcycle patrol officers on such
variables as traffic accident rates and average speed and volume of traffic, and also
on one non-traffic variable — the reported crime rate. Eight experimental beats were
selected, as similar as possible in length, width, previous accident experience, volume
of traffic, and other relevant characteristics. To make the data for the experimental
period comparable with the data for previous years on each beat, it was necessary
to employ beats of slightly different lengths. This was taken into account by express-
ing enforcement levels in terms of officers per mile on each beat. The beats were as
isolated as possible from parallel or intersecting beats.

The following methods of patrel were employed during the experiment::

1. Visibility only (on one beat). The motorcycle patrol officer refrained from
citing traffic law violators (except for flagrant offences).
2. Warning only (on one beat). The officer stopped and warned violators, but did
not issue citations (except for flagrant offences).
3. Standard enforcement (on five beats). The officer patrolled the beat and issued
, citations in the same manner as before the experiment began.
On one beat there was no enforcement.

The motive for examining these various methods of patrol was to find out whether,
with the same level of manpower allocated to each, the output depended on the
patrol method used. The experiment with techniques was undertaken at only one
level of manpower input (approximately 0-3 officers per mile); thus, if one technique
appears more effective than the others, it can be tried at other levels of manpower
input to discover the full production relationship of that technique.

In addition to the examination of patrol techniques (visibility only, warning only,
and standard enforcement), the experiment was designed to show the effect of varying
the level of manpower allocation on each beat when the standard technique of
enforcement is employed. The following manpower allocations were employed
during the experimeunt:

1. No change. The manpower allocation remained at the pre-experiment level.
2. Increased allocation. The manpower allocation was increased to a level higher
than the pre-experiment level.
3. Stripped allocation. The manpower allocation was reduced to zero.
The manpower allocations and patrol techniques are summarised in Table 1.

Beats 3 to 8 inclusive were used to elicit the effectiveness of motorcycle officers using
the standard patrol technique as their number is varied from zero to more than one
per linear mile (just how effectiveness is to be measured is discussed below). As a sim-
plified example of the use of this information, consider a situation where successive
additions of motorcycle patrol officers decrease the number of traffic accidents on a
beat, but at a decreasing rate. If, for instance, the average cost of an automobile
accident were $2,000, and if the experimental accident data were as shown in
Table 2, we could then measure the marginal product of traffic enforcement officers
(assuming again that the number of accidents is the only variable affected). The
marginal product of an officer (plus his motorcycle) at each level of enforcement is
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TaBLE 1
Base Period and Experimental Period Data for Traffic Beats

Base Period Conditions Experimental Conditions
Beat Number Number of Officers Method of Number of Officers
Officers per Mile Enforcement* Officers per Mile
(1) @) (3) (4) ®) (6)

1 1 0-28 Visibility only 1 0-28
2 1 0-31 Warnings only 1 0-31
3 1 0-29 Standard 4 1-17
4 0 0 Standard 4 0-81
5 1 0-29 Standard 1 0-29
6 0 0 Standard 1 0-23
7 1 0-26 Standard 3 0-79
8 1 0-31 — 0 0

* During the base period, the standard method of enforcement was used on all beats which had
motorcycle patrol.

TaABLE 2
Hypothetical Data for Enforcement Experiment (Nine-month Period)

Number of Officers  Number of Accidents Accidents Prevented Reduction in Marginal Product
on Beat on Beat on Beat Accident Costs of One Officer
@ @ @) (4) = (3)x$2,000 ®)
0 100 0 0 —
1 80 20 $40,000 $40,000
2 70 30 $60,000 $20,000
3 65 35 $70,000 $10,000
4 64 36 $72,000 $ 2,000

the reduction in the cost of traffic accidents on the beat produced by the allocation of
one additional officer to the beat.

This information, combined with data on the cost of motorcycle patrol, would
enable us to say at what level the addition of another traffic enforcement officer
would cost more than the resulting reduction in traffic accidents is worth. For in-
stance, if the marginal cost of one motorcycle patrol officer for a nine-month period
were $8,000, these rudimentary calculations would indicate that three officers on a
beat would be optimum.3 The addition of the third officer to the beat reduces the
cost of accidents by (= produces a benefit of) $10,000, while costing only $8,000.
However, a fourth officer would bring a further reduction in accident costs (= a
benefit) of only $2,000, while adding $8,000 to patrol costs.

Naturally, there are difficulties in the interpretation of the data ; most of these prob-
ably tend to show the effect of motorcycle patrol to be less significant than it actually

3Some reservations concerning this sort of experimental data will be expressed below.
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is in influencing the accident rate, average speed, volume, and other variables. First,
there may be a significant lag between the increase (or decrease) in enforce-
ment level and the full recognition of this by motorists using the patrolled
street; and, since driving habits are not quickly changed, there may be a
further lag between the recognition of altered enforcement level (or techniques) and
reaction (if any) to it in terms of altered driving habits. Thus, if the response lag-time
is long in comparison with the length of the experiment (nine months) the experi-
mental data will underestimate the long-run effect. Secondly, there is undoubtedly
a large spillover effect associated with traffic law enforcement on any particular beat;
the driving behaviour of motorists will be affected not only on the experimental beats
but also on other streets on which the exposed motorists subsequently drive. Traffic
enforcement officers call this presumed spillover the “halo” effect. There is a time
dimension as well as a spatial dimension to the spillover: motorists’ driving behaviour
may be influenced beyond the nine-month period of the experiment (another lag
effect). Thirdly (and related to both the first and second points), motorists will be
entering the experimental beats from areas with ordinary enforcement, and perhaps
either travelling along them for only a short distance or just crossing them. Such
motorists have little or no exposure to the experimental patrol levels, and their
behaviour will probably more nearly reflect enforcement conditions off the experi-
mental beats than on them (a “reverse halo” effect).

For each of these three reasons, the measurable results on the experimental beats
themselves probably tend to understate the total influence of enforcement levels.

The experiment was conducted during the day watch (10 a.m. to 6 p.m.), Monday
through Friday, between 1 October 1968 and 30 June 1969. Data for the experiment
were collected on the experimental beats on:

1. Total accidents

a. Fatal accidents

b. Injury accidents

c. Property damage accidents
. Traffic citations issued
. Traffic violation arrests
. Traffic volume
. Travel speeds (timed by radar)
Reported crimes

SO WO

Except for items 2, 3, and 5, the same data are available for the previous years on the
same basis. The crime data were collected in an attempt to see whether the level of
visibility of traffic enforcement patrol has any effect on the crime rate on the experi-
mental beats. If it has, this would be a non-traffic effect that should be counted
among the benefits of manpower allocated to traffic law enforcement.

