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FOREWORD

The Law Enforcement Standards Laboratory (LESL) of the National Buresu of
Standards (NBS) furnishes technical support to the National Institute of Law
Enforcement and Criminal Juatice (NILECJ) program to strengthien law enforcement and
crimina! justice in the United States. LESL's furiction is to conduct research that will

assist law enforcement and criminal justice agencies in the selection and procurement of -

quality equipment, '
LESL is: (1) Subjecting existing equipment to laboratory testing and evaluation
and (2) conducting research leading te the development of several series of documents,

including national voluntary equipment standards, wser guidelines, state-of-the-art
surveys and other reports.

This document is a2 law enforcement equiﬁment report developed by LESL under

the sponsorship of NILEC]. Additional reports as well as other documents are being

issued under the LESL program in the areas of protective equipment, communications

equipment, securily systems, weapons, emergency ecquipuient, investigative aids,
vehicles and clothing.

Technical comments and suggestions concerning the subject matter of thia report

are invited from all interested parties. Comments should be addressed to the Law

Enforcement Standards Labdratory, National Bureau of Standards, Washington, p C.

l'\
Jacob J. Diamond, Chief '

Law Enforcement Standards Laboratory

' \ ' ‘J"
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T
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PREFACE

Expenditures for police patrol vehicles exceed those for any other item' of
equipment purchased by law enforcement agencies. With growing sizes of fleets,
increasing diversity of vehicles for specialist jobs, and an increasing number of options
available for acquiring, maintaining, and disposing of vehicles, the  management of
police fleets is becoming increasingly complex. .

The police fleet manager, in his efforts to provide suuable transportation to meet
department requirements, has a multiplicity of objectives: to provide a fleet of the
composition and size necessary to perform department duties; to provide vehicles which
have adequate performance capabilities, meet safety requirements, satisfy officer morale
and comfort criteria, and contribute to the desired public image; and te provide the
vehicles at lowest possible cost.

In turn, the manager is confronted with a number of decisions regarding provision
of the fleet. He must, for example, decide what types of vehicles and how many to buy;
what optional equipment is required; what utilization practices to follow; how to secure
the vehicles; what type of maintenance and repair facilities to have; how much

- preventive maintenarice to schedule- when to replace a vehicle; and how to dispose of

used vehicles.
The alternative gourses of action are likely to have unequal efficiencies in terms of
resulting costs, but the “best” decision is not always apparent. Information and

" techniques are needed which will help the police fleet manager secure an effective fleet

in the most economical way. In the words of one such administrator, ‘“‘the need for
information in this field is great. A study of existing practices and the success of the
various types of operation should be documented so that the police administrator may
make mtelligent decisions.” Elimination of inefficiencies in police fleet management can
significantly reduce the cost of police services and result in substanticl savings of public
funds. '

A brief summary of this report, entitled Life Cycle Costing of Police Patrol Cars:
Summary Report, was publishéd as National Bureau of Standards Interagency Report
NBSIR 74-471, in March 1974.

Jacob J. Diamond, Chief

Law Enforcement Standards
Laboratory
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EXECUTIVE SUMMARY'

There are many different choices to be made with respect to police vehicle

acquisition, utilization, maintenance, and disposition. Cost comparisen among the
differernt alternatives is an important element in the choices to he made. To make valid
cost comparisons, it is necessary to employ the techniques of life cycle costing. This
means the inclusion of first and end costs, and operation and maintenance costs, as well
as the conversion of costs to an equivalent basis to take into account differences in the
timing of expenditures. .,

This report uses life cycle costing techniques to examine the costs of some of the
alternative approaches to patrol car acquisition, operation, rmaintenance, and
disposition. Although the great variability among departments makes it inadvisable to
think in terms of uniform fleet management rules, the findings of this study are
expressed as general guidelines where appropriate. The analytical methods used in the
cost comparisons are described, illustrated, and recommended as useful decision tools
for fleet managers. In addition, a descriptive overview of existing police fleet practices
is provided in a number of tables on fleet composition, patrol car selection and
accessorization, car utilization practices, maintenance, and replacement policy. A

Specific questions addressed by the study are the following:

(1) What are the cost effects: of purchasing different sizes of patrol cars and

different optional equipment?

(2) What are the advantages and dxsadvantages of direct ownership of vehicles as
compared with leasing vehicles?

(3) How do the costs of contracting-out maintenance compare with the costs of an
in-house shop?

(4) What are the effects of alternative utilization practices on fleet costa?

(5) How often should vehicles be replaced?

(6) What method of vehicle disposition is most efficient?

The focus of the study is on patrol cars, by far the predominant kind of vehicle in
most police fleets. The meihods and techniques are, however, applicable to other types
of vehicles. _

Information for the study was obtained through interviews and correspondence
with State, ¢ity, and county police fleet supervisors; interviews and correspondence with
managers of commiercial fleets, automobile manufacturers, dealers, leasing businesses,
and aute auction specialists; review and analysis of internal records, n,‘tanuals, repoits,
data banks and surveys of police departments and other orgamzanons- review of
published literature; and attendance at meetings dealing with fleet management.

Following is a brief~suimimary of the major topics treated in the report, together

~ with the principal findings:

LIFE CYCLE COSTING METHODOLOGY AND POLICE FI.EET MANAGEMENT

A chapter on life cycle costing methodology explains the techniques used to
compare the costs of alternative systems. A life cycle costing (LCC) appreach to fleet
management examines efficiency over the life of the police transportation system, rather

'Supcrndn Life Cycle Costing cf Police Patrol Cars: Summary Repori, Rosalie T. Ruegg, National R of Standards Interagency Report,
NBSIR 74-471, March 1974,

ix




than focusing on ‘only cne area of cost, such as initial expenditure. The study discusses
the following procedures, which are essential to performing life cycle costing:

(1) Specification of the desired objective or goal; e.g., the objective might be to
seciure police warning light systems with certain performance characteristics.

(2) Identification of the alternative means or systems by which the objective may
be accomplished; e.g., to lease model A lights on a 5-year full-maintenance lease or to
buy model A or model B lights.

(3) Identification of all relevant cash flows, and their expected timing, associated
with each alternative.

(4) Conversion of the cash flow for each a.lternatnve to an equivalent base by
means of discount factors, to reflect the opportunity cost of money. ‘

(5) Summation of discounted costs for each alternative.

(6) Comparison of life cycle costs of alternatives, and selection of the altermmve

with the least life cycle cost.
Because costs of alteinative systems may differ both in amount and in time of
occurrence, a comparison of discounted costs over the lives of systems may differ
markedly from the comparison of the undiscounted sums of present and future
expenditures. For example, a comparison of the cost of two warning light systems—an
aluminum bar with two rotating lights at each end and a roof-mounted light with four
rotating bulbs—comparable in their level of conspicuity, showed the following: Although
the bar light had a higher purchase price, the model examined was less expensive than
the bubble light over the lives of the systems.

The analyses of police fleet problems performed in the study show that LCC
techniques can be profitably applied to many different kinds of problems which
regularly confront the fleet manager. By providing a more complete understanding of the

"cost effects of alternative decisions, LLCC can improve efficiency.

Contacts with a number of police departments showed, however, that many do not
keep cost records adequate for good management control. In order to assess the effects

- of alternative fleet decisions, up-to-date cost information is necessary. In developing a

good cost accounting system, departments may find helpful the guides, programs, and
cost control systems for fleet management which are currently offered by both
commercial and public organizations.

In addition to the problem of inadequate cost records, many departments appear
to have acconnting systems which result in disincentives to efficient management.
Failure to charge or credit appropriate cost centers may cause managers to neglect
certain costs in their decisions. For example, it may be more profitable for departments
which receive no direct credit from their used vehicles to cannibalize them for parts
retrieval, rather than to sell them at the optimal time or transfer them for use by other
departments of government, even if the latter means of disposition are more cost
effective for the local government at large. A proper charge-back system can provide
efficiency incentives.

COST-SAVFING PRACTICES IN BUYING AND SELLING

- The study investigates managerial practices for reducing vehiclé depreciation

costs, Spelclflc practices which are considered include . procurement; model selection;
length of ownership; selection of accessories, color, and equipmenti; ‘ reconditioning;
timing of:resale; and method of car disposal.

3
!

Procurement B .

A brief examination of specification preparation ai‘r_.\d bid acceptance by police
departments leads to the following conclusions: .
(1) Although it is not always economical to accept the l'owest bid, many




AN

departments continue the practice, believing that they have no alternative or that
justification for departing from low bid is too difficult. It was found, however, that
procurement regulations are often written to allow exceptions to low bid acceptance.
Justification for refusing low bids on the basis of projected higher eventual costs in
depreciation, operation, and maintenance is usually difficult. Departments appear more

successful in rejecting low bids on the basis of higher cost of parts, cost of changing

inventory, cost of additional maintenance equipment, and cost of retraining mechanics,

cost differences which are easier to document than the fermer.

{2) Cost may be reduced by avoiding unusual and unnecessary features in the
specifications, by taking advantage of research and test results and illustrative
specifications available from other departments, and possibly, by joining in group buying
efforts. Although most of the major car manufacturers no longer offer quantity discounts
to fleets, special services, delivery priority, or reduction in the dealer’s profit margin
may be attained by submission of specifications jointly with othe‘@: departments. Care
should be taken, however, 1o avoid a pitfall common to group buyuag the accep!ance of
an unsuitable vehicle.

Model Selection, Length of Ownership, Accessorizing, and Color

Based on representative purchase prices, resale values, and associated patrol car
depreciation, the following conclusions are reached regarding practices for reducing
depreciation:

(1) Depreciation cost on patrol cars can usually be reduced by choosing less
expensive, smaller cars (provided they can be effectively used). Typical annual cost
savings® of about $140 can be achieved by a medium-size city department, by moving
from the standard, top-of-the-line model to the standard, middle-of-the-line model, and
about $160 more can be saved by moving from the middle to the standard, bottom-of.
the-line model. A total annual cost reduction in depreciation of $300 is therefore
possible by moving from the standard, top-of-the-line to the standard, bottom-of-the-line:
model. The potential savings in depreciation is even larger by moving from standard to
intermediate automobiles: A standard, middle-of-the-line car operated for 1 to 2 ycars by
a medium-size city department was found to cost from $500 to $600 more anmmﬂy in
depreciation than intermediate, middle-of-the-line models. '

(2) The heavier the utlllznnon (or the acorer the condition of the cars at time of
replacement), the greater the savings in depreciation by buying bottom-of-the- line cars.
The cost impact of harder utilization and poorer car condition may be seen by
comparing the relatively higher depreciation typical of city-owned patrol cars with that
typical of State patrol cars of similar model.

{3) Extending the period of ownership reduces average annual depreciation. For
example, for a standard, middle-of-the-line patrol car operat:d by a Stare highway patrol
department, extending the ownership period from 1 to 2 years typically decreases annual
depreciation by nearly $400. Increasing the period from 2 to 3 years decreases annual
depreciation by another $300. (The relationship between depreciation and running costs
over time is discussed below under Replacement of Patrol Cars.) v

.(4) Purchase of expensive, luxury-model patrol cars generally cannot be justified in
terms of costs alone, although it msay be justifiable for other reasons, such as

performance, officer morale, or appearance. If a luxury model is selected, suitable
accessories, good condition, and early replacement are riecessary to preserve the car’s
resale value, but extensive accessorizing and early replacement to preserve resale value
nevertheless are not generally cost eifective, ’

(5) Empmcal data suggest that depreciation cost may be reduced by the selection
of *“non-patrol car” colors and color diversification within the fieet. In other words,

le_lue figures are b;ud on 1972.1973 model year prices.



-standard black and white vehicles have a lower resale or trade-in value than the more
popular colors. ' :
(6) Considering cost only, luxury accessories on patrol cars are seldom worihwhile,
particularly in the case of bottom-of-the- lme cars or those sold after several years’ usage
with high mileage and/or in poor condition.
*(7) If middle or top-of-the-line cars are purchased and eatlv resale is planned,
inclasion of luxury accessories and. elimination of the austere police car appearance will
usually be desirable from the standpoint of cost.

Reconditioning, Timing of Resale, and Method of Disposition

An examiination of practices surrounding patrol car disposal results in the following
conclusions:

(1) Selective reconditioning appears.to be efficient, with an average expendlture of
approximately 10 percent of the estimated value of the car us a reasonable rule- of-
thumb. This percentage may be increased samewhat for cars with greater potential
‘consumer appeal. :

(2) Normally, it is most efficient to purchase and dispose of cars early in the
model year. However, depreciation costs tend to level off between late spring and late
summer, rising sharply again thereafter. In consequence, purchase and disposal delayed
until spring can be further deferred without significant penalty.

(3) If enough cars in relatively good condition are available for frequent sales,

* rétail wethods of disposal—such as a pollce auction—if administratively feasible, will
likely be cost effective. “

(4) If cars are in poor condition, or if a good local market does not exist, wholesale
disposal (such as consignment to an auto auction, or sale to used car dealers or
wholesalers), is relatively quick and avoids costly storage and built-in deprecxauon

(5) Given an equitable cost accountability system, the transfer or sale of cars to
other departments of government where there is less need for high performance vehicles
may be beneficial to police departments (as well as the local government) by reducing
annual depreciation cost. .

(6) Altnough net trade-in prices are usually low, trade-in may appeal to
departments without attractive alternatives, possibly providing advantages of preferential
service, cenvenient and timely disposal, and low disposal cost. Care must be taken to
“determine the true net cost of the new car/trade-in bxd since high trade-in allowances
often mask high new car prices.

VEHICI.E LEASING AND CONTRACT MAINTENANCE COMPARED WITH
OWNERSHIP AND SELF-MAINTENANCE

In connection with vechicle acquisition, the study looks both at ownership and
leasing. The types of leases are described and the relative merits of the different types
of leases are discussed from the standpoint of police fleets.

’ There are three basic types of lease agreements:

1. the finance lease,

2. the net lease,

3. the maintenance lease. e
The finance lease provides vehicles, but makes no prov*.smn for mamtenance and
operating services. The lessee controls and pays for all maintenance and operating costs
and reimburses the lessor for any resale loss (or receives any resale gain) when the
vehicle is turned back to the lessor for disposition. The net lease, like the finance lease,
makes ne provision for maintenance or operating expenses, hut unlike it, is closed-end,
with no financial adjustment for variaticn in actual depreciation. The maintenance lease
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mcludz.s provision for some maintenance by the lessor, the amount rangmg from very
limited tq comprehensive.

It was found that, while the finance lease is the most prevalent form of lease used
by private fleets, the maintenance lease is. favored hy many police departments. Chief"’
reasons for preferénce for the maintenance lease were thai: (1) It offers small and
moderate size departments a possible reduction in service costs due ‘to economies of
scale achieved by the lessor; and, (2) it offers departments of all sizes a possible escape
from existing poor maintenance arrangemenis. ‘

The claim is often made that leasing is not a viable alternative for police fleets.
However, the experience of police departments with leasing suggests that such claims
are not valid. Examples of actual lease arrangements were found whereby departments
avoid or reduce potential problems and achieve considerable control, {lexibility, and
dependability with leased fleets. No impedimenta to police fleet leasing were discovered
which by nature appear insurmountable.

After consideration of lease arrangements and police experience with leasing, the
costs of leasing and buying are compared. Two basic questions are addressed: Is it

‘economical to secure use of patrol cars through a lease and, is it economical to secure
maintenance through a lease or other contract arrangement with. eutsnde parties? The
cost comparisons lead to the following general conclusions:

(1) Without the tax advantage that private firms enjoy, there afypears to be no
.- general cost advantage to police departments from leasing vehncles for full-time use on a
finance lease, i.e., of securing only the use of the car without préovision of maintenance. ' &
A cost comparison of finance leasing with buying a car suitable for patrol work indicates ‘
a substantially. larger-casic ‘outlay for leasing than for buying. But, the more relevant.
comparison of discounted cash flow shows that the estimated present value of leasing is . .
not considerably more than purchase. Special motives, such as the ‘implementation of a
more regular and frequent replacement policy or the freeing of funds for -alternative
‘purposes having a higher expected rate of return may neverti:eless influence: some _
departments tc consider financing of vehicle acqulsmon through leasing. . R

(2) There is a critical level of utilization, T:é=“rate.of., use per time nermd below = '
which short-term rental of a vehicle becomes cheaper than purchase. This critical level
of utilization is indicated by the ratio of the annual cost of vehicle ownership to the
annual cost of full-time renting (at short-term rates). For example, if ownership costs are
estimated at $3,000 per year and the rental cost (at short-term rates) for 1 year at
$4,000, then it is cheaper to buy the vehicle if it is tc be used more than 75 percent of
the time; otherwise, rental is cheaper. '

The report compares costs of providing maintenance through an in-house police
garage with costs of contracting maintenance to private garages, and estimates the
breakeven point—that fleet size/mileage at which the alternatives are equal in cost.
Based on thé estimated cost data, and assuming a police shop wage rate of $8 per hour
and an outside charge of $12 per hour, the breakeven point comes at approximately 90
vehicles/3,150,000 fleet miles (5.1 million km), at a cost of about $200,000. With smaller”
fleets/lower mileage, contracting mainiené.ﬁce appears to be cheaper; with larger flzets,
self-maintenance appears cheaper. i R,

=3 To test the sensitivity of the analysis to the spcclfxc cost assumptions, the
_ breakeven point is recomputed for alternaiwe wage rate differentials and equipment and
building expenditures: For a pohce labor rate of $5 per hour and a private garage rate of
' $15 per hour, only at fleet sizes as-small ds about 10 or fewer vehicles is contracting out
more economical than self- maintenance. Of caurse, ‘a relative change in labor rates in
the opposne direction can be expected t¢ have an opposite “effect, pointing up the need
to make comparisons based on actual inputs encountered in a gi ¥en sxtuation.




The analysis indicates the following:

(1) Even if wage rates in police shops are substantially below labor tates for
comimercial garages (say, $5 per hour compared with $15 per hour), contracting
maintenance appears the more efficient policy for fleéts of 15 cars or less.

(2) if there is little wage differential between police shops and commercial
garages, contracting maintenance appears cheaper than self-maintenance even for fleets
as large as about 100 cars.

(3) Even for very large fleets, contract maintenance may offer an efficient short.
term solution to existing arrangements which provide poor service.

(4) Due to possible reductions in in-house administrative cost, a full-maintenance
lease (offering both finance and service) may be an efficient means of contracting-out
maintenance, even though the finance aspect of the lease by itself offers no particular
advaniage.

OPERATING AND MAINTENANCE COSTS

The study discusses operating and maintenance costs for patrol cars, presents
empirical data for cars of different sizes and for cars used at different rates and driven
in different environments, and discusses ways of cost reduction.

Based on a sample of ‘more than 1 ,000 pa.rol cars operatmg in 29 cities, the study
may not offer the savings in maintenance: costs usually obhtained by use of smaller cars
for other purposes. In fact, the sample data showed a small rise in maintenance cost as
car size decreased. Nevertheless, overall running costs of smaller-than-standard cars in
the sample were iéss than running costs of standard and larger cars. The findings
suggest that standard and larger cars may not cost significantly more to run for patrol
purposes than smaller cars, but additional study is needed to validate these
comparisons.® However, even with little difference in running costs, the savings in
depreciation costs of a smaller-than-standard car typically make it the efficient choice,
given that it can be used effectively. '

Sample data show that congested traffic conditions lower gasoline mileage
significantly, and raise maintenance cost by about 2.0¢ per mile (1.2¢/km) (see table 28).
On this basis, we would estimate significant potential savings from decreasing the
frequency of stops and starts and reducing the idling of the motor.

Life-time operating and maintenance costs for a sample of State highway patrol
cars show gasoline and oil ¢osts accounting for a little more than half of the total $3,660
per car in average running costs, and maintenance cost a little less than half the total.*

‘Data for.a sample of city patrol cars show that maintenance costs exceed gasoline and

oil costs. =

A breakdown of the _type and cost of maintenance and the mileage interval of
occurrence for sample clty paJo] cars shows an increase in maintenance cost per mile
as mileage accumulates, rising fro*n an average of 2.5¢ per mile for new cars in the
sample to 4.6¢ per mile (1.5¢/km) for cars with more than 60,000 miles (96,000 km). The
data indicate the expenditures incurred for the various mechanical components, and at
what mileage particular kinds of problems arise. For example, during the first 10,000
miles (16,000 km) of operation, repairs to the ignition and lighting systems are t'..
largest single cost for mechanical components and by 20,000 miles (32,000 km), brakes
begin to account for.an important share of cost; at 50,000 miles (80,000 km) transmission
work becomes large, ‘and at 60,000 miles (96,000 k) the power train system is
expensive to maintain.

ane that the empirical date uned in the tynd date the sub ial rise in ganoline priées, which wauld likely increane the relative cost

advantage of the amaller car.
‘Allll\ the teader in remivided that the dita do not reflect the recent large rine in gasoline pnm-m
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Practices reported by police departments for reducing “fuel cost included
specification of octane requirements among vehicle types, and elimination of !he need
for and availability of higher octune gasoline whenever possible. :

The study also discusses the organization and location of maintenance facilities,
i.e., centralized vs. decentralized facilities, pohce 'shop, municipal garage, or private
vendor, and presents cost data for samples of departments with different types of
‘ facilities, adjusted for differences in average wage 1 \tes. On the basis of sample data
’ and a priori reasoning, it was concluded that, other things being equal, thie possibility of

economies of scale and consideration of iransportation costs to and from the facility,
support the municipal garage for small, centrally located fleets, and eitker a system of
decentralized municipal shops or contractual arrangements with scattered private
» vendors for small dispersed fleet:. For larger fleets, the organizational structure of the «
; maintenance facility—police, muni¢ gal, or privately operated—is probably less important
from the standpoint of costs alone,

COST ANALYSIS OF THE PERSONAL CAR PROGRAM

The report describes the nature and possible benefits of a personal car program
whereby each officer is assigned a car to ke used for his or her personal, off-duty use, ;
as well as for regular duty. Empirical cost data from existing personal car programs are
presented and discussed. Capitalization and running expenses of a full personal car B
program are cémpared to costs of a minimum fleet/multishift plan, in which cars are
assigned to a vehicle pool. k 3

The primary benefits claimed for the program are reductions in crim and in
accidents, increased criminal apprehension, and greater citizen sécurity. Other =
attributed advantages, such as higher officer morale, safety, and improved public image
of the police, pertain to internag! department operatxons Cost reduction is also
sometimes cited as an advantage of the program. -

Empirical information provided strong evidence, but not concluswe proof; tha 7
running costs of personal cars are less than for multishift pool cars, but thiere is also T
some evidence that the costs are not substantially different. Better care of the personal )
cars, stemming from increased officer accountability, responsibility, and pride in the
) cars, provides some rationale for possibly lower running costs of personal cars.

Costs of a personal car prograin are compared with costs of a multishift plan for a
hypothetical department with 200 officers. Given the particular assumptions regarding
cash flow patterns, per-mile running costs, off-duty mileage, and depreciation rates, the
following observations were made:

(1) Fhe costs of the two plans are about equal if personal cars are used off-duty
sparingly, are replaced every 3 vears (as compared with annual replacement for pool
cars), maintain their annual resale value about as well as private cars, and incur running
costs less than half as much as the pool cars. '

(2) The personal car program costs much more than a multishift plan—about
3 double in the case examined—if personal cars are used extensively off-duty, are
consequently replaced every 2 years instead of 3, and if ‘they\},incur nbout the same per
mile operation cost as multishift cars. ‘

(3) Under each set of assumptions a very large reducuon in- runmng costs is
required to equalize costs of the programs. : P,

Empirical evidence that casts doubt on a large reduction in running costs for pereonai
cars, suggests that niost personal car programs will probably cost substantially more .
than multishift plans. The program therefore will usually not be justifiable in terms of L
fleet cost alone. However, the value of benefits from the personal car program may

exceed associated costs; hence the program may be justifiable in terms of increased net -

benefits. '
8 R ¢
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REPLACEMENT OF PATROL CARS

The investigation of replacement decisions revealed at the outset that, due to
substantial variation in costs among vehicles and departments, it is not advisable to
think in terms of a uniform economic replacement time for patrol cars. A sounder
approach is for individual departments to determine their opumal replacement policy in

light of their particular cost experience.

The purpose of the study, therefore, is not to define the economic life of patrol
cars in general, but rather to describe and to illustrate with police fleet data the
techniques for determining optimal replacement. Certain of the observed relationships
betvieen fleet characteristics and economic life can, however, be expressed as general
guidelines for the development of policy within individual departments.

The cencept of economic life and the development of replacement models is based
on the fact that incremental running cost tends to increase with mileage and age, and
incremental depreciation cost tends to decline with age of the vehicle, such that there is
a point at which combined running expense and depreciation are a minimum per unit of

time/mileage. Techniques for identifying the replacement time which minimizes the

uniform annual cost, or present value, of long-run fleet costs were found suitable for
application to police fleets.

For practicality and efficiency, departments generally need a dual approach to
replacement decisions. For the purpose of budgeting and for control, it is useful to
predict the average economic lives of the various types of vehicles, based on past costs
and resale values. Predicting average life wili indicate the approximate number of

.replacements which will be required over the coming period. A second decision

approach is needed for replacing individual vehicles, which may differ substantially in
their costs, within their group. Where review-on an individual vehicle basis is infeasible,
the former approach will allow the manager to set a more informed general replacement
rule. ‘ -

The use of police cost data in a replacement model produces a variety of
replacement schedules, ranging from replacement in the first year to no replacement
until necessitated by safety, performance, and other factors. Results are quite sensitive
to the rate of car utilization, the rate of depreciation, and the pattern of maintenance
costs. The following generalizations are made on the basis of case examples:

{1) The faster the rate of depreciation at the outset, the greater the advantage of
retaining vehicles ionger.

(2) The lower the rate of utilization, the greater the advantage of retzining vehicles
longer. s

(3) Maintenance and repair costs must increase fairly sharply with age and mileage
for declining depreciation per unit time to be offset.

(4) Declining performance and reduced reliability are vital factors in determining
replacements if cars depreciate rapidly at the outset or have costs which do not escalate
significantly with increased use.

Thus, a very rough rule is .0 replace relatively early (perhaps in the first year of
operation) those vehicles which depreciate slowly (i.e., whose resale values are well

maintained), are used moderately ts-heavily, and whose Tunning costs per mile are rising
__over-timeé. But for cars which depreciate rapidly, are used at low rates, or whose

running costs per mile do not escalate significantly with increased use, costs may be
reduced by keeping them as long as safety and performance criteria permit.

TYPICAL COSTS

. An examination of sample data shows that the cost in 1972-73 of owning and
operating a standard size, middle-of-the-line patrol car might typically exceed $4,000 on
a uniform annual cost basis. Depreciation appears the largest single part of total direct
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costs, with maintenance, repair, tires, gas, and oil together accounting for a comparable

part.

In closing, the report reminds the reader that there are considerable opportunities
for cost reductions in police fleet management, many of which are examined in the

report.
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THE POLICE PATROL CAR: ECONOMIC EFFICIENCY
IN VEHICLE ACQUISITION, OPERATION AND DISPOSITION

Rosslie T. Ruegg
Institute for Applied Technology, National Rureau of Standards, Washington, D.C. 20234

This study uses the techniques of life cycle costing to analyze some of the decision problems
of police flcet management. It addresses the following questions: (1) What are thie cost effects of
purchasing different sizes of patrol cars and different optional equipméent?, (2) What are the
advantages and disadvantages of direct ownership of vchicles as rcompared with leasing
vehicles?, (3) How do the costa of contracting out maintenance compare with costs of an in-
house shop?, (4) What are the cffects of alternative utilization practjtes on fleet casta?, (5) How
often should vehicles be replaced?, (6) What method of veh.lq'le dlsposmon is most eﬂiclent"
The techmques used to compare costs of alternative systems mrfc described i it & chapter on life
cycle costing methodology. Cost estimates and empirical data m‘e presented in the many tables,
exhibits, and charts which support the study. Existing fleét prictices are described. Findings of
the study are :xpressed as general guidelines for fleet management. The focus of the study is
on police patrol cars, but the methods are applicable to other kinds of vehicles.

Key words: Fleet management; life cycle costing; patrol cars; police fleets; vehicle leasing;
vehicle management.

1. INTRODUCTION

The purpose of this report is to compare the costs of some alternative approaches
to fleet acquisition, operation, maintenance, and disposition, using life cycle costing
techniques to make the comparisons. Where appropriate, the findings of the cost
comparisons are expressed as general guideliﬁes for fleet management. In addition, the
report describes and illustrates methods that can be used to treat a host of other
decision problems related to provision of police transportation., It also provides an
overview of existing fleet practices. The broad objective of the report is to provide the
police fleet manager with information which will assist him in efficiently managing the
fleet.

The focus of the study is on the patrol car, by far the predominant kind of vehicle
in most police fleets. Since a number of models and makes of different size and
performance capability are, in fact, used for patrol purposes, the study implicitly deals
with several categories of patrol cars, rather than a single type of car In addition, the
empirical sections contain some cost data related to other types of vehicles, such as
administrative and undercover cars, motorcycles and scooters, and vans and wagons.
The methods and techniques which are applied in the study to the patrol car, are also
applicable to the other types of vehicles.

A life cycle costing approach is taken because it looks for efficiency over the life
of the police transportation system. This approach avoids the common decision-making
pitial of preoccupation with initial cost, to the relative neglect of the stream of
operating, maintenance, and repair costs and the eventual return from ressle. A life
cycle costing approach alse facilitates analysis of the cost effects achieved by altering
elements in the system, such as the size of the vehicle or the length of operational life.
With a short-sighted approach to fleet management, attempts to reduce expenses in one
phase of fleet provision may lead to cost increases in other areas. For example, a
vehicle with a lower initial purchase price may experience a larger net depreciation thar
a vehicle with a higher purchase price. Keeping vehicles longer may. reduce average
annual depreclanon, but this reduction may be more than offset by rising annual
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maintenance and repair cost and disruption of police service resulting from increased
breakdown. All costs are important from the standpoint of efficiency.

The emphasis is on costs, rather than other attributes of alternative fleet systems
and practices. Although noncost advantages and disadvantages are assessed for some of
the alternatives, no full attempt is miade to measure and compare benefits of the
alternatives. Since alternative systems and practices will likely yield unequal benefits,
differences in their total costs do not conclusively demonstrate relative merit. It is left to
the decision maker to evaluate the costs of alternatives in light of performance, safety,
comfort, appearance, and other criteria, and to base his choice on his own priority of
objectives. For instance, a finding that one size of car is “X" dollars cheaper over its
life than another by no means implies that all police departments should have that car.
Rather, it provides the fleet manager with information regarding the cost effects of the
decision. He must decide whether other considerations outweigh costs.

The difficulty of empirically isolating and evaluating cost effects of alternative fleet
systems is the chief limitation and shortcoming of this report. The diversity of
accounting procedures and data banks—or lack thereof—hampered construction of
compatible data samples for test purposes, but even more of a problem were the
muitiple variables affeciing the data.

Police departments operate in diverse environmental and operating conditions,
hence it was sometimes difficult to know what dollar cost to assign to a given
alternative. For example, large metropolitan departments have considerable in-city
driving, operate in a relatively small area, and may face stringent budgetary constraints;
State Higliway Police have a high proportion of high-speed nonstop driving, and are
iikely 10 have greater financial leeway; small, rural departments may operate few cars
and have little opportunity to utilize sophisticated management techniques.
Furthermore, a department may not have control over its fleet decisions, perhaps due to
past commitments or preemption by higher bodies of government. Rules applicable to
one department may not be suitable for all. Each cost comparison could have been a
lengthy study unto itself. For these reasons, guidelines have been couched in terms of
particular fleet circurnstances or characteristics.

In addition to those problems addressed herein, therc remain a host of other
decision problems in fleet management. Specifically excluded from the scope of this
research at the outset were two problems which are crucial from the standpoint of fleet
effectiveness, namely (1) determination of the optimal mix of vehicles, and
(2) deployment of the vehicles in the most effective way. The effectiveness of a police
transportation system depends upon successful resolution of these problems, just as the
efficiency of the operation depends upon correct decisions regarding purchase,
maintenance, and disposition. These problem areas have been researched elsewhere,
but remain fertile ground for additional analysis.' v

Another area requiring more extensive investigation is the subject of preventive
maintenance. Additional research and experimentation is needed to develop cause-effect..
relationships between vehicle breakdown and resulting downtime, and various police car
preventive maintenance schedules.

In addition, broader data bases are needed to establish more firmly the
rslationship between rates and types of utilization and corresponding rmaintenance and
repair costs. In fact, as automotive technology and design change, continual update is
necessary to detect changes in the relationship.

It would also be desirable to explore further the personal car program, to assess its
benefits. The emphasis here is on cost effects.

'S.c for example, Jan M, Chaiken & Rickard C. Larsan, Methods for Allocaticg Urban Emergency Units, NTIS Report No. PB.208549, New
York City: The Rand Institute, May 1971,
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Several efforts related to this one are presently underway to extend the state-of-
the-art of fleet management. The American Public Works Association, Research
Foundation, is conducting a comprehensive 2-year program to improve fleet operations
of local, State, and provincial governments. Agencies accepted as participants in the
program are offered advisory service, an optional cost management system, newsletters
and special reports. Four manuals, dealing with maintenance reporting, equipment
acquisition, utilization, and replacement, p:eventive maintenance scheduling, and parts
inventory and warehouse control, are to be forthcoming from this program.? The
California State Highway Patrol is currently engaged in a study of the relationship
between patrol car mileage and operating, maintenance, repair cost and depreciation.
The resultant report should shed further light on optimal replacement policy.? Interested
readers should be alert for these and other related studies in fleet management.