Valuation of Benefits and Costs of Traffic Law Enforcement :
In the hypothetical experiment on traffic law enforcement described above (see
Table 2), it was simply assumed that a reduction in the number of traffic accidents
was the only output produced, and that each accident avoided represented a benefit
worth $2,000. Admittedly, this is far too simple. Traffic law enforcement involves a
much more complex array of both inputs and outputs, and attaching dollar values to
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these inputs and outputs is usually difficult and sometimes impossible. Before turning
to the empirical results of the traffic experiment, we shall first suggest how both
inputs and outputs can be valued in dollar terms and thus made comparable for a
decision as to whether or not benefits exceed costs at the margin. We shall develop
measures of benefits and costs in some detail to illustrate the general principles and
specific techniques involved. This is done even though the empirical results of the
experiment are not conclusive in terms of unambiguously indicating an optimal level
of two-wheel enforcement.

What is needed is measurement (in dollar terms) of the cost and the associated
beuefits of the various levels of motorcycle traffic law enforcement. Then the benefit
of adding an additional motorcycle officer on a traffic beat can be compared with the
cost of doing so. Ideally, motorcycle officers should be added to each beat until the
additional benefit (mainly in terms of accident reduction) is equal to the cost (in
terms of police costs and reduced speed or volume of traffic) ; however, some reserva-
tions to this dictum, dealing with the problems of intangibles or imperfect measure-
ments, will be noted below.

Cost of traffic enforcement. Fortunately, the problem of measuring the costis reasonably
well in hand. Data supplied by the Los Angeles Police Department show that the
average cost of day watch motorcycle patrol is approximately $8.00 per manhour.
(This includes salaries, vehicle and equipment costs, and overhead; for detailed
derivation see [7]). Although this is an average cost, it is probably very close to the
actual marginal cost, since 909, of the total represents wages and vehicle costs for
the motorcycle officers. Of course, it is the marginal cost in which we are interested,
for we are attempting to balance the cost of an additional patrol unit against the
resulting additional benefit. This cost amounts to approximately $12,000 per motor-
cycle unit or “nine-months day watch”.

Another possible cost, not borne by the police department itself, may result if
stricter traffic law enforcement results in a reduced speed of traffic flow. This must be
counted as a cost of enforcement because speed is one of the primary objectives of
automobile travel. Conversely, some aspects of enforcement (such as stricter pro-
hibition against double-parking, left turns in heavy traffic, and other forms of traffic
obstruction) may well increase average speed of travel.

The net effect — whether it is a benefic or a cost - of a change in enforcement on
travel time should be valued in dollar terms to make it comparable to the other costs
and benefits.

The California Division of Highways uses the figure of 3¢ per vehicle-minute as the
average value of automobile travel [8]. Naturally, this is a very difficult figure to
estimate with any precision, for it depends on assumptions about the alternative
earnings opportunities of drivers and passengers, the value of leisure time, the
pleasantness or unpleasantness of time spent driving or riding, and the average
number of occupants per passenger car. However, several other estimates of the value
of travel time cluster around the 3¢ per vehicle-minute figure ([9], pages 52-53,
[10]).

If an increase in the level of enforcement does alter average travel speed on the
patrolled route, the cost or benefit (per day) to the motoristsis arrived at by multiply-
ing (1) the increase or decrease in time required to traverse the beat by (2) $.03 per
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minute, and this by (3) volume of passenger car traffic traversing the beat per day.
(This value would apply to passenger car traffic only; if there were a significant
amount of commercial traffic using the patrolled street, an additional calculation,
using a commercial vehicle travel time value, would also be required.)

Benefits : (1) Accident reduction. The costs of traffic law enforcement seem reasonably
amenable to measurement; it is the proper measure of benefit that is difficult to
calculate. The chief benefit sought is a reduction in the number of traffic accidents.
To be sure, measurement of one aspect of this benefit is not a great problem — that of
property damage avoided. The California Division of Highways has estimated that
(in 1964) the average cost of property damage in property-damage-only (PDO)
accidents was $600 per reported accident ([11], page 2). To this should undoubtedly
be added something for the simple unpleasantness and inconvenience of being
involved in a traffic accident. Were the case to go to court and/or to insurance
adjusters the marginal cost of these activities also would have to be counted as an
expense of the accident.

The measure of benefit becomes more difficult when we move from property
damage avoided to injuries avoided. The California Division of Highways uses an
estimate, based on survey data, of $2,100 as the direct cost of eachinjury accident.
This direct cost includes ‘“‘the money value of: damage to property, ambulance use,
hospital and treatment services, doctor and dentist services, loss of use of vehicle,
value of work time lost, legal and court fees, damage awards and settlements, and
other miscellaneous items” ([11], page 3). But the loss of future earnings of persons
permanently injured as a direct result of an injury accident is excluded — except where
damage awards or settlements may have compensated for such loss.4 The figure also
makes no allowance for the very real personal suffering involved in injuries. These
omissions are made, of course, because of the extreme difficulty, or even impossibility
in the case of personal suffering, of making a meaningful estimate. We should there-
fore be mindful in using this estimate of $2,100 per injury accident that it represents
only the measurable portion of a total cost, and it is the total (measured 4 intangible)
cost that is relevant for decisions about traffic safety.

The measure of benefit becomes most difficult when we come to avoidance of
traffic accident fatalities. While it may seem offensive to place a money valuation
on human life, such a valuation is indispensable in assessing the benefit of traffic
safety measures. Obviously, no wide agreement can be expected on any specific value,
but several estimates have been proposed and used in highway work, and it is
instructive to examine them.5 Using the direct-cost method described above, the

4The inclusion of damage awards and settlements makes the “‘direct cost” estimate something
of a hybrid concept, with an allowance for lost earnings made in some cases and not in others. It
would seem more logical to make an allowance for lost earnings in all cases, or not in any. However,
the data as supplied by the California Division of Highways do not permit the deduction of damage
awards and settlements. An economic loss of $2,200 per injury in 1963 was found in a study of auto-
mobile accidents in British Columbia. In that study, economic loss was defined as expenses incurred
(medical and hospital expense, repair of automobiles, and other expenses resulting from the auto-
mobile accident), expected future medical expenses, and income loss [13].