For background, exhibits 1 and 2 illustrate the major decisions in police fleet
management. Exhibit 1 lists the factors which determine the demand for transportation

2
The American Public Worke A Jad R h Foundati 1313 East 60th Street, Chicago, 111, 60637,

SI!oh Rutherford, Manager, Fleet Information System, California State Highway Patrol, 2812 Meadowview Road, Sacramento, Calif. 95832,
telephone interview, June 1973,

Exuisit 1. Factors influencing fleet requirements and major
decisions in fleet management

Objective of Fleet Management

Provision of transportation service to meet department requirements
at least cost.

Demand Factors

Police functions
Department size
Size and environmental characteristics of the area served
Budget and other constraints
Fleet deployment policy
Target fleet performance levels -
Safety
Morale (vehicle appearancz and comfort)
Reliability and availability
Functional performance (size, speed, handling)

Fleet Decisions .

Vehicle management program
Delegation of responsibilities ,
Methods of systems control

Vehicle selection
Type vehicle
Make
Model
Color
Accessorizing

Vehicle utilization factors
Number of shifts (or mileage)
Per day driver assignment

Number of vehicles
For regular use
For backup pocl

To buy or lcase vehicles and related equipmant

Maintenance program e
Nature of facility
Preventive maintenance schedule

Replacement cycle

Method of vehicle disposal

2




Exwinir 2. Schematic illustration of alternatives of fleet operations. *

FLEET PLAN A

OTHER PM

*The use of & modified deciaion tree format does not imply consideration of risk in the analysis, To avoid repetition, only one branch at each decision
point is developed when the branches would have been duplicates.

service by a police department (i.e., what), and then ihe major decisions which must be
made to provide the transportation service (i.e., how). (There is no attempt here to show
the sequence of decisions nor their interrelationships.)

The broad objective of all police fleet managers is largely the same; to provide
transportation service to meet the department’s requirements, in light of budgetary and
other censtraints, such as traditional practices, environmental conditions, personalities,
and other factors dependent on local conditions. This broad objective might be amended
to specify that fleet provision be cost-effective., Variations among departments are then
revealed not so much in aim, but in method, that is, how the service is provided.

Making fleet decisions involves choices among alternatives for a number of
subordinate operations or fleet subsystems. Many configurations of these subsystems are
possible: Exhibit 2 depicts a modified decision tree to illustrate some of the alternative
ways to operate a fleet.* A department might, for example, adopt utilization policy “C,”
calling for the use of the cars on a 3 shift/day basis, car rotation among officers, and a
10 percent backup pool. After determining the number of vehicles needed, the

_departmént may choose to purchase them, rather than leasing under one of the several
alternative plans available. It may then decide to maintain and repair its vehicles in a
police shop, rather than to utilize a central garage or private garage; it may carry out a
comprehensive preventive maintenance (PM) program, rather than wait for failures to
occur, it may replace cars at 60,000 miles (96,000 km), instead of 40,000 or 80,000
(64,000 or 129,000 km), or any other possible replacement time. Lastly, the department
may sell used cars at retail auction, rather than trade them in, or wholesale them to
used car dealers. .

The order of decisions shown in exhibit 2 has the semblance of sequential order,
but the decision precess is intéerwoven and much more complex than illustrated. The
problem of determining the economically optimal fleet arrangement requires, in theory,
a simultaneous solution. We can see the joint nature of decisions from the following
illustrative interrelationships. A higher utilization rate implies the need for a smaller
total number of cars, but a larger backup fleet relative to the number of cars in regular
use. Decisions regarding the utilization and maintenance of vehicles will influence the
optimal time of replacement. Reliability and availability goals can be achieved in any of
a number of ways: By increasing the size of the fleet to provide more backup vehicles or
lower utilization rates; by instituting a more effective preventive maintenance program
to replace unscheduled maintenance with scheduled; by selecting vehicles less subject
to breakdown; or by reducing the length of the replacement cycle to keep the fleet

‘Tb. reedor is reminded that this atudy is mot i ded an » hensive i igatien into all possible decisi which L the fleet

manager, Exhibita | and 2 show major deciak which are sdd d by this study.
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newer. The kind of vehicle, its accessories and condition (which reflects utilization

rates, (f‘nver assignment, maintenance program, and replacement cycle), will influence
the optimal method of disposing of the vehicle.

It is the purpose of this study to investigate the cost effects of making the .cheoices =™

in police fleet operation which have been set forth. However, in order to perform the

cost analysis, it has been necessary 10 simplify, theréby not fully accounting for the
above interactions. '

2. METHODOLOGY OF LIFE CYCLE COSTING

Analytical methods can be applied to the host of problems of choice which
confront the fleet manager. A brief description of methods follows, for the pu}pose of
providing further explanation of the methodology used in this study and additional
information to the interested police fleet manager who may wish 10 apply these methods
to problems not dealt with directly in this study. ;

The reader is reminded that this chapter may be passed over without loss of
continuity and understanding of succeeding chapters, although atfention to the
methodology is probably worthwhile. The material is not exceedingly téchnicnl, is

presented in simplified form, and should cause little difficulty for the reader unfamiliar
with these methods. Y

2.1. Life Cycle Costing ‘ o~

Life cycle costing (LLCC) is one of a number of analytic approachen to problems of
choice.® It is a tool useful in choosing among alternative systems of durable capital
goods.® In short, the approach calls for identification and calculation of all relevant costs
associated with each alternative system over its entire operational life, conversion of
costs to equivalency, and summing for purposes of comparison. In the case of vehicle
fieet management, life cycle costing of alternative systems of vehicle operation should
take into account cost of acquisition, maintenance, operation, depreciation, and
disposition, as well as managerial and other relevant costs. A more in-depth discussion
of the concept as applied to law enforcement fleet management follows.

Life Cycle Costing (LCC) analysis includes the following steps:

(1) Specification of the objective to be achieved and any constraints.

(2) Identification of the possible alternative systems which can accomplish the
desired objective, given the constraints. 4

(3) Determination of all relevant cash flews and the expected timing of the cash
flows for each alternative, at current prices; where quantification of costs is not feasible,
notation of the qualitative effects.

(4) Conversion of the cash flow for each system to an equivalent base (discounting
of costs).

(5) Summation of all discounted costs. ;

(6) Comparison of quantitative and qualitative costs of alternatives in light of
constraints, and selection cf the preferred system.

Let us now consider in greater detail each of these tasks in the context of LCC of
police vehicles:

Specification of Objective and Constraints

There are any number of specific objectives, in addition to the broad objective of

providing transportation service to a law enforcement group. For example, an objective

Cost-benelit lyela, cost-effecti Jysis, and 4 forms of cosmt dels ave all tes of hods for ki ¥
i in quentitative terma, They differ in emphasis and context, but are similar in p and 3 ! principh R
SThers pp to be an i ing trand in g t to use the gt of LCC in ihe cantract definition phase of contracia in order 10 promote

oversll efficiency of projects.
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in car selection may be to choose the vehicle ‘with the lowest life cycle costs, with the
constraint that the vehicle meets minimum performance criteria. Similarly, the objective
of the maintenance supervisor may be to maintain vehicles at the lowest possible cost,
while achieving a tatget availability snd reliability rate. By showing cost differences
among alternative ways of meeting those objectives, LCC assists the decision maker in
the efficient allocation of tax dollars.

Identification of Alternatives

We see in exhibit 2 some of the major decision steps in fleet operations. As was
explained, however, each step may be accomplished in a number of ways. The flect
manager should aim for flexibility, resourcefulness and creativity in ldenhfymg possible
solutions to his problems.

Determination of Costs

A thorough LCC analysis should include identification and inclusion of all relevant
costs, from the costs related to acquisition through costs involved in final disposal.
Exhibit 3 summarizes the fleet cost elemerits identified in this study. In order to avoid
excessive expense in making the cost calculations, it is desirable to utilize any available
shortcuts in the estimating procedure. As pointed out zlsewhere in the report, this may
result in a loss of accuracy, but a “ballpark” estimate will often suffice.

Some costs may not be practicably expressible .in dollars, e.g., cost of additional
downtime or decline in driver safety or morale. It may be preferable to express these
costs in nondollar terms rather than to use highly arbitiary or questionable dollar
estimates, In any case, these cost elements should be taken into consideration.

.

Exuiir 3. Critical cost elements to be considered in a life cycle
cost analysis of police patrol cars

First or Acquisition Costs

1.  Preparation of specifications, testing, and other

procurement-related costs

2. Purchase price of the vehicle, including delivery
costs und factory accessories

Add-on equipment cost

Equipping/modification labor cost

. Lease or purchase cost of tools, equipment, and facilities

which may have to be used in connection with the vehicle acquisition

Operition Costs

6. Gas, ail, and tives
7. Preventive maintenance program
Parts and labor
8. Other repairs
Parts and labor
9. Acciderl costs not covered by insurance
10. Cost of maintaining spare-parts inventory
11.  Incidetal expenses (parking, storage, washing)
12, Insurance (det of recovery)
13. Down-time costs
Scheduled and unscheduled
14, Otlier shop and administrative overhead
Eni Costs
-18.  Final reconditioning cost
716, Selling expenses
o 17.  Resale or salvage value of the vehicle
e (a negative cost)

SR
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Worth and Annual Cost Models in LCC Analysxs

After the analyst has identified the alternative ways of achieving a given objective

and has determined all cash flows (positive and negative) associated with each
alternative, he must then determine the time at which they occur. A convenient
procedure is to set up a cost iwiodel in which negative values sre shown as costs and
positive values as negative costs. The costs and their timing for each alternative under
consideration can be illustrated by censtructing a cash flow diagram, such as that shown
later in the paper in exhibit 14, Since money has a time value,” and since the costs of
glternative systems may differ both in amount and in time of occurrence, it is necessary
to make the expenditures for Bach system equivalent in order to compare them. Thus,
the analysis of alternative plans with differest expenditures over time requires. more
than a simple summing of presént and future expenditures. The analyst has two options:
He can, using the appropriate interest rate, compute either (1) the present value of the
alternative systems for an equivalent period of time, or (2) the annual cost of each
system.®

There are six basic discounting formulas which are used to move values in time so
that they may be compared on an equivalent basis. These formulas are shown in table 1
together with their smndard nomenclature and standard shorthand notation.”

The fact that there is an opportunity for &\ve-lmcm which will yield a return causes & dollae npenl today to bhe valued mare highly than a dollar 10
be spent later, apart from any consideration of inflation.
hni

u'l here are other cloanly related for paring alten auch as of the rate of tetiten on investment, The conversion of
caste to an equivalent annual basis wan the method favored in this study, A fuller 1 of technig for pat g alternatives can be found in
most text books on engincering economy, such as Eugene L. Graat and W, Grant lreson, Principles of Engineering Ecanvmy, New York: Honald
Preas Co., and books:on Comt Analyais, auch an A, J, Merrett and Allan Syken, The Flnance and Analysis of Capital Projects . London: Longman,
1971, The author retied extensively upon B, J. Keely and J, W, Crilfith, Resource Optimization Using Cost-Benefit Analysis, K.G Associates
‘Training Manual, K.G Ansociaten, Dallan, Tex,

9
The intarent formulan shawn were nol all used for cost comparinans in. thin studys mainly equstions 2 and & were used, All six are described for
completenans,

Tavre 1. Discounting Formulas

Equation : Standard * Algebraic
no. Use when Standard nomenclature netation form -~
1 Given Pitofind F Single Compound Amount Factor  (SCA, i%, M) F=P q+)®
2 GivenFitofind P Single Present Worth Factor SPW, o8 P ]
3 Given A; to find F Uniform Compound Amount Factor _V(U(flA. i%, M) F=AE_lii.).N:_l]
4 Given F; to find A Uniform Sinking Fund Factg: B (USE, i%, N) "F[(l PN
| e \(1-’;-\}"
5 Given P; wfind A Uniform Capital Recovery Factor (UCR, i%, N) 0 +a)"—-l
4 Given Ajtofind P Usiiform Present Worth Factor (UPW, i%, N) —A[lla‘ }H)" ]
Whore: - ' :

P = a present sum of money.
F = a futuic sum of money.
i = a discount rate.
N = namber of interest periods.
A = an end-of-period payment (or receipt) in a uniform series of payments (er veceipts)

oveze N periods at i discount rate, usually shnually. .
Sopice: Committee on Standardizaticx of Engineering Economy Notation, Manual of Standard
Notaiion for Engineering Econoniy Parameters and Interest Factors, Engincering Economy
Division, American Socuely for Engineering Education. .

&
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Formula 1, the Single.( ompound Amount formula (SCA), is used to deteimme the
- futiire value, F, of the present'sum, P, N years hence, discounted ai = rate of i. .

Fermula 2, the Single Present. Worth formula (SPW), is used to determing vhe
present vzﬁu P, of a future sum of money, F to be received or spent N ~eurs in the S
future, when the discount rate is i. S

Formula 3, the meorm Compound Amou) t formula (UCA), is used to determine
the future value, F, of an ‘annual payment, A, over N years with a discount value of i,

Formula 4, the Uniform Sinking Fund formula (USF), is used to determine ithe size
of an annual payment, A, necessary to ptoduce a given future sum of money, F, in N
years with a discount rate of i. ’
R e*mula 5, the Uniform Capital Recovery formula (UCR), is used to determine the
amount of tiss” ?mnual pay’ment A necessary to recover & present sum of money, P,

Formula 6, the Umfom! Present Worth formula (UPW) is used to ‘determine the e
present value, P, of a series of 3 ‘payments, A, over N years at & discount rate of i.

All values should be expressed in constant dollars; i.e., in terms of the general ,
purchasing power of the dollar at the time, the comparison is be:ng made. Where there_ i R
is a reasonable basis for estimating real cha!:gen in_the cost components (other than
general price inflation), estimates may be adjusted to refiect such changes

Most engmeenng economic textbooks contain -calculations ' &f* thesn different
formulas for various values of the parameters i and N, and $1. T_.bles 2, 3, and 4 are
examples of these discount factors and are reprinted here for the convenience of the . . o
-teader. e

As an example of how the tables can be used, assume that it is desired to find the
present value of a future cost, such ag the present value of a $5,000 cost expected to be
incurred 3 years from now, given a discount rate of 10 percent. YW The appropriaie
algebraic formula is No. 2,

_ 1 e 1 .
P =F ['(]Ti)-ﬂ-] s OT P= 502000 [_——_(l+.10)3 ].

Instead of performing the indicated computations, one could refer to the single present
worth column, SPW, of Table 3 at the row for year 3, finding the factor 0.7513 for F =
$1. Multiplying this factor by the specified future cost yields P = $3,757, the present
value of a $5,000 cost expected in 3 years. ‘
s With s discount.rate of 2 percent, use of table 2 would lead to a calculation of P =
$5 000 (0.9423) = $4,712; at i = 15 percent (table 4), T = £3,288,
A simiiar ealculauan for an expected expenditure {arther in the future say 8 years,
“with i = 10%) indicates & present value of the $5,000 equal to $2,333. B
These simple calculations illustrate the point made earlier that proper assessment
and comparison of costs must take into account when each cost is t¢ be incurred. In the
above example it may be noted that: (1) The highoer the discount rate used, the less the
present value of an expected future expenditure; and (2) the longer the wait until the
future cost is incurred, the less the present value of the future cost. Thus, a fleet oy wm
decision which requires a large initial outlay is actually more costly than an alternative H
decision calling for the same amount spread out over some future period. Similarly,
benefits to be received in the future are worth less the longer they are deferred and the . n
higher the discount rate. ' i !
(For examples of the use of the discounting formulas to reduce costs of alternative '
“'systems to equivalency, see tables 12, 15, 17, 18, 1%, and 32.)

I

0 ’ i
The minimum discount rate which agencies of the Federal Government have bezn: divected to use is 10 Ten
estiate of the average rate of retum on private invclln\lenl. before taxes and after inflation.

8
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TasLe 2. Discount faciors
{2% Discount Rate)

UCR

Year SCA  SPW UcA USF L uPW
N P-F F-P AF F-A P-A AP
1 1020  .9804 1.000  1.000 1.020 0.980

2 L0 9612 2,020 4951 5151 1.942
3 1061  .9423 3.060 .3268 .3468 2.884
4 1082 9298 4.122 .2426 .2626 3.808
5 1104 9057 5.204 .1922 2122 4713
6 1126  .8840 6.308 .1585 .1785 5.601
7 L1499 8706 7.434 .1345 .1545 6.472
8" 1172 5% sse3 165 1365 7.325
9 1195 .88  9.755 025 L3295 8.162
10 1219  .8203 10.95 0918 - an3” Bom
1 1243 8048 12.17 .0822 .1022 9.787
121268 7885 13.41 .0746 0946 1058
13 1294 7730 14.68 .0681 ,0881 1135
4 1319 70 1597 0626 0826 121
15 1346 7430 17.29 .0578 0778 12.85
16 1373 .7284 18.64 .0537 0737 13.58
17 1400  .7142 20.01 .0500 L0700 14.29
18 1428 7002 2141 .0467 0667 14,99
19 1457  .6864 22.84 .0438- . .0638 -~ 15.68
20 1486 6730 24.30 0412 ¢ 0612 16.35
21 1516  .6600 25.78 .0388 0588 17,01
22 1546  .6468 27.30 .0366 0566  17.65

.23 1577 642 28,85 0347 0547 1829
24 41608 6217 30.42 .0829 0526 1891
25 L6411 UBice . 32.03 .0312 0512 19.52
30 1.811  .5521 40.57 L0287 .0447 22,40
35 2,000  .5000 49.99 .0200 0400 F-25.00
40 2208  4529.  60.40 .0166 0366  27.36
45 2438 . 4102 71.89 .0139 0339 2049
50 2692 ° .3715 © 84.58 0118 0318 3142
60 3381 3048 1141 0088 0288  34.76
70 4000 2500 . 150.0 .0067 0267  37.50
80 4.875  .2051  193.8 .0052 0252 39.75
90 5943 .1683  247.2 .0041 0241 4159

1000  7.245 1380 3122 :.0032 0232 4310

Notation: - SCA, Single Compound Amount; SPW, Shigle Present .

* Worth; UCA, Uniform Compound Amount; USF, Uniform Sinking °
Fund; UCR, Unifort Capital Recavery; UPW, Uniform Present
Worth; P-F would read Given P, to find F; F-R_would read Gwen

F, to find P, etc.

T




R N

Tasrr 3. Discount Factors
(10% Miscount Rate)

Year SCA SPW UCA USF UCR upPw
N P-F F.p AF F-A P-A AP
1 1.100 .9091 1.000 1.000 1.100 0.909
2 1.210 .8264 2.100 4762 5762 1.736
3 1.331 7513 3.310 .3021 .4021 2.487
4 1:464 6820 4.641 .2155 .3155 3.170
5 1612 6209 6.105 .1638 .2638 3.791
6 1.772 .5645 2.716 .1296 .2296 4.355
7 1.9499 5132 9.487 .1054 .2054 4.868
8 2.144 .4665 11.44 .0874 .1874 5.335
9 2.358 4231 13.58 .0736 .1736 5.759

10 2.594 .3855 15.94 0628 .1628 6.144

11 2.853 .3505 18.53 .0540 .1540 6.500
12 3.138 .3186 21.38 .0468 .1468 6.814
13 3.452 .2897 24.52 .0408 .1408 7.103
14 3.797 .2633 27.98 .0358 .1358 7.367

15 4.177 .2394 3177 .0315 1315 7.606
16 4.595 2176 35.95 ,0278 1278 7.824
17 5.054 .1978 40.54 .0247 1247 8.022
18 5.560 .1799 45.60 .0219 1219 8.201
19 6.116 .1635 51.16 0196 .1196 8.365

20 6.727. 1486 57.28 .0175 2175 8.514

21 7.400 .1351 64.00 ,0156 1156 8.649

22 8.140 .1228 71.40 .0140 .1140 8.772

23 8.954 1117 79.54 L0126 .1126 8.883

24 9.850 .1015 88.50 .0113 1113 8.985

25 10.84 0923 98.35 .0102 1102 . 9.007

30 17.50 .0573 164.5 .0061 .1061 9.427

35 28.10 .0356 271.0 .0037 .1037 9.644

40 45.26 .0221 426 .0023 .1023 9.779

45 72.89 .0137 718.9 .0014 .1014 9.863

50 117.4 .0085 1164. .0009 .1009 9.915

60 304.5 .6033 3035. .0003 .1003 9.967
70 789.7 .0013 7887. .0001 .1001 9.987

80 2048. .0005 2047. .0001 .1001 9,995 .

90 5313, .0002 5312. 9.999

1000

i
'
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TasLE 4. Discount Factors
(13% Discount Rate) .
Year SCA SPW uca USF UCR UPW
N PF FP AF _FA . PA AP
1 1.150 8696 1.00% 1.000 1.)50 0.870 e
2 1322 .7561 2158 4651 6151 1.626
3 1.521 6575 3472 - 2890 .4390 2.283
4 1.749 5718 4.593 .2003 3508 2.855
5 2.011 . .A972 6.742 - .1483 .2983 3.352 .
6 2.313 4323 8.754 J182 2642 3784 ‘ : \ (
7 2.660 .3759 11.07 0904 2404 4.160 ' N
8 3.059 .3269 13.73 729 T 220 4.487 L .
9 3.518 .2843 16.79 L0596 DS 4772 o
10 4.046 2472 02030 . . L0493 ¢ (1993 5.019
11 4.652 2149 . 2435 - 0811 Jo11 5,234 — i
12 5.350 .1869 29.00 0345 1845 5.421 ’
13 6.153 .1625 34.35 .0291 1791 5.583 ‘
4. -7.016 1413 40.51 0247 747 5.72%
15 8137 1220 47.58 L6210 710 - 5847 i
16 '9.358 .1069 . 55.72 . - 0180 1680 5.954
17 10.76 .0929 . 65.08 . .0154  .1654 6.047 -
18 12.38 (0808 758 4 .0132 Jd632 . 6.128 o
19 1423 0703 8821 | .on3 A613 6108
-, 20 16.37 0611 102.4 . 0098 1598 6.259
2) ~-18.82 0531 118.8 ' 0084 1584 6.312
22 2{65° 0462 137.6 +.0073 1573 6.359
23 24.89° - 0402 - . 159.3 40063 .1563 639 : :
24 28.63 0349 184.2 20054 1554 6.434 R
25 32.92 2304 212.8 0047 .1547 6.4638
30 86.21 Q151 4347 . 0023 1523 6.566
35 1332 0075 881.2 a0 1511 6.617
| 0 2679 0037 1779, 0005, L1506 6.642
1 45 5388 0019 3585, 0003 ©..1508  6.654 .. :
50 1083, 0009 7218/ . 0001,  .1501  6.661 o o
60 4384, .0002 2922,
11 L
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Summation of Costs

This step represents thit; actual derivation of the total cost of an alternative over its
life eycle—the sum of initial costs, operating costs, maintenance costs, and net disposal
costs, As a simple and straightforward example, table 16 compares a “‘bar-light” system
with an alternative “bubble light.”” Although the initial acquisition cost of the bar-light
system is substantially higher than that of the other, its annual cost; after appropriate

" discounting and totalling, is significantly lower. (Table 16 will be discussed in greater

detail later in the report.) Life cycle costing thus provides a clearer picture of the
probable costs associated with alternative decisions.

Comparison of Alternatives and Selection

While this step is self-explanator}:. it may be well to reiterate the point made
earlier: It is unlikely that quantifiable life cycle costs will be the sole standard for
decision-making.- However, a more cemplete understanding of the cost effects of
alternative decisions cannot but contribute towards more efficient fleet management.

2.2. Breg]gigen*ﬂ;dels

Break-even models are used in cost analysis to determine that value of a

. preselected vanable which’ will make alternative programs or decisions equal in costs.

The break-even point is then the value of the selected variable which will make us
indifferent from a cost standpoint between the alternatives. To construct a break-even
equation, a present value or annual cost equation is developed for each alternative, and
then the equations are 3¢t equal to one another, and the value of the break-even variable
is determined. For values of the variable greater than the break-even point one
alternative becomes more economical; for lower values, the other alternative is cheaper.

Break-even analysis is useful in determining the fleet size which would justify
selected expenditures. For example, the fleet manager might wish to know what fleet
size would make an in-house garage as efficient as contracting out maintenance; or what

number of radios would justify a radio specialist shop. (This form of analysis is nsed i
sec. 3410 assess relative costs of the personal car program.)

3. COST ANALYSIS OF POLICE PATROL VEHICLES

In this part of the report the principles of life cycle costing are applied to seme
problems of police vehicle management. First, the critical cost elements are identified;

then (in sec. 3.2 through 3.5) different decision problems are analyzed using appropriate -

techniques. In section 3.6, the cost elements developed in the previous sections are
brought together to show life cycle costs of a typical police car.

3.1. Critical Cost Elements

Exhibit 3 lists, in the approximate order incurred, the major cost elements which
are pertinent to life cycle costing of police vehicles. For purposes of ansilysis, costs may
also be grouped according tc their characteristics. Exhibit 4 shows two main categories
of costs—fixed cosis and variable costs. As noted in the exhibit, fixed costs are those

that do not vary with’ m.leage or age of the vehicle, and variable costs are those which

do. However, a clear-cut categorization of costs is difficult. For example, reconditioning
costs are to some extent variable with mileage, inasimtich as more reconditioning is
generally needed with greater wear. However, a major part of the reconditioning process
is the transformation of a vehicle which looks like a police car into one suitable for
private purposes. Since this component is fixed, reconditioning cost is classified as

u
For reference to the literature of life cycle costing, see entries under Cost Analysis in the list of references.
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Exuisir 4. Fixed and variable vehicle costs

Fixed Costs
(Those that do not vary with the mileage or age of the vehicle)
1. Overhead .
Including costs of procurement, invefnory control, cost accounting -
systems, depreciation of facilities and equipment, selling expenses, )
supporting systems, and genersl ma\ugemem
Insurance
Equipping, modification, and recomimomng costs .
4. Incidental expenses : ) ¢
Parking e
Storage
Washing
Variable Costs .
(Those that do vary with the mileage or age of the vehicle)
1. Depreciation
= > 2, Running expenses
(a). Those costs which accrite directly with milcage:
gas
oil
tires
scheduled maintenance
(b)  Those costs whose probability of occurence increases
with mileage
(1) Repair cost due to failure of vehicle components.
{Although not exactly predictable, studies suggest
a higher failuse rate initially, due to manufacturing
defects; a lower rate during the “middle life,”
and a rising rate at higher mileage as the car hegins
tc wear out.)
(2) Accident repair cost

Lol

kN
I

fixed. By like token, depreciation might be regarded as fixed since it is to a large extent

__unavoidable regardless of vehicle use. However, thxs characteristic might more
\\appropnately be designated—-as--“noncontrolable;s”

24

depréciation does vary with both age and mileage. There may be similar questions
regarding c@n.sah{ of accident repair costs. Accidents are random events, but
exposure to accident ihér-gges with vehicle use. For this reason.accident costs may be
considered a function of mileage, and classified as variable coats. ,
Though not  shown in eth*t\ 4, leasing charges may comprise both a
predetermined and a variable element. Tlﬁxpredetermmed part, which reflects' finance
charges, normal depreciation, overhead and profit, are fixed to the lessee, The lease
charge may 'contain an additional variable part which reflects mlleage-telated
maintenance and repan' cost and additional depreciation.
~ In vehicle maragemem, greater attention is frequently given to the variable costs—
particularly running e\genses, whxch‘are a direct function of mnlengc—-becnuse these
generally appear more controllable; lndeed they likely are in the short run. Each

category of cost is equally mportam, howevex', ‘and in the long nm. all can to some

degree be controlléd.

Due to their dnfferem nature
require different mterpretatlona f
example, stating fixed costs in terms of cos per m
miles, give the impression that a hnghly utilized vehicle is more @fficient than a lea- used

‘the several categorlea of costs ‘shown i in exhlbu 4
‘Bscurate analysis and managerial action." For

- vehicle, in terms of the fixed cost elenent in question. However, it wo ould be incorrect
to conclude that the vehicle with the lower cost per mile is: more cfficient and: prefen\ble‘

to the other; they might appear equally efficient 1! opernted over the same tmleqe. o

13, .

rather —than~—as ~fixed, “since

hile. will, by spreading costs over more

&




/3.2 Cost of Vehicle Acquisition -

This section looks first at costs associated with buyin’é and eelling police cars, and

then compares buying with leasing. i ,
- 1

3.2.1. Purchase Price, Resale Value, arid Depreciation Cost

Itemized cecsts  associated  with phrchase, resale, and depreciation for
representative patrol cars and their equipiment are first presented. The bases for
deriving cost estimates for pairol cars of diffé‘;ent size and age and operated by different
types of departments are then explained.

Purchase Prices

Table 5 shows a typical price quotation (in 1972-73 prices) for a 4-door standard-
size patrol car, representative of the popular model most widely used for patrol purposes
today and within the most prevalent price range reported. The price of the optional
equipment (approximately $66C) appears about igyerage for this size car at the time
shown. Y, N

Table 6 shows the average base prices of several car models. The second column
shows Factory Advertised Delivered (FAD) prices for 1973 models; the third shows the
approximate cost to the dealer of the basic, unaccessorized car. The price quotation
shown in table 5, of $3,500, is assumed to be representative of the price police paid for
the middle-of-the-line, standard-size car in 1973. ‘

\
i

TasLe 5. Typical 1972-1973 price quotation for a 4-door
standard size, popular model patrol car

\.\

Factory cost' ) $2,600
Optional equipment )
Police package® 100
400 CID engine—2BB1 67
Radio suppression package 4
Spotlight 6 in. MTD left pillar 26
Universal single keys 4
Release—deck lid power 12
Tinted glass and wiridows a7
Remote control mirror-left 10
Defogger—rear window 23
Trunk light . 4
Tires, police special 60
Air conditioning : 303
660
Freight 100
Dealer preparation and handling - 50
Deqler markup 100
Total price i ' $3,500

1
2Im:hn‘hu power ateering, power disc brakes, end transmission.
Includes heavy-duty al , battery, seats, and other heavy-duty features.

NOTE: Based on average dealer base costs of four popular models, and actual low
bid prices reported by soveral departments on 1972 and 1973 models.

14




TamLe 6. Average 1973 base prices of Ford; Chevrolet,
Plymouth, Dodge, and American Motors’ cars by model

" Approximate base
FAD base price? dealer coat?

Standard size (120-122 in. Wheelbase)
Bottom-of-Line
(Average for Ford Custom 500,
Chevrolet Malibu and Laguna, :
Plymouth Fury I and Dodge Polars) 43,341 $2,573
Middle-of-Line .
(Averages for Ford Galaxie, Chevrolet
Bel Air, Plymouth Fury 11, and Dodge
Polara Custom) 3,678 2,832
Top-of-Line
(Averages of Ford LTD, Chevrolet
Impala, Plymouth Fury III, Dodge
Monaco, AMC Ambassador) 3,984 3,068
Intermediate size (111-118 in. wheelbase)
Bottom-of-Line (6 cylindem)
{(Averages of Ford Torino, Chevrolet
Nova, Plymouth Satelite Dodge
Coronet, and AMC Matador) 2,672 2,057
Middie-of-Line (V-8)
{Averages of Ford Torino, Nova Custom, ¢
Satelits Custom, Dodge Coronet,
and AMC Matador) 2,829 : 2,178
‘Top-of-Line -
(Averages of Ford Grand Torino,
Chevelle Deluxe and Coronet Custom) 3,023 2,328

A
ﬁunulnd factery advertised delivered base retail prices for 1973 models as d in National A bile Dealers (NADA ). Official Used Car

guidf Eastern Edition, December 1972. These are I,.m- ptices and do not luel:dc opﬁon or dealer preparation.
These rough spproximsticas derived by multiplying the sticker price by .77 are ded in “Dealing with the Desler,”” Consumer
Reporis, April 1973, p. 232. Compared with a ullpla of dealer prices sa reported in the United Buyers New Cn Catalog, ihese nstimaies are

high and 1 fow, but appasr generally to be within | percent of the actual prica.
NOTE: This list ia i ded 1o pravide an imation of prices, not to show sxact prices among i3 eti f,

In order to estimate pricei of different models accessorized for patrol work, it is

assumed that the prices of fully equipped patrol cars are in the same proportions to one -

another as are their basic FAD prices. This assumption appears reasonable, given two
facts: (1 The factors which dictate using & relatively large, l:ngh performance car will
likely also require more accessaries, such as higher powered engine and lieavier duty
- alternator; and, (2) there is a general rule that higher base priced cars are equipped
with more options than cheaper ones in order to realize full resale potential. =

Estimates of prices of cars accessorized for patrol work, by model, are derived
from tables 5 and 6, by multiplying $3,500 (the estimated police price of the middle-of-
the-line, standard car) by the ratio of FAD base priée of each model type to the FAD
base price of the standard; middle-of-the-line ‘model. The resultant estimated average
~ prices shown: in table 7 are used wherever the cost 'analysis calls for initial car prices.

Car Depreciation"

Depreciation (mensured in dollars) is the difference between the purchue price
and the amount recovered at resale; it is, in other words, the used-up value of the
vehicle. Table 8 shows average resale prices recently I;‘teceived for used patrol cars, all

“m‘“-"""““‘”“"'" tng depreciation and esti of deprecisth couts. Tt dies mot evaluata the moat '_“"
ried; that analysis ia d in jon 3.5.2.