5Perhaps there would be agreement on the fact that individuals do not place an infinite value on
their own lives, as evidenced by the many small risks (including those of driving) that people are
accustomed to take daily.
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California Division of Highways places the cost of fatalities per fatal accident in
urban areas at $7,700.6

In an attempt to supply a more inclusive concept of the cost of traffic fatalities, a
study by the Department of Transportation added to the medical and property
damage losses an estimate of the present discounted value (at time of death) of
expected lifetime earnings. On this basis, it estimated the average total loss per
fatality at $89,500 ([14], page 27). This would imply an average cost of fatalities per
Satal accident of $89,500 times 1-15, or $102,900, based on the California average for
urban areas of 1-15 fatalities per fatal accident. In a similar study, which assessed the
benefits of motor vehicle injury-prevention programmes, the Department of Health,
Education and Welfare [15] estimated the average expected lifetime earnings fore-
gone as a result of traffic fatalities at $93,000, which is very close to the DOT figure.?

Although these and other measures have been suggested and computed, it is
obvious that no single usable estimate of the cost of a traffic fatality can be made
from the available data. Indeed, the estimates that have been offered are really
attempts to answer an impossible question, “What is the value of a human life?”
Answers have usually turned out to be estimates of the value of the victim’s livelihood
rather than of his life [12]. Rather than opt for one of these figures (or attempt to
provide still another) we shall use both the low estimate of the California Division of
Highways and the high estimate of the Department of Transportation to illustrate the
benefit of reducing accidents, and show how sensitive the final benefit-cost results
are to the varying concepts of the cost of traffic fatalities.

A summary of the estimates to be used for valuing the cost of traffic accidents (and
thus of the benefit of reducing traffic accidents) is presented in Table 3. The values

TasLE 3
Cost of Traffic Accidents
Average Value of Loss
Type of Accident per Accident
$

Property damage only 600
Injury 2,100
Fatality

(a) California Division of Highways 7,700

(b) Department of Transportation 102,900

6[11], p. 2. Since there may be more than one fatality per fatal accident, this implies a lower estimate
of cost per fatality. In urban areas in California, the average number of fatalities per fatal accident is
1-15 (p. 14).

7T§1€3 esti)mate is based on calculations for each five-year age and sex group on the basis of 1964 life
tables, 1964 labour force participation rates adjusted for full employment, 1964 mean earnings, 1964
imputed value of housewives’ services, 1964 housekeeping rates, and an annual net effective discount
rate of 3 per cent. The estimate is biased downward by assuming that wages will remain at 1964 levels,
but perhaps the low 3 per cent discount rate compensates for this (p. 26).
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adopted are tentative estimates, and the estimation of each figure properly deserves a
separate in-depth investigation. However, it does not seem a proper division of
labour to make an independent, full-scale investigation of the cost of injury or death
in each benefit-cost analysis that involves a reduction in traffic accidents. This is
especially true in the present case, where we are emphasising the relatively neglected
production side of the analysis.

Although traffic safety is, of course, the prime motive for traffic law enforcement
patrol, there may be additional side-benefits. We now consider these non-traffic
benefits.

Benefits: (2) Crime reduction. A possible benefit of an increased level of enforcement
would be a reduction in crimes along the beat. Valuing the benefit of a reduction in
crime is in many ways more difficult than valuing the benefit of a reduction in traffic
accidents, although some of the difficulties are common to both evaluations. An
attempt to ascribe minimum dollar cost estimates to various crimes has been made
elsewhere by the author [7]. We shall use these same values to measure the benefit
of any crime reduction that may take place as a result of traffic law enforcement
patrol.

Traffic Volume. One of the most important determinants of the number of traffic
accidents occurring on a beat is, of course, the volume of traffic. To make compari-
sons of traffic safety among areas or over time, traffic accident rates are used — numbers
of traffic accidents per 1,000 population, per 1,000 automobiles registered, or per
million passenger car miles driven. These rates are meant to account for the factor of
exposure to the accident-causation process. To estimate the exposure on the eight
experimental beats, the volume of traffic, in terms of the number of cars per day
travelling along the beat, was measured at a point near the middle of each beat.
Admittedly, this is an imperfect measure of exposure, but it does serve to show
whether any obvious changes in volume of traffic have occurred in recent years
which could account for changes in the total number of accidents on the beat. For
years before the beginning of the experiment, it was necessary to rely on volume
counts that happen to have been made at the same location for other purposes.
There were thus fewer counts for each beat in previous years, and there are more
ample data for previous years on some beats than on others. Table 4 shows the
average volume counts for four intersections (on three beats) on which the largest
numbers of counts are available for the test period and for previous years.

The average weekday volume in the experimental period is very close to the aver-
age weekday volume for the previous years, and in each case falls within one
standard deviation of the average weekday volume in the previous years. The
volume counts for other beats (where the averages necessarily included counts from
different, and therefore less comparable, intersections along the same beat) also
show a pattern of only slight volume change.

It is therefore not necessary to express accident experience in terms of accident
rates to make a comparison between the test period and previous years. We can
instead make direct comparisons between the numbers of accidents to see whether
there has been any change in the underlying accident-causation process.
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TABLE 4

Traffic Volume, 1964-1969
(October-Fune)

Weekday Average Volume

Beat Intersection 1964-1968 1968-1969

4 Pacific Coast Highway at Avalon Boulevard 29,270 27,810
(2,270) (1,180)

4 Avalon Boulevard at Pacific Coast Highway 18,970 18,370
(2,860) (1,670)

7 Van Nuys Boulevard at Magnolia Street 34,500 36,280
(2,890) (2,530)

8  Olympic Boulevard at Normandie Avenue 28,740 28,070
(805) (1,890)

Standard deviations of the weekday volume counts are shown in brackets below the averages.

The accident data. The data used to estimate the effect of the experiment are reported
injury accidents occurring during the hours of the experiment (10.00 a.m. to 6.00
p.m., Monday to Friday), both during the experiment and during the previous five
years. During the comparison period (before the experiment) the criterion for a
property-damage-only accident that must be reported was changed from property
damage of $50 or more to property damage of $200 or more. Furthermore, the
number of officers on a traffic beat could easily influence the proportion of PDOs that
are reported to the police; if no officer sees the accident, the parties involved in a
minor PDO may prefer not to report it. Thus, reported PDOs may increase when
patrol intensity is increased simply because a higher proportion of accidents that do
occur are reported.8

Because of this possibly misleading factor, analysis was restricted to injury
accidents only. The definition of a reportable injury accident has not changed, and
the reporting of injury accidents by the Los Angeles Police Department Accident
Investigation Division is on a more uniform basis. However, when assessing the
benefit of any measured reduction in injury accidents, we shall also have to make an
estimate of the resulting benefit of any accompanying change in PDO and fatality
accidents.

Effects of Traffic Law Enforcement on Traffic Accidents

The results on accident experience of the traffic law enforcement experiment are
summarised in Table 5. In column 2 the number of officers on each beat in the years
before the experiment, and in column 3 the number during the experimental test
period, are shown. In column 4 is the average number of injury accidents during the
same periods of the pre-experiment years 1964-1968; in column 5 is the number of
injury accidents during the nine-month test period in 1968-1969.

8This effect would be similar to the increase in certain reported crimes, particularly vice crimes,
often associated with increase in deterrent patrol manpower.
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TaBLE 5
Enforcement and Accidents on the Experimental Beats

Number of Officers Injury Accidents
Beat Before Test Before Test Reduction (—) or Increase (+)
(1) @) 3 4) ® (6)
1 1 1 (visibility) 61-25 62 + 19
2 1 1 (warning) 65-50 57 —139%,
3 1 4 74-75 75 0%,
4 0 4 49-50 40 —19%
5 1 1 55-50 59 + 6%
6 0 1 41-25 39 — 59,
7 1 3 54-00 47 —139%,
8 1 0 50-00 58 +169%,
TABLE 6

Input-Output Rankings on Six Experimental Beats

Change in Percentage Change
Beat Officers Rank of (2) in Accidents Rank of (4)
(1 @ 3) (4) ®)
8 -1 1 +16 1
5 0 2 + 6 2
6 +1 3 -5 4
7 +2 4 —13 5
3 +3 5 0 3
4 +4 6 —19 6

The first two beats were the ones intended to show the effect on accident experi-
ence of different methods of enforcement by the same manpower. Only on beat 2
(the warning-only beat) was there a reduction in the number of accidents from the
average of the four preceding years, in which the enforcemeat technique had been
the standard method of issuing citations for observed violations.

The other six beats were designed to show the effect that an increase or decrease in
the number of officers (employing the standard citation method) has on observed
accident experience. An interesting overall observation is that on each beat where
enforcement was increased (beats 3, 4, 6, 7) the number of accidents either declined
(beats 4, 6, 7) or remained the same (beat 3), and that on the beats where enforce-
ment was unchanged (beat 5) or was decreased (beat 8) the number of accidents
increased.

More specifically, these six beats (beats, 3, 4, 5, 6, 7, 8) can be ranked according to
the change in the number of accidents. Table 6 shows the changes for each of these
beats, and their relative ranking. With this information a correlation coefficient can
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be calculated for the two ranks. There is an obvious rough negative correlation
between the two variables: a greater increase in officers is associated with a greater
decrease in accidents. The rank correlation coefficient, 7, tests the significance of this
relationship. In this case r = 0-829; it is significant at the 0-05 level of significance.9
This significant negative rank correlation between the input and output rankings
suggests that an increase in the number of officers does reduce the number of traffic
accidents, but it says nothing about the magnitude of the effect of traffic officers on
traffic accidents.

Before interpreting these data as evidence that increased manpower decreases
accidents, we must of course examine the possibility that the changes may be due to
random movements in the number of accidents, such as occur from year to year even
in the absence of any changes in enforcement techniques or manpower. We shall
discuss this problem of statistical inference below. Assuming for the moment that the
observed changes in accidents are in fact due to changes in enforcement and that
there are no other effects (on travel speed, crime rates), how can the traffic accident
results be evaluated in cost-benefit terms?

Since we have measured the effect of enforcement on injury accidents only, we
must first make some estimate of how fatality and property damage accidents were
also affected. As mentioned, the percentage of property damage accidents reported
depends partly on the number of officers on the beat, and so the rgported PDOs are
not a reliable indicator of actual PDOs on a beat when manpower is varied. And,
since fatality accidents are so rare on any one traffic beat, the sample size is much too
small to make any inferences concerning them. In the absence of reliable data on
PDO and fatality accidents, we shall assume that enforcement affects the accident-
causation process for fatality and PDO accidents in the same way that it does for
injury accidents, and that these other two categories of accidents will increase or
decrease in the same proportion as injury accidents.

Further, we shall assume that the ratios of fatal/injury and property damage/
injury accidents on each beat are the same as the citywide ratio for surface streets.
These accident figures are given for 1967 in Table 7.

TaBLE 7
Surface Street Traffic Accidents, Los Angeles, 1967

Injury accidents 27,530
Property damage accidents 25,810
Fatal accidents 348
PDO/injury 0-939
Fatal/injury 0-013

Source: Los Angeles Police Department, Statistical Digest, 1967, pp. 49-54.

Thus, there were 0-939 property damage accidents per injury accident, and 0-13
fatal accidents per injury accident. Assuming that this relationship between injury

9If beats 1 and 2 are included and all eight beats are ranked according to the same variables, r =
0-834, which is significant at the 0-01 level.
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accidents and property damage and fatal accidents also holds for ckanges in the
number of accidents, we can construct an “injury-accident equivalent” cost which
includes, for each injury accident, the associated cost of 0-939 property damage
accidents and 0-013 fatal accidents. This injury-accident equivalent permits us to
represent the total cost of all accidents on the beat in terms of the number of injury
accidents only. The construction of the injury-accident equivalent figure is shown in
Table 8, together with data for the cost of each type of accident taken from Table 3.

TaBLE 8
“Injury-Accident Equivalent” Cost

Type of Accident Cost* Number per Injury Accident Equivalent Cost
M 2 &) (4) = (2) x (3)

$ $
Injury 2,100 X 1 2,100
Property damage 600 % 0-939 560
Fatality High 102,900 x0-013 1,340
' Low 7,700 x0-013 100
Injury-accident equivalent High $4,000
Low $2,760

* Accident costs taken from Table 3.