L
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TawvLe 7. Estimated 1972-1973 prices of different models of
police-accessorized patrol cars

Factory advertised delivered
(FAD) price as a percent

of average FAD Estimated price to
price of standard police departments,
middle-of-line models' including options®
% $

Stendard size
Bottom-of-the-line 9] 3,185
Middle-of-the-line 100 3,500°
Top-of the-line 108 3,780
Intermediate size
Bottom-of-the-line 73 2,555
Middle-of-the-line 7 2,695
Top-of-the-line 82 2,870

1

Percentages calculated from costa shown in column 2 of table 6.

Eatimated prices are derived by multiplying $3,500 by the percentages in enlumn 2. As explained in the text, it is assymed that the prices of
l‘ccrgmﬁled vehicles are in the same proportions as the prices of the hasic cars.

A { price of . ized, middle.nfthedine, standard size car. Baazd an total cost shown in table 5.

TasLe 8. Estimated resale values and depreciation costs for 2-year
old patrol cars sold in 1973 by a few police departments

Two-year depreciation cost

Average expreased as a percentage of
Dep(irtment type resale value original price of police csrs'
State highway gatrol $936 70 (55-79)*
County 590 82 (74-89)
Medium-size city - 533 84 (74-89)
Large city 262 87

lln comparison, private cars depreciste on the average 50 percent over a 2.year period, not adjusted for high mileage, and 70 percent, when
djusted for high mileage,

J'I'I\e firmt figure is the group average; the range amang departments within the group is shown in parentheses.
Na range is given in this area, because resale values were from u single large city department.

NOTE: These data should be regarded only an a rough approximation of depreciation experienced in general by depaniment types, The sample of
depantmenta upon which the table is baned is small, The cars differed in make, model, and condition, but all were approximately 2 years old and
had been driven between 60,000 and 75,000 miles (96,000 and 120,000 km). The data were gathered by interview and correspondence,

of comparable age and mileage, by a small sample of state, city, and county police
departments. The cars sold differed in make, model, and condition, but all were
approximately 2 years old and driver 60,000 to 75,000 miles (97,000 to 121,000 km).

Depreciation over the 2 years, which may also be measured as a percentage of
original car price, was significantly higher for city departments than for state
departments. This is not surprising considering the additional wear-and-tear resulting
from urban and suburban driving conditions, the differences in utilization practices and,
possibly, greater attention to resale which may be given by fleet administrators in state
police departments. In table 8, it appears that all of the police cars sold for much less
than comparable cars in private use. However, when the higher mileage driven is taken
into account, the difference, on the average, vanishes for siate highway patrol cars.

The data in table 8 can be used to estimate depreciation rates for patrol cars as
well as resale values as a function of purchase price, age, and type of police
department. Estimated depreciation rates for patrol cars are derived by department type
in table 9. Departments may be able to do better or worse in terms of resale than shown
by the estimates in table 9, but these rates may be indicative of average performance.
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TasLe 9. Derivation of annual depreciation rates for patrol cars owned by different types of police departments

Cumulative Yearly decline
depreciation in private car Excess of depreciation rate Estimated annual percentage
of private value of original for patrol cars decline in value of
car value?! purchase price? over private cars over 2 years® patrol cars by department type*
Medium Medium
size Large size Large
% % State County city . city State County city city
Year M) @ 3 @ {5) 6) ) 8) ) @10)
1 A k% 44% 50% 51 53
2 50 16 +20% +32% +34% +37% 26 32 33 34
3 62 12 12 12 12 12
4 71 9 9 6 4 1
Totals 71 91 100 100 100
! Annual p ge depreciati ged for five car models, Herman S. B , Auto Fleet Manag , (New York: John Wilcy & Son, 1968), p. 31.
N 1 ch of col 1.

? Derived from table 8 and column 1 of table 9,

¢ The excess percentage depreciation of patrol cars over private cars during the first 2 years is divided evenly between the first and second years, and added to the rates of depreciation of
private cars (column 2), Depreciation for the third year is assumed the same as for private cars, and depreciation in the fourth year is either assumed. the same as for private cars or just
sufficient to brinig total depreciation to 100 percent.




The depreciation rates of table 9 are applied to the estimated purchase prices of
table 7 in order to estimate typical resale values by patrel car model and by department
type, as displayed in table 10. The depreciation factors for intermediate models have
been reduced by 6 percentage points from the rates shown in table 9 to reflect lower
average percentage depreciation incurred by intermediates as compared with standard-
size models. ' There is also some evidence to suggest that higher line models may retain
their value better than lower line models, but in absence of documentation, depreciation
rates have not heen adjusted to differentiate between bottom, middle, and top-of-the-line
models. ' ' ,

Clearly, depreciation is influenced by many factors in addition to model, age, and
mileage, such as make, accessories, color, and condition. The effect of these other
factors account in large part for the differences in the estimates of resale value for cars
in the various types of police departments as shown in table 10. The impact of car
condition, which—aside from age—reflects both different utilization practices and
different driving conditions, shows up in the variations in the estimates among
department types. For purposes of most of the cost comparisons described later, these
estimated resale values are adequate; only for the costing of very low utilization rates
does it appear necessary to adjust these estimates.

The background research for this report was completed too early to determine the
effect of the Federal Odometer Law of 1973, on car resale values. Used car price guides
show significant deductions for higher mileage cars, and many dealers appear concerned
about used cars with mileage over 40,000 (64,000 km). However, the patrol car may be
in a unique position with respect to this law. In effect, the antirollback laws require
truthfulness on the part of the seller, thereby increasing the buyer’s knowledge of the
car’s condition. Used patrol cars are often identified as such despite reconditioning, and
are generally expected to have high mileage regardless of the odometer reading. The
odometer laws may, therefore, tend to reduce the disadvantage of the used pairol car
relative to other high mileage, used cars.

On the other hand, the odometer laws are likely to have a negative impact on
prices of patrol cars which are not otherwise identifiable as such. Prices offered for
patrol cars by used car dealers and wholesalers who in turn do not identify them as used
police cars at time of resale, may fall sharply from previous levels. According to a large
midwestern dealer who specializes in sales of used police cars, the odometer law is
causing a decline in police car resale values. ¥

Equipment Cost

The purchase, installation, repair, and removal expenses of reusable patrol car
equipment is a significant part of total vehicle costs. A list of representative equipment
for a standard size patrol car is shown in table 11. The prices shown were recently paid
by a police department, but would not necessarily be those available to all buyers. The
original purchase price of the full equipment package shown is nearly $1,200,

Since most of the equipment can be sold or reused on replacement cars, the full
cost is not incurred ~t once. Using a 10 percent discount rate, the initial cost of the
equipment cen be converted to an annual cost, in constant dollar terms, based on the
assumed life of the equipment. As shown in table 12, the annual equipment cost is
nearly $700 if the equipment is used only 2 years and no resale or trade-in value is
received, but can be reduced to about $200 if used for 8 to 10 years.

13
The percentage differential wan Loggested by John A. Rowley, “Fleot Car Selection,” (paper presentad at the NAFA Conference) March 25,
1973, p. 15.

1)
thid.,p. 21,
David Copaer, Midweat Auto Sales, Inc., Dayton, Ohio, telephone interview, March 20, 1973,

18




\
|
i
)
i
#
b
o *
o
B 5




61

TasLe 10. Estimated resale values at the end of each year for patrol cars, by model and type of department, over a 4-year period !

State ‘ County Medium-size city Large city
Eectimated.
original “Year Year Year ) Year
Model purchase »price2 lst 2nd 3rd. 4th Ist 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th
Standard-size :
Bottom-of line 3185 © ¢ 1780 960 570 290 1590 570 190 0 1560 510 130 0 1500 410 30 0
Middle-of-line 3500 i960 1050 630 320 1730 630 210 0 ' 1720 560 140 0 1650 460 40 0
Top-of-line 3780 ¢ 2120 1130 670 340 1890 680 230 0 1850 600 150 O 1780 490 380 O
Intermediate : ‘ 3 ’
Bottom-of-line 2555 1580 920 610 530 1430 610 310 L O 1410 560 260 150 1350 490 180 150
Middle-of-line 2695 1670 970 620 380 1510 650 320 160 1480 590 270 160 1430 510 190 160
Top-of-line ’ 2870 1780 1030 650 430 1610 690 340 170 1580 630 290 170 1520 550 200 170

' Derived by applying the depreciation raies estimated in table 9 to the estimated initial purchase prices, derived in table 7. The rates applied to prices of standard size models are as shown
in table 9; the. rates applied to prices of intermediate size models have hieen reduced by 6 percentage points to reflect lower depreciation generally experienced by intermediates. {(Rowley,
;'Cur Selection,” p, 15.) , .

Derived in table 7,

NOTF: Resale values are based on annnal mileage accumulation of ln-lwg-.vn 30,000 snd 38,000 miles (48,000 and 61,000 km) per car.




TasLe 11, Typical 1973 prices of a representative selection
of add-q(g equipment for patrol cars

Top lights' $ 9550
Electronic sirén/public address system 185.50
Wig-wag head lights 4.50
Two amber lights rear window 13.50
Two red grill lights 13.50
Shot gun scabbard - 10.00
Fire extinguisher 7.20
Push bumper | 35.00
Decals 12.00
Metal trunk box 17.00

393.70

Radio (a wide price range exists, ranging from

about $600 to $1500 for a standard model mobile

radio) : 800.00
Total equipment costs $1,193.70 rounded to  $1,200.00

ll"or a cost comparison of two madels of top lights, see table 16,
NOTE: This is not i ded as a peehensive listing of equip t nor s an official price
list, Items are those actually included on the patrol cars of a particular state highway patrol

department, and prices are those paid in 1973, by that depariment.

TasLe 12. Annual cost of patrol car equipment’

Assumed Life

of the First
equipment cost UCR Discount Annual cost
(Years) $) factor rate of equipment
2 1,200 5762 10% $691
4 " .3155 " 379
6 " .2296 " 276
8 " .1874 " 225
10 " .1628 " 195

! Assuming various life-periods for the equipment, no salvage value, and a discount rate of 10
percent, the initial cost of the cquipment can be converted to an annual cost basis by muhtiplying
the first cost by the Uniform Capital Recovery Factor (UCR) for the selected time period. For
example, for a life of 6 ycars, annual cost of equipment = $1,200 X (.2296) = $276.

- It is estimated that abbut 3 labor hours would be needed to install the radio, and
about 6 labor hours to install the other equipment.'® Depending on labor costs (which
might range from $5 to $15 an hour), installation would cost from $45 to $135.

3.2.2. Cost Saving Practices in Buying and Selling

An-expert in transportation management has estimated that a fleet manager often
can save at least 15 percent of total fleet costs and possibly as much as 40 to 50 percent
by applying efficient management practices.!? Significant reductions are ofter: possible in
each area of costs. This section explores some of the methods for lowering the purchase
price or raising the resale value to reduce depreciation costs.

16
Eatimates of & hours to install equipment ather than the radio, and 3 hours to install the radio were pravided by the Arizona Department of
Public Safety, Phoenix, Ariz., May 1973,

17
Herman S. Botzow, Auto Fieet Management, (New York: John Wiley & Son, 1968), pp. 4, 129,
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Model Selection

As was shown in tables 6 and 7 it is possible to reduce the purchase price by
moving down the model line from one make or model to the next. The difference
between the price of a bottom-of-the-line intermediate and a top-of-the-line standard-size
car averaged more than $1,000, based on 1972-1973 prices (see col. 3, table 7).

The cost effect of ‘‘moving down the line” is, of couise, not this simple. What is
important is the combined effect of the lower purchase price, the correspondmg change
in resale value, and the impact of the change on operating cost.

Table 13 compares representative ownership cost for several car models kept for
1, 2, or 3 years by 2 different types of police departments. Consider for the time being
only the effect of model difference, and not age or department type. In row 5 we can
compare the costs of 6 different models, all owned by a medium-size city department

-and kept for 2 years. Based on the data developed here, the standard, ,tep-ol-the-lme

model costs $142 more in annual depreciation than_the middie-of-the-line model, which,
in turn, costs $158 more annually than the standard hottom-of-the line. Potential
savings in annual cost is $300 per car by moving from the top-of-the-hne to.the hottom.
A middle-of-the-line standard car operated for '1 year by a State highway patrol costs °
nearly $600 more annually in depreciation thar’f a middle-of-the-line mtetmedlate kept\\l
year. '? :
These data suggest that dppreclauon costs can be reduced by choosing less-
expensive, smaller cars (provided these cars can be effectively used). This reasoning
may not apply if, for instance, a department has access to an exceptional or specialty
resale market for a particular model of used car where the depreciation rates among
models are significantly different from those normally incurred. However, it should
again be stressed that a substantial difference in depreciation rates is necessary to '
equalize the depreciation costs of higher and lower priced cars. Since more expensive
cars generally have to be in good condition in order to realize full resale potential, the
rule of selecting less-expensive models whenever possible undoubtedly is appropnate for
departments whose cars at the time of disposition are usually in poor condition. '*

Length of Ownership ‘ ' \::\\“‘f' ﬂ-fl‘:"

The effect on depreciation cost of keeping cars longer can also be seen in table 13.:
Examine in the top three rows the depreciation costs of a middle-of-the-line, standard |
car owned for 1, 2, or 3 years. In this case, extending the period of ownership from lto
2 years decreased annual depreciation by $373, and from 2 to 3 years, by an additional
$300.-

The impact of harder utilization and poorer car condition on annual deprecmtlon* in
suggested by the comparison of a standard, mlddle-of-the line car owned for 2 years by a
state highway patrol with the same type of car own\ed for the same period of time by &
city department. Annual depreciation costs incurred by the city’s car exceed the state's
by a substantial amount; in actual practice, exampleﬁs of much larger dlfferences may be
found.

“The combined effects of both model and age on annual depreciation can be sgen in
the extreme case in the comparison of costs to a State police department of a top-

p-of-the-
line standard car owned for 1 year with cost of-a: bonom-of-the_’ line intermédiate car

m’I'hen estimaten rest on the , jon of equal d iation raten for le\nm. top, and middle-of-tha-line models within each lu;\*k:\le.ory, and
6 percentage pointa lower depreculinn rates for intermedi an pared -mh dards. Although it has been suggested thet raten of
depreciation may decline as car prica increases within a patticular size group, nn conclusive evidnre \anovmd 1t {s appareni from \ho cost
estimates that a fairly sizable difference in depmcuhnn ratén would be required to "' i b lha effect shawn, A check of firat year
depreciation on bottom, middle, and top.of-the.li derd.si /ll"l;:‘ﬂ Fiivale uuge. \} d Hinle“difle in depreciation rates, but to the
estent there wae.a difference, depreciation ates for hi.hu ﬁne » models were grester than {or the bottamaofithaldine model. (NADA Uud Car
Guide.) Tt has slso been naid that ceriain makes of vehicles depreciate len than othera, Any differences which mny exist hetwean mnie. are not
l-le— {ato account,

~Thn finding is patible with Yhe dation Neet o ‘“trend Imurdn low.line models for hi.h mileua-hnrd, usage,” given by
Rowley, "“Car Selection,” p. 11. R N ; . R
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TanLe 13. Comparative annual ownerslup costs of standard and intermediate -size patrol cars, by model-line, age, and department type
(in constamt 1973 doilars)

Swandard-size Intermediate-size
. BOL : M.O-L T-OL B-O-L M-G-L i T-O-L
Depart- .
ment years g
type owned? .
PP? RV’ AC* PP 'RV AC PP RV AC PP RV AC PP RV AC PP RV AC
) 1 3,18 1,70 1,724 3,500 1,960 1,89 3,780 2,120 2,038 2,555 1,580 1,231 2,695 1,670 1,295 2,870 1,780 1,377
Saate @ 2 3,18 90 1,378 3,500 1,050 1,517 3,780 1,130 1,640 2,555 920 1,034 2,695 970 1,081 2,870 1,030 . 1,163
@3 3 318 570 1,108 . 3,500 630 1,217 3,780 ° 670 1,318 2,555 610 788 . 2,695 620 8% 2,870 6% M6
Medium (4) 1 318 1,50 1,943 3,500 1,720 2,130 3,780 1,850 2,308 2,555 1410 1,400 2,695 1,480 1485 2,870 01,580 1,577
Size G 2 3,18 510 1,592 3,5000 560 1,750 3,780 600 1,892 2,555 560 1,206 2,695 59¢ 1,272 2,870 630 1354
Gy 6 3 3,18 130 1,288 3,500 140 1,365 3,780 150 1,475 2,555 260 949 2,695 270 1,002 2,870 290 i,(ﬂi

ll is sssumed that cars are driven between 30,000 and 38 ooo milu (w‘ooo and 61,000 km) per year.
P\ndn.epnee estimated prices to police d as developed in table 7. |
Rmdc value: from table 10,

¢ Anaual cost of depreciati Jeul ‘fmntha‘“ i unuleonequnol IAC-(PPRV)(U(]J,IHRV(:);th“‘ 1 cost, PP ux purch priee.R-mdevdu.UCl-lpﬂ'u-uphh‘wuqtum.--m,Mi-w

rate. For example, uuh al0 pemnt discount zate, anniual cost of for an i diate, bittom-of-the-line model owned by a medium sise city for 3 years is calculated as follows: AC=($2,555-260).4021)-260 (.10} $9459. The
estimates ignore reconditioning expenses.

NOTATION: B-O-L, Bollom-of the-line; M:0-L, Middle-of-the-line; T-O-L, Top-of-the-line; PP, Purchase Price; RV, Resale Value; AC, Annual Cost.
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owned 3 years. The estimated annual costs in constant 1973 dellars, are $2,038 and
- $788, respectively—a difference of $1,250.

For a car in ordinary use, depreciation increases, but at a declining rate, until
about the sixth or seventh year. After this time depreciation remains about constant at a
low level or goes to zero. A patrol car, with its high mileage and sometimes rough use,
usually depreciates out much more quickly. As was estimated in table 10, a patrol car
driven in a city will, on the average, have lost most of its value between the third and
fourth years of use.

Accessories , Color and Equipmenti

From a cost standpoint alone, most accessories weuld be ordered by most
departments expressly to meet functional police requirements.” It will seldom pay to

add extensively to the list of optional accessories solely for the purpose of increasing

resale value. This is especially true: (1) When bottom-of-the-line cars are selected; and
(2) when cars are sold after several years with high mileage and in poor condition.
Equipment added in such cases will have little influence on resale values.

In other circumstances, however, careful and selective use of equipment and color
may be used to decrease depreciation.” This may be done in two ways: (1) By giving
attention to selection of those features which are standard with the car (i.e., their costs
are included in the base price) and (2) by adding only those accessories which hold their
value well and add to the general appeal of the car.

With respect to standard features, some departments have reported the benefits of
specifying that the department will have choice of a variety of interior and exterior
colors without additional charge.”? A diversity of color choice appears to improve
demand for the used cars; prospective buyers facing 400 identical cars, for instance, are
not likely to feel very competitive. From the standpoint of resale alone, the more
distinctive the car, the higher the price. Light, pastel colors appear to be good choices
for exterior colors. Light-to-medium metallic colors seem preferable te darker
metallics.® '

Although the cost savings possible through the color selection cannot be
definitively measured, some effects were observed in the following several special cases:

(1) Of cars disposed of by a large city department. in 1971-72, unmarked colored.

cars sold at an average price of about $340, compared with an average of only
$260 for black and white cars which had been marked. The colored cars averaged
several years older than the black and white cars, but the average mileages were
similar. The greater age of the colored cars would to some extent offset their
advantages of better condition and fewer police features, hence color may well
have accounted for the better sale prices of that group.

(2) In a recent sale of State police cars, white patrol cars which had been marked
sold for about $60 less than colored pairol cars which also had been marked. All of
the cars were of comparable model, with similar accessories and of similar
‘condition.

(3) During 1970, in a southwestern state, resale prices of similar white and colored
state patrol cars, while nearly identical to one another, were substantially higher
than those received in other states not having a patrol fleet mixed in color. The

n’l'hln ate, of caurse, ather iderati in selection of ies and. opti besides fi fjonal requil and cost, including officer
safety, morale, comfont, snd officer and vehicle appearance.
“th-'n sttention ahould be called to the words *‘decrease depreciation.’ There la no question that optional equi cun raive resale value, but
this does sot § rily mean it d depreciatien, a point aftan neglected.
”m abvieusly does nei spply to depariments which are not frea 10 have a mized color flees (due %o reatrictive cades), ac which cheoss aet to, o
to vehicies whose use requiret 3 aniform distinctive colar and markings 00 e 16 be readily identifisble.
”‘I)i bon of flaet car aelection, Annual Cont, National A iation of Flaet Admini Inc,; Detroit, Mich., Xirch 25-28, 1973,
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manager of car disposition explained that white cars sold as well as colored ones

due to the strong demand for white cars in the hot climate, but the mixture of

white and colored cars helped raise the average resale price of all their cars by
stimulating interest in the whole fleet.

(4) Of a group of state toll-way cars sold in 1972 to an auto auction house which,

in turn, reconditioned and resold them, the following observations were made:

a. White cars were bought at a lower average price from the state police

department than were colored cars, and

b. a lower price was received by the aucuon house for lhe reconditioned white

cars than for the reconditioned colored cars.? /

It may also be noted that some departments dnversnfy their fleets even further for
resale purposes by varying models and makes, as well as colors.”

As to thie cost effects of various optional accessories, the particular combination of
car and equipment seems to be very important. Generalizations regarding the cost
effects of individual accessories are meaningful only as they relate to particular models,
other accessories, car condition, and method of disposition.

Table 14 presents examples of the “holding cost” for selected accessories. These
data suggest that the V-8 engine, automatic transmission, and power steering may cost
little, or even reduce overall depreciation cost. On the other hand, the air-conditioning
system appears to lose nearly a third of its value in 1 year, about comparable to the rate
of overal! car depreciation in the first year. However, air-conditioning in top-of-the-line
models in good condition has become almost necessary in order to retain their full resale
appeal. Also, air-conditioning and power features have become increasingly regarded as
expected concessions to driver comfort, just as air-conditioned environments are
expected by office workers. ‘

There are disadvantages to locally-installed air-conditioning units such as
interference with the installation of other police equipment. However, departments
whose cars are heavily depreciated at time of resale may find the ability to rotate units
an efficient way to have air-conditioning.

Following are some general guidelines suggested for accessorizing fleet cars, which
may be adaptable to patrol cars:*

For Lower Priced Makes (i.e., Chevrolet, Ford, Plymouth and Ambassador)
B-O-L—Keep equipment to minimum—automatic transmission, radio, and power
steering with V.8 engine.
M-O-L—Automatic transmission, radio, V-8 engine, and power steering and power
brakes a must. Air-conditioning rapidly becoming mandatory for good resale.
T-O-L—These cars must be well equipped—add miscellaneous items of equipment
such as light groups, wheel covers, white sidewall tires.

For Medium Priced Makes (e.g., Mercury, Buick, Pontiac, and Oldsmobile).
B-O-L—Should be equipped with automatic transmission, power steering, power
brakes, radio, white sidewalls.

When a more expensive car is selected, air conditioning, power steering and other
luxury features should probably be added and efforts should be made to eliminate the
austere appearance often typical of police cars, in order to reduce depreciation. A sales
manager of a Jarge auto auction has expressed it this way: “Even though they (middle
and top-of-thie-line cars) may have both air-conditioning and power features, ‘Police
Specials’ with taxi cab interiors and rubber floor mats cannot successfully be converted

Thc auclion house made the larger profit margin on the white cars, The advaniage of the lower price paid for them more lhnn offaet the higher
reconditioning coats and lower price {ved. The lusion we can haps draw from thia is that, given the apparent pm(h potential, police
departments may tend to sell their unatizactive patrol cars to wholesale dealera more cheaply than they could.

la the cases fourd, mal was d out to private deslers and The bl and additional costs which might otherwine

result from need {or larger parte § ies, more equi and Joss in efficiencies of ializsation by hanics were thereby aveuled,

»,
Taken from Rowley, “Car Selection,” p. 28, Notation: B.O.L, M.O.L, T.O-L indicaies bottom-of-the.line, middle, and top.
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TaBLE 14. “Holding costs” for selected items of car accessories’

Average value

Accessories on of 1971 model
intermediate equipment sold Typical 1973 Holding
model in 1972 ($) cost ($) cost ($)
Power steering 101 88 (13)*
Automatic
transmission 203 177 (26)
Air conditioning 310
North value 213 97
South value » 225 85
Vinyl top 53 76 23
V-8 engine 116 91 (25)

'Cost data were obtained by averaging values from three used car guides, In the exsmples,
holding cost is defined as the difference between the price of the equipment on & 1973
intermediate model, and the used value for the same type of equipment instilled on a 1971 model
and sold in 1972, Clearly this is a dubjous measure and sctus) experience might produce much
gifferenl experience,

P h Frrn a negative holding cost.

S, Rawley, “"Car Selection,” p. 24.

to desirable used cars, at least not from a cost standpoint.” # To this end, some
departments order patrol cars with carpeting and protect it with rubber throw mats; put
on attractive tires (such as whitewall recaps), and add other touchea to help remove the
patrol car look at resale time. These steps will be effective, however, only if the car is
sold while it is still in good condition. If the car is kept until it is in poor condition, the
remnants of luxury features will have little impact on resale and will merely add to
purchase price, hence to depreciation cost.

Some departments select cars for resale appeal, equip them well, maintain them in
top condition, and keep them for a relatively short time—in some cases for 40,000 miles
(64,000 km), or less. Such practice may yield resale values quite close to those received
for similar cars in private use.”? The improvement in resale value, however, is
contingent on luxury accessories, a shorter period of use, good maintenance, top
condition at resale, and an effective selling program—all of which may add to ownership
costs.

Table 15 shows estimated annual depreciation costs for two cases: (1) The same
expensive model, but equipped with options added exclusively for resale purposes, and
sold in top condition after 1 year of use with relatively low mileage; and (2) the same
expensive model, but with somewhat fewer accessories, and sold in “average" condition
after 3 years of use. It appears that, by keeping the car longer, annual depreciation can
be reduced by about $300 to $600, even though resale value is lowered. Thus, even if a
higher-line, more expensive car is used, depreciation costs may be lowered by extending
the service life.

It may be argued, however, that the purpose of moving up the model line is to

improve officer morale, car appearance and car performance, and that increasing the
age of the vehicle negates the advantages of the higher model line. Alternatively, it
might be claimed that reducing vehicle age is intended to lower maintenance costs and
downtime. {The cost relationships between maintenance and repair cost and age
(mileage) are examined in section 3.3.] From the information presented here we can
conclude that decisions to buy higher-priced cars with luxury accessories and to keep
them for short periods of time generally do not appear to be justifiable in terms of
reducing depreciation cost—although they may well be justifiable on other grounds.

nl. W. Edmonds, G | Sales Manager, Indisna Auto Auction, Inc,, Fori Waype, Ind., Letter of April 16, 1973.
’Th similarity in resule values were deterniined by comparing used patrol car prices of » depariment with used car values an reported in the
National Used Car Marke: Report, Blue Book and Automotive Markel Report.
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TasLe 15. Comparison of annual depreciation costs associated with
two approaches to ownership of a more expensive patrol car'
(In constant 1973 dollars)

Approach 1:  Luxury Equipment, Top Condition, 1 Year Old—Low Mileage

Purchase Price $3,880°
Resale Value $2,561 to 2,910%
Reconditioning Expense $250

Annual Depreciation Cost* $3,880—($2,561 to 2,910)] (1.1) 4+

(82,561 to 2,910) (.10) +250 (1.0)®
= $1,957 to 1,608

Approach 2:  $100 Less Equipment, “Average” Resale Condition, 3 Years Old—High Mileage

Purchase Price $3,780
Resale Value 670
Reconditioning Expénse 67
Annual Cost = ($3,780-670X.4021) + (670X.10) + (67X.3021)
= $1,338
IThc coats of maintaining 4 1-year old car in “top™ dition as pared with maintaining a 1 to 3.year old car in “average™ condition is difficult
to estimate. This cost difference is ignored here, except &a reflected in the assumpiion of higher and lower ditiond P ively

The purchase price of $3,880 is the sum of $3,790, the emimated price of an equipped top-of.the.line patrol car (table 7) and $100, lhe estimated
cont of additional equipmant chosen for resale appeal,

“The low end of the range in bused on a depreciation rate of 34 p , the rate ] age lor ordinary p cars during the first year,
with no increase added to reflect palice uss, The high end of the range is based on a depreclation rate of 25 percent, to compare the two
gpP hes when a sub ial d iati d go in d for the firat h

As shown in table 10 and huned on estimated patrol car deprecistion rates developed in table 9.
Uniform Sinking Fund (USF) factor,

Cost savings are also possible in equipping the vehicles, both by eliminating any
unnecessary items and by choosing wisely among alternative model designs. Although it
is not possible within the scope of this study to make cost comparisons among all
alternative equipment systems—and there are many—a brief cost comparison is made of
two suitable warning light systems, fer illustrative purposes.

The two systems costed are: (1) An aluminum mounting bar, having at each end a
light with two rotating light bulbs, and; (2) a roof mounted light with four rotating bulbs.
An electronic siren/PA system is required with each light system but need not be costed
since there is little difference in price. (With the bar light, the speaker can be mounted
in the center of the bar and the electronics housed within the car; with the bubble light,
essentially the same speaker, with a flat horn design, can be mounted under the light
unit with the electronics unit in the car.) For the purpose of comparison, the light units
are the relevant items.

Although the two systems may differ slightly in terms of performance (e.g., the bar
light appears to be more visible, but may also be subject to theft and cause greater wind
resistance and wind noise than the bubble light), they seem to be roughly equivalent.
Their comparative costs, including purchase price (less salvage value), installation cost,
cost of vehicle modification necessary to mount the systems, maintenance costs,
removel costs, and cost of repairing damage resulting to the vehicle—would, therefore be
a prime criterion for selection.

Part A of table 16 lists the relevant costs for each sysiém. The bubble light is seen
to have a lower purchase price than the bar light. This compariaon is often cited as
justification for buying the bubble light. However, a much more valid comparison of
costs is provided in Part B, where (he alternative costs are converted to the same
annualized cost basis. This shows thut the bubble light is actually more costly than the
bar light because of the repetitive expenses of removal and reinstallation.
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TasLE 16. Cost comparison of visi-bar light system with bubble light
(In constant 1973 dollars)

Bar-light system Bubble light
A. Costs of the Two Systems'
Purchase price $161.50 $115.75
Installation cost® 5.00 17.50
Removal cost? 1.00 5.00
Repair of vehicle* 0 25.00
Expected life 8 years 8 years

B. Comparison of Annualized Costs

Starting with new equipment, using a 10 percent discount rate, and assuming
equipment is rotated to replacement cars every 2 years, the annual costs of each
system can be calculated as follows:
Annual cost of bar light (A )): A, = [$166.50 + $6.00
(SPW, yr. = 2) + $6.00 (SPW, yr. = 4) + $6.00 (SPW, yr. = 6) + $1.00 (SPW, yr. = 8)]
[UCR, yr. = 8} = $33.62
Annual cost of bubble light (A,): A, =[$133.25 + $47.50 (SPW, yr, = 2) + $47.50
(SPW, yr. = 4) + $47.50 (SPW, yr. = 6) -+ $30.00 (SPW, yr. = 8)JUCR, yr. = 8] = $46.05

‘The systemsa costed are two popular brand medels; prices are 1973 catalog priceu. Several items o( costs are itted from the i cosls
of modifying the vehicle to make it ready for the light i llation are omi h it in esti d that cosis of swiiches and wiring for the two
systems would be approximately the same, Costa of subaequently repairing the two unita appear likely to differ, but are not included in analysis
due to the insbility 10 get good q itatl timat In additi diff. in failure rates and repair costa are not included. In addition,
differences in failure rates and repair costs are not included. H , it was d by t police fleet managers that the bar-light syatem
in less subject 10 failure than the bubble light, Thus, cost of the bubble light might be increasnd relative to the bar light if miaintenance costs were
included. Salvage values (negative costn) also aze nof included, due to uncertainty regerding appropriate valuce. One fleat adminiateator estimated
both would be worth about $25 at the end of 8 yeara. Anather estimaled no salvage value for either at the end of 8 years, To the extent that salvage
values do remain, it would seem likely 1hiat the bar light would have a greater salvage value than the babble light since it might be conaidered &
mare wmodern madel and is less likely Lo corrode or be marsed during inatallation and remaval.

Based on an arsumed labor rate of $10/hour and estimatea of 30- minutes to install the bar light and 1 hour and 45 minutes to install the bubble
\ig!\l. {Estimates pravided by the Vehicle Mai Section, Prince Georges County Maryland Police Department; Interview, April 1973.)
“Based on a $10/hour labar rate and estimates of 5 minutes removal time for the har light and 30 minniea for the bubble light. Same source as

bove,

Same source an abave,

If the likely higher maintenance cost of the bubble light and its probable lower
salvage value were also considered, the cost advantage of the bar-light system would be
even greater. (See footnote b to table 16 for an explanation of these other cost items,)

Reconditioning

In practice, reconditioning expenditures vary greatly among departments, and
among vehicles. Some departments do not recondition; others invest substantially in
upgrading cars for resale. This is not surprising since differently equipped cars incur
different reconditi¢ning casts, and not all cars warrant or merit the same amount of
reconditioning. ‘

A rule- of—thumb used by some departments is that reconditioning costs be about 10
percent of the estimated resale value of the car. Based on resale values developed
earlier, we would therefore expect reconditioning costs to range from $20 to $200 for
police cars. In general, more should be spent on newer, more expensive models, and
less on less expensive models, and those in poor condition. There are exceptions to
these guidelines, depending mainly on the type of car. For example, elaborate
reconditioning of a car with an austere interior is unlikely to pay, even for a relatively
expensive model in good condition, Its fack of consumer appeal will likely prevent
attainment of full resale potential.