With the estimates of the total “injury-accident equivalent” cost, we can now make
a preliminary and partial evaluation of the costs and benefits of the enforcement
changes, at this point in terms only of the cost of patrol and the cost of accidents.
This is done in Table 9. Column 2 shows the change in the number of motorcycle
officers on each beat, and column 3 shows the cost to the police department of this
change, using the cost figure of $12,000 per nine-mon.h period developed above.
Column 4 shows the change in the number of injury accidents (taken from Table 5),
and columns 5 and 6 show a high and a low dollar value of the calculated change in
total accidents, the difference reflecting the alternative high and low values for the
cost of a fatal traffic accident. Columns 7 and 8 show the high and low estimates of
the net benefits of the change, obtained by subtracting the cost (column 3) from the
benefits (columns 5 and 6).

The low estimate of net benefit of each enforcement change results from the use of
the low California Division of Highways figure for the average cost of a fatal traffic
accident, and the high estimate results from the use of the high Department of
Transportation figure for the loss from a fatality. As mentioned, neither figure is
recommended here as ‘“‘the’ correct one; however, if the benefits of traffic accident
reduction by means of traffic law enforcement are to be compared with the benefits
of other methods of accident reduction, such as highway improvement, a uniform
figure for the value of fatality reduction should be adopted in the evaluation. Other-
wise, those methods of accident reduction would be artificially favoured for which the
higher value was used.
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TasLE 9

Enforcement Costs and Accident Costs on the Experimental Beats

Change in Benefit Net Benefit
Cost of
Change in Patrol Change in High Low High Low
No. of (3) = (2) x no. of Injury (5) = 6) = (7) = 8) =
Beat Officers ($12,000) Accidents  (4) x ($4,000) (4) x ($2,760) (5)—(3) (6)—(3)
o) (2) $000 4) $000 $000 $000 $000
1 0 0 +0-75 -3 - 21 -3 - 21
(Visibility)
2 0 0 —8-5 +34 +23-5 +34 +23-5
(Warning)
3 3 36 0 0 0 —36 —36
4 4 48 -9-5 +38 +26-2 —10 —21-8
5  No change — — — — — —
6 1 12 —2-25 + 9 + 6-2 -3 — 58
7 2 24 -7 +28 +19-3 + 4 - 4.7
8 -1 —12 +8 —-32 —22 —20 —10-1

One interesting aspect of Table 9 is that, of the five beats on which the number of
officers was changed, if we restrict the analysis to benefits of accident reduction versus
enforcement costs only (a narrow point of view often adopted in traffic safety studies),
none of the changes in manpower, either increases or decreases, appears clearly
desirable. Thus, according to this criterion, the initial allocation was better than
any of the alternative manpower allocations proposed. On beat 8, which had
previously had the standard allocation, the magnitude of the increase in accident
cost (both high and low estimates) was greater than the decrease in patrol cost
achieved by eliminating motorcycle enforcement, implying that the previous level
of enforcement was worth the cost. On beat 6, which previously had no motorcycle
allocation, the introduction of the standard allocation did not reduce accident costs
(by either the high or the low estimate) by as much as the increased cost of patrol,
implying that the introduction of a motorcycle on this beat was not worth the cost.
On beats 3 and 4, which were treated with saturation-level enforcement, the cost
clearly exceeded the benefit; and on beat 7, also a saturation beat, the net benefit
is negative for the low estimate and positive only for the high estimate.

Statistical significance. Before making any use of these preliminary estimates of
benefits of reduction in traffic accidents, we must, of course, decide whether the
changes in the number of accidents that accompanied the changes in enforcement can
reasonably be interpreted as caused by the enforcement changes, or whether they
can instead be easily explained by the year-to-year range of random fluctuation that
is ordinarily observed. In deciding whether the change in the number of accidents
was random or not, we must trade off the probability of a type 1 or alpha error (con-
cluding that the change in number of accidents was the result of a change in the
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accident-causation process when in fact there was only a random variation in acci-
dents) against the probability of a type 2 or beta error (concluding that the change in
the number of traffic accidents was random when it was actually the result of a
change in the causation process). Naturally, the smaller the observed change, the
more likely that it can be interpreted as only random; the problem is to decide Aow
large a change in the number of injury accidents must take place before we can
conclude that it was not random.

Fortunately, the random aspect of traffic accidents has in numerous instances been
found to be accurately described by the Poisson Distribution, and we shall assume
that it is here also. Using the Poisson Distribution, we can calculate limits above and
below the expected mean number of accidents such that there would be a low
probability of observing any number of accidents outside those limits if the mean of
the accident distribution were unchanged. The decision rule is then that, if the
number of accidents during the test period falls outside the limits that have been set
up, we can conclude that it resulted from a different accident-causation process with
a different mean. Usually the limits are set so that there is only either a 5 per cent
or a 1 per cent probability that any number of accidents outside the limits would
result from a chance deviation from the expected mean. In most traffic accident
studies a low probability of type 1 error is specified, on the assumption that it is very
important to avoid false reports of a change in the accident-causation process, and the
probability of making a type 2 error is not discussed. But when the problem of type 2
errors is not explored there is an unknown probability that, because of the require-
ment of a low type 1 error, there may be a large probability of failing to detect some
changes in the accident-causation process that do occur. To take this problem into
account, columns 4 to 7 of Table 10 show for each beat the probability (beta) of fail-
ing to detect either a 10 per cent or a 20 per cent change in the mean number of

TasLE 10
Tradeoff between Alpha Error and Beta Error

Percent Change Percent Change is Beta Error if Beta Error if
Beat in Accidents significant for Alpha = Alpha = 0-1 Alpha = 0-2

K = 10% K =20% K = 10% K = 20%
2) (3) (4) (5) (6) (7)

—
b
~

1 + 1% * 0-82 0-59 0-70 0-42
2 —13% 0-13 0-76 0-45 0-64 0-32
3 0% * 0-65 0-30 0-48 0-20
4 —19% 0-08 0-71 0-42 0-56 0-30
5 + 6% * 0-82 0-59 0-70 0-42
6 — 5% * 0-74 0-48 0-58 0-35
7 —13% 0-15 0-71 0-42 0-56 0-30
8 +16% 0-14 0-71 0-46 0-56 0-26

K equals the change from the base period to the test period in the mean of the accident frequency

distribution.
* Alpha > 0-2.
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accidents that would result from requiring that the size of alpha be no more than
either 0-1 or 0-2. Also, in column 3 is shown the size of alpha associated with the
conclusion that the number of accidents that did occur during the test period
indicates a significant change in the accident-causation process as compared with the
base period.

As shown, none of the changes is significant if we insist that there be only a 0-05
chance that the change from the base period to the test period could have occurred
as a matter of chance. And only on beat 4 is the change significant if we set alpha at
0-1. However, the table also shows that if we require an alpha of 0-1 there is a large
probability (beta) that we would fail to detect real changes of as great as 20 per cent
in the mean number of accidents on each beat. (The probability of failing to detect a
real change of this magnitude would not be lower than 0-3, and on two beats it would
be as high as 0-59.) For an alpha of 0-2 the beta error is lower, but still sizeable on
most beats. There is no easy way to select an appropriate combination of alpha and
beta errors; what is appropriate depends on the cost of making each type of error.
In this regard, note that, except for beat 4, a decrease in the accident mean of 20 per
cent would change the net cost to a net benefit (as measured in Table 9) on all beats
where enforcement manpower was increased or where enforcement techniques were
altered. Thus, a high beta error probability of failure to detect a change in the accid-
ent mean of 20 per cent would imply a high probability of rejecting a potential
improvement in resource allocation. The cost of making an alpha type error may,
however, be much less. The disadvantage of interpreting a random decrease in
accidents as evidence of a change in the accident-causation process may be relatively
less important because the measurable benefit of the assumed decrease in accidents
may not exceed the additional enforcement cost. The experimental enforcement
allocation would be rejected anyway; for instance, on beat 4, if the measured
decrease in injury accidents were the result of random fluctuation rather than a
change in the accident-causation process, the preliminary benefit measurement in
Table 9 indicates that the cost of the increased enforcement would exceed even the
spurious measured benefit. An erroneous decision would not be made that the
enforcement increase was a worthwhile policy (neglecting for the moment other costs
and benefits of the experimental change).

Even if the results do lead to the conclusion that there has been a change in the
accident-causation process, we cannot conclude that the particular number of
accidents observed in the experimental period is the new mean number of accidents
that would occur if the experimental enforcement policy were made permanent. A
reliable estimate of the new mean would require a continuation of the enforcement
policy for several periods, so that the new mean could be calculated from the repeated
observations. Thus, the conclusion on statistical grounds that there has been a change
in the accident-causation process on any beat would suggest the necessity of further
investigation of those experimental enforcement techniques or enforcement levels
that appear most promising. For instance, the results in Table 9 indicate that the
enforcement methods on beats 2, 7, and 8 are worth further investigation. This
potential for further experiment with the most promising experimental methods is
another reason for tolerating statistical tests of significance with a relatively high
alpha error: if the results were due only to chance variation in numbers of accidents,
further tests should reveal the mistake. Conversely, we should be very concerned
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about the size of the beta error, because acceptance of a high beta error means a high
probability of rejecting from further consideration a potential improvement in
enforcement methods.

If these arguments are deemed sufficiently important to accept a change in the
number of accidents as significant if the probability of making a type 1 error is as
high as 0-15, then four beats show a significant change in the accident-causation
process, and one of these, beat 2, is of particular interest because the preliminary
calculation of costs and benefits indicates that the change produced a net benefit.
Note that these preliminary results are insufficient to judge the worth of traffic law
enforcement, because they refer only to a portion of total costs and benefits. But
before moving on to consideration of other costs and benefits, it may be useful to ask
why the traffic accident results turned out as they did on this selection of experimental
beats.

A first observation is that, so far as the effect of enforcement on accidents is
concerned, manpower was not obviously misallocated before the experiment began,
because no form of re-allocation, whether an increase or a decrease, showed a clear
net benefit. The previous judgemental method of allocation has not been shown to
be grossly in error.

Net benefit on warnings-only beat

A second observation is prompted by the experience on beat 2, the warnings-only
beat. The number of accidents was reduced on this beat without any increase in the
manpower allocation, and some elementary but important reasons may serve to
explain this. Despite widespread silence on the matter, many police departments
have informal “quotas” on the number of citations that traffic law enforcement
officers should write in an hour, day, or week. This quota system is an understandable
response to the difficult problem of defining the duties of officers and ensuring their
performance, especially in a field where the final output is difficult to quantify.
Because final output is difficult both to measure and to relate to agency inputs, police
administrators tend to rely on work statistics (intermediate outputs) that appear to be
related to final output. But this use of work statistics as a proxy for output can lead to
unproductive behaviour unless there is a close congruence between the intermediate
goal as defined for lower-level decisions and the ultimate goal of the agency. For instance,
if output is defined to the traffic officers as a certain number of citations issued per
day, there is no particular incentive for an officer to concentrate his citations on
violations most likely to result in accidents. In fact, traffic officers are not always
given accident statistics that reveal the high-accident intersections or the violations
involved in accidents during past periods on the beat. Rather, officers have an
incentive to issue citations for obvious violations that are difficult for the violator to
contest (because contested violations can lead to lengthy court appearances by the
citing officer), even though these citations may not be at the locations or for the
violations accounting for the greatest numbers of accidents on the beat. Thus there
is an inappropriate incentive to concentrate the issue of citations at “apple orchard”
locations, where a large number of obvious violations occur. ’

In the experimental situation on beat 2, where the traffic officer was assigned to
issue warnings, he could stop motorists for potentially more dangerous violations
even though the proof of violation was not incontestable. In addition, the warnings-
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only officer never had to lurk in a concealed location while waiting for a “good”
citation, and thus was able to patrol the beat more visibly. While this speculation on
the possible explanation of the effectiveness of greater use of warnings would have to
be tested by further experiment, it illustrates the potential conflict between a lower-
level work measure — citations issued — and a higher-level agency goal — reduction
in accidents and congestion. For instance, if along a beat 40 per cent of the accidents
are caused by illegal turning and 10 per cent by following too closely, a patrol
procedure which discerns no difference between issuing tickets for the former and
issuing tickets for the latter will not be very efficient.

The preceding has somewhat exaggerated the actual situation in the LAPD traffic
bureau. Some attention is given to a beat’s previous accident experience, and some
violations are considered more serious than others in light of that experience. But the
fact remains that the patrolman is to a large extent judged on the number of tickets he
issues, not on the incidence of traffic accidents along his beat. The intermediate goal
ofissuing tickets has become an end unto itself instead of being a means to the goal of
accident deterrance.