On the other hand, minimal reconditioning even if no more than a good cleaning, is
almost always worthwhile. Cars in exceptionally poor condition may be worth more
through parts recovery than through reconditioning and resale.
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Institutional lmpédiments and Incentives to Efficient Buying and Selling

There may be institutional barriers to efficient fleet management. In the buying and
selling of police cars, there may be a lack of direct lines of responsibility,
communication, and recegnition between those in charge of purchasing, using, and
disposing of vehicles. For_example, some police departments have insufficient influence
on decisions regarding fleet composition, make and model selection, accessorizing, and
replacement. This lack of influence may cause morale problems and an inferior job in
managing and caring for the vehicles provided.

There is an obvious disincentive to efficient vehicle disposition when the police
department staff perceives no direct benefit from achieving cost savings in depreciation,
In centralized fleet management, for example, the police department may turn over its
vehicles to another governmental division for disposition with the proceeds from resale
going into a general fund. This may ultimately benefit the police department, but so
indirectly as to occasion comments from police administrators such as, “It makes no
difference to the police department whether it surrenders its vehicles in good or poor
condition.” Departments which receive no direct credit from their retired vehicles may
find it profitable to junk cars for parts retrieval, rather than pass the cars along for
resale even if more might be recoverable from resale. Such a practice may be perfectly
efficient from the standpoint of the police department, but not from that of local
government and society. ‘

This undesirable side effect of centralizing the management of fleets of the various
units of government (such as the police department, fire department, and sanitation
department) is ironic, since one of the main arguments for centralizing fleet operations
is efficiency—the possibility of achieving economies of scale and better coordination
among subunits,

The problem of incentives to efficient management deserves attention. Sound cost
accountability procedures which would shift charges and credits to the cost centers from
which they arise arc necessary. In this regard, it might be fruitful to examine
departments with centralized management, and to look into their respective incentives
systems.

Preparation of Specifications ; Price Documentation, and Bid Acceptance

Cost savings are often possible in the purchase of vehicles. Careful specifications
can reduce costs and improve fleet effectiveness. According to one manufacturer’s
representative who has considerable contact with law enforcement fleets, ‘‘many
departments order the wrong kind of vehicle, not really suited for the intended use,
euch as pursuit cars for in-city use.” He further commented that departments often
submit “weird” or obsolete specs, calling for features which are not really needed and
which add to the cost. ‘

Attention to details can prevent unanticipated ballooning of costs. As an example,
" one county fleet administrator cited a savings of $30 per car (compared to a nearby
police department buying the same car) simply by specifying the inclusion of preparation
and handling charges within the bid price. '

There are probably advantages in quantity buying, although the largest car
manufacturers ceased granting special discounts to fleets in the summer of 1970. In
informal conversation, a major company representative stated that special concessions
and consideration with respect to such items as warranty coverage and delivery are
extended to two types of fleet customer: the most important from the standpoint of
volume of business, and those who “scream the loudest.” Police fleet managers who
were interviewed attest to this statement. Departments with small fleets might therefore
find it advantageous to join in group buying. Joint efforts and larger orders may result in
a somewhat better price or better service, in that the dealer may be willing to accept a
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lower profit margin or provide additional service on larger volume orders. “Piggy-
backing” on other departments’ orders or group buying can further reduce the total. cost
- of preparing bid proposals, advertising, receiving and analyzing bids, awarding
contracts, and other managerial expenses.

Ceoperative buying may present considerable difficulty in interpersonal and
intergovernment relationships. It is not easy to exercise efficient, large-scale and
centralized buying techniques without, abridgement of local department prerogatives,
responsibilities and vehicle requirements. Cooperative buying also can be inefficient if
smaller departments purchase more expensive vehicles or more optional equipment than
they actually need. However, some departments and local governments presently claim
savings through group purchasing.”

Departments can also save on costs of preparing specifications by drawing on the
experience and information available from other departments, including research,
test results, and illustrative specifications. Some large departments—most notably the Los
Angeles Police Department—test vehicles and equipment and share information with
inquiring departments. The National Association of Fleet Administrators maintains a file of
sample specifications, available to member departments. The exchange of police vehicle
procurement information is alse a by-product of intergovernmental cooperative
purchasing.

Information exchange might be further and profitably widened through
establishment of a national clearinghouse or reference service. Perhaps an existing
organization already active in the area (such as the National Institute of Governmental
Purchasing or the Law Enforcement Group of the National Association of Fleet
Administrators) could broaden its dizssemination of relevant procurement data.

Several police fleet administrators who were interviewed suggested that
procurement savings might be possible through direct participation by state, county and
city police departments in Federal supply contracts administered by the U.S. General

ervices Administration, but this does not appear to be possible under existing Federal

law. However, establishment of a national procurement data exchange does seem.

possible under Title III of the Intergovernmental Cooperation Act of 1968 (P.L. 90-577):
Permitting Federal Departments and Agencies to Provide Special or Technical
Services to States and Local Units of Governments.*

A source of current car price data for the different car makes is useful to estimate
expected costs of vehicles and parts, and to evaluate bids. Examples are: (1) The 4IS
New Car Cost Guide, distributed by the Automotive Invoice Service Company; and, (2)
the Unicomp Directory of Used Cars. Some police departments secure price lists from
dealers or from the manufacturers. The manufacturers also make available annual
vehicle specifications describing available options and features, but generally not prices.

. Advance noiice of planned design changes is useful for efficient planning and
coordination of vehicle and equipment purchases, Changes in interior configuration may
mean that equipment purchased earlier will not fit later models and will, therefore,
become quickly obsolete. Close contact with manufacturers’ repxesentames may help to
aveid this problem.

Conventional procurement practice is to accept. !nds from jocal dealers. Mnny
departments accept strictly the low bid, resulting in the lowest purchase price.
However, departments increasingly have come to realize that the lowest: purchase price
may not mean the lowest life cost. One department, through low bid acceptance,

changed to a model which was bid 40 cents below the department’s existing vehicle

model, but which necessitated considerable expenditure for new equipment, new parts
inventory, and retraining of mechanics to make the transition.

!'S«. tor example, Robent N; Belmonte, County of Bergen, N.J., “‘Ancther Look at Large.Scale [ I Cooperative Puichasing,"
Jourrat of Purchasing , February, 1972, pp. 3449,

"uu wPpp. 4748,
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Some departments believe that low bid acceptance is legally mandatory, regardiess
of the overall cost effects, and in some cases this is true. Typically, hewever,
procur2ment regulations are writtén to allow exceptions when low bid acceptance would
be inefficient. “

A parallel may be drawn between state and local procurement practices and
Federal practices. Section 2305(c), Title 10, U.S. Code states, ‘“Award shall be
made...to the responsible bidder whose bid...will be most advantageous to the United
States, price and other factors considered.” In past practice, the word price has been
the chief or only consideration in awarding advertised contracts. This avoids related

protests and complaints, as well as the need to justify exceptions. With more attention’

being given to life cycle costs, the Federal Government appears to be moving away from
this practice.

Timing of Purchase and Resale

The time at which cars are bought and sold affects costs, but the existing views
and practices concerning timing are mixed. For purchase, many departments prefer to
wait until late in the model year (e.g., late spring or early summer), believing that they
can get better prices when the changeover to new models is imminent, and that the
factory delivered condition of the car is better due to correction of earlier assembly line
problems. Other possible reasons for delaying purchase are the low priority given fleet
sales by some dealers, and departmental indifference to depreciation due either to a
poor incentive structure or to planned use of the vehicle until little resale value remains.

Depreciation costs under normal cenditions do net justify delaying purchase. Cars
depreciate primarily in terms of model years: a car bought at the end of the model year
is assigned a full year's depreciation cost at the time of model change-over. This
depreciation is essentially “unused” and raises annual average cost. Therefore, a
department which practices relatively quick turnover of its fleet and emphasizes
reduction of depreciation cost should, if possible, buy vehicles early in the model year.
Any purchase price differential in early and late buying is likely to be small—particularly
since price increases often occur during the model year.

Three main forces in the resaie market affect optimal timing of disposition—trend,
cycle, and seasonal variation. The general direction, or trend, of resale values for a
given model is, of course, normally downward. This is shown in exhibit 5, which charts
the resale values of a low-price, standard-size car (not a patrol car) from the time of first
introduction in the fall of 1969 to late spring of 1973. The car was priced new at $2,930,
sold used for $2,275 at the end of 1970, for $1,875 at the end of 1971, and for $1,425 at
the end of 1972.% The inset of the figure stacks the model years vertically to accentuate
the seasonal pattern. Values appear to decline most sharply from about November
through March each year, but remain fairly constant from April through the summer
months. .

Exhibit 6 shows recent cyclical fluctuations in the used car market, which
appeared generally strong from early 1970 until the third quarter of 1971, but then was
depressed in the fourth quarter of 1971 and early in 1972. Buoyant or depressed markets
could alter the resale value normally expected.

Except for unusually strong aberrations in the used car market, it appears
generally most efficient to purchase new cars and to dispose of old cars as early in the
model year as possible. If delayed until late spring, however, purchase and disposition
can usually be further delayed until late summer with little additional depreciation cost.

Any further delay tends to result in a large rise in depreciation cost. ,
i1

—— e

3 -
NADA Used Car Guide , Eastern Editions, 1970 Plymouth Fury 1.
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Exusir 5. The pattern of resale values for a bottom-of-the-line, standard size car in private
use.
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Exmnit 6. Overall level of used car prices, seasonally adjusted, 1967 to 1973,
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Alternative Methods of Car Disposal

The means of disposing of used vehicles is another factor which influences
depreciation costs. There are essentially two methods of disposing of vehicles in the
open market—by wholesale or retail. (The variety of wholesale and retail disposal
methods are listed below.) In addition, vehicles may be transferred from the police
department to other governmental units prior to subsequent resale. The following
specific ways of disposing of patrol cars were identified by this study:

(1) Trade-in to new car dealer upon purchase of replacement vehicles.

(2) Sale to a used car dealer.

(3) Consignment to an automobile auction house.

(8) Transfer of vehicles from the police fleet to another department of government.
(5) Periodic public police auctions.

(6) Periodic acceptance of sealed bids from the public.

(7) Prearranged sale to employees or private buyers when vehicles are retired.

(8) In the case of leased cars, disposal handled by a leasing company.

Each method has its advantages, disadvantages, and relative appeal depending in
part on the model, age, and condition of the car, and in part on the characteristics of
the police department and the availability of alternative methods of disposal. In
considering the alternative metheds from a cost viewpoint, it should be remembered that
it is the net resale value that counts; that is, it is important to take into account the
selling costs associated with each method, as well as the price received.

Retail sale methods, which omit the middleman, appear to yield highest prices.
Methods 5, 6, and 7 above all may include retail transactions. A comparison of NADA
retail and trade-in prices for four makes and eight popular models showed retail prices
of cars generally to be between $425 and $475 higher than trade-in prices. The City of
Adanta, Georgia, cites “an excellent return” from the annual public auction of its entire
police passenger car lineup; prior experience with trade-in disposition yielded poor
results, 32 ;

The main disadvantages of retail methods are the higher reconditioning and selling
costs which are usually involved, and the possible delay in disposal. Since the aim is to
sell cars directly to the ultimate buyer, more attention is usually given to detailing or
reconditioning the car. Many police departments are not equipped to do this as
efficiently as dealers. Methods 5 and 6—police auctions and acceptance of sealed bids—
are likely to require storage from time of retirement to time of auction or awarding of
the bid, with the attendant storage costs, insurance cost, and unused depreciation.
Advertising will probably be necessary to stimulate consumer interest, and
administrative and management talent will be needed to successfully conduct or oversee
the sale. S
Of the retail methods, the police auction offers the advaniage of competitive
bidding, which may raise prices. If the fleet is of sufficient size to enable scheduling of
frequent auctions, the problems of storage costs and unused depreciation may not be
serious. Some departments and governmental bodies, such as the Arizona Department
of Public Safety and the City of Seattle, hold regularly scheduled auctions of police cara
on their own used car lots. This method is most suitable for disposal of cars in relatively
good condition with consumer appeal.

Prearranged selling to employees or others appears to be feasible only for small
fleets. In contrast, acceptance of sealed bids is a fairly simple method of disposal which
is manageable even for large fleets. Its main drawback is the necessity for storage and
making vehicles available for public inspection for a period prior to bid awarding.

Wholesaling-selling to used car dealers, to wholesalers and brokers, or consigning
to automobile auction houses—offers the advantages of quick sale and low seiling costs,

S .
Al Trager, “Going, Going, Gone'." Commerclal Car Journal, Juna 1972, 114-114.
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but prices may be lower than attainable through retailing. Wholesale methodr are often
used by departments interested in quick sale with little or no reconditioning. VUtility,
ser-ice vehicles, and cars in poor condition usually are wholesaled.® Some auto
wholesalers advertise in trade journals specifically for police vehicles.  They buy in
- quantity, rely on scale economies for low reconditioning cost, and distribute the
reconditioned cars to scattered outlets, thus overcoming in part the problem of selling a
large number of look-alike cars. They sell t6 other wholesalers, uuu companies, and
private buyers.

Transfer of vehicles from the police fleet to other governmental agencies may be
efficient for the overall government unit and may also benefit the police department
directly, if charge-backs are used properly to assign costs and credits. Vehicles which
no longer meet the reliability requirements for police work may nevertheless be
adequate for lesser demands. The Arlington County Virginia Equipment Division, for
example, selects suitable retired police cars and reassigns them to other units requiring
transportation, such as the Public Health Office.?* The resulting lower average annual
depreciation costs are passed along to the police department in the form of lower
monthly rental charges. (This approach is efficient overall only if rising maintenance and
repair costs do rot more than offset the decline in average depreciation at the time of
vehicle transfer. For further explanation, see section 3.5 on replacement policy.) If there
18 not a good cost accountability system, the police department itself will probably not
benefit from intragovernmental transfer of vehicles, even though the parent organization
may.

may, however, be used to obtain favorable servicing or special consideration in new car
delivery. In addition, it eliminates the problem of coordinating disposal and new car
delivery and the need- for storage, as well as most selling expenses.

Perhaps the most important point to be made with respect to trade-in is that
quoted trade-in prices are often deceptive. A high trade-in figure associated with an
inflated new car price may mean that the net new car cost (or net trade-in value) is
actually poor. A more valid approach compares trade-in with other means of disposal by

computing the net costs of the two bids received. This can be illustrated with actual '
data from a police car sale in a west coast city: A new car dealer of{ered $15,325.00
trade-in allowance for nineteen used cars, but the cars were sold retail at auction for’

$14,436.30. Deducting the advertising costs of $142.38, the net proceeds of $14,29,3.92
were $1031.08 less than the dealer’s offer, an apparently large loss to ‘the city from
selling retail instead of trading-in. A closer and more valid look shows that the city in

fact saved $2,400, since the higher trade-in allowance masked a higher bid price on the

new replacement vehicles. The effective cost comparison is the following:

Costs Using Trade-in Method of Disposal

Bid on 20 new cars by “X"* Motors: $54,970.25
Leas Trade-in Alowance on 19 cars by
“X" Motors: 15,325.00
Net Cost: $39,645.25
Costs Using Auction Method of Disposal
Bid on 20 new cars by “Y”’ Motora: $51,529.00
Auction Sale Price: 14,293.92
Net Cost: $37,235.08
m"“, ial R : The Growing Lure of Flect Leasing,” Business Manogement , December 1969, pp. 4044,

s‘Mr. David Carter, Arlington County Virginia Equipmeni Division, Arlington, Va., interview, 1973.
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Here the bid price on the same cars from another dealer, without trade-in, was
over $3,000 less than the new car/trade-in package, with a net savings ‘of $2,410.17
possible by buying the new cars and selling the old ones separately.* Findings regarding
disposal of used pohce cars can be summarized as follows:

(1) if cars are in relatively good condition, and enough are available to permit
frequent sales, a retail sales method of disposal—preferably an auction if
administratively feasible—will likely be cost effective.

(2) If cars are in poor condition, or if there otherwise is no good local market, a
wholesale method of disposal, such as consignment to an auto auction or sale to used
car dealers or wholesalers, offers a relatively quick method of disposal which avoids
costly storage and built-in depreciation.

(3) With an equitable cost accountability system in effect, transfer of cars to other
departments may be beneficial to police departments by reducing annual depreciation
cost.

(4) Although net trade-in prices usually tend to be relatively low, trade<in may
nonetheless appeal to departments without attractive alternatives due to the possible
advantages of preferential service, convenient and timely disposal, and low selling cost.
But it should be remembered that quoted trade-in prices are often .deceptive, and
attention should be given to the net cost of the new car/trade-in bid.

3.2.3; Lease Vs. Buy

In recent years in commercial organizations there has been a steady trend away
from company-owned and employee-owned* fleets towards fleet-leased cars, such that
the majority of business fleet cars are now leased. Many articles citing the merits of
fleet leasing appear in fleet journals, and leasing is frequently a topic at fleet
management seminars and conventions. These developments have not gone unnoticed
by police fleet managers, and many of them wonder whether police departments should
switch from purchasing to leasing. This section explores the question of leasing versus
buying.

Leasing Arrangements

Leasing is a method of legally obtaining possession and use.of assets for a period
of time (usually a year or more) without assuming ownership, and generally involves a
combination of finance and service. There are three basic types of vehicle lease: (1) the
finance lease, (2) the net lease, and (3) the maintenance lease.

The finance lease, which is the most popular lease among business organizations,
provides vehicles but makes no provision for maintenance and operating services. The
lessee controls and pays for all maintenance and operating costs and reimburses the
lessor for any resale loss (or receives any resale gain) when the vehicle is turned back to
the lessor for disposition. The period of lease is flexible, and the monthly payment is
expressed as a percentage of the capitalized value of the new vehicle. The amount of
payment declines each year as the lessee continues to use the vehicle.

The net lease, like the finance lease, makes no provision for maintenance or
operating expenses. However, the net lease is generally closed-end in terms of the
period of lease, with no adjustment for variation in actual depreciatica. The lessee is

';,:egmr ¢ o TEtum vehicles-in a_condition ehowmg only “normal” wear. The monthly
" lease diarge’m asuaily a-flat doliar amount,

The maintenance lease includes provision for sume maintenance by the lessor, the
amount ranging from limited to comprehensive. The cost of this type of lease consists of
a charge for the vehicle’s use, as is made under the finance lease and the net lease,

a3,

Mr. James C, Jones, Equi t Analyst, T tation Division, City of Pasad Calif., memo tranamitted in a letter of April 19, 1973,
3%,

This is the practice of a few police depariments, slthough the trend is away from this practice.
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plus a maintenance charge. Its price is therefore higher than the other types of lease
arrangements. The lease may be either closed-end or open. -end.¥

Within these three basic types of leases there are countless possible variations in
provisions, as well as alternate names, such 7s the service lease (same as maintenance
lease), the walkaway lease (same as the niet lease), the guaranteed lease (net lease), or
the cost-plus lease (finance lease under which the lessor administers maintenance
control for a separate fee). A procedure called “sale-leaseback” does not designate a
fourth type of lease, but is simply one way of putting into effect one of the three basic
types of lease listed here. Just what the ieasing company contracts to provide to the
lessee can be determined only by a careful reading of the contract in each case.

While the finance lease is most prevalent for private enterprise, the maintenance
lease appears to be favored by police departments. The discussion of leasing advantages
and disadvantages will help to explain the police preference for the maintenance lease.

A copy of an actual maintenance lease agreement between a medium size city
police department and a local dealer leasing company is presented in appendix B-l. At a
glance, this appears to be an agreement for maintenance only and not a leasing
arrangement for use of the car. In fact, it is both. The initial puréhase of vehicles by the
city from the leasing company and subsequent repurchase by the leasing company from
the city, as called for in item 7 of the contract, is merely a formality designed to protect
the lessor from ownership liability; no purchase or resale money actually changes
hands.

Under this agreement, vehicles are replaced at 60,000 miles (97,000 km) or 3
years, whichever comes first. (For this department, this arrangement has resulted in an
annual replacement of most of the marked cars and a replacement every 2 or 3 years for
unmarked cars.) The lessor contracts to provide general maintenance at 6,000 miles/60
days (10,000 km/60 days); operating repairs, repair parts, tire maintenance and repair,
and washing as required; oil change at every 2,000 miles/60 days (3,000 km/60 days);
and lubrication every 4,000 miles/60 days (6,000 km/60 riays), all of which is to be
performed weekdays between the hours of 8 a.m. and 5:30 p.m. Wrecker service and
emergency maintenance for tire repair or replacement and breakdown repairs or parts
are provided on a 24-hour basis. Contract provisions specify priority service for police
vehicles, service to be provided at a place convenient to the police department, and
alternative arrangements to be made by the lessor for contract compliance should a
strike cause the lessor to close down. Not covered under the lease are the following: (1)
decaling and installation of special equipment, (2) repair necessitated by accident or
other casualty, (3) repair made necessary by driver abuse or failure to follow prescribed
operating instructions, (4) theft or loss, (5) repair of exempted damage required prior to
turning in the vehicle, and (6) gasoline. (The agreement does cover partial
reconditioning, including removal of decals and standard preparation.) Insurance costs
are borne by the lessee. The monthly lease charge is based on a specified ratz per mile
for the number of miles driven each month, with a minimum mileage charge gquoted.

Additional clauses have been extracted from several other police leasing contracts
to indicate further the kinds of arrangements which are made and how certain problems
generally associated with police leasing are being handled:

(1) “The lessee shall have the option to lease additional police cars per year up to
a specified maximum.’

(2) “The lessor w:ll be responsible for mmmenance of the leased vehicles, except
that gasoline, cleaning and washing, speedometer certifications, and all forms of liability
and comprehensive insurance shall be the responsibility of the lessee.”

Clyde W Phalp-. The Role of Fleet Leasing in Motor Vehicle Fleet Plans of Busi Firms, Studies in C ial Fi i No. 4,
, C ial Credit Co., Bali Md., 1969.» 1.20.
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(3) “The lessor will maintain a specified number of backup cars in service, on call,
both marked and unmarked in a proportionate amount sufficient to immediately replace
leased vehicles. In addition, the lessor will maintain a specified number of cars in
inventory.”

(4) “Special police equipment, such as visi-bars, flashing lights; electronic sirens,
speakers, and police radios shall be deemed extra equipment...will be provided by the
lessor at the lessee’s request; at prices to be mutually agreed upon.”

(5) “To assure faithful performance of its obligations, the lessor will assign its
contract with the lessee to a federally regulated bank. All payments due by the lessee
will be made directly to the bank. The lessor will voluntarily restrict its use of any
money paid into the bank by the lessee for the fuil term of the contract. The lessor will
agree that it will not withdraw the money paid into the bank by the lessee except for the
sums necessary to fulfill its services and maintenance obligations.”

(6) “The lessee shall be solely responsible for disposition and retirement of
department-owned police vehicles.”

(7) [As an alternative to (3) and (6)] “The lessor will purchase from the lessee a
quantity of existing patrol cars to be used as replacement (backup) vehicles.”

(8) “The lessor will perform maintenance, repairs, and warranty repair in such a
way as to keep down-time to an absolute minimum. The repair shop will operate on a
3-shift basis, 24 hours a day, from 8 a.m. Monday through 5 p.m. Saturday. During
these hours a specified minimum number of fully qualified mechanics will be on duty.”

(9) “‘A sufficient stock of repair and/or replacement parts will be maintained at the
lessor’s repair shop to insure an efficient flow of repairs, while maintaining the
minimum down-time concept.”

(10) A replacement patrol car will be provided when any car is in the shop for
service or repairs.”

(11) “The lessece (police department) agrees to furnish legal exemption certificates
covering Federal excise and other taxes to the lessor.”

Contracted replacement mileage ranged from a low of replacement every 30,000
miles (48,000 km) to a high of replacement every 60,000 miles (97,000 km), but in most
cases the aim was to replace patrol cars about once a year and other cars about once
every 2 to 3 years. S

Terms regarding choice of car model and accessories vary, but rates appear
generally more favorable if the lessee selects a car which permits easy disposal by the
lessor, while still meeting police requirements.

Rates vary among leasing companies and depend greatly on the specific provisions
of the contract. Sometimes the lessor follows a flexible policy in which he adjusts the
quoted rates upward or downward depending upon the desire of the police department
to assume or relinquish maintenance duties. The lessor may charge by the mile, with or
without a minimum mileage requirement; there may be a flat monthly rate, or the
charge may have two components, a flat monthly rate plus a mileage charge.

Advantages and Disadvantages of Leasing

Some police administrators who were interviewed asserted that leasing must
always be more expensive than a well-run, in-house operation, since the lessor’s profit is
added to the basic cost of uperating the fleet. This point of view, however, ignores the
posasibilities of economies of scale and economies of specialization. A leasing company
may supply vehicles to a number cf departments, thereby operating a combined group of
vehicles very much larger than the fleets of any one client. Through mass purchasing, a
large leasing company may be able to overcome one of the disadvantages often cited,
i.e., that a private firm cannot buy at the favorable prices extended to state and local
government units. Economies of scale may also exist in car disposal. A large leasing
company may have access to many and different types of resale outlets and a better
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view of the resale market, permitting it to obtain higher resale vailues than some police
departments could obtain. Thus, it is quite poasible for the depreciation cost included in
the monthly lesse payment to compare favorably with that which the department would
incur through ownership. Similarly, economies of scale might be realized in more
efficient utilization of maintenance and repair eqiipment and specialized personnel, and
in use of automated data processing equipment and mass paper hnndhng methods,
thereby reducing overhead cost.

It may slso be asserted that acquisition of vehicles by lease must be more costly—
from the standpoint of the drain on the police department’s budget—than department
ownership, because the borrowing cost of private firms is normally greater than that of
governmental agencies, which may float tax-exempt securities. Apart, however, from
consideration of the true social cost of public borrowing, there are limite to the amount
of funds which government agencies may raise in this way. In addition, reatrictions are
sometimes placed on the financirg of short-life capital assets by issuing securities. Also,
as with a private firm, leasing may improve the working capital position of a public
agency, thereby freeing funds to be used for purchasing other resources or undertaking
other activities which are expected to yield positive net benefits to society.

Another argument sometimes raised against leasing by government agencies is the
absence of special tix advantages which may accrue to private firms which lease. Since
government agencies are tax-exempt, it is true that the same tax considerations which
apply to private fleet decisions do not apply to police fleets. Furthermore, it may be
argued that government agencies which lease forego the advantage of their tax-exempt
status, which allows them to purchase at a lower price than leasing companies.
However, as we have seen, the government agency may be able to preserve this
advantage if it can pass the tax-exemption on to the lessor.*

In addition to cost considerations, there are other reasons why police departments
might find leasing advantageous. One advantage of leasing was cited by several police
departmicnts who leased: the regular streams of contracted payments facilitated
budgeting. Less resistance may be encountercd from the appropriations body to police
department requests for monthly lease payments than for funds to purchase new and/or
additional cars. One police fleet manager explained that prior to leasing the department
faced a constant, recurrent struggle to obtain funds for purchasing replacement
vehicles. The fleet was generally old, and failing cars posed constant problems. After
acceptance of a leasing arrangement—with its 1-to-2.year replacement clause—little
difficulty was experienced in obtaining annual approval of the monthly rental payments.
'l“he average age of the fleet is now much lower and car condition much improved.

Another police department reported an inability to obtain funding for the capital
o\;tlny needed to expand its fleet to meet growing requirements for transportation.
However, it could get sufficient funding to meet the monthly rental charge for additional
vehicles on a leased basis and reported improved vehicle availability under leasing. This
same department cited the advantage of grester case in adjusting the number of
vehicles to actual need under leasing.® Clauses in the lease contract calling for standby
vehicles immediately deliverable from the lessor can achieve this flexibility. A lessor
who serves several departments may be able to maintain an adequate backup inventory
at a lower cost than each individual department, since the likelihood that all clients will
need emergency replacements at the same time is rather amall.

Two chief motivating forces were found for the apparent preference of police
departments for the maintenance lease: (1) Maintenance leasing offers to small and
moderate-size departments a possible reduction in maintenance zérvice costs achievable

”Wnyu K. Am-lmu. Chiet of Police, Rapid City, S. Dakate, **Should Your Depariment Lease Its Police Cars?" FBI Law Enforcement Builetin, )

November 1964, p. 2.
Pibid.p. 11,
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through economies of acale of the lessor; and (2) maintenance leasing may offer escape
from an existing poor maintenance arrangement.

The short-term maintenance lease provides a more flexible, less binding
arrangement than is possible through the establishment of an internal maintenance
facility. Some claim that this rationale for leasing is a “‘cop-out”—an admission of failure
by the police department to operate its fleet efficiently, and, doubtlessly, it is an
indication that the existing system is not functioning satisfactorily. However, the roots of
the problem may not lie directly within the police department or within its power of
control. If this is the situation, leasing—if leasing is more cost-effective than the existing
system—is preferable to continuing a less efficient operation merely for the sake of
having a police- or municipal-owned and serviced fleet.

A prevalent objection to leasing is that the police department loses control of its
fleet and can no longer assure proper car selection, maintenance, and availability. It is
sometimes asserted that a lessor will not provide suitable vehicles, that his maintenance
facilities will be inadequate for the unique and specialized police vehicle, that the

~ availability of police transportation (and pretection) will be subject to the whims of the

lessor, and that police cars damaged in riots or other disturbances after 5 p.m. will
become unavailable until the following day. However, actual experience with leasing by
police departments suggests that most of these problems are exaggerated. The lease
arrangements presented earlier illustrate some of (he ways departments avoid, or at
least greatly reduce, these potential problems. A considerable degree of con:.ol and
flexibility with a leased fleet does appear to be possible.

Other objections to leasing and reasons for department ownership which were
given by police fleet managers included the following: (1) Tradition: ‘“this is the way it
has always been done”; (2) an amplé annual capital equipment budget; (3) the cost and
trouble of making a change in the system; (4) a small expected cost difference between
the alternatives; (5) existing reciprocal community arrangements; and (6) pride of
ownership. The first five of these rationales for oﬁ'nershi‘p in themselves make little
sense in terms of economic efficiency. Even if a department’s budget does allow
purchase, this by itself does not warrant purchase. Pride of ownership is a psychological
motive whose value is difficult to assess; but this also appears to be a weak argument
for ownership.

In summary, this investigation found no impediments to police fleet leasing which
by nature appear insurmountable. It found several motives for police leasing aside from
possible cost advantage. It appears that leasing could, under certain circumstances,
offer cost advantages not only to small police departments, but to departments of any
size.

Cost Comparison of Leasing and Buying

Lease costs may cover either the cost of providing use of the vehicle (i.e.,
financing), the cost of any services under contract, or both of these. A wide variety of
services may be provided under a maintenance lease contract; hence, quoted costs of
the service part of leases vary greatly. It should also be noted that maintenance and
management services may be leased from outside businesses by a department which
owns its vehicles, and, conversely, cars may be leased by departments whick provide
their own maintenance. Two separate cost decisions must therefore be made: (1) Is it
cost-effective to secure vehicles through leasing, and (2) Is it cost-effective to secure
maintenance and management services from outside sources? (Attractive terms for a
combination lease arrangement may, in practice, encourage a joint decision.) The
approach taken here is to compare the costs of leasing, without provision of services,

with outright purchase, and to compare costs of contracted maintenance with in-house
services.




Let us first compare the costs of buying a car outright to obtaining it through a
finance lease, which only provides use of the car and not maintenance service. Assume
that the lease is open-ended, thereby requiring the lessee at the end of the contract to
insure that the lessor has received payments equalling full depreciation. For purpose of
comparison, a present worth model is used to convert the costs of each method of
acquisition to a single cost today, with a discount rate of 10 percent.

The cost estimates are computed for a standard-size, middle-of-the-line model,
listing for $4,383 and available for purchase by the police for $135 over dealer price, or

$3,553. In keeping with provisions of the finance type of lease, it is assumed that the

police department must make arrangements for and bear the cost of decaling,
equipping, operating, maintaining, repairing, and reconditioning, regardless of whether
‘it buys the car or leases it. These costs are therefore identical for both alternatives and
can be neglected here. A 2-.year replacement cycle is assumed,” and the assumed
depreciation rate is that estimated earlier for State Police. For simplicity, all costs
which would be equal or nearly equal for the alternatives are omitted from the analysis
since they would not alter the choice. The cost estimates are presented in table 17.

The comparison shows the estimated present value of the cost of acquiring a car
by purchasing to be $164 less than the cost of leasing it. However, the extra cost of
leasing is not nearly as great as would be expected by comparing the total monthly lease
charges and depreciation reimbursement (undiscounted) with the purchase price less
resale value.

The cost estimates shown are, of course, based on a particular set of values; the
outcome would vary depending on inputs. However, to change the direction of the
difference, the monthly lease charge would have to be reduced or the department’s
purchase price increased. Contacts with several leasing companies provided estimates of
a monthly lease charge for a car of the type and price described quite close to that used
in the example.

According to one leasing company representative, quantity discounts on leasing:

charges are sometimes offered, perhaps $5 per car per month for leasing 10 to 49 cars,
and $10 discounts for leasing 5¢ or more cars.* Thus, increasing the number of cars

leased might reduce the monthly lease charge from the illustrative $118 to, perhaps,"

$110 per car.

By like token, the police department might alsec obtain lower purchase prices with
larger orders, so that increasing the size of the fleet might not change the relative cost
difference. Similarly, increasing the estimated resale value will reduce the costs of both
alternatives by a comparable amount; thus, the analysis does not appear to be very
sensitive to assumptions regarding resale value.

An alternative to the full-time lease (treated above) is short-term rental. This may
also be compared with ownership. For those vehicles whose workload is irregular, short-
term rental offers the possibility of avoiding part of the fixed cost otherwise incurred
while the vehicle is not in use, e.g., insurance, depreciation, and storage. For functions
requiring incognito vehicles, short-term rental cars aveid the costs of frequent buying
and selling or reduce the tie-up of capital otherwise required for a sufficiently diverse
undercover fleet. In these cases, the problem is 1o determine the critical or breakeven
level of use, at which the cost of owning each vehicle is equal to the cost of renting.

A simple method for approximating the critical level of utilization for each vehicle
is based on the following relationship: The critical level of utilization is equal to the ratio
of the annual cost of vehicle ownership to the annual cost of full-time renting.”* For

w‘l‘l\a following lesaing periods for different mileage rates were suggesied by a lessing company manager: 50,000+ mﬂn[y&gr {80,000+ km/year),
L-year leasc; 20,000-49,999 miles/ycar (32,000-80,000 km/yesr), 2.year lease; 0.19,000 milesfyenr (0-32,000 km/jear), S-year lease. Mr. Nathenson,
M Leaseplana Devel Corp., intervaw, March 1973,

“Lu-iu manager of a local leasing company, interview, March 1973,

uA. A. Britten, Decision Making in Vehicle Management, Report No. S5.15, Local G Op jonal R h Unit (LGORU), Rnyd‘

Insti of Police Admini {an, Reading, Englind, 1971, p. 10.

39




Taswe 17. Acquisition cost of purchasing a patrol car as compared with leasing it

—————— e gy 8an o

A. Purchese “ B. Finance Lease

Initis! outlay = $3,553' Monthly lease charge for 24 month lease = $118.00°

Ressalz value after 24 months = 1,066° Reimbursement to lessor at 24th month = $477.00

Calculation of present worth: Calculation of present worth:

1 1+ )N -1 1
P, = I- (F|~me = A QLN -
P ( [-;1+.) ] ) Po= A laT * Rlam
where where
P, = the present value of the cost of purchasing. e
1 = the intial outlay for vehicle purchase.’ P, = the present value of the cos! of the lease arrangement.
F = the resale value anticipated at the end of A = the uniform monthly lease payments.
24 months. i = monthly interest rate of 101.
i = monthly interest rate of .01, N = the number of monthly interest periods.
N = the number of monthly interest periods. R = the reimbursement payment expected to be due at
X the end of 24 months.
Pp = $3,553 — ($1,066 [——~——zz—] ) (1+.01)*-1 1
(1+.01) = e e
) P sli8 01(1+.01) ] +an (1+.01)
1 .
= 3,553 - (1,066 [..__] ) - 0.269 1
(1.269) N8 o | *477 |ize0
= 3,553 — 840 = 2501 + 376

Present value of the cost of purchasing the car = $2,713  Present worth of lease cost = $2,877

‘Quoud dealer price plus $135 markup and preparation charge for a dard.si iddle-of-the-line car with police package.

“Ba-ed on a 70 percent depreciation rate ovay 2 years, the approxi ge rate esti d for state police departments in section 3.2.1,

The acquisition coat of the vohicle may be entered into the cost zquation cither an an initial outlay or as a atream of monthly payments with an
interest charge. The present value of the stream of monthly payments ia equivalent to the initial outlay if the discount rate is equal to the interest
ghn‘c on borrowed money.

For i al2p annual § rate is d here, which is equivalent toa 1 hly rate,

Calculated by multiplying the dealer list price ($4,383) by the d hly depreciation rate (2.09%) and a monthly rate of dealer profit (0,7%),
($4,303N,027) = $118.34. This “rule-of-thumb™ hod {or calculati hly lease chacges wan provided hy the leaning wmanager of a local

utomobile company, interview, March 1973.

The difference batween the léasee’s total pay and depreciation (calculated as the difference beiween list price and the resale valus).







example, if ownership costs are estimated to be $3,000 per year and the rental cost for
the vehicle for 1 year is $4,000, then it is cheaper to buy if the vehicle is to be used
more than 75 percent of the time; otherwise, renting whenever the vehicle is needed is
cheaper. "

Now let us consider the major item on the service side of leasing—that is,
mainicnance. Other things equal, how does the cost of providing maintenance through
an in-house operation compare with contracting-out maintenance, either through a lease
agreement or through separate arrangements with private vendors?%

Tabie 18 provides an estimate of in-house garage staff requirements and related
annual labor cost for different fleet sizes. The number of service people and their coat
are estimated in a series of five steps:

(1) The number of patrol cars in the fleet ic multiplied by the average annual
mileage per car [here assumed to he 35,000 miles (56,000 km)] to get total annual fleet
mileage.

(2) Fleet mileage is multiplied by estimated labor hours per ‘mile to derive labor
hours directly chargeable to vehicle maintenance.

(3) The number of labor hours is divided by 1920, the estimated number of labor
hours available per year per garage staff person, to arrive at the number of service
people required for vehicle maintenance at 100 percent manpower utilization.

(4) This number is then increased by 20 percent, to take into account labor time
not directly chargeable to vehicle repair, such as coffee breaks, and unevenness in the
flow of work into the shop. The resulting figures, rounded, are rough estimates of total
garage staff requirements.

(5) Annual labor cost is calculated by multiplying the number of garage workers by
the average annual salary, which in turn equals the number of labor hours per person
per year times the average hourly wage rate. Annual labor costs are shown for three
alternative wage rates—$5 per hour, $8 per hour, and $10 per hour.

The estimstes of labor hour requirements, on a per mile basis, are based on the
average experience of a sample of police departments in 29 cities, whose average was
0.0034 hours per mile (0.002 hours per km). Use of this figure unadjusted for fleet size
resulted in reasonable estimates for small-to-moderate-size fleets, but appeared to yield
overestimates for large fleets. Informal discussions with police fleet administrators
suggested that, due to economies of scale, staff requirements probably increase at a
decreasing rate as fleet size increases, rather than linearly. Accordingly, the estimate of
average labor hours per mile was adjusted downward at a 10 percent rate for each
inciemental 100 vehicles after the first. 100 vehicles. (See footnote b, table 18, for a
fuller explanation.)

Operating conditions reflected by the maintenance and repair experience of the 29
cities from which the average labor hours/mile figure was a mixture of congested in-city
driving, suburban driving, and freeway driving, Thus, the estimated labor-hours-per-mile
factors should be representative for most small to large cities, but may be somewhat low
for very large city departments whose driving conditions are more severe than those in
the sample cities, and somewhat high for most state highway patrols which, on the
average, incur their mileage with fewer engine hours of use than city departments.

Clearly there are a number of reasons why garage staffing requirements might vary
considerably among depariments. To test the conclusions for sensitivity to the particular
set of assumptions employed in the analysis, the estimated costs of manpower and other
factors are varied in the final cost comparisons at the end of this section.

Table 19 shows the procedure used to estimate the cost of equipping a police
garage. The requirements for some items of equipment are expressed as a function of
total garage staff, while others are expressed as a function of fleet mileage. The size of
the garage staff (N) is, however, itself based on mileage (M).

uAppendh B2 provides an ill ion of for i ¥ mal R0 private gerag:
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TaBLE 18. Estimation of garage staff requirements and annual labor cost
(In constant 1973 dollars)

Number of service Number of
people required for service people Annual labor cost
- directly allocated® required for
Number Total annual Total directly allocated labor (1009 manpower total garage Hourly rate®
" vehicles fleet mileage' labor hours® utilization) staffing’ $5.00 $8.00 $10.00
(1) 2 ) ) &) ) ) 8
(ool. 2 X est. labor hrs./mi.) {col. 3 1,920) (col. 4 X 1.20) (col. 5 X hr. rate X 1,920 hrs.)
1 35,000 119 0.1 1 $ 9,600 15,360 19,200
(] 350,000 1,190 0.6 1 9,600 15,360 19,200
25 875,000 2,975 1.5 2 19,200 30,720 38,400
50 1,750,000 5,950 3.1 4 38,400 61,440 76,800
100 3,500,000 11,900 6.2 7 67,200 107,520 134,400
200 7,000,000 22,750 11.8 14 - 134,400 215,040 268,800
500 17,500,000 49,000 25.5 31 297,600 476,160 595,200
1,000 35,000,000 77,700 40.5 49 470,400 752,640 940,800
1,500 52,500,000 95,200 49.6 60 576,000 921,600 1,152,000
2,000 70,000,000 105,350 54.9 66 633,600 1,013,760 1,267,200

l()n the basis of & sample of State police departments (a8 shown in app. A, table A-15), an average of 35,000 miles (56,000 km) per vehicle per year
i,; assumed. The total annual mileage for a fleet is found by multiplying the number of vehicles in the fleet by 35,000 miles (56,000 km).
Direcily allotted maintenance and repair labor houra were estimated on the basis of relationships between Iabor hours and mileage, derived from
Mainstem Ine. data teports on more than 1,100 smandard, a-door police cars operating in 29 cities. Vehiclen ate city-owned and maintained
predominantly in police abops and partially in private garages. The relationships were not ilable directly, but were estimated in the following \
way: labor was found to comprise about 56 percent of 1otal parts and tabor costs for work performed in police shops, This percentage was assumed
io apply 1o labar an a p of total and epair costa, and was applied to the average total cost of monthly maintenance,
“normal’ repair, accident repair, and vehicle modification 10 eslimate the average cost of labor ($61,736). Dividing this by the labor rate ($7.75)
cesulted in an estimate of 7,965 lzbar hours per month {or the sample group. Over the same period, milesge averaged 2.36 million miles (3.78
million km) per month. The average number of labor hours per month was divided by uversge mileage per month 10 obtain average labor hours per

mile, which was .0034 hours per mile,
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TaABLE 18.—Continued

With this average of labor hours per mile applied to total fleet mileage (col. 2), the resulting estimates of wotal directly allocated labor hours were
quite ble for 0t d e nize fleets, but high for large fleets. Informal discussions with police fleet admini s suk iated the
pinion that overesti {ted for large flecta—the reason bably being that iea of scale may be achieved by large departments. (The
estimates of .0034 labor hours per mile was hased on the cost experience of small to medium size departments.) The view was that staff
bably i rate as (leet nize increanes. Accordingly, a schedule of thr labor hours per mile was estimated,
bu\ed on (1134 hours per mile for mileage incurred on up to the first 100 vehicles, and declini h fter at a rate of 10 pescent per each
ddi 1 i of 100 vehicl That is, the labor hours per mile for mileage incurred on the 1st through the 100th patrot car is estimated to
e 0034 hra./mi.; on the 1018t through the 200th car. the estimate is .0034-.00034 = 00306, rounded 10 .0031; on the 201t through the 300th car,
the estimate is .00306-.000306 = 002754, rounded to .0028. Following is the achedule of esti d direct i and repair requirementa in
terms of labor hours per mile for fleet nizes up to 2,000 cars: (These figures were computed in each case as described above and then rounded to
the fourth decimal place.)

Number of Estimated abor Number of Estimated labor
car in flect hours per mile cara in {leet hours per mile
0—100 0034 1,001-1,100 0012
101-200 0031 1.101-1,200 L0011
201-300 0028 1,201-1,300 0010
301400 0025 1,301-1,400 0009
401-500 0022 1,401-1,500 .0008
501--600 0020 1,501-1,600 L0007
601-700 0018 1,601--1,700 0006
701800 0016 1,701—1,800 0006
801900 0015 1,801—1,900 0005
901--1,000 0013 1,901-2,000 0005
‘Toual directly allocated lsbor hours {col. 3) are then derived by ing the i } labor required for each vehicle/mil: level; e.g., for 300

vehicles, direct labor hours are estimated as 3.5 million miles % .0034 + 3.5 million miles X .0031 + 3.5 million % 0028 = 11,900 + 10,850 + 9.850 =
,550 hourn.

The annual bours available per person is estimated to be 1,920 hours. (240 working days per year X 8 haurs per day.)

The esiimate of column 3 is for directly allocated labor only; the esti of col 4 theref 100 utilization of manpower, In
fact, garage staff may spend a nignificant share of their time performing jobs for which their time is not directly ch ble to a vehicle. Here. the
assumption is made that one fifth of total maintenance and repair labor time is charged to overhead: In actual fact, the amount of labor charged to
overhead will depend upon the ferm of osganization and approach taken by the fleet administrator, as well as lhe efficiency of the operation. It may
be nignificantly less than 20 percent, or much mare. Thus, the garage staffing is esti 4 a» di: ly all p % 1.20, rounded to the
nearest positive whole number. Although it might be possible for a garage 10 hire qualified people, for part-time positions, thia would likely be
difficult under normal ci es. Theref itis ] that her person is hired full time when work amounts to the equivalent or at

t 1/2 man year. When it is less than 1/2 man year, the ! wark is ed to be absorbed by existing employees,

Hourly wage rates paid by local govermment departmenta appear to average substantially lens than rates paid by private garages. Thus the hourly
tates used to estimate annual labor cost of an in-house shop are lower than those used in estimating the cost of i t i The
Jower rates are 10 some exient offset by greater {ringe benefita and job security, but these associated costa are 1 i head
expennes.

YT
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TasLe 19. Estimation of equipment cost

Equipment requirements and cost for

. Method of estimating no. 100 vehicles/3.5 million miles
Equipment (E) Price (P)! units (U) required (5.6 million kn1)/7 garage attendents
No. units Cost

A. Equipment, prices, and quantity estimating procedures?

1. Life-hydraulic $ 730 U,=1.5N, N even; 1.5N+.5, N odd 11 $ 8,030
2. Air compressor 890 U,=1+N-1] 1 890
3. Automatic transmissien 10
tester 140 2 280
4. Alternator-regulator tester 150 2 300
5. Brake pedal adjustment gate 37 U,=14N-1} 2 74
6. Headlight aiming kit 109 6 2 218
7. Hydraulic floor jack 180 2 360
8. Storage cabinets 67 2 134
9. Roll-about vacuum cleaner 115 2 230
10. Exhaust emission analyzer 660 1 660
11. Battery cell analyzer 36 1 36
12. Battery charger 129 U,=I+[N-1] 1 129
13. Battery tester 58 12 1 58
14. Gasoline tanker 265 1 265
15. Basic tool kit 237 7 1,659
16. Tool stand 37 7 259
17. Work bench 40 Us=N 7 280
18. Mechanic’s vise 52 7 364
19. Impact wrench 139 3 417
20. Belt tension gage 17 U,=1[N-1] 3 51
3
21. Roll-about oil tank 130 U,=2+2[N-1] 2 260
: 12
22, Ceiling reel lub set 1,766  U,=N-[N/4} 6 10,596
23. Drum racks 19 Ug=4+4 [N-1} 4 76
12
M—1]
24. Oil drain tank 94 U,=1+ 2,880,000 2 188
25. Total performance scope M—1]
analyzer 2,480 U, =1+ 6,480,000 1 2,480
26. Hi-compression tester 48 1 48
27. Alignment rack - 3,760 1 3,760
28. Alignment accessory M—1]
package 266 U,=1+ 10,800,000 1 226
29, Tire changer 450 1 450
30. Mechanical wheel balancer 692 M—-1] 1 692
31. Brake shoe adjustment guide 10 U,=1+ 12,960,000 1 10
32. Diaphram brake bleeder 8 1 8
Total equipment cost for 100 vehicle garage = $33,564
‘Cnnl of equip does not include inatallation coat.
2'l'lu: list of cquipment, equipment prices and the general approach to estimating q ity of equi t are based on descriptions in Ludwig, Study
of Palice Pairol Vehicle, March 1970, pp. 161168, Logical relationship between ip fleet mil and hanics, described in Ludwig's
study are exp: d here in i quati




TABLE 19.—~Continued

B. Estimation equation®

n 9
Total equipment cost = P, (1.5N, = 5 N is odd) + P,€ +.[N 1]) + X P,( [l_‘_i_-;l])

10 i=3 °

' 14 N-if\ 18 20 u
+ EP;1+[121+2Pi(N)+£P‘1+[E§1—]+Pn2+2u%l—l
i=10 i=15 i=19 /

-1 M—1 26 ‘ M—
* PLN-N@) + Pm( il ]) + ?24(‘ * 2‘.‘[880“.0001-) e *(‘ * Eﬁo.olgo)

30

3 M—1] 3 M—1j

v ———
+ i;;'<1 + 10300000) ““!__2:1( 12,960,000

1]
-
a

equipment price and subscripts indicate the particular items of equipment
number of service people

‘number of miles incurred by the fieet in 1 year

largest integer not exceeding quanmy in brackets.

L ]

3
N
M
L]

C.

Estimated costs

Number of Total annual Equipment
vehicles mileage cost
1 35,000 $14,764  §2,845*
10 350,000 14,764 2,845
25 875,000 17,626 7,113°
50 1,750,000 22,470 14,225
100 3,500,000 33,564
200 7,000,000 61,954
500 17,500,000 139,666
1,000 35,000,000 196,014
1,500 52,500,000 251,638
2,000 70,000,000 278,688
3N=Nu‘mb¢:v of garage nervice people, an estimated in table 18, M=pateol car il an estimated in 1able 18, and {J indicatea the largest integer
ot ding the o ity in hrack
The lower cost figure ia for a more mod lection of equip asd ibed below in the text.
“For fleets up 1o 50 cars, the cost of & more dem package of i i d io he nqual o (the number nf vehicles +10)x82,845. Far
fleets exceeding 50 cars, it is d that the mod lection of equil t i inad and the more e« package of i is

tequired.




The equipment items shown were suggested in a recent study as necessary to
perform in-house fleet maintenance.* Equipment selection assumes that only routine
maintenance and repair is done; extensive repair work is not included. Thus, the
equipment cost estimate may be somewhat inconsistent with the estimates for labor
cost, which encompasses accident repair, modification, equipping, and reconditioning
work, but not seriously so.

The equation at the end of table 19 is used to estimate total equipment cost. The
prices of each item of equipment are multiplied by the expression which estimates the
number of units of the equipment needed, yielding the equipment cost associated with a
given fleet mileage.

Although the list of equipment presented in table 19 excludes highly specialized
equipment necessary for some kinds of vehicle repair, the list is perhaps nonetheless
extravagant for a small operation. A more modest selection of equipment might suffice
for small gazages. According to one authority, the following items would essentially meet
the basic requirements of a small operation.*

Lift $730
Air compressor 890
Tire changer, manual 175
Work bench with vise 100
Mechanics tools 500
Lube equipment, air

operated, portable 250

Miscellaneous items,
e.g., drop lights,
air hose 200

Total cost $2,845

The total cost of this group, assuming one unit each, and expressed in 1973 prices,
is $2,845, compared with a cost of $14,764 for the smallest package of equipment
estimated in table 19, Determination of the most efficient type and quantity of
equipment depends on trade-offs between labor and equipment and assessment of
benefits of various kinds of equipment; e.g., whether a power or a manual tire changer
is more efficient, and whether each bay should be equipped with tools rather than
sharing tools among bays. In-depth study of optimal equipment/labor combinations was
not intended here, hence the estimates shown are approximate and tentative.

The cost of parts needed to maintain and repair vehicles is estimated in table 20,
using an approach similar to that for assessing labor hours per mile. The average cost of
parta per mile was calculated for the sample of 29 cities operating more than 1,100
patrol cars. For the initial 99 vehicles/3,465,000 miles (5.6 million kin), the resulting
average cost per mile of $0.0206 was multiplied by total fleet mileage to yield annual
cost of parts required for fleet maintenance. To reflect the possibility of achieving price
reductions through quantity discounts, the average cost of $0.0206 was reduced at a rate
of 10 percent for every additional 500 vehicles in excess of 99, and the resulting
estimate of parts cost per mile was applied to total mileage for the particular fleet size.

The estimated cost of parts may appear high at first glance; however, it includes
the cost of tires, an item incorporated in the sample cost data which was used to derive
the estimates. For instance, if four tires are replaced on an average of every 9,000 miles
(14,000 km) at a cost of $78 for the four, (this figure is based on a conservative estimate
of police expenditure for tires in 1973) tire cost alone accounts for $234 of the estimated

M
Herbent C. Ludwig, Study of the Police Patral Vehicle . Report 1o the Law Enf: Assi Admi ion, Detrait, Mich,: Wayne State
University, College of Engineering, March 1970, pp. 164.165.

A5
William Cook, I Equip [ Y. interview, June 1973,
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Taswge 20. Estimation of the annual cost of palls
(In 1973 dollars)

Number of vehicles Total mileage Estimated parts and tire cost’
0)] ) 3)

1 35,000 721

10 350,000 7,210

25 875,000 18,025

50 1,750,000 36,050
100 3,500,000 64,75
200 7,000,000 129,5(

500 17,500,000 292,2"}0

1,000 35,500,000 525,@?@

1,500 52,500,000 708,750

2,000 70,000,000 854,000

i
lAn average parts cost per mile wan derived in 2 manner similar to the method of estimating average labor hours per mile (aee table 18, fontnote
b). Parts cost for the sample of 29 city police «lepnr(:nems. operating more than 1,100 patral caes, was found to average $48,491 per month over an
sverage of 2.36 million miles (3.78 million km), resulting in an average parts cost per mile of $.0206. Because this cost per mile of parts is based on
the average experience of relatively modest-size fleets, it was felt that the figure might fend 10 be higher than would be typical for larger fleats,
which might obisin quantity discounts, Hence, to calculate total parts cost the $.0206 per mile average cost was reduced at a rate of 1% for every
additional 500 vehicles{17,500,000 miles (28 million km) after the first 99 vehicles/3,465,000 miles {5.54 million km) aud the resulting cost per mile
wan multiplied by total mileage for that fleet size. The followjng achedule of paris costs per mile was useddt for 1 through 99 vehicles, $.0206; tor
100 10 499 vehicles, $.0185; for 500 to 999, $.0167; far [,000 to 1,499, $.0150; for 1,500 to 1,999, $.0135; for 2,000 and aver, $.0122. Paris cost for a
fleet of up 10 99 cara is estimated, for example, as 99 X 35,000 % ,0206; coat for a fleet of 1,000 is eatimated an 1,00 X 35,00 X (01568

NOTE: Tire cost and pasts for accident repaivs are included in the total partacont. The cost for carrying parta inventary ix not incledet.

$721 (from col. 3, \t‘gb]e 20) expenditure over 35,000 miles (56,000 km). Considering that
accident repairs are also included in the estimation of parts cost per mile, the parts cost
estimate is probably reasonable.

Garage building cosis are estimated in table 21. Building area iz bhased on the
number of bays or service areas—one bay for each lift—and the number of alignment
racks and storage areas required. Square footage cost is based on the national average
for a good quality, masonry service ceunter.

In addition to the costs of garage equipment, facilities, and staffing, an in-house
operation requires more administrative and clerical personnel than are needed for a
contract-out operation. The difference in administrative costs of akernatives will, of
course, depend upon the degree to which fleet responsibility is delegated. Under a full-
service maintenance lease, there will be very little requirement for in-house

administrative perfonnel. For a small-to-medium-size fleet, one part-time employee can .

probably handle the fleet duties of the lessee. If cars are purchased and maintenance is
arranged with a number of private vendors, there will be somewhat greater need for a
fleet administrator and clerical staff to negotiate with vendors, to ensure that the cars
receive proper care, to monitor private vendor work, and to keep fleet records. For an
in-house operation, the following administrative and clerical personnel have been
suggested by one authority:%

* Ass't, Total
Fleet fleet Steno- Total estimated
Number of cars manager manager Clerk typist number annual cost
100-299 1 _ 1 - 2 $17,000
300-599 1 — 1 1 3 23,000
600-999 1 1 1 1 4 30,000
1000-1999 1 1 1 2 5 36,000
2000-3000 1 1 2 1 5 39,000

L
Botzow, Fleet Managemeni , p, 133,
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TasLe 21. Estirnation of garage building cost
(In 1973 dollars)

Number of Number of Number of Number of Number of Estimated Estimated
vehicles Total mileage garage staff' service bays® alignment racks’ storage areas’ building area® . cost?
(sq. ft.) ‘
¢} @ 3) @) 5) ©) n ‘ 8
1 35,000 1 2 1 i 1,440 $ 20,909
10 350,000 1 2 1 1 1,440 20,909
25 875,000 2 3 1 1 1,800 26,136
50 1,750,000 4 6 1 1 2,880 41,818
100 3,500,000 7 11 1 2 5,040 71,870
200 7,000,000 14 21 1 3 9,000 112,680
500 17,500,000 31 47 2 7 20,160 © 243,533
1,000 35,000,000 49 4 4 11 32,040 T 387,043
1,500 52,500,000 60 90 5 13 38,880 469,670 -
2,000 70,000,000 66 99 7 14 43,200 521,856

1
,See table 18, column 5.
“See table 19, The number of service bays is calculsted as 15N, N even: L.SN + .5, N odd, where N = number of garage staff, The number of alignment racks iy caleulated as

M-1
1+ | ———————
[m.m).nm]

where M = total fleet mileage and {] indicaten the largent integer not exceeding the value in the brackets. The number of sorage aress is calculated as the number of service baya 7,
rounded 10 the next highest integer.
3
The ares of the buildi rquired i esti i an foll
Area = (B + A + SKI2'X30")
Where B = number of bays
A = number of alignment racks
S = number of storage areas

:l!l, a bay measures 12' x 30,

Building cost eatimaten are baned on the following national average square foolage costa for a good quality, manonry automoliile service center in
1970: for 4,000 nq. (1., $14.52 sq. ft.: 5,000 aq. fi., $14.26 »q. (t.; 6,000, $14.05; 7,000, $13.52; 8,000, $13.06; 9,000, $12.52; 10,000, $12.08.
Costa per aquare foot were given only for the range {rom 4,000 £t.% to 10,000 ft. 2 For the estimates of costs for square [ootage below 4,000 .2, the
square footage cont for 4000 11,2 was used: for estimates abave 10,000 0.2, the aguare footage cont for 10,000 2 was uned.
The sjuare footage cont estimates, xn well as local building cost multipliers which can be used to adjust costs 10 & particular area, appear in Dodge
Building Cost Calrulator and Valuation Guide , New York City;: McGraw Hill, 10th Ed., Apnl-June 1973, '
NOTE: The general method of calculating required area of the buidling is similar to the method used by Ludwig, Study of the Police Patrol Vehicle, pp. 169-172, Land
costs are not included, :

LSRN | SRR







These suggested costs for administrative personnel are entered into the estimates
given in table 22 for in-house maintenance costs. The estimate of administrative
personnel given above for a fleet of 100-299 cars is assumed to apply also for as few as
50 cars. For 25-49 cars, the cost estimate is reduced by one-half and for less than 25
cars, it is reduced by two-thirds. (At the reduced levels it is assumed that assigned
personnel devote only part-time attention to fleet administration.)

There are additional costs which may be incurred with an in-house operation.
These include the costs of office equipment and supplies, data processing equipment
and personnel, and parts inventory holding cost, but estimates of these addmonal cost
items are not included in the analysis. \\

Table 22 consolidates the estimates of cost for providing in-house maintenance and
shows the equivalent annualized cost for selected fleet sizes. Notice the very large
estimated cost of operating a single vehicle—the costs of building, equipment, parts, and
labor are not divisible beyond a certain minimum. Note also that reducing the garage
equipment to the minimai package has litile effect on the annualized cost.

Table 23 presents a rough estimate of the cost of contracting out maintenance. It
is assumed tha% parts costs are the same as for the in-house operation (including tire
cost here, too) and that overhead and profit mark-up are subsumed in the labor charge.
A range of $10 to $15 was suggested as typical of rates in private garages. Costs are
based on a linear relationship between fleet size and required hours of contract
maintenance. The labor charge is in this case, applied only to directly allocated labor
hours.

Exhibit 7 charts the estimated costs of self-maintenance and contract-maintenance

for fleet sizes of up to 150 vehicles and 5,250,000 miles (8.4 million km). The breakeven
point—that fleet size/mileage at which the two alternatives are equal in cost—comes at
approximately 90 vehicles/3,150,000 miles (5 million km), at a cost of about $200,000.
With smaller fleets/lower mileage, contract-maintenance appears cheaper; with larger
fleets, self-maintenance appears cheaper. This outcome, however, is based on the
specific assumption of a police shop wage rate of $8 per hour and an outside charge of
$12 per hour.”
‘ Let us consider the effect if there is a greater differential between wage rates,
Assume the police shop labor rate is about $5 per hour, and the private garage rate
about $15. Other things as before, the annual cost of cwnership is lowered relative to
the annual contract cost. Only for fleet sizes comprising about 10 or fewer vehicles is
contracting-out now more economical than ownership. ~

The analysis is not very sensitive to variations in assumptions regarding equipment
and building expenditure, since these costs are amortized over a relatively long period of
time. It may be seen in row 1 of table 22 that an original expenditure of $14,764 on
equipment, shown annualized in column 3 as $2,311, adds less than $2,000 more in
annualized cost than does an original equipment expenditure of $2,845, shown
annualized in column 4 as $445.

The outcome of the cost comparison might be altered by inclusion of additional
cost elements for either alternative. For ownership, the cost of land for the service
facility, the cost of holding parts inventory, and expenditure on computer services and
other support facilities would increase annual costs. In the case of contract
arrangements, the cost of transporting vehicles to the place of servicing, assuming this
is greater than what would be incurred in an in-house cperation, as well as the cost of
an in-house administrative and clerical staff 0 administer contract arrangemente would
raise the annual cost.

Another point to remember in comparing costs of lease-versus-buy alternatives is
that, typically, not all maintenance and repair work is covered by the lease, so that the

47 N \
Due to revisions made in tables 22 and 23 and in exhibit 7 after publication of the y report, there are slight discrepancies between this,
the: full report, and the earlier summary report.
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TasLe 22. Estimated annual cost of performing maintenance in-house
(In 1973 dollars)

Annual garage
Annual Annual labor cost Annual .
Number of total Annual building Annual parts ($8.00 hourly administrative Uniform annual cost of
vehicles mileage equipment cost’ cost’ and tire cost rate)” personnel cost® injhouse maintenance®
(1) @ 3) @ 5) (6) ) ®) 9) (10
1 35,000 2,311 M“us 2,139 721 15,360 5,666 25,197 24,331
10 350,000 2,331 445 2,139 7,210 15,360 5,666 32,686 30,820
25 875,000 2,759 1,113 2,674 18,025 30,720 8,500 62,678 61,032 ’
50 1,750,000 3,517 2,250 4,278 36,050 51,440 17,000 122,285 120,994
100 3,500,000 5,254 7,352 64,750 107,520 17,000 201,876
200 7,000,000 9,697 11,527 129,500 215,040 17,000 382,764
500 17,500,000 21,861 24,913 292,250 476,160 23,000 838,184
1,000 35,000,000 30,680 39,594 525,000 752,640 36,000 1,383,914
1,500 52,500,000 35,405 48,047 708,750 921,600 36,000 1,749,802
2,000 70,000,000 43,620 53,386 854,0G0 1,013,760 39,000 2,003,766

* Derived from table 19, An average 10 year life is assumed for equipment, with a 10 percent salvage value at the end of 10 years, Column 3 shows the annualized cost of the raore
hensi ; k Fized

I d )
compr quip X 8! 4 shows the I g Juif t cost =

(L0
®=5 | ———un |50,
(N1

, . (14N
where P == first cost of total equipment; S == salvage value; | .

=uniform capita) recovery factor; and a discount rate of 10 percent in used.
(L+iN—1

18, tired bhuild: Toul

1 using the same

& cost is

2 Derived from table 21. An average life of 40 years is 1 for the t g veith no satvage value at the end of the period, A
formula as shown in feotnote 1, above, where P becomes B = first cost of buildiig.

3 Taken from table 22,

4 Based on Botzow, Fleet Manag p- 133, as shown on p. 63 of the text.

® Column 9 is the summation of columns 3, 5, 6, 7, and 8; column 10 is the summation of columus 4, §, 6, 7, and 8.




TanLg 23, Estimatcd dnnual cost of contracting maintenance work

Annual labor cost®

Annual parts Total annual cost

Total directly allocated -
labor hours' $10.00 $12.00 $15.00

Number of vehicles and tire cost” ($12.00 labor charge)

1 119 $ 1,19 $ 1428 $ 1,785 s 721 $ 2,149
10 1,190 11,190 14,280 17,280 7,210 21,490

25 2,975 29,750 35,700 44,625 18,025 53,725 v
) 5,950 59,500 71,400 89,250 36,050 107,450
100 11,900 119,000 142,800 178,500 64,750 207,550
o 200 23,800 238,000 285,600 357,000 129,500 415,100
= 500 59,500 595,000 714,000 892,500 292,250 1,006,250
1,000 119,000 1,190,000 1,428,000 1,785.000 525,000 1,953,000
1,500 178,500 1,875,000 2,142,000 2,677,500 708,750 2,850,750
2,000 238,000 2,380,000 2,856,000 3,570,000 854,000 3,710,000

! . . N

The eatimate of contract labir hours required to maintain $eets of various sizen is based an the averagé labor hours per e (0.0034) for the
sample group of depatments, with a linear relationship assumed between labor requirements snd flect size. There appears little ritionale for
ussuming econormiien of scale in the amount of pecasaary maintenance work per car as fleet size increases il maintenanes is contracted out, To the

£Xient contracting gavages were to take into aceaunt number of cars xervices, it would likely tie reflected in a reduced labor rate,

.A(-mmh'm: tn neveral police fleet administrators who were contracting oul their maintenance in differemt loeations, hourly labor rates in private
rarages * nd to hé higher than rates in police or municipal shops. A rasge of $10.00 1o $15.00 was suggested as typical of rates in priveie garages.