To see whether in fact a shift in the goals of the patrolman would result 1n a
reduction in accidents, a further experiment could be undertaken at little or no cost.
It would involve analysing a particular beat’s history with emphasis on the types and
locations of violations which most often resulted in accidents. These data would be
made available to the patrolman, who would be instructed that his goal was to be
accident reduction and that the number of tickets he issued would be considered only
to the extent that certain violations had been shown to be likely to result in accidents.
If this were done for several beats and over a sufficient period (probably at least one
year), the results should show whether this form of re-orienting output measures at
lower-level decision stages to conform to higher-level police department goals would
be useful.

Effect of Traffic Law Enforcement on Speed of Travel

One of the chief goals of the traffic programme is to reduce congestion and the
travel time of trips on surface streets. An important question is thus whether motor-
cycle patrol contributes to this goal, since at present patrols are allocated almost
entirely with a view to reducing accidents. As stated earlier, it seems a priori that
enforcement could either increase or decrease average travel time for motorists
travelling along a patrolled beat.

Increased travel time could come about through fewer drivers exceeding the speed
limit, or through fewer time-saving but illegal turns, more full halts at stop signs, etc.
Decreased travel time could come about through encouraging drivers to adhere to
the “rules of the game’’, whereby one driver is prohibited from imposing external
costs on other drivers in the form of either increased travel time or reduced safety.

It is extremely difficult to obtain data on all aspects of the effect of enforcement on
average travel time; but during the experiment data were obtained by radar
observations on perhaps the most important indicator of the effect of enforcement on
travel time — the speed distributions of moving automobiles at selected points on each
beat. Unfortunately, no comparable body of radar observations was available for the
years preceding the experiment, so the effect of enforcement on speed must be
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inferred from a cross-sectional comparison of the eight beats on which enforcement
was varied.

An immediate inference from the radar speed data is that, regardless of the level of
enforcement, only a very small proportion of drivers exceed the speed limit on this
selection of beats; on no beat was there an average of more than 5 per cent of drivers
exceeding the speed limit by more than 5 m.p.h. during the speed observations. This
could have been expected because of the normally heavy traffic flow on main surface
streets in Los Angeles. There is not even a negative rank correlation between
enforcement levels in terms of officers per mile and the percentage of drivers exceed-
ing the speed limit (rank correlation between the two is 4-0-045) ; this indicates that
opportunities for speeding are determined more by traffic and road conditions than
by enforcement level on these beats. This situation is in contrast to that on rural
highways or freeways, where drivers have more individual discretion and where
enforcement might be a relatively more significant determinant of speed.

It therefore seems unlikely that enforcement would appreciably reduce the steady
flow or speed of traffic — especially as such a small proportion of drivers exceed the
posted speed limit by an amount likely to lead to a citation for excessive speed (the
average percentage of drivers exceeding the posted speed limit by more than 5 m.p.h.
was only 1-3 per cent).

Because the limited evidence on speed distributions indicates very little effect of
enforcement level on the (generally small) fraction of drivers exceeding the speed
limit, and because other effects (even the direction of the effects) on traffic delay are
almost impossible to measure, we shall not attempt a dollar value estimate of the
effect of enforcement on travel time. Instead, as a second-best solution, we shall
calculate what the magnitude of the effect of enforcement on average speed and
travel time would have to be to seriously affect the previous calculation of other costs
and benefits. To anticipate the results, it is interesting that a very small change in
average speed can greatly affect the calculation.

To estimate the social cost of a change in traffic speed, we first need to know the
volume of traffic on each beat during the experiment. Detailed examination of daily
traffic volumes shows that at least one-third, and often close to one-half, of total
daily volume occurs during the hours of the experimental patrol, 10 a.m. to 6 p.m.
The average volume on all street lengths of the eight beats was approximately
27,000. A conservative estimate of average traffic volume on a beat during the
experimental hours would thus be 9,000 vehicles per day. The average traffic beat
length was 3-7 miles. With this information, and with the valuation of the cost of
travel time of 3¢ per vehicle-minute that was discussed earlier, we can estimate the
effect on cost of a change in average steady-flow speed of traffic. For instance, at
30 m.p.h. it takes 7-40 minutes to travel 3-7 miles. If speed is reduced to 29 m.p.h.,
it takes 7-66 minutes, or 0-26 minutes longer. With a cost of travel time of 3¢ per
vehicle minute, this reduction in speed of travel by 1 m.p.h. implies an increased
cost of travel of 0-78¢ per vehicle traversing the full beat. This is, of course, an
extremely small cost per vehicle, but with 9,000 vehicles per day this amounts to a
total cost of $70 per day, or $13,650 during the nine-month period of the experiment
(which included 195 weekdays). Conversely, if the effect of enforcement were to
increase the steady flow speed of traffic from 30 m.p.h. to 31 m.p.h., it would
produce a benefit of almost the same amount. Thus the cost or benefit of even a
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seemingly small change in the speed of traffic flow, relative to the measures of net
benefit calculated in Table 9, is surprisingly large.10 An important implication is that
the traditional concentration on the goal of reducing traffic accidents may represent a
serious over-emphasis; the less obvious and much less easily measured effects on
travel time may very well be of as much quantitative importance.

The traditional tendency of police departments to consider a low traffic accident
rate (or perhaps a high enforcement index) as the main or sole objective of traffic law
enforcement is perhaps due to the fact that the number of accidents is relatively easy
to measure, and average travel time on surface streets is not. But if the State Highway
Department values for vehicle travel time are valid, the effect of enforcement on
travel time may be as worthy of explicit consideration as the effect on traffic accidents.
The current practice of selective enforcement on patrol assignments is based only on
accident rates, without regard to possible effects on congestion. Clearly, if motor-
cycle patrol does have an effect on congestion, this should also be an explicit factor
in beat assignments.

Although the method of speed measurement available for the experiment was,
unfortunately, inadequate to detect small changes in average speed of traffic flow,
we are able to show that the benefit of a small reduction in travel time (or the cost of a
small increase) would appreciably affect the cost-benefit calculation. This is, of
course, an indication that the traffic bureau’s expressed objective of reducing

congestion is indeed an important one, deserving more consideration than it currently
receives in traffic patrol assignments.