It is unsumed here that the averhead and prafit margina of the private garage sre included in the labor charge,

Tahen from qable 20, Cost of parts are usaumed equal for the police department whether they are purchased direetly or under contract from

private garages, Forsimplicity, it is assumed that all markup is included in the labor charge,

NOTE: Costa.of 1ransporting vehieles 1o and from the service center are not taken into azesunt for either alternative.




Exmsir 7. In-house vs. contracting-out maintenance: The breakeven

point.
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real alternatives to the department are ownership versus a combination of leasing and
ownership, rather than the ali-or-nothing choices treated above. If the leage requires that
part of the maintenance be performed in house, the cost of that in-house maintenance
should be added to the cost of the lease in comparing costs of leasing with ownership.
Alternatively, all costs which will be borne, regardless of the choice made, can be
deducted from both alternatives for purpose of comparison.

As a case in point, a city police department, which now leases 23 cars, was
charged 6.9¢ per mile (4.1¢ per km) in 1973 for unair-conditioned cars and 7.6¢ per mile
(4.6¢ per km) for air-conditioned cars, with a minimum fleet mileage stipulation of
600,000 miles (970,000 km) per year. Last year the fleet totaled about 652,000 miles
(about 1 million km) and paid approximately $45,000 in annual lease payments. This was
not the total cost of the fleet, since the lease agreement did not cover equipping and
decaling of cars; accident repairs, repairs necessitated by driver abuse, or failure to
follow prescribed operating instructions; maintenance and repair of special equipment;
theft or loss; final reconditioning; gasoline; or insurance. Additional expenditures over
the year totaled $8,100 for gasoline; $10,000 for maintenance and repair covered by
neither the lease contract nor insurance; $7,400 for collision insurance (net of insurance
awards); and $5,000 for part-time administrative and clerical services. Adding these to
the per mile charge raises the total cost of leasing from $45,000 to $75,000, and from
6.9¢ per mile to 11.6¢ per mile (4.1¢ to 7.0¢ per km). In comparing leasing with
ownership/self-maintenance, the relevant comparison is between this total expenditure
of $75,000 and the estimated total cost of a completely in-house cperation.

Finally, a question shculd be addressed which may otherwise trouble the reader.
The lease-buy analysis presented above assumes that the department is starting fresh,
with no sunk cost. But, in fact, most police departments now own their fleets and
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maintain them in police shops, and have already invested heavily in vehicles, equipment
and facilities. The kinds of decisions faced by most fleet managers are: (1) Whether to
provide new required services by making additions to existing in-house facilities or by
contracting out; (2) when to change some portion of existing service arrangement in
response to a change in the fleet, (as an example, determining the point at which a
growing fleet warrants the addition of an in-house radio repair specialty shop to replace
the existing practice of sending radios out for repair); and, in some cases, (3) whether to
continue to own and self-maintain vehicles or to change to leasing vehicles and/or
contracting out maintenance.

The first kind of decision is a counterpart to the lease-buy question just addressed,
but on a smaller scale. The procedure for analyzing it is identical to that used above.

The other two kinds of decisions are also quite similar except they require a
comparison of the cost of the existing mode of operation with the cost of the new
alternative, rather than a comparison of two new alternatives. The important pcint is
that the cost of the existing operation should include the opportunity cost of keeping
existing capital assets. The estimated value of existing assets should be treated as a cost
of continuing the existing mode of operation because, to the extent that they have a
market value, an opportunity cost is associated with keeping them. If the market value
of existing garage and equipment is, say $40,000, the estimated salvage value in 5 years
is $24,000, and an additional investment of $5,000 in equipment is needed in order to
continue the in-house operation, then the present value (PV) of the relevant building and
equipment costs, for 5 more years of operation, may be calculated as follows:

PV =M+N-8§
= $40,000 + $5,000 — $24,000 (SPW; 5 years; 10%)
= $45,000 — $14,902

= $30,098,
where :
PV. = Present value of the capital costs of continuing the existing maintenance
operation for 5 more years,
M = Current market value of the existing garage and equipment,
N = Current cost of additional equipment purchase,
S = Present vajue of the expected salvage value of the garage and equipment in 5

years; i.e., the expected resale value 5 years hence, discounted to the present
at a discount rate of 10 percent. :

Thus, the lease-buy analysis presented in the text is relevant to decisivn makers
who are choosing between continuing ownership and leasing, even though the
department has existing assets. The cost of continuing ownership simply reflects the
market value of existing assets, rather than original purchase price.

The main findings of the two parts of the lease-buy analysis may be summarized
and synthesized as follows: Apart from special motives for the financing of vehicle
acquisition through leasing—such as to implement a more regular and frequent
replacement policy or to free funds for alternative purposes having a higher expecied
rate of return—there appears to be no general cost advantage to police departments from
the finance aspect of leasing vehicles for full-time use. However, there is a potential for
savings through short-term rental of vehicles with low utilization. Contracting for
maintenance and other services does appear to offer cost savings to very small
departments and, dependent on relative wage rates, may offer savings to fleets of as
many as 100 vehicles. In face of problems with existing operations, contract-
maintenance may be preferable to self-maintenance even for very large fleets.
Maintenance and management services can be acquired apart from a vehicle lease, hut
a combined finance/maintenance lease arrangement may provide a convenient package
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of finance and service which enables reductions in in-house administrative and record
keeping cost. Hence, a maintenance lease may be an efficient means of contracting out
maintenance, even though the finance aspect of the lease in itself may offer no
particular advantage over ownership.

3.3. Operating and Maintenance Costs

The main components of running costs are gasoline, oil, tires, and maintenance
and repair expenses. Most of these expenses occur daily and vary with mileage, and so
they often receive predominant attention in fleet expense control programs. This section
discusses operating and maintenance costs, presents some empirical data, and atiempts
to show ways by which these costs may be reduced.

Reported operating and maintenance costs vary significantly among departments,
due not only to differences in accounting practices, but also to diffzrences in labor wage
rates, driving conditions, and relative efficiencies. Consequently, comparison of costs
among departments can be misleading; it is difficult to determine when costs are
indicative of an efficient operation. Emphasis in the empirical analysis is therefore
placed on comparisons of cost items within individual departments or groups of
departments, rather than on comparisons between departments. The data should be
regarded only as the reported experience of sample groups, not necessarily
representative of all departments, and not necessarily optimal.

3.3.1. Operating and Maintenance Costs for Patrol Cars of Different Sizes

Table 24 shows reported operating and maintenance costs for patrol cars of
different sizes averaged for 29 cities. Table 25 shows, for purpose of reference,
operating and maintenance costs for private automobiles and fleet cars of different sizes.
Both operating and maintenance costs of private and fleet cars increase with car size. A
small subcompact-size car in private use is shown to cost about one-half cent per mile
less in maintenance cost and slightly over a half-cent per mile less in operating cost than
a larger, standard-size car.

TasLe 24. Operating and maintenance costs by size of police patrol car

Total operating

Miles per gallon Miles per quart Operating Maintenance and maintenance
Type of car of gasoline of oil costs ! costs 2 cost
(¢/mile) (¢/mile) (¢/mile)
Luxury-Size
(>122 wheel-
base) 7.9 924 2.7 3.2 5.9
Standard-Size
(118-122" ‘
wheelbase) 7.9 : 1,144 2.5 3.4 5.9
Intermediate-
Size (<118"
wheelbase) ° 8.7 2,182 1.7 4.0 5.7
)
2()peul'mg conts include gas and ail, and do not reflect the recent large increases in gasoline prices.
Maintenance costs include labor and paris for preventive maintenance and normal repair, an well as tire expenses.
SOURCE: Data are based on a sample of police cars of various makes and 4 model years (1970:1973), operated in 29 cities whose fahor rate average

$1.75 per hour, Computer print.outs of data were provided by Mainatem, Ine,
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TasLe 25. Operating amd maintenance costs of private and
fleet cars, by size of car

Cost per mile (in cents)

Maintenance,
accessories, Gas and oil,
parts and tires excluding taxes Total

A. Private Cars'

Standard-Size 2.6 21 a.7
Compact-size

(approximately the same as

“Intermediate™ in 1able 24) 2.2 1.8 4.0
Subcompact size

{No comparable police

class shown in table 24) 2.1 1.4 3.5

Cost per car per month {in dollars)

B. Fleet Cars®

Full-size cars ; $218.83
Station wagons ' 237.73

Intermediates 199.86

| -
LConts of private cars are from “Cost of Operating an Autamobile,” U.S. Department of Transporiation, Washington, D.C., CPO, April 1972,

£ 1o mil or time in service of the cars wan given. (Letter

“There daia are taken from a com sindy of a large ial fleer, No
Attachment 10 Rowley, Car Selection , from Bill Wise, Vice President/Sales, McCullagh Leasing, inc., Roseville, Michigan).

NOTE. These data are nat strictly comparable with the pfdice car data shown in tshle 24; however they do indicate how the costs aof the dilterent
sizes of cars compare in police, private and fleet use.

As shown in table 24, the sample cities reported a snmuer, though shghtly larger,
excess in the operating cost of the larger patrol cars over the' smaller ones. Howaver,
the reported relationship between car size and maintenance cost tm‘ patrol cars appears

tc be just the reverse of that shown for private and fleet cars: There is less maintenance

and repair cost per mile for the larger-size patrol car than for the standard-size car, and
less for the standard-size than the intermediate. It may be that polxc'f work places
demands on the patrol vehicle which tend to increase maintenance and reg\au' cost of a
smaller car relative to a large car. However, it is impossible to know to wbat extent the
differences reflect reporting errors, biases in the distribution of cars by snfe among the
samp[e departments, and differences in usage, rather than size alone. L

Despite this discrepancy in maintenance costs, intermediate-size.. cars appear less
pears substantially -

expensive overall to.run than larger cars. The advantage, howeve
less than would be suggested by the experience of private cars.
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3.3.2. Operating and Maintenance Costs by Type of Expenditure, and as a
Function of Driving Environment, Usage Rate, and Mileage

Table 26 shows life-time operating and maintenance costs for a sample of state
highway patrol cars purchased in 1970 and disposed of in 1972. Average expenditure per
car for each category of expenses, as well as the cents per mile costs are shown.

Gasoline and oil accounted for just over $2,000, or 55 percent of total operating
and maintenance costs. Maintenance accounted for almost $1,650, the remaining 45
percent of total costs. This contrasts with the ratio of operating-to-maintenance cost for
the sample group of city departments, shown in table 24 where operating cost accounted
for 42 percent of the total, and maintenance cost for 58 percent. Over the life of the
average state patrol car in the sample, major engine overhaul or replacement was the
highest maintenance expense, initial installation and final removal of equipment ranked
next in size, followed by tire expense, and maintenance and repair cost on the battery,

cable, alternator, ignition and starter systems. Over the life of these patrol cars, $3,660 |

was spent on average for the operating costs and repair work performed.

Table 27 furnishes a breakdown of the type of maintenance cost and the mile»agef’

interval of occurrence for a sample of city patrol cars. Here we can see an increase iri
" maintenance cost per mile as a car accumulates mileage, rising from an average of 2.56¢
per mile (1.5¢/km) for new cars, to 4.60¢ per mile (2.8¢/km) after 60,000 miles (97,0f)0
km). Cents-per-mile costs are also computed for a subtotal of mech‘anical’compont.:nts,
which appear more clearly variable in nature, This relationship between maintenance

- TanLe 26. Operating and maintenance costs by type of expenditure,
over the life of a sample of State highway patrol cars'

+ Average cost stated in

: . " Average cost per - cents p{Er mile
Type of expenditure ' : “car gver its life .. over ve}ﬁcle life
: ‘ IR ¢ )] o . (¢/mi.)
Gasoline ' . - o 2004 oo .30
Oil, engine oil change, oil fuel filter, . ) ;
_transmission fluid, and other lub. R ) 15 : ' ) 0.02
Fan belt hoscs, water purap, radiator, and | ‘ ' ) o
other engine cooling - . ‘ 38 : O 0.06
" Battery or cable, alternator system, ignition . :
system, and starter system = 144 . 023
Front-end align and répair, shocks, other e ’
rear suspension, ball joints, steering link ' - 40 S - 0.06
New tire and tubes, tire repair and other ) o
tire related K o 230 . 0.37
Speedometer dand calibration } 28 S 0.4
Brake system and fluid, trans-cluich : ) 44 0.07
Air conditioner and heater : 50 .- - 0.08
"+ Other “normal” repairs (drive belts, exhaust . ‘
» system, hydraulic system) 49 . 0.08
Engine overhaul or teplacement - . 649 . 107
‘Install and remove equipment” ‘ : 295 . 0.48
. Fees and towing ’ 32 . 0.05
" Wash® . . : . 2 ¢ 0.06
Total, gas and oil ] . $2019 3.33
Total, tire, wash, and maintenance o $1641 2.70
Total, all o ' $3660 6.03

\ T
2The sample was composed of cleven 1970 model Highway Pairol cara, operated an aversge of 80,630 miles (97,000 km) before replacement. -
a

Expreanion of theae cont items in terma af centa-p is done for i and is not meant to indicate varinbility in ternis of mileage.
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TasLe 27. Maintenance cost for a sample of city patrol cars by type of
expenditure and mileage interval of occurrence

@

(¢/mile)
Mileage interval
0 10,000 20,000 30,000 40,000 50,000 60,000
to to to to to to and

Type of service 10,000 20,000 30,000 40,000 50,000 60,000 over
Instrument gauge 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Axle, front, nondriven 0.01 0.01 0.01 0.01 0.01 0.02
Axle, rear, nondriven c— e e
Brakes—major repair 0.07 0.13 0.29 0.27 0.27 0.29 0.31
Brakes—minor repair 0.02 0.04 0.06 0.03 0.05 0.06 0.04
Frame 0.01 0.01 0.01 0.01 0.01 0.02 0.04
Steéring 0.05 0.05 0.07 0.09 0.12 0.10 0.19
Suspension 0.07 0.08 0.13 0.12 0.15 0.15 0.16
Wheel rims, hubs, bearings 0.02 0.02 0.03 0.03 0.04 0.04 - 0.03
Axle drive, front o - . - —— —— -
Axle drive, rear 0.01 0.01 0.02 0.01 0.01 0.01 0.05
Clutch—major repair 0.01 —— - . - .-
Clutch—minor repair . — .- . - ——
Drive shafts - - 0.01 0.01 0.01 0.02 0.04
Power take off . - — - —— — —
Transmission—-major repair 0.06 0.06 0.10 0.13 0.13 0.31 0.34
Transmission—minor repair 0.02 0.04 0.03 0.07 0.06 0.05 0.08
Transmission—auxiliary s o - o . —
Charge system 0.07 0.11 0.17 0.16 . 0.16 0.14 0.21
Cranking and battery system 0.08 0.10 0.14 0.17 0.18 0.19 0.21
Ignition 0.12 0.20 0.23° 0.27 0.30 0.32 0.30
Lighting 0.14 0.09 0.11 0.13 0.12 0.11 0.12
Air intake aen —nee 0.01 0.01 0.01 ‘0.01 0.01
Cooling 0.05 0.05 0.09 0.01 0.15 0.14 0.17
Exhaust 0.06 0.05 0.06 0.08 0.08 0.10 0.09
Fuel 0.03 0.05 0.06 0.09 0.10 0.10 0.11
Power—major repair 0,03 0.06 0.22 0.22 0.27 0.25 0.41
Power—minor repair 0.08 0.13 0.18 0.18 0:16 0.22 0.15
Sub-total® 1.01 1.29 1.99 2.20 2.41 2.71 3.07
Lubrication 0.04 0.03 0.03 0.03 0.04 0.04 0.01
Preventive maintenance 0.41 0.37 0.34 0.29 0.32 0.32 0.35
Accessories and expendable items 0.21 0.10 011 0.11 0.12 .0.13. 0.15
Dower tailgate e e - e een s
adio equipment 0.04 0.02 0.01 0.02 0.01 0.03 0.04
Winch and vehicle coupling system . - e - e ees
Air conditioning/heating/vent 0.05 0.07 0.08 0.11 0.14 0.15 011
Cab/sheet metal 0.05 0.08 Q.05 0.04 0.05 0.05 0.05
Tires 0.41 0.44 0.51 0.58 0.59 0.55 0.50
Body and door 0.15 0.18 0.19 0.16 0.30 0.18 0.16
Clean and paint - 0.07 0.07 0.05 0.01 0.01 0.02 . 0.03
Towing and other 0.10 0.09 0.08 0.09 0.09 0.11 0.12
Mounted systems 0.01 0.01 0.01 0.01 0.01 0.01 0.02
Total® 2.56 2.73 345 3.66 4.08 4.30

4.60

t Cost data are averages for more than 1,100 patrol cars operated in 29 cities, The data collection procedure which was used to geficraie the data from which
these ¢/mi. figures were computed may cause some distortions in the figures. The problem was that maintenance and mileage ‘data were reported for the life of
the vehicle in the system, not the current odometer reading. (That is, cars of a department just adopting the cost management. system would have their
maintenance cosls for the first period accumulated nnder the 0 to 10,000 mileage interval, regardless of their actual mileage. As & ‘deparsinent once in the tost *
, costs would be recorded in the correct mileage interval. While the magnitude of this problem s probnbly not great, it mny tend

placed its cars, }

to raise the cost of maintenance over the lower milesge intervals relative to the costs ot the higher qulenge intervals.)
8 Expression of cost items in terms of €/mi ie not meant to imply that co-u are in all cases a function of wmileege; rather it is used to lumh&e cos!s expresud N

eriginslly for different numbers of vehicles and !
which are more fixed in nature from the van-blc cost elements, ac. as to avoid dlsmmon of lhe ¢/mi comparisons. -which would result from sprcndmg fi xed cost

toa

for-

over different mil Therefore, &

)

- indicates negligible or no cost incurred.

mputed for & group of nlems for which costs are more clenxly vunnble in nnure

SOURCE Computed from data luyplled by Mninnem l;ic

. An effort has been made to

parate those cost
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cost and mileage is employed in section 3.5 to determine time of optimal replacement of
patrol cars. Additional quantitative information there further shows the relationship
between maintenance cost and mileage.

The data in table 27 are also useful in determining which items account for the
largest part of the maintenance cost and at what mileage particular problems arise. For
example, during the first 10,000 miles (16,000 km) of operation, repairs to the ignition
and lighting systems are the largest single items of costs with respect to mechanical
components. During this period, preventive maintenance accounts for by far the largest
kind of maintenance expenditure (tires excluded). We can also see that, by 20,000 miles
(32,000 km), brakes begin to account for an important share of cost; at 50,000 miles
(80,000 km), transmission work becomes significant; and at 60,000 miles (97,000 km) the
power system becomes expensive to maintain. There is no particular trend in costs of
preventive maintenance, lubrication, or tires as mileage increases. Tire costs average
about one-half cent per mile over the life of the vehicle.

Table 28 indicates the effect of driving environments and rate of vehicle usage on
oper~ting and maintenance costs of a patrol car. It appears from these sample data that
congested traffic conditions lower gasoline mileage significantly, and raise maintenance
cost (by about 2.0¢ per mile (1.2¢/km) for the sample cars). This supports the view that
running cost per mile for city police department fleets will generally exceed the cost for
state police departments.

Additional related information in section 3.4 deals with the cost effects of
alternative vehicle-driver assignment plans. There, the impact on maintenance and
repair cost of personal car assignment is examined.

Regression analysis was performed to determine whether gasoline mileage changes
with car mileage. A significant dependence of operating cost on vehicle mileage would

TasLe 28. The effect of different driving environments and vehicle
usage rates on operating and maintenance costs of the patrol car

Maintenance cost

Miles per gallon (labor, parts, tires;
of gasoline ¢ per mile)
A. A large city police department .
Congested traffic district ! 7.65 4.7
Open driving (suburban) district 2 8.78 2.6
High car utilization district 3 8.70 3.7

Maintenance cost
(labor, parts, tires,

gas & oil)
B. A State highway patrol department
Congested traffic district ¢ 10.2 6.6
Open driving district & N.A. 4.7
1
A ges ure for 3 ples of 23 vehiclea each, driven in 3 congested downtawn city areas. Vehicles in lhue districts accumulate mileage at a

a\ower rate then the department uverage, but corresponding engine hours are higher than average.

“A ges are for 2 plea of 28 vehicles ench, driven in 2 suburban districts characterized by relatively low population density and rural driving
conditions, Vehicles in these districts seccumulate mileage at & higher rate than the department average, but associated cngine hours tend lower
|_|hln average and stop and starts are fewer,

“Averagen are for a sample of 25 vehicles operated in a high crime community, Driving conditipns are not particularly severe, but the need for
-gonatant patrol resulta in higher than average utilization of cars in this district.

Avurqen are for a aample of six cars driven in a cangested district where driving is ot slower spceds with many staps and starts.

“Aversgen are for a sample of six cary operated in a district characterized by open driving conditions, where cara are driven at higher and more
constant speads,

SOURCE: Internal data files of a large city police department and n state highway patvol department.

NOTE: The samples ‘ware constructed 10 he as similar as possible with respect to car mndal and year, among diatricts within each department,

B of diff in 1 position and in ing practices b depar it is not ingful to make parisons acroas
department lines. ’
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bear. on the timing of vehicle replacement. For the sample data, gasoline mileage
appeared to improve slightly with increased mileage, but the relationship was slight
[approximately one-half mile per gallon increase for each additional 10,000 miles (16,000
km) driven], and may reflect a bias in the data caused by earlier replacement of inferior
cars and later replacement of those having better operating histories.

Although gasoline prices are largely beyond the control of fleet management, there
are ways to reduce gasoline cest. One approach is to adopt vehicles which require low

octane fuel, to strive for ¢ompatibility in octane requirements among vehicles -of"

different types, and to buy gasoline as near as possible t0 minimum octane
requirements, Use of higher octane gasoline is cost effective only if it reduces
maintenance cost or increases performance by an 2mount equivalent to its higher cost.

3.3.3. Selection of Maintenance Facility: Centralized or Decentralized Orga-
nization and Location—Police Shop, Municipal Garage, or Private Vendor

The selection of a maintenance facility has already been treated, in part, in
connection with leasing, when the cost of contracting out maintenance was compared to
the cost of maintaining vehicles in a police shop: However, in establishing a
maintenance operation, it is necessary to decide not only between private vendors and
an in-house shop, but also to determine the best physical location for service facilities
and, given an in-house operation, the optimal degree of administrative and managerial
centralization. Thus, centralization may be considered in terms of physical location of
shops and administration; (i.e., regional shops versus a central shop, and police, fire,
sanitation, etc. garages versus a single municipal garage).

The two main cost. considerations in these decisions are: (1) What are the travel
costs and downtime costs connected with transporting vehicles to and from a central
point for repairs, as compared with a number of decentralized points?;* and (2) to what
extent will possible economies of scale be lost by dividing facilities into separate units?
Intuitively, a municipal garage seems suited to small fleets, with some form of
geographically decentralized shops for widely dispersed fleets. For dispersed fleets, the
smaller the fleet, the greater the advantage of deceatralized municipal shops, or
contract arrangements with scattered private vendors.

A primary consideration aside from cost is the expected effectiveness of the
different modes of service. Certain problems were mentioned frequently in association
with both municipal garages and private shops. This study found the following
objections to the municipal garage most cften cited: (1) Police vehicles may not receive
adequate priority, leading to excessive downtime; and (2) due to the diversity of vehicles
and the size of the facility, quslity control may not be as stringent as would be
attainable in a police shop. Similarly, police fleet administrators often object to
contracting maintenance on grounds that control over the quality of work is lost.
Examples were also found, however, of departments with successful municipal or
private garage maintenance arrangements.

Costs for alternative facilities can, of course, be esumated and compared on a
case-by-case basis, but empirical determination of the average efficiency of each type of
maintenance facility is difficult or impossible. This is in part due to the paucity of data
available for analysis, but mainly because such data as are available reflect many
factors other than the type of shop. Despite these drawbacks, average maintenance
costs per mile are shown in table 29 for samples of departments’using different types of
facilities. When the cost data are adjusted for differences in Iabor rates, table 29 shows ,
maintenance costs in municipal garages to be lowest, on the average.

U IS,
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Simulation models have been developed in other studies to help local authorities plan optimal location of ahops,
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TaBLE 29. Comparative maintenance cost per mile for vehicles maintained
in a sample of police shops, municipal garages, and a commercial garage

(¢/mi)
Type of maintenance  Standard 4-dr. Administrative Administrative
facility' police car sedans and wagons compacts Scooters
Adjusted? Adjusted® Adjusted?® Adjusted?
Reported for labor  Reported for labor Reported for labor  Reported for labor

rate rate rate rate
Police Shop 3.2 5.8 3.8 7.0 1.7 3.2 5.8 10.1
Municipal Garage 4.0 4.7 33 4.0 1.7 2,2 6.3 8.9
Commercial Garage 4.0 6.3 5.4 7.5 N.A. N.A. N.A. N.A.

! e . N 'y

The conl data are computed for the {ollowing samples: (1) Five cities operating 135 or more polic s euch, maintiined in a police garage, (2) 24
cilies, B operaling 45 or more police cars each and 16 aperating leas than 45 police cars each, ‘..aintained in a munieipal garage, and (3) one city
%onlr-cling maintenance to s commercial garage.

Labor rates were found 10 differ among the sample groups. Since the variation in rates appeared more likely attributable to geographical
difierences than to differences in type of garage, the data are shown adjusted to a common wage rate.

SOURCEF.: Computer printouls of data were provided by Mainstem, Ine.

3.4. Cost Effects of Alternative Vehicle-Driver Assignment
Plans: The Personal Car Program

To achieve fleet economy, emphasis traditionally has been placed on minimizing
the total number of cars in the fleet. This has heen accomplished primarily by
multipurpose use of vehicles, multishift use of cars, and reduction in vehicle
requirements of the maximum-use shift. %

Until recently, individual officer-car assignment and single shift use of cars were
limited chiefly to fieets dispersed over large areas, for which pooling at a central point
would be impractical and inefficient. But this practice now appears to be expanding in
conjunction with the “‘personal” or ‘“‘take home” car program. While primary
justification of the personal car program is usually crime prevention and apprehension—
rather than fleet economy—there are claims that important cost reductions from the
program make it about as cheap as (or even cheaper than) the pool/multishift
_arrangement.*

This section of the study examines the personal car program in terms of cost. The

nature of the program is briefly described and the possible benefits listed. For a
simplified case, it examines capitalization and running expenses for a single-shift
program as compared to a multishift program. It presents some empirical information
regarding costs of existing personal car programs, and uses a breakeven model to
determine the reduction in running costs necessary to offset the higher capital costs of
the program. An overall, in-depth analysis of the program is not provided here; only
vehicle costs are considered.

”l"lenl size is geared to requirements of the higheat-use shift, which may be reduced by: (1) Shifting duties to other shifts, where possible, so that
there is & more’ evén balance amang shifts, thereby reducing the ber of vehicles which would be uned for only one shift; (2) acheduling
maintenance and repair work during slack periods, 86 that all or moat of the fleet is operationa! during the high-uee shift; (surplus vehicles from the
maximum-use shift can be used an backup vehicles for other shifts): (3) minimizing shift overlap, or planning officer uchedules to avoid double
d da for vehiclas during lap period

soi"or example, Officers Eatl Flowers and James Griawold, in a paper on the Arlington County, Virginia, Police Department's Take Home Program,
state, “In Arlington County, Va., projected figures show that the present take home program will aave the county in excesns of $100,000 in a lyear
period, Although more vehicles and larger initial are Y, lower mai and operating costy offset the initial cash outlay.
This program is expected to pay for itself in a 3.yoar period,” (Officers Earl Flowern and James Griswold, Tuke Home Car Program, Paper
preaented tz the Northem Virginia Police Acadenmy, April 10, 1972, p. 5.)
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3.4.1. Description of the Personal Car Program®’

In brief, personal car programs assign patrol cars to individual officers on a one-to-
one basis, allowing use of the cars for personal activities during cff-duty hours. For his
part, the officer is reqguired to operate the vehicle in the department’s jurisdiction,
maintain radio contact, have his gun, and respond to emergencies whenever the car is in
use.

The officer is allowed to have his family or other passengers in the car with him
during off-duty hours, but must drop civilian passengers before responding to an
emergency call. When using the patrol car off-duty, the officer is required to dress
conservatively and to avoid conduct or places which might create a bad image for the
police department. The participating officer must insure that the car is cleaned, gassed,
and serviced as scheduled and as needed, during off-duty hours, if possible. However,
he is reimbursed for these costs. The department bears the expense of purchasing and
operating the cars for off-duty and on-duty use.

The plan, in effect, gives participating patrolmen a sizable, tax-free benefit in
return for intermittent services rendered. Department members other than patrolmen do
not receive this benefit.* (Take-home provision for non-patrol cars is not considered a
part of the personal car concept and is not dealt with here.)

The primary benefits ‘claimed for the program—both from greater patrol car
visibility and from quicker officer response—are reductions in crime and in accidents,
increased criminal apprehension, and greater citizen security. These benefits are
attributed not only to use of cars during off-duty hours, but also to increased time
available for on-duty patrol. Due to the larger fleet and individually assigned cars, beat
time previously lost to downtime—due to maintenance, gailssing,_ and car exchange
between shifts—can be reduced, thereby increasing effective patrcl time. In addition,
there are other advantiges attributed to the program, which pertain to internal
department operations, rather than direct provision of services to the public. These
advantages include higher officer morale, improved vehicle ;safety, better appearance,
and improved public image of the police. The program is offered in some jurisdictions
as a low-cost solution to a need for increased police presence, because the costs of the
program are thought to be less than the cost of buying equivalent patrol service in other
ways,

3.4.2. Vehicle Costs Under the Personal Cur Program: Empirical Evidence

There are basically two kinds of costs associated with the personal car program:
(1) Vehicle capital cost and (2) vehicle running cost.*® To compare cost of the personal
car program with cost of a multishift operation, account must be taken of the cost of
additional cars to implement the program, and the net change in total operating and
maintenance cost for the fleet, including cost of existing cars and new cars, both during
and after regular duty hours.

First, let us examine the cost experience of departments which have adopted

personal car programs. Table 30 presents, in four parts, reported costs for a large city.

5
ll-‘or more detailed descriptions and e of p 1 car prog in operation, nee the following reports: Donald M. Fisk, The
lndianapolis Police Fleet Plan, Washington, D.C.: The Urban Institute, October 1970; Officers Flowers and Griawold, Tuke Home Program: Don

H. Wilson, The Take-Honie Car Program of Arlington County Virginia Police Department ; Government Renearch Institute, The Cur Saturation -

Program of the Cahakia, Hlinais Police Department, an_cvalustion tepost prepared for the Nlincis Law Enforcement Comminnion, St. Louin, Ma.,
May 1972 Cpl. Giacamo (Jack) San Felice, The Per.mnal Patrol Car Program ; An Evaluasivn Report, Prince George’s County, Md,, Pnhu-
Dcpnnmen\. Fehbruary 1973,

Smcc all department members do not benefit equally from the program, problems of equity may arise. Nol only staff who are not pairolinen, but

also patroimen who live out of the jurisdiction, are generally denied tull patticipation. (Partial participation may be allowed, whereby officers living
out of the jurisdiction are ansigned \ cars which must be lefi at the station whenevar the officar leaves the jurisdiction.} Services, however,
are exchanged in return for benefits received and car use is i1y not beat j out-of-hand.

In some cases, officers i time pay for ded calls during off-duty houra, but salary coat of the program appears ¢enanlly emall.
Also, the mcrened fleet sizve may give rine to the need for expanded garage facilities. This lnllynil {or aimplicity that existing facilities
can the i d fleet.
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police ‘fleet operating first under a multishift plan and then under a personal car
program. The following points are noteworthy (1) Fleet size was nearly tripled to
implement the program; (2) the plan was put into effect by purchasing more new
vehicles_than usual and, at the same time, retaining part of the existing fleet normally
scheduled for replacement; (3) additional ‘equipiment purchase was necessary; (4) total
fleet mileage increased by slightly more than half; off-duty mileage appeared to average
between 50 and 60 percent of on-duty mileage; (5) individual car mileage averaged much
lower with the persona} car program; (6) due to lower car mileage, the department
expected to extend the replacement period from about 2 years to somewhere between 2
1/2 and 3 years while : ‘maintaining the former 50,000 mile (80,000 km) replacement
target; (7) dlwct operating costs for gas, oil, and maintenance was reported to have
declined on a pei‘ mile basis from about 5.6¢ (3.4¢/km) under the old plan to about 4.0¢
(2.4¢/km) under\ the personal car program, a decline of almost 30 percent; (8) due to
higher total mﬂeage under the personal car program, total annual gas, oil, and
maintenance costs increased by about 10 percent (or about $28,000), despite the lower
cost per mile; (9) uniform annualized cost of the personal car program appears in this
case to be close to 40 percent (or nearly $200,000) more than the old, multishift plan.

In general, of course, the capital cost of implementing a perazonal car program will
depend on departmental car utilization practices and existing fleet size. A fleet starting
with a three-shift-per-car-per-day plan will generally require about a threefold increase in

vehicles and related equipment. However, the required increase in cars may vary .

.considerably depending on the distribution of the work load among the three daily shlfts,
on the number of officers patrelling in each car, i.e., single or multiple-officer staffing,
and on the size of the existing backup fleet. If the work load varies substantially among
~ shifts, the minimum number of cars for the multishift car plan will be larger than would
be required if the work load were evenly distributed. The effect will be to reduce the
number of additional cars needed to implement a personal car program. If, on the other
-.hand, there were multxple officer staffing of cars rather than single officer patrols, the
dxfference in the number of cars required for a full personal car program as compared
with a minimum multishift car plan would be widened. The larger the size of the

existing backup fleet, the less the difference in the number of cars required for the two A

plans. In any casé; from car and equipment price data, it is fairly easy to estimate the
capital cost of lmplememmg a personal car program,. 'given the nature of the existing
operation.

The annualized capxtal cost of keepmg the personal car program in operation can
likewise be estimated, based on the new ‘replacement schedule. Since conversion from a
multishift plan to a personal car plan generally reduces average mileage per car per
period—and since average running costs per mile are probably no more (and are perhaps
less) for the personal car program—the probable effect on time of replacement is a

lengthening of the cycle.
’ Comparative running expenses are more difficult to estimate since the effect of the
personal car program on this cost has not been clearly established. Part of the problem

stenis. from limited experience with the program; part from lack of data for those:

programs in: operation; and part from the interpretation of existing datg Claims of
substantial ren\scnons in car running costs (ranging higher than a 50% reduction) have
been attributed to the program. However, an analysis of data samples by this study
suggests that there may be little difference in per mile running costs between the two
car plans. :

department (where per mile cost of gas, oil, and maintenance was estimated to drop
almost 30% upon conversion to the personal car program), let us review quantitative
information from other sources. According to an evaluation report of the personal car

program in operatlon at one police departmem annual maintenance cost per car under

e
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TABLE 30. Experience of a large city police department with a Personal Car Program ' '

I. Background Information
Flect Size
Old Plan: 170 patrol cars
New Plan: 455 patrol cars (2.7 X old fleet size)
Mileage (approximate figures)
0ld Plan: Tota! annual fleet mileage = $5,000,000
P . Average miles per car month = 2,400
© Average miles per car per year = 29,000
New Plan: Total annual fleet mileage = approximately ) i "
7,700,000 (1.54 X old mileage) L B
Average miles per car per month = 1,400 ' '
Average miles per car per year = 17,000
Reported Running Costs

Gas Oil _ Laber “Parts Total $
(¢/mile) e Fleet insurance s
Old Plan: 3.344¢  0.090¢ 0.750¢ 1.416¢ 5.600¢ $17,000
New Plan: 2.430¢ ~ 0.089%¢  0.530¢ 0.906¢  3.955¢ $45,500 O

Replacement Policy
Old Plan: 2 years :
New Plan:. 2-1/2 to 3 years

II. Cash Outlay Necessary to lmplemem the Personal Car Program .
No. new cars purchased in excess of annual purchases required under old plan = 235
Purchase price of new cars = $1,860 o
Expenditure for additional new cars = $437,100 " ¢
Cost of Retaining 50 old cars in the fleet which wou]d usually be sold for $400
_ but which will now be sold for $200 each ina year ' = $10,909 N
| Expenditure for additional equipment to outfit 285 cars at a cost of 5740 perxcar, )
excluding radio. (Assume equipment for exmnng 170 cars is reused, leaving 285
without equipment) = $210,200
*Total cash outlay to implement program = $658,909

HI.  Uniform Annualized Cost of the Pcrsnnal Car Program
Vehicles:
Yearly replacement of 1/3 of the fleet or 152 cars @ $2,000 each = $304,000. S
Yearly resale receipt on 152 cars sold after 3 years @ $760 each = $115,520 :
Annualized cost of vehicles = $188.480
Equipment: ) o
- Sirens, lights, partitions, etc. for 455 cars, assuming an average hfe of 10 ‘ P
years, no salvage valuc, and a purchase price of $740 per car = $54 815 : R
* (i.e., $336,700 X Uniform Capital Recovery Factor, 10 yrs., 10%) ‘ L
Radio lease cost @ $144 per cag per year = $65,520
*Annualized Cost of Equipment = $>1\20 335
Annual Operating Expenses: ) ’
Gas, oil, mainienance (parts and labor) for annual ﬂeet mlleage nf 7, 700 000
@ 4.0¢ per niile = $308,000
* Liability insurance @ 3100 per car per year = "\_ 3,500
*Annual operating cost = $353,500 T
*Total annualized cost, after lmplememauon of program = $662,3 5 Eals

—— N REERARY

¥
It
ES
5
]

ln order to i the program, only 35 existing cars were traded mu!nd of the usual 85; The 50 cars rellmed were aot to he\‘ephcad until
the following year. Since velease values were not rudlly available apd were not taken into ‘account in the’ “evaluation atudy (Fisk, lmllnnarmh:
Plan },they are estimated helv. based on the purchase price of $1,860 and about an 80 percent deprecinlion ovér 2 yarrs. Normllly. an em-m-led
$20,000 would be received froin sale of used cars: Huwever‘ in order to implement the peﬂmnal car plan, the 820.000 is forgonu and, mx(end

10,000 will be received a year | )

In absence of actual resale vnlucs and in view of the lacl that personal patrol cars are tsually in much better condition than the lveuqe pnlml .
“*-car, & depreciation typical of a private. car is used to ‘estimate vesale values, (Sec table 5). Had the same resale .value been uned a5 was uned in 5
compu-mz annual cast of the old program\\iouf annual cost would have been equil to $717,000 rnlhar than $662, 315

Note: lnl’nrmalmn Waa not ilable on all ¢ m-l elom and some neml may he swmlited from lhc

Source: Fisk; Indianapolis Plan, pp. 43.50, Tlm hulc data were taken from the Fiak Report, but the subseq v .,“' and the meth  ' of.
presentation differ from that in the report.

*Denotes subtotals and totals.
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TaBLE 30.—Continued

IV. Uniform Annualized Cost of the Old, Mulushx& Plan
Ve}ucles
Yearly replacement of 1/2 of the fleet or 85 cars @ $2,000 each = §170,000
Yearly resale receipt on 85 cars sold after 2 years @ $4060 each = $34,000
sAnnualized cost of vehicles = $136,000

Equipment:

Sirens, lights, pariition, etc. for 170 cars (assuming an average life
“of 10 years, no salvage value, and a purchise price of $740 to outfit
each car) = $24,480, i.e., $125,800 X Umfnrm Capital Recovery Factor,
10 yr., 10%
_ %Annualized cost of equipment = $44, 960

' Annual Operating Expenses:
Gas, oil, maintenance (parts and labor) for annua] fleet mileage of
5,008,000 @ 56¢, per mile = $280,000
Liability insurance @ $100 per car per year = $17,000
*Annual operating cost = $297,000
*Total annualized cost under muiiishift program = $477,960

the old pooli:plan averaged about $1500. Under the personal car plan, average annual
maintenance cost per car is reported as $350, a drop of 77 percent per car—a large drop,
the decline in average car mileage per month notwithstanding.* It is further noted in the
report that the number of vehicles was doubled, but total maintenance cost increased by

only 14.8 percent. However, when reported operation cost is looked at on a per mile
.bbms, rather than a per vehicle basis, the results appear different. Reported total fleet
mileage increased from 7.5 million miles (12.1 million km) the year prior to
implementation of the program, to 8.1 million (13 million km) in the first year the
program was in operation. On a per mile basis, the reported costs for maintenance and
repair, cleaning, battery replacement, tire and tube replacement, and gas and oil appear
to have increased slightly in each ciise, from one year to the next.

Similarly, two studies of another police depariment’s personal -car program
reported drastically lower maintenance and operating cost for cars operated under the
personal car program. Running costs were reported to have: declined from $255 per car
per month to $115 per car per month for cars in the program as compared with pool
cars. However, a comparison of running costs for a small sample of multishift cars and
personal cars of the same model and year, taken by this stud‘,'y from the department’s
records, failed to show a statistically significant difference in the two.

Another sample of data for a-take-home car program showed the following costs
for new pool and perscnal cars operated for a short time:*

Total maintenance and repair (in-
cludes tires, preventive mainte-

Mechanical components: nance, body work, towing, as well
parts and labor as items in the first column)
; ¢/mile ¢/km ¢/mile ¢/km
Take-home cars : 1.5 0.9 3.0 1.8
Multiple-shift cars ‘ &7 .22 6.8 4.1

As may be seen, pool cars are reported to cost more than twice as much as personal
cars for mamtenance and repair,

Flnn-hlnded g t of flest mai under the leadership of new
account for part of the dé lire in

The deta were provided by Mai 159, P N.J., for an unidentificd police d

P 1. which d about the same time may

8! i coat on vehicl

P

&



e .

In order to examine the cost effect of the individual ascignment of cars alone, as
opposed to both individual assignment and personal use of cars, two samples of cars

were drawn from the records of a state highway patrol department. One sample group’

consisted of ‘patrol cars originally assigned to individual officers but later converted to
pool use. The other sample was a control group of cars similar with respect to model,
age, and mileage, but which remained individually assigned. The sample cosis rose
almost 10 percent following conversion to pool use, while average cost per mile of cars
in the control group appeared essentially unchanged. However, a statistical test of
significance indicated that the difference might be merely attributed to chance.

It has also been reported that the rate of vehicle accidents and accident-related
costs are reduced by personal car programs. The accident rate for pool patrol cars
operated in one police department was said to be almost three times as great as the rate
for personal patrol cars and in another police department, nearly half again as much for
pool cars as for personal cars. .

The assignment of a car to a single driver migh' reduce costs in two ways:
(1) Individual car assignment provides accountability in case of driver abuse, whereas it
is difficult to assign responsibility for the car’s condition if several officers drive the
same car. (2) Direct car assignment may generate pride in the vehicle, resulting in
better care. In addition, when cars are used for patrol only 8 hours per day, there is
more time to schedule and perform maintenance during off-duty hours. Otherwise the
work may be frequently postponed, perhaps leading to more serious problems or down-
time during duty hours. Quality of repair werk is probably improved if an interested
driver describes the nature of the problem to the mechanic and chécks more closely on
the repair job. &

In conclusion, there is ev:dence—-but not conclusive proof—that running costs for
individually assigned, single-shift cars used by officers for personal use are substantially
less than for multishift pool cars. There is some evidence that personal patrol cars may
cost only about half as much per mile to operate as pool cars. However, there is also
some evidence that the differénce may be slight. (The rise in gasoline prices relstive to
other prices has increased the difficulty of achieving a reduction in per mile running
costs by converting te a personal car program, because the use of personal cars does not
appear to impact as much on fuel costs as on maintenance and repair costs.) Further
research is needed to establish the impact of personal car programs on running costs. A

thorough evaluation is needed to examine the expected benefits from the program, as

well as the expected costs. ¢ B

e

3.4.3. A Cost Comparison of a Personal Car Program th a Mmlmum
Fleet/Multishift Car Plan: A Hypothetical Exumple )

The purpose here is to compare capitalization and running expenses of a personal
car program {(PCP) with costs of a minimum fleet/multishift program (MSP). First the
cash flew associated with each plan is identified, and then, lacking more definitive
measures of the effect of the personal car program on fleet running cost, a breakeven
model is used to determine the reduction in running cost which would be necessary to
make a personal car program as cheap io operate as a multishift plan.

For simplicity, the cost of alternative car plans are developed and examined for &

hypothetical police department just setting up its fleet. It is assumed there are 200

officers who require patrol cars and that the department operates 20 shifts per week—5
shifts per officer of 8.4 hours ¢ach—and assigns 50 officers to each shift, each of whom
requires a. patrc! car. (As indicated above, in actual practice work loads will vary among
shifts and two-officer patrols are common. Variation in work load would tend to reduce

the difference in the costs of the two plans; two-officer patrols would increase the
difference in the costs of the two plans if every officer received a car under the personal -

car plan.)
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In order to implement an MSP of 3 shifts per car per day, 5 backup cars are
added (in the ratio of 1 ba¢kup to every 10 regular cars; in accordance with a popular
‘“rule-of-thumb™) to the basic fleet of 50 cars to allow for downtime. For the PCP, it is
assumed 200 cars are required and a backup fleet unnecessary. A backup fleet is no
longer necessary because scheduled maintenance during regular duty hours ie reduced
by shifting it to off-duty hours, and unexpected downtime due to car breékdown is
accommodated by borrowing off-duty cars from personal use.

The pool cars average 60,000 miles (97,000 km) per year each, for a to\al of 3.3
million miles (5.3 million km) per year. (This mileage is high compared with the
experiznce of many departments, but it is reasonable for a minimal multishift fleet as is
depicted here.) The 200 personal cars accumulate the same total fleet mileage of 3.3
million (5.3 million km) during on-duty use, or 16,500 miles (26,600 km) per personal car
per year. But personal cars are also used during off-duty hours. Assuming that annual
off-duty mileage amounts to 4,000 miles (6,400 km) per car, i.e., approximatgly 24
percent of on-duty use, each car is used about 20,500 miles (33,000 km) por year. This
amounts to' 4.1 million total fleet miles (6.6 million km) annually. The personal car,
therefore woild take almost 3 years to accumulate 65,006 miles (97,000 km).
Replacement of cars under both plans is set at £¢,0600 miles (97,000 km). Additionai
assumptions employed in the anaiysis are explained in footnotes to table 31.

Table 31 shows the amount and timing of expenditures and receipis associated
with both programs. Notice that a value has not been assigned to running cost per mile
for the PCP. We can use a breakeven model (used in cost analysis to determine the
value of a preselected unknown variable which will make alternative programs or
decisions equal in costs) to get an idea of the magnitude of the difference in running
expenses necessary to equate the costs of the two plans, given the stated assumptions.

To construct a breakeven equation, we first develop a cost equation for each plan,
and then set the {wo eguations equal to each other. We then solve for that value of the
unknown variable—running cost per miie—which will equate the costs of the two
alternatives. Uniform antual cests of each vehicle plan can be calculated from the
information in table 31 as follows:

Nl Yi
A=C-S) | 2 | ysm+E | D neM®).
a+nM - a+n7

where,

A; = Uniform annual cost of the vehicle plan, wliere the subscript i indicates the type
of vehicle plan. (Below, subscript 1 designates the PCP and 2, the MSP.)

C, = Total purchase price of vehicles in car plan i in present dollars,

S; = Total resale value of vehicles in car plan i, resold after NC years of use in
present dollars. '

N; = Number of years after purchase at which time cars. in car plan i are resold, i. e.,
N = 60,000/M,.

r = A real rate of discount, i.e., excluding inflation. ~

E; = Total purchase price of equipment required for car plan i in present dollars

Y; = Number of years of life of equipment under car plan i.

I; = Annual insurance cost for car plan i.

M; = Total annual fleet mileage incurred under car plan i.

R, = Cost per mile of running expenses under car plan i, in present dollars.

In the equation, the resale value, S,, is subtracted from the purchase price, C,,
and the result is multiplied by the capital recovery discount formula, in order to convert
the capital cost of cars into an equivalent stream of uniform annual values. The next
term in the equation, S(r) is included to take into account the fact that the resale value
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TABLE 31. EX))eﬂditures and receipts for a Personal Car Program (PCP) and a Multishift Plan (MSP) !

Type of cash flow PCP MSp

No. of cars purchased ? 200 every 3 yrs. 55 each yr.

Purchase outlay for $600,000 every $165,000 each yr.
new cars ° 3 yrs. .

Receipts from sale $280,000 every $82,500 each vr,
of used cars * 3 yrs.

Purchase outlay for $240,000 every $66,000 every
car equipment ° 10 yrs. . 10 yrs.

Insurance premiums ® $20,000 each yr. : $5,500 each yr,

Running cost 7 4,100,000 (R) 3,300,000 ($.08)=
N $264,000 each yr.

,:Thn coat data are realistic values in 1973 prices
Lower avesage annual mileage resulta in a longer replacement cyele for personal cars.

A purchase price of $3,000 is assumed.

Resale value on the MSP car. which ia replaced annually, i ssaumed to be $1,500. This is based on typiral patrol car depreciation Tor a standard

nize car aperated by a medium aize city depariment, as developed in table 9, For the personal car, resale value 13 assumed to be $1MH), alter being

3
4

used for 3 years. Depreciation dor the PCP cars is based on rates typical of a private car, and reflects the farct that they are aormally in good
candition. ’

This aasumes an expenditure of $1,200 ta equip rach zar and an equipment life of 10 years with no salvage value remaining

‘Thin ia based on insurance premiums of $100 per car for both car programs. According to an insurance company rep ative, there would

generally be little-or no differential in insurance rates for patrol cars hased on mileage incurred. or on whether they are poal or takéhome cars.
Running ¢nst per mile (R) is the unknown variable in the analysis. Both direct and indirect costs, including overhead itema «neh as costs of
inventory and service garage facilitien are ansumed 10 be included in the pee mile coat.

is not immediately forthcoming as is implied in the previous term, but is received at a
later time. The annual cost of deferring the receipt of the resale value until later is the
annual opportunity cost forgone; hence, cost of the vehicle plan is raised by an amount
equal to the resale value multiplied by the discount made. (Alternatively, in the first
term to the right of the equation, S, could have heen converted to present value by
applying the single present worth formula, prior to subtracting it from purchase price.
The remainder would then have been multiplied by the capital recovery formula, and
then there would have been no need for the term S,(r).)

The third term on the right side of the equation takes into account equipment cost.
The total purchase price of equipment is multiplied by the capital recovery formula to
convert the present value cost to a uniform annual cost basis. Since salvage value is
assumed equal to zero in the case example, no term for resale value of equipment is
included. Insurance, I;, and running costs M;(R,) are already stated on an annual basis,
and hence may be entered directly into the equation without discounting.

Setting the annual cost equations for the two plans equal to each other we have

. Al = AZ . o
3
($600,000-$280,000) [("11%.1%—}91“] + $280,000(.10)
|
+ $240,000 E%%‘%Q_);o—] + $20,000 + (4,100,000) (R,)

_ 110(1+.10)
= ($165,000-$82,500) E————————HJ 0)“’—1] + %$82,500(.10)

=

10 V )
+ $66,000 [(%'L(_llz)llo‘“‘_)l ] + $5,500 + (3,000,000) (.08)

Solving for R;, we find that R, = $.04.
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This shows that given the stated assumptions for capital cost and mileage, runving
costs per mile under the PCP must be reduced by approximately half what it would be
under the multishift plan, (i.e., from 8¢ to 4¢ [4.8¢ to 2.4¢/km]), in order for thé two
programs to be cost equivalent, Hence, the PCP must impact quite heavily on running
costs in order to reduce total fleet costs to the level attainable under an MSP.

Table 32 shows total life-cycle costs of the two plans for various per mile running
costs, off-duty mileages, and depreciation rates. This table pzovides an indication of the
sensitivity of cost calculations to the assumptions employed in the analysis. It allows us,
for example, to compare the costs of an MSP having a running cost of 8¢ per mile (col.
2, row 1) with the cesis of a PCP not used at all off-duty and having a running costing
cost of 6¢ per mile (col. 3, row 2). The costs of these programs can be compared in turn

. with a PCP for which the cars are used nearly as much for off-duty driving as for on-

duty driving, and for which running cost per mile is, say, 4¢ (col. 6, row 3). The
comparative costs are $379,000, $414,000, and $597,000, respectively.

From the table (col. 2, row 1 and col. 4, row 3), we can also confirm the results of
the breakeven analysis; that is, costs of the two plans are about equal ($379,000 versus
$380,000) if PCP cars are used off-duty sparingly, are replaced every 3 years rather than
annually, depreciate much more slowly than MSP cars, and incur running costs less
than half as great as for the MSP.

By comparing column 2 with columns 5 and 6, we can see that a PCP would cost
much more than.a MSP—about double in this case—if PCP cars are used extensively off-
duty,; are consequently replaced every 2 years instead of 3, and incur about the same
operating cost per mile as MSP cars. The reduction in operating cost necessary to offset
higher capitalization and insurance cost would be drastic. Futhermore, if a much slower
rate of depreciation were not achieved by the PCP, the PCP would, in this example,
cost substantially more than the MSP even if operating costs were greatly reduced by
the program. ’

Of course, if PCP cars are not used off-duty (cel. 3)—as might be the case where
the program is adopted for reasons other than crime reduction—the cost differential
between the MSP and the PCP is reduced. (By like token, program benefits from off-
duty use of the vehicles are not forthcoming to offset the cost of the PCP.)

In examining table 32, note that the proportional relationships between costs of the
PCP and the MSP have broader applicability than the single hypothetical case upon
whicl} the cost figures are based. To the extent that costs of the two fleet plans are
linea § n=tions of fleet size, the cost proportions derivable from table 32 will hold over
all fleet izes, 2ll other things being equal. This means that in absence of any significant
niet econ, “-des or diseconomies of scale associated with larger or smaller fleets, under
the stated conditions, the cost of a full PCP as compared with a minimal MSP would be
in the same proportions as are derivable from table 32, regardiess of fleet size. Thus, a
PCP with the attributes described by column 6, row 1, would cost about twice as miuch
as the MSP described by column 2, row 1 (i.e., $834,000/$379,000=2.2), whether the
police department were to have 50, 100, Z00, 300, or some other number of officers. The
table therefore offers to police departments of various sizes some indication of the
relative costs of the two programs under the conditions stated.

There are some limitations to the applicability of these specific cost figures. For
example, these calculations are based on representative prices given in 1973 dollars.
Furthermore, a given police department may discover items of costs associated with the
two programs which kave not been taken inty account here. For example, it may find
differences .in the parking facilities vequired for the two plans, which may alter their
comparative costs. However, given the fact that a PCP involves more cars but generally
does not require parking for off-duty vehicles, the direction of impact in thie case is not
immediately clear. As not¢d above, to the extent that there are economies or
diseconomies of scale ussociated with larger or smaller fleets, costs of the two fleet
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TABLE 32. Annual ownership and operating costs of a Personal Car Program (PCP) and a Multishift Plan (MSP) for a 200-officer department, sunder
alternative conditions *

Uniform annualized cost
(Thousands of dollars)
MSp PCP
Running cost With 1 yr. replacement With PCP fleet mileage = With PCP fleet mileage With PCP fleet mileage = 1.80 MSP
(¢/mi) and typical police MSP fleet mileage, 3 yv. = 1.24 MSP fleet fleet mileage; 2 yre. replacement®
car depreciation rates replacement, and private mileage, 3 yr. replace-
car depreciation rates ment, and private car '~ Private car Typical police car
‘ depreciation rates depreciation depreciation rates
rates (i.e., equal to MSP
. depreciation rates)
()] @2 3) ) G ©)
an 8 kY, 480 544 737 834
2 6 313 414 462 618 715
@ 4 247 348 380 500 597
@ 2 181 282 2908 381 478
1 Cost calculations are based on cost data presented in table 31, although some a} ive i duced as indicated by col headings. Col 2 and 4 correspond

most closely to assumptions on which teble 31 and the break-cven analysis wers based. The data represent realistic costs in 1973 dollars,
% Additionsl off-duty mileage raises towal fleet mileage to nearly 6 million miles (9.6 million km) or sbout 30,000 miles (48,000 km) per year per car. Witk & 60,000 mile (96,000 km)
replacement policy, cars would be replaced in 2 years, Using private car depreciation rates, car value would decline by 50% in 2 years leaving a salvage value of $96,000,
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plans would not be linear function of fleet size, and the cost relationships between the
two fleet plans might vary depending upon the specific sizes of the PCP and MSP
fleets. ‘ '

Other limizations of the cost figures pertain to the way in which the PCP and MSP
are here defined. There are two points to note. One is that the size of the MSP which is
minimal depends upon staffing, utilization and maintenance practices. Multi-officer
staffing of cars, for example, would reduce the size of the minimal MSP below that
assumed here; the particular practice of preventive maintenance might increase or
decrease the need for backup cars above or below the 1:10 ratio assunied here for the
MSP. The comparisons in table 32 are made for a “bare-bones,” mininial-size MSP and
a full PCP. It should be noted that most departments probably operidte an MSP with
some degree of slack, and that those departments having a PCP usually do not provide
a personal car for every officer. Hence, conversion to a PCP might not require in
practice as large an addition to the fleet as is assumed in table 32.°° (However, a lower
cost of converting from an MSP to a PCP than that shown in table 32 does not
necessarily imply economic efficiency of a PCP; rather it may simply signal inefficiency
in the current car plan.)

Table 32, therefore, provides some measure of the comparative costs of the two
car plans under qualifying conditions. For those departments whose costs are not
adequately described by the table, the annual cost formula developed above and used to
generate table 32 can be applied with specific department data.

3.5. Patrol Car Replacement Decisions

Another important management decision is when to replace vehicles. Although the
“physical life” of a vehicle can usually be greatly extended by increasing maintenance
and repair, there is a point beyond which it becomes uneconomical to do so. The
optimal time for replacement, which corresponds to the end of the “‘economic life” of
the vehicle, is that point at which the combined present wvalue or annual cost of
ownership and operation of the vehicle are a minimum.

The idea of an economic life, or optimum replacement point, is grounded in the
fact that per unit running costs do at some point begin to increase with higher mileage
and/or age. If unit costs of operating a vehicle declined or were constant with respect to
time and use—and barring obsolescence—it would never be economical to replace. The
combined costs per unit of time of the vehicle would decline continruously, since the
largely fixed rcapital cost would be spread over increasing milesge and time. But if
anpual running costs do, at some point, start to rise with increased age and use, then it
is possible to make tradeoffs between increasing annual running cost and decreasing
annual depreciation cost, and to determine that point at which annual (or present vélue)
total costs are a minimum.

The two critical factors in determining replacement are, then: (1) the trend in resale
values over the physical life of the vehicle; and (2) the change in running expenses as
mileage/age of the vehicle increases. Exhibit 8 shows schematically the typical relation-
ships between these cost elements and vehicle mileage/age.

Both depreciation and runuing costs will, of course, differ among vehicles, among
departments, and over time, hence it is not advisable to think in terms of a “standard”
economic replacement time for all patrol cars. A more efficient approach is for

individual departments to determine optimal replacement policies in light of their
applicable cost experience.

56,
Empirical cost siudien of fleet plans probably tend 10 understate the real difference in relative cost of a full p 1 car prog; P
with a minimum fleet/mukishift plan, 1 the paraonal car program is typically compared with an existing plan which itaelf falln short of full

car nliliu‘lion: hence the amall reported diffarences in program costs.
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Exuisir 8, The optimal replacement point.
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The purpose of this part of the study, therefore, is not to define the economic life
of patrol vehicles--since there is no single answer—but rather (1) to explain the approach
to determining optimal replacement, (2) to iilustrate the approach with police
department data, and (3) to indicate the effect on economic life of different fleet
characteristics. In the examples, the cost effects of alternative replacement decisions
are assesszd.

3.5.1. Replacement Methodology

Replacement problems occur frequently and “replacement theory” has been
developed as a technique of operations research analysis tc handle these problems.
Techniques range from crude models, which merely calculate the minimum mean cost
per year, to more sophisticated models which take into acenunt the time value of money
and find the replacement point which minimizes either t. uniform annual cost or the
present value of long-run fleet costs, ‘

Related to the optimal timing of replacement is the problem of optimal choice of
vehicles when alternatives exist. That is, if the available replacement vehicle is not
identical to the existing vehicle, it is necessary to compare the costs of alternative
vehicles when the cost of the new has been evaluated at its optimal life. Techniques
exist for dealing with replacement by unlike vehicles.

Simple—but crude—approaches to determining replacement assume replacement
with identical vehicles and a zeio interest rate. One such agproach is to replace the
vehicle whenever its expected depreciation and operating cost over the coming period
exceeds that of the previous period. Another approach is to replace the vehicle when
average cost reaches its lowest value. Cumulative running cost and depreciation are
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summed, and the total is divided by the number of periods, yielding average cost pe:
period. This model may be expressed as follows:
Find that n for which AC(n) is a minimum, where

‘ n  RG+DEG)
ACn) = ¥ “‘g"h'"ﬁ— ,
1

S

and ‘
AC(n) = Average (mean) cost per unit of time of a vehicle replaced after n periods.
R() == Maintenance and operating costs incurred in the jth period.
D(j) = Depreciation in the jth period.

n = Replacement period.

This method of calculating replacement is illustrated in table 33. As may be seen
in column 7, for this example, average cost per period is lowest if vehicles are replaced
in the second year.

A more accurate approach to determining a vehicle’s optimal life takes intec
account the time preference of money, using either an annualized cost model or s
present value model to place costs on an equivalent basis. In either case, the objective
is to find that replacement period (n) for which discounted costs are minimum.

The uniform annualized cost model to determine replacement may be expressed as
follows:

Find the value of n for which A'(n) is a minimum, where

= e S® + _RG [ iqriyn
Atw) "[ * oz (1+i)’]' t(l+i)"—1J ;

i=1
and
A'(n) = Annualized costs associated with replacing vehicles at the end of the nth
period. -
C = Purchase price of a new vshicle.
S(n) = Resale value of the vehicle at time n.
R(@) = Maintenance and operating costs in jth period.
n = Replacement period.
i = Discount rate.
S(n) .
TlT‘)'r = Resale value discounted to present value.
A L
| RG)  afes g . . C e
W = Maintenance and operating costs-in period j discounted to present
. value.
' i1+ : : :
-1 =~ Uniform capital recovery- interest formula for converting a present

amount to a series of uniform annual faymesits.




TasLE 33. Hlustration of simple approach to calculation of optimal replacement
point: Minimizing the cumulative average cost per year

Yearly Cumulative Cumulative Average
. repair repair Yearly Cumulative * total yearly
Year cost cost depreciation depreciation cost ! cost 3
(oY) 2 3 @ ® () 0]

1 $150 $150 $400 w400 $550 $550
*2 250 400 250 650 1050 525 =
3 350 750 200 850 1600 533
4 450 1200 150 1000 #1200 550
5 550 1750 150 1150 A 580
6 650 2400 100 1250 3650 608

1
Column 3 plus column 5,
Column 6 divided by column 1,
*Denotes minimum average cost,

NOTE: Cost data are hypothetical and are not indicative of costs incurred by police cars, Average yearly cost figures are simple mean values; they are not discounted,

TasLe 34 Hllustration of the use of an annual cost model

to determine optimal replacement point ’
Yearly Estimated
repair resale Annual
Year cost value cost?
1 $150 $1,600 $750
2 250 1,350 707
*3 350 1,150 00 -
4 450 1,000 704
lA(n) =[C-S(n) (SPW, n.i)—-i R(USPW,j, HXUCR, =, i)
=1
A(n) = Annusl cost of repiacing vehicle, at the end of the nth period,
[+ = Purchase price of a new vehicle, -
S(n) = Resale value of a vehicle at time n, : .
RG) = Sum, of relevant maintenance: and operating costs in jth period,

sSPw = Single Prénent Worth Fector, and
UCR = Uniform Capital Recovery Factor.

Ay = {2,000+(1,600) (,9091)+(150) (,2091)] (1.1)=$750

Ay = {2,000~(1,350) (.8264)+{150) (.9091)+250 (.8264)] (,5762)=$707

Az =2, W‘O (1,150) (.7513)+(150) (.9091)+250 (.8264)+350 (.7513)K.4021)=$700

Ay = fz doo- (1,000 (. 033())4-(150) (.9091)4250 (.82641+350 (.7513)+450(.6830)K.. 3155)#5704

*Dénote minimum annual cebl.,

NOTE: The cost data used 16 compute annualizad cost in this table are the aame as those uted in tables 32 and 33,

Employing discount factors, the above question may be stated equivaiently in the
following terms:

n

A(n) = [C-8(n) (SPW,i,n) + £ R(@) (SPW,i,j)] (UCR,i,n)
=1
where
SPW = Single Present Worth Factor

UCR = Uniferm Capital Recovery Factor

Table 34 shows the annualizied costs associated with various replacement periods,
computed for the same basic data, as used in table {i3, but here taking into account the
time value of money. It may be seen that the optimal replacemem time is changed from
2 years to 3.




N ;\\ ;’ ; ;\‘ :T
The use of a present value ‘model to determme optnmal replacement is similar to

the above method;“and may be described as follows:
Find the value\! n for which PV(a) is a minimum, where

© . C+R'(n)-S'(n)
PV = i)

and

PV(n) = Present vaiue of the relevant costs associated with purchasing a new
I T . vehicle and an infinite chain of identical replacements, each with a life
e - ‘ of n years.

C = Purchase price of a new vehicle.

R'(n) = 3 R(G) @+, the present value of operating and maintenance,
j=l . =
costs from j=1 to j=n

R S S*{n) ="S(n) (1+l)'“ the present value of the resale value in period n.
i = Discount mte ” '

n = The length of the replacement cycle.

“The mndel assumes that a series of penodlc payments of [C+R'(n) S (n)} wﬂl be made
every n yrears in pmpetmty "

’Table 35 shows the present value of vehicle costs for different replacement cycles,
ngam. using the same basic data as in tables 33 and 34. As would be expected, the
results of this calcularion are in agreement with the findings of the annualized cost
model. Both are considered more reliable than the simple average approach.

If the replacememt vehicle differs from the existing vehicle, the replacement
calculation is s..:ghtly more complex. Here the problem is to find how long it pays to
continue operating’ the existing vehicle Lefore replacing it with the alternative vehicle.