SUMMARY AND CONCLUSION

The results of the traffic law enforcement experiment in terms of benefits and costs
that have been measured are summarised in Table 11. The data on accidents come
from Table 9, and all qualifications pertaining to the earlier development of these
data apply here also. The benefit of crime reduction (column 6) is based on an
estimate which the author has developed elsewhere [7].

There is an unfortunate gap in column 7, because of inability to measure benefits
of reduced travel time; however, our hypothetical calculation has at least shown its
relative importance. This benefit would, of course, have a negative value if traffic
law enforcement increased average travel time.

The most striking implication of the measured results is that, with the exception
of the warning-only beat, no change resulted in a clearly demonstrated net benefit.
Such a uniformly negative net benefit indicates that the existing allocation of
resources among beats was superior (in terms of measured benefits) to any re-allocation

10The formula for the length of time, T (in minutes), required to travel 1 mile by a vehicle travelling

V mphis T = 60 x 1/V. Theincrease in T associated with a 1 mph reduction in Vis

60 60 60

T=—r - —=—

V-1 VvV vV
Thus, the effect of a 1 mph change in speed on total travel time is greater for lower initial speeds. For
instance, with the same traffic volume along a given road length, the dollar benefit in terms of reduced
travel time is greater for an increase of average speed from 20 to 21 mph than it is for an increase from
60 to 61 mph. Urban surface street speeds are, of course, closer to the former speed range.
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TaBLE 11

Summary of Costs and Benefits of Experimental Patrol Changes

Benefit of Measured
Change in Change in Accident Benefit of Benefit of Net
Number of Cost of Reduction Crime Reduced Benefit
Beat Officers Patrol High Low Reduction Travel Time High Low
1 @) 3 @ (6) ™) ®
) $000 $000 $000 $000 $000 $000
1 0 0 -3 - 21 0 — -3 - 21
(Visibility) }
2 0 0 +34 4235 0 — +34 +23-5
(Warning)
3 3 36 0 0 +1-1 — —34-9 =349
4 4 48 +38 +26-2 +2-8 — - 72-19
5 No change — — — — — — —
6 1 12 +9 + 62 404 — = 26— 54
7 2 24 +28 +19-3  +0-5 — + 45— 42
- 8 ~1 —12 —32 =22 —0-6 — —20-6 —10-7

that ‘was tried, and that the “saturation” technique of concentrated traffic law
enforcement in a small area is not justified. In no case was the value of the marginal
product of an additional traffic officer clearly greater than the marginal cost when
there was already one officer on a typical beat. In terms of motor officers per mile,
there was no net benefit from an enforcement level above approximately 0-3 officers
per mile on main surface streets, and on one beat (beat 6), which had the lowest
traffic volume, even that level showed no net benefit.

Aside from the findings on patrol intensity, the results indicated that a change in
patrol techniques may be desirable. The warning-only beat showed a large benefit at
no cost, and this result was interpreted as possibly due to the inappropriate reward
structure imposed on officers whose output is, at least partially, measured by the
number of citations written per day. A revision of work measurement was proposed
which would make the reward structure for traffic officers more consistent with the
goals of the traffic bureau.

The benefit and cost figures developed in Table 11 refer, of course, only to the
items that we have been able to quantify, measure, and evaluate in dollar terms.
There are other intangible aspects of traffic law enforcement that must also be taken
into account before the data are used for decision making. For instance, we have not
been able to measure off-beat effects of enforcement on accidents, though some
influence almost certainly exists. Thus the accident reduction estimates to some
extent undervalue the true benefit.

However, if all costs are accurately measured andif off-beat effects of enforcement
bear the same relationship to on-beat effects for all beats, the ranking of experimental
changes according to measured benefits may be the same as the ranking according to
all benefits (measured and unmeasured). For instance, if the (unmeasured) change
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in accidents off each beat is 50 per cent of the (measured) change in accidents on
each beat, the ranking of beats according to net benefit is not greatly affected, and
not affected at all at the upper and lower ends of the ranking.

Another question concerns the significance of statistical inferences made on the
basis of the experimental outcomes. That is, are the results valid indicators of the
relationship between cause and effect, or do they represent only random variations in
accident and crime rates that would have occurred even without enforcement
changes? This question has to be answered in terms of probabilities; because of the
small sample size necessary here, there is an appreciable chance that the changes in
the number of accidents occurring during the experimental year were actually
random variations (see Table 10). Thus the benefit-cost calculations based on
these results should not be considered evidence of the proved worth of any particular
method or intensity of patrol, but rather as indicators that some allocations are worth
further investigation and that other allocations are distinctly less promising.

Even if further research does validate the findings that certain patrol techniques
and intensities do produce net benefits, other methods of producing the same result at
less cost should still be explored. For instance, this experiment examined alternatives
only within the context of two-wheel patrol. It may be that four-wheel patrol is more
effective under certain circumstances. Thus, after the best method of two-wheel patrol
is discovered, it should be tested against four-wheel methods of accomplishing the
same result. If analysis is to be used for decision makers at a level above that of the
police department, other possibilities also become feasible: for instance, the effect on
safety of higher fines for traffic violations could be tested on an experimental basis.
This would change one of the important “givens” of the problem for the police
department, and thus would change the terms on which suboptimisation takes
place. Also, there are numerous investments in road construction and engineering
which are alternative methods of producing outputs similar to those of traffic law
enforcement. Before these higher-level comparisons are attempted, however, it is
first necessary to discover the most efficient techniques among the lower-level
programmes that are to be compared. It would be misleading to compare one
programme operating well below its potential with another programme operating at
its highest potential, and to interpret the comparison as final evidence of the relative
production possibilities.

Finally, an important finding that emerged during the traffic law enforcement
experiment is the need for and difficulty of obtaining police data on a small area. For
the experiment, it was necessary to use data on traffic accidents aggregated on the
basis of the traffic beats. But the data were available only for the city as a whole or
for individual intersections. A large amount of data manipulation was required to
produce meaningful aggregates of data to test the effect of enforcement on accidents.
The difficulty of this task alone suffices to explain why so few studies have been done
for urban areas. Data acquisition is costly, yet data in usable form are essential for
progress in police research.

Indeed, it is not an exaggeration to say that the chief conclusion of this study is
that the highest research priority for police departments is to put the vast amount of
data already collected into a meaningful and useful form suitable for computer use.
When this is accomplished (and it is well under way for traffic data in Los Angeles),
further experimentation and evaluation will be possible at a far lower cost.
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