. One approach 3 ;mgms by determining the optimal life of the replaoement vehicle so
that the cost of l\eepmg the existing vehicle may be compared with the cost of the new
vehicle at its optimal life. The optimal life of the new vehicle may be determined from
the above equation fm- present value, V(n) This information can then be used in the

: _followmg equation to find the optimal remaining life of the existing vehicle:
‘ . Find the value of k which minimizes the present value of vehicle cost, where

W - PV(n)

;_, . .. T e BT T T

N Ll s A S L A )
axlll " i

v

n

vehicle at the end of period k with a new vehlcle which has an economic life
p ) of r periods. ‘

o ' “‘\ ) N ) ?R
S L MG)
M'ky = Z.° ——-(J——).,‘ :
L o 3____}3.‘ (L+1y : B _

. sthe present; value of the operating and maintenance costs of the
B , emshng vehicle m pericd k, where M(,) is defined as the operating and
maintenance cost of the existing vehicle in the jth period.
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PV'(k) = Present value of all relevant costs associated with replacing an exxstmg.




‘(k) = (1+)k ] . RRCI

=

!he ‘present value of the resale or salvage value of the exlstmg vehicle
in penod k, where E(k) is defined as the resale value of- the ex:sung
vehicle in period k. 2 : .

k = The length of the replacemem cycle for the exxstmg vehxcle.
C, R'(n), S'(n) = As defined prewously.

~“For exainple,assume that the new vehicle is described by the data in table 35, and
therefore has an economic life of 3 years. Assume also that the vehicle can be expected
to give 2 more years of satisfactory service, at an cperating cost of $400 in the first year
and $475 in the second year. Further assume that the _salvage value is expected to be
$500 at the énd of the first year 'and %300 at the ‘end of ‘the second year. The
calculations to determine whether the vehicle should be replaced at the end of the first
i ] or second yzar, are shown in exhibit 9. g , ‘
‘ Since the present value of the new vehicle is-$7,004, at its’ optimal replacement, ey
> cycle, immediate replacement of the old with the new means a cost of -$7,004. Keeping. .
' the. existing vehicle for either 1 or 2 more years pnor to replacement at a cost of either ' Teld

TasLe 35. Hlustration of the use of a present value model to :
determine optimal replacement point s

Yearly Estimated - Present -
Year ~ repaircost .. = resale value . value' i R
: 1 .. $150 $1,600  UTUU$7401 © 0 ‘ L
2 250 1,350 : 7,068 ; . S
*3 350 1,150 7,004
, 4 450 - 1,000 : 7,035
1. .
1 - [C+R'(n) - S'(m)]
PV(m) ‘ 1 - (1+i)~n :
PV(m), = [2000 + 150(SPW, j=1, l()(‘:ol )— “1600 (SPW n=1, 10%)]
- 1 .
- 200+150(9091)—1600(9091) . SO
1—(110)1 : : A
. 68l . ’ :
.0909 i
= $7,491 e .
PV(n), = 2000 + 150\ 9091) + 250( 8264} — 1350( 8264)
S v 1= Q107
e nlos Tt e EE - 1227 ’ ‘;\ _ .
O . T . B o
Y Zt.;-_l*‘:\v — s7(m “
PV(), = 2000 % 1506.9091) + 250(.8264) + 3500 7513) - 1150 7513) *
c el - (L107T
= i‘i _ .
. PV, = 2000 150( 9091) + 250(8264) + 350(.7513) + 450(.6830) ~ 100K, 6830) e
* . 1-a 10" ‘
. 2230
. A7 ,
¥ E 3 -
= $7,035
NOTE: 'l’he ume basic cost datz which were used in ubles 33 lnd 34 are used here, .
*D pre value cost.. ’ . - N
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Exusir 9. An illustration of the ‘replacemem calculation
when the replacemeni vehicle differs from the existing vehicle

Existing vehicle: Remaining effective life: 2 years
Expected operating cost: $400, 1st year; $475, 2nd year
Expected salvage value: $500, 1st year; $300, 2nd year
New vehicle: Purchase price: $2,000
: . Expected operating cost: $150, lat year; $250, 2nd year; $300, 3rd year; $450, 4th year
Expected salvage value: $1,600, 1st year; $1,350, 2nd year; $1,150, 3rd year; $1,000, 4th year
Pioblem: Find the replacement time, k, which minimizes the present value [PV'(k)] of all relevant
costa associated with replacing an existing vehicle in period k with a new vehicle which
has ari‘economic life of & periods.

PV'(k) = g%%—';)—- + M'(k)-D'(k), (terms are defined in the text) B

A Present value of immediate replacemem of existing vehicle:
2,000+$15 1)+%250(.8264)+ 513)~$1,150(,7513
P‘( k=0)=PV(n) = $ 0( 9091)+3250(.82 )1-_5(315?5))7_1 3) 50(. )

= $7,004

"B, °resent value of replacing the ex:stm.,,veh.vle after one more year of use:

o

T i “Delay Operating cost Resale for old
. P ) ' discount® for old carfM'(1)] car{E'(1)]
PY(!&;—#I) = [PV for the new car, n.= 3, as shown ahove) (l+.10)"' +  $400(.9091 —~500{.9091)=%6,226.

C. Present value of replacing the existing vehicle after 2 or more years of use:

Delay discount ~ M'(1) M'(2) E'@)

$6,226 or $6,299 respectively, is therefore cheaper than immediate replacement. It
appears slightly more economical, however, to replace the present vehicle with the new
vehicle after only 1 more year of use, rather than 2 years. (Other factors not included in
this model, such as model changeover costs, may make replacement more or less costly
than this model shows.)
"Regardless of the method used to calculate replacement time, an effort should be
made to utilize realistic and comprehensive cost data. Conceptually, operating or
TR running costs should include costs associated with declines in vehicle performance, and
o Tehablhty, and increases in downtime, all of which may come about with increased
lmleagu -or age In practice, however, it is usually difficult to get operating cost data for
(O expenses oit er than parts and labor. Dellar estimates of the costs of reduced
. /performance and: downtime are difficult to estimate and subjéct to question. A simpler
“<and less controversial.. approach is to indicate separately, as far as possible and in
‘whates 'er_measures are convenient, any costs (or reduced benefits) in addition to parts
‘and labor” ‘costs, which accrue as ‘the fleet ages. Then the estimated ownership and
o mamlenance costs associated with shortening or lengthening the replacement period can
? bg compared with these other types ‘of costs. As a consequence, the trade-offs are more
ci‘enrly specified, and decision making should be improved.
; - Some types of operating expenues may be omitted froin the replacement analysis
- without significantly affecting the re!&ults. Costs which accriie at a relatively coristant
" rate over the life of the vehicle, suclh as cost of gaoe, sil, tires, and insurance, usually
have: no effect on the optimum l'eplacement time and, therefore, need not be
consiered. Whether to include or omit certain items may therefore depend on
conwemence, given the format of data records.
. For practicality and efficiency, a dual approach to replacement determination is
generally needed. (1) For the purpose of budgeting and for control of a large fleet, the
econoniic lives of particularitypes of .L,'ehlclea have to be predicted. This may be dore by

use of statistical methods to develop;;i profiles of running expenses and depreciation costs

_ ,‘.

PV(k=2) = [PV for new car, n = 3, as shown above] (1+.10) "% + $400(.9091) + $475(.8269) —~ $30((.8264) = $6,200,




as a function of mileage/time for different vehicle types, hased on past costs and resale
values. Prediction of the average ecoinomic age for each type of vehicle will indicate the
approximate number of replacements which probably will be required over the coming
period. Where review on an individual vehicle basis is infeasible, the manager of the
large fleet will be able to set an informed, rather than completely arbitrary, replacement
rule. (2) For maximum efficiency, a decision mechanism is needed for replacing
individual vehicles within a particular group. Individual vehicles may differ greatly in
their costs—especially niainicnance and répair cost. Samples of cost data gathered,; from
several police departments showed variation among like vehicles throughout their
lifetimes, and particularly at higher mileages. The more efficient replacement plan will
identify and make provision for individual vehicles whose costs are higher or lower than
average.

A number of replacement programs are currently available for purchase. One of

" these, developed by the Local Government Operations Unit, Reading, England, consists

of a set of charts which may be used to simplify replacement determination.5” The
charts are geometric representations of equations,.and are provided for different rates of
discount and depreciation. To use the charts, it is necessary to have a record of total
maintenance and repair cost over the life of the vehicle to date, and further, an estimate

“of the cost expected to be incurred over the:'coming period. The charts define the

maximum amount which can be spent on a vehicle in the con ‘ng period without
increasing anaualized cost. If the estimate exceeds this limit, replacement is indicated.
While the charts might aid computations, they do not overcome the more difficult part
of replacement analysis—ilie development of good historical cost data and the ability to
foracast future cests on an individual basis.

"~ Computer programs are available to assist in determmauon of vehicle rgplacement
as well as time for repair of vehicles. Again, implementation of ‘these programs requires
vehicle operating and maintenance cost data and resale values. The expense history file
is used in programs which determine cost parameters by vehicle type.

Regardless of whether the department aims at developing an in-house replacement
policy or purchases outside assistance, it is clear that up-to-date cost information will be
needed. In developing necessary cost records, there are also extant gmdes. programs,
andcost control systems which may aid the manager.*®

It should also be noted that the methodobgy for determining car replacement
described in this section for patrol cars is applicable to a wxde range of vehicles and to
other kinds of assets.

3.5.2. Replacement of Police Cars: lllustrative Cases |

This section uses a present value replacement model and maintenance cost data
drawn from police departments to examine replacement of police patrol cars. The
purpose is to determme the kinds of replaceme;it \ﬂchedﬁles which are generated when
actual police n\sintenance cost data are used to exercise the replacement model, and to
test the sensitivity of the results to variations in the cost dat...

No attempt has been made to explore fully the intricacies ‘of the data bases used -

as sources for this analysis, or to refine the analysis 80 as to derive precise replacement
schedules for those departments from which data were gathered. Furthermare, not all of

s

i

\t
\

7 oeal G ‘Operaticnal B h Unit; Royal Institute of Public Administration, Vehicle Repl 1 Charts; Operatingtannal, Report
No. C.81, Reading, Euhnd .hmnry. 1971, . R
E -
Aide t0 thle unn.eneul are afiered by both eommarchl and public {aations. For le, Mai Inc. offers a cast acceunting lnd -
> | system; Public Technology, Inc. offers a icipal vehicle rep packege: Ameri A fatlon of Publlic Werks Wos

Assaciation of lie u.s. and Canada ’mvHu a nnk to i for @ owned and opersted vehicles: I‘N'p Field
Development Program has developed a " and cost y which provides programs to ‘sesist in ceatrelling yqﬂch
wmaintensnce coat. (No attempt has been made by this study to assess the utility of individial programs and sarvices, and a0 endorsement of the
above programs and.services is inlended.) .
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the data were empirically determined; depreciation data are largely estimated. The
reader is reminded and cautioned that findings in this selection are based on specific
assumptions and costs, and may not be generally applicable .

As was seen already, the critical elements in replacement determination are how
running expenses and depreciation behave with vehicle age and use. With respect to

depreciation, we saw earlier that the resale value of patrol cars appears typically to drop =

faster than for private cars, but the general pattern of decline appears about the same.
Hence, even though there is substantial variationi in depreciation rates among
departments, the range of depreciation which would be experienced by most
departments can likely be covered by exercising the replacement model with
depreciation rates ranging from a rate comparable to that on private cars to a very high
rate of, say, 50 percent of remaining car value per year. For this reason, it appeared
unnecessary to trace in detail police car resale or trade-in values specifically matched
with empirical maintcnance and repair cost data. These m2y be easily approximated.
Eatablishment of the “typical” relationship between running cost and police
vehicle mileage/age proves to be more difficult. Both intuitively and on the basis of the
literature, the expected relationship is a rise in maintenance and repair cost with a
vehicle’s age and use.. The rate of change is, however, by no means clear. From an
empirical standpoint, data samples are generally distorted by existing replacement

_ policies. For instance, replacement at 50,000 miles (80,000 km) precludes obtaining cost

data for vehicles with higher mileages. ’Ar.d,_g‘o the extent such data exist, they will
likely be biased, representing vehicles with lower than average costs which have been
retained in the fleet longer than usual.

Despite these problems, an attempt was made to esisblish the approximate
relationship between maintenance and repair cost end mileage for s sample of police
departments. Cumulative maintenance cost data for different mileages were collectcd
for sample vehicles from several fleets.

Statistical techniques were used to fit a curve of “best fit” to each set of data and

to predict maintenance costs based on mileage at 1,000 mile (1,600 km) intervals. The
samples were designed to include vehicles of similar functional type. Because of the
:eluuvely high usage rates for patrol cars, there was little difference in the model years
of cars contributing high and low mileage data within a sample. The rate of accrual of
mileage was ignored, the only mileage distinction being accumulated mileage. Thus, the
cost predlcted for any given mileage reflects the average cost experience of all cars in
the ssmple then at that mileage.

Table 36 shows the computed costs per mile of maintenance and repair at the
sample police depanments for successjve intervals of 5,000 miles (8,000 km) each.
Exhibits 10, 11, and 12 are plots of actual cumulative maintenance and repair data,
along with & “iest fit” curve for each of three groups of sample data.

Only the sample group of 29 medium-size city departments shows contmuously
rising maintenance and repair cost per period or per mile as vehicle age and usage

—imcreases. Each of the three samples drawn from individual departments showed

increasing maintenance cost per mile up to at least 35,000 miles (56,000 km). Cne of the
three samples subsequently showed a falling cost per mile for all mileage over 35,000
miles (56,000 km). Another showed declining maintenance cost per mile from 35,000

(56,000 km) to 65,000 miles (105,000 km), but rising thereafter, while the third showed

increasing cost per mile up to 60,000 miles (97,000 km), but decline thereafter.

What accounts for the behavior of these cost data? It was beyond the scope of this
study to make the in-depth inquiry siecessary to fully understand the behavior of the
data, but there are several simple reasons which might account for an apparent
declining running cost as mileage increases. For one thing, costs are accrued at
different rates of price jnflatien. Then, too, “lemons” are culled from a fleet over time,
hence mechanical failire rates decline. In addition, it is possible that departments tend
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TasLe 36. Maintenance and repair cost as a function of mileage for samples of
patrol cars, by type of department
($/mi)

———

Mileage interval

VT

0 5,001 10,001 15,001 . 20,001 25,001 30,001 35,001 40,001 45,001
to to te to to to B to to to
5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,0000 50,000

o

Medium-size

city depart-

menrt' - 025 052 0690 o .080 077 0n .064
Large city .

department® .018 .026 .029 .032 .035 .037 .038 .040 .041 041
State highway

patrol? ‘ 024 034 047 .057 064 .068 .070 .069 .064 .057
County :
' department ¢ .02 .03 .08 .03 E :
§ Group average
for 29 city
departments .026 027 .035 .037 s 0481

wor T

D s

50,001« 55,001 60,001 65,001 70,001 75,001 80001 85,001 90,001 95,(!)1
to to to to to to to to to to
55,000 60,000 65,000 70,000 75,000 80,000 85,000 90,000 95,000 100,000

Medium-size
city depart- ]
ment' 056 051 0 .049 052 062 .080 .108 .148 200 270 7
Large city
department’ 041 041 040 .039 .037 .035 .033 .030 026 023 oo
State highway § v
patrol® .048 .035 - - - - - . - - E
County ) '
department * .03 04 a5 .05
Group average ‘ -
for 29 city
‘departments .043 046 . .052° : .057° .063°

: See exhibit 10. Cost data include tire exp and mai and repair,

R 25ee eahibit 11. Cost dats include tire P and mei and repair,

P ISee exhibit 12. Cont data include gasaline, oil, and tire exp in addition to msi and repair cost,

4Conts per mile computed from simple averages of the raw data,

5See 1able 27; data provided by Mainstem, Inc. Values for mileage intervala above 60,000 miles sre esti 3, It was i that cost would
continue 10 increase at & rate of 10 percent for every 10,060 miles.

NOTE: Coat per mile duta for cach mileage interval were computed: on the hasis of cost incurred in that interval anly. To calculate cast per mile
for each interval, the ag lstive cost et the beginning of the mik interval was aub d from ag! lative. cost at the end of

the mil interval. Remaining costs were then sttributed to that interval.
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Exuiir 10. Cumulative maintenance and repair cost as a function of mileage for patrol
cars of a large city.
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Exuinit 11. Cumulative maintenance and repair cost as a function of mileage for patrol
cars of a large city.
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Exuisrr 12. Cumulative maintenance and repair cost as a function of mileage for patrol
cars of a State highway patrol department.
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to reduce the level of preventive maintenance as vehicles approach the usual
replacement age or mileage. If the vehicles are replaced shortly thereafter, the reduced
preventive maintenance might not yet be reflected in higher breakdown and repair, and
the net impact may therefore be a reduction in méintenance and repair cost. Additional
research and more extensive data collection would be required to provide more accurate
measure of parts and labor requirements for patrol cars as they age.

Despite possible distortions in the data, they are nevertheless useful fox testing the
replacement model and also for illustrating the large variation in costs, among individual
cars. In particular, it should be noted that the graphs display a large dispersion of data
about the fitted curves, especially at higher mileage. This variation underscores the
need to review vehicles on an individual basizs when evaluating the best time for
replacement.

Substantial variation in mainterance for different cars by make and model. is
indicated by Exhibit 13, which shows average cumulative repair costs based on mileage
for five different car makess and models, all operated in the same state highway patrol
department. The average economic lives of the different makes and models also differ.

Optimal replacement time wnl], now be determined for a patrol car, based on the
maintenance cost data shown in tible 36, for alternative levels of car utilization and 1
rates of depreciation. These calculations are presented in a series of tables from 37
through 4. ‘

First, consider the effect which changes in the rate of deprecuuon have on: the

optimal replacement schedule. Tables 37, 38, and 39 are all based on an average annual N

car mileage of 40,000 miles (64,000 km) and maintenance data for the snmple group. of
29 cities (partially estimated). As shown in table 37, with a very low and gradually
declining rate of depreciation and relatively high and increasing maintenance cost, very
early replacement (afier only one-half year) is economical. However, the mformanon
gathered by this study indicates that the rate of depreciation assumed-in this tnble is
probably uiirealistic for patrol cars. : 5
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Exuimir 13. Average cumulative maintenance cost as a function of
mileage for patrol cars of different make and model.

34251
400}
315%-
350
325k

300t
MODEL B
275} ModEL C©

20} MODEL A—\
225
200
175}
150
125}
100}~
15}

50}
25}~

~MODEL D
—MODEL E

CUMULATIVE MAINTENANCE COST

L I 1 I
5,000 15,000 25,000 35,000
MiLEAGE

*Cost does not include gasoline; does not include tires.
NOTE: A, B, C sre 1972 models; D, E are 1971 models,
Tasce 37. Optimal patrol car replacement, based on maintenance and repair cost for a sample of 29 cities,
assuming annual mileage of 40,000 (64,000 ki) and a 6 percent quarterly depreciation rate

Quarterly
maintenance Estimated

Period Cumulative and resale Fresent
(quarters) mileage repair value' value?!

1 10,060 $256 $2,533 $6,876
.2 ‘ 20,000 273 2,381 6,832 *

3 30,000 345 2,238 6,964

4 40,000 366 2,104 7,022

5 50,000 408 1,978 7,090
‘Dcprechﬂ»n is computed on & middle-of-the line, i di ixe car, costing $2,695 in 1973, Six p of the declining bal is taken each
time for that quarter's depreciation. This to a decline of 22 p of the parch price over the first year and 17 percent of the

purchase price over the second year, lower rates than those usually experienced by putrol cars,
2 pyp) - [C+R’ ()-8’ (n)]

T—(+5 (terms are defined on page 89)

*Denctes optimal point of repl

In table 38 the rate of depreciation is assumed to be 10 percent per guarter over
the life of the vehicle: this amounts to 34 percent decline in the new car price over the
first year and 23 percent of the original price over the second year. This is probably less
than typical patrol car depreciation, but is probably attainable by departments which
follow good resale practices. Under the siated conditions, optimal replacement is at one
and one-half years and 60,000 miles (97,000 km).
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TaeLe 38. Optimal patrol car replacement, based on maintenance
and repair cost for a sample of 29 cities, assuming annual mileage of
40,000 (64,000 km) and a depreciation rate of 10 percent per quarter

Quarterly
maintenance Estimated
Period Cumulative and resale Present
(quarters) mileage repair value ! ‘ value
1 19,000 $256 $2,425 $7.965
2 20,000 273 2,182 7,780
3 30,000 345 1,964 7,789
4 40,000 366 1,768 7,144
5 50,000 408 1,591 7,724
*6 60,000 430 1432 7,695 »
7 70,000 473 "1,289 8,182
|Dcprechlion is computed on a middle-of-the-line, intermedi ize car, ing $2,695 in 1973. Ten p of the declining bal is taken each
time for that q "s depreciation, This to a decline in value of 34 percent of the purchase price over the first yosr, and 23 percent of the
purchase price over the second yzar—rates which appear lower than typical police car depreciation, but obtainable by some dep.

*Optimal point of replacement,

TasLe 39. Optimal patrol car replacement, based on maintenance
and repair cost for a sample of 29 cities, assuming annual mileage of
40,000 (128,000 km) and a depreciation rate of 20 percent per quarter

Quarterly
maintenance Estimated
Period Cumulative and resale Present
(quarters) mileage repair value! value
1 10,000 $256 $2,156 $10,649
2 20,000 273 1,725 9,954
3 30,000 345 ’ 1,380 9,566
4 40,000 366 1,104 9177
5 50,000 408 883 8,884
6 60,000 430 706 8,634
7 70,000 4713 565 8,447
8 80,000 520 452 8,311
9 90,000 572 362 7,798
10 100,000 - 629 290 1,375
L 3 3
lDepncill'mn is computed on a middle-of-the-line, i di ize car, ing $2,.695. Twenty percent of the remaining value is taken each time
for that g ‘s depreciation. This 10 a decline of 59 p in the original car price over the first year, and 24 percent of the new car
price over the second year—high depreciclion rates, but not unlike those which appear to be experienced by many city and county police
departments,
*Optimal ie point of repl i in thin case not eccurring within the time framv examined.

Very rapid deprecistion is examined in takle 39. It is usually uneconomical to
replace a patrol car early if it quickly loses most of its resale value. In this
circumstance, the car should be retained in service, as long as performance and safety
criteria will permit, in order to minimize long-run cost.

Car utilization rates also affect optimal replacement schedules. Table 40 shows
very early replacement for a car which accumulates mileage rapidly, even though
depreciation is also assumed to be rapid. In contrast, table 41 shows that it can be
uneconomical to replace a car égrly if it averages low annual mileage, even if
depreciation is also low. ‘ ’ :

The sample data from three depariments (see tables 42, 43, and 44) indicate that
their maintenance and depreciation experience makes it uneconomical to replace cars
until required for safety, performance, or other similar criteria.
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TasLr 40. Optimal patrol car replacement, based on maintenance
and repair cost for a sample of 29 cities, assuming annual mileage of
80,000 (128,000 km) and a depreciation rate of 20 percent per quarter

Quarterly
maintenance Estimated
Period Cumulative and - resale Present
(quarters) mileage . repair value value
LIS | 20,000 o $52¢ $2,156 $13,377 »
2 40,000 11 1,725 13,468
3 60,000 838 1,380 13,510
4 80,000 993 1,104 13,622
' iation rate of 20 p of the ining bal See { 1 to table 39 for a fuller explanation,

*Optimal point of replacement,

TasLe 41. Optimal patro! car replacement, based on maintenance
and repair cost for a sample of 29 cities, assuming annual mileage of
20,000 (32,000 km) and a depreciation rate of 6 percent per quarter

Quarterly
maintenance Estimated
Period Cumulative and resale Present
(quarters) mileage repair' value’ value
1 5,000 $128 $2,533 $5,638
2 10,000 128 2,381 5,467
3 15,000 137 2,238 5,384
4 20,000 137 2,104
5 25,000 173 1,978
6 30,000 173 1,859 5,212
7 35,000 183 1,747
8 40,000 183 1,642
9 ‘ 45,000 204 . 2,543
10 50,000 204 1,450 5,053
11 55,000 215 1,363
12 60,000 215 1,281 4,991
13 65,000 237 1,204
14 70,600 237 1,132
15 75,000 260 1,064
16 80,000 260 1,000 4,904
' .

I1‘he breakdown of maintenance cost was for 10,000 miile (16,000 km) intervals; no attempl was made to estimate mainienance cost hy 5,000 mile
Sﬂ.m km) intervals,

Sen {ootaote 1, table 37,
sOpiimal point of replacement, in thia case not occurring within the time frame examined.




TaBLe 42. Optimal patrol car replacement, based on sample data for
maintenance and repair cost from a medium-sized city police department,
assuming annual riileage of 30,000 and rapid depreciation

Yearly Estimated
Cumulative maintenance resale Present
Year mileage cost' value?® value
1 30,000 $1,650 $1,720 . .7 437,800
2 60,000 1,980 ~560 35,559
3 90,000 2.490 - B 140 33,784
- *

Dcﬂved from table 36, Average cost per mile over the assumed annual mileage range was multiplied by the number of miles to obiain yenly
?dn\znmca cost (e.8., the avernge cost per mile over the range 30,000 to 60,000 is $.066; 30,00%$.066—$1,980).

Based on ressle values for a middle-of-theline, dard-size car purchased for $3,500, ss estimated in table 11.
*(piimal econamic paint of reglacement, in thia case not occurring within the time frame examined.

TasLe 43. Optimal patrol car replacement, based on sample data for
maintenance and repair cost from a large-sized city police department,
assuming annual mileage of 30,000 and rapid depreciation

Yearly Estimated
Cumulative maintenance resale Present
Yezr mileage cost' value® value
1 30,000 $ 885 $1,500 426,889
2 60,000 1,200 410 26,745
3 90,000 1,080 \ 30 23,205
L] L] L)

IDerived fram iable 36, For explanations, see footnote |, table 42.

Bned on ressle values for a bottom-of-theline, standard.size car purchasad for $3,185. The eatimates of resale value were derived by the
described in foot 1 of tuble 39.

-Opumnl economic point of replacement, in this case not occurring within the time frame examined,

TasLE 44. Optimal patrol car replacement, based on sample maintenance
and repair cost fromi a State highway patrol, assuming
annual mileage of 30,000 and moderate depreciation

Yearly Estimated
Cumulative maintenance resale Present
Year mileage cost’ © value® value
1 30,000 $1,470 2,310 30,099
2 60,000 1,710 1,610 28,329
3 90,000 1,968° 1,190 21,539
L d -

\Derived from table 36.
Based on ressle values for a middle-of-the-line, dard-sise car purchased for $3,500, snd depreciation 34 percent in the first yesr, 20 percent of

original value in the second yesr, and 12 percemt in the third yaar. The relativaly low tate of depieciatt )] actual expeti of the
gc”m“nl from which the maintensnce cost dats were taken. -
d. The & fram which the sample data were drawn replaced cars at approxd ly 60,062 milas. Hence, na costa were availshle

for curs operating at M.ber mileage. Here it in ansumed thet the rata of increase in coats from the first vear 10 the second would continue over the
third year. (The estimate was not based on an extrapoletion of 1he fitted curv ahown im exhibit 12, boenu the dma wers fitted by & higharder
polyneminal function whick allows good fit of existing data, but is poor for the purpese of making proj )

*Optimal be point of repl wat rring withis the time frame cnnint.
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A recent study by the Genéral Accounting Office of the General Services
Administration’s (GSA) interagency motor pool recommended a l-year replacement
policy for sedans instead of the existing 6-year/60,000 mile (97,000 km) policy.*® (Five
other GAO studies over the previous 16 years also concluded that substantial cost
reductions could be achived by shortening the replacement period.) A comparison of the
present value cost of alternative replacement cycles showed miniraum cost for a 1-year
cycle and increasing cost for cycles from 2 to 4 years in length. However, this result
appeared mainly attributable to the fact that there was essentially no depreciation on the
cars over the first year.

GSA purchases cars at a sufficient discount to offset most of the normal first year
decline in value, and cars can be sold after a year for close to the original price.
Maintenance and repair cost per period and per mile, pn the other hand, were found to
increase progressively with time. The study finding ¢f a l-year optimal replacement
period is, therefore, completely consistent with the conglusions of this report. (In table
37 it was shown that early replacement is efficient when mointenance and repair costs
per mile are rising relatively fast and the rate of depreciation is low.) However,
depreciation of the typical patrol car does not appear ta be the same as that for GSA
motor pool cars, and, therefore, the recommended GSA policy may not be appropriate
for police cars.

To summarize the feregoing, there are no hard and fast rules for vehicle
replucement. On the contrary, emphasis should be on the sensitivity of replacement
policy to specific departmental characteristics. In particular, optimal replacement policy
will depend on the rate of depreciation, the rate of car utilization, and the change in
maintenance cost with increased vehicle mileage and age. These factors differ with
individual cars, makes and models of cars, functional types of vehicles, and among
departments. Nevertheless, the following generalizations can be made:

(1) The greater the depreciation at the outset, the greater the advantage of
retaining vahicles longer. '

(2) The lower the rate of utilization, the greater the advantage of retaining vehicles
longer.

{3) Maintenance and repair costs must increase fairly sharply with age and mileage
for declining depreciation per unit time to be offset.

{4) Declining performance and reduced reliability are vital factors in determining
replacement if cars depreciate rapidly, are used at low rates, or have (.osts which do not
escalate slgmflcantly with increased use.

3.6. Life Cycle Costs of a Typical Patrol Car

Exhibit 14 shows the cash flow (direct expenses only) of a ‘“typical” patrol car
purchased and operated in the 1972.73 period. The initial cash outlay is close to $5,000
including purchase of new equipment (which is assumed to have a 10-year life). In each
of the 2 years the car is in operation, close to $2,000 is expended for gas and oil, tires,
maintenance and repair, cleaning, towing and insurance. At the end of 2 years, $60 is
spent for reconditioning and $560 is returned from resale of the car; the equipment has
maintained about $1,000 of its original value.

Table 45 restates each direct cost item in terma of uniform annualized cost. Thus
the initial expenditure for the car ($3500) and the receipts at resile ($560) 2 years later
are equivalent to a uniform stream of constant dollar payments of $1,750 annually. The
total direct costs (including maintenance, gas, oil, tires, insurance, etc.) amount to
$2,918 annually. Adding an overhead cost equal to approximately 10 percent “of direct
costs, results in a total annualized cost (in constant dollars) of $4,318.

. *The pie chart in exhibit 15 depicts the components of direct costs of a
égbrenentntive patrol car. Depreciation noymally accounts for the largest single part of

G 1 A ing Office, P { Savings by Replacing G +«Owned Sed Each Year, Report to the C by the C
Genaral, No. B.158712, Washington, D.C,, June 9, l‘)?l .
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Exusir 14,

First Costs

$3,500 purchase car
1,200 purchase
-+ eguipment

45 install

equipment

34,745

4

Year 1

$100 insurance
. 150 gas and oil
150 tives

750 maintenance
and rapair, etc.

31,750
‘)

$100 insurance
750 gas and oll

1,020 maintenance
_and repair, stc.

Expeeditures and receipts for a typical patrol car: Cash flow diagram.

Final Exbenuiturg
$60 reconditicning

0

15t YEAR

f Indicates $ outlay

g * tiidicates $ receipt

i

NOT%: The u{\h flow is based on a lhndlrd -size, middle-of the-line car, op

2nd YEAR

v

$560 resale value
of cir
$1,000 ressiie value
of aquipment

i my police d

Taul &

t, used 30,000 mlle-per yur.
Itis d that equi

and replaced at'2 years or 60,000 wiles, Figures are approximsiiona, not i
is bought new aid has a 10-year life, that the labor wage rate is $7.75 per hour, ard llm guolma costs 19¢ per gallon, with vekicles getting 8 mpg.

quip

TasLE 45. Annuai life cycle cost of a typical patrol car operated in 1972.7973'

Type of expense

Cash flow and

conversicn to

equivalency

Direct cost:
Car depreciation
Fquipment
depreciation
Equipment"
inatallation
Insurance-
Gas and oil
Tires
Maintenance
and repair
Recondilioning

Total direct cost

= [$3,500-($560) (SPW, 2 yr., 109} (UCR, 2yr 10%)& o

= $1,200 (UCR 10 yr., 10%)

= $45 (UCR, 2 yrs., 10%
= $100
= $750
= $150

${750+(1,020) (SF'W, 2 yr., 109%)] (UCR, 2 yrs., 10%)

—$60(SPW 2., 10%) (UCR, 2yrs. 10%)

Estimated indirect cost (@éerflea&

Total direct lnd m«!m&ct cqst

]

(U I T

100
750
150

918
29

A
W
L

$

[

$3,918

400

$4,318

I!ued on, o duu froi enI\IbiI 13,
0--,.nnd varies paully swong departments, both in actual terms and in terms of r
";.n.nhud which are omitted by other departments, Furthermure, since ovarhead costs ate to some extent fixed, it in difficult ey sflocate on an

include itsms in vohicle

retheds. Some d

individusl car basis. Tha reugh nnumpuon Rern,is that outhud is equal to between 10 and 20 percont of indirect cost, (Based on eatimated coats

[T

g and admini

[
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Gl Exnmmir 15. Cbn},oosition of patrol car costs, direct cost only.

Insurance

Equipment
Instaiiation) 3%

and )
Depreciation

Mamtenance énd Mpgu, ;
Tires, Recunmtmnmg.‘

Numg. Cleaning
8%

‘Car Depreciation

. 45%

Gas and 03l

19%

*Based o cost data from exhibit 14 and table 45, Witk the recent large increase in fuel prices relative to other prices, gas and
oil cotts wouid now bs sxpacted to i 8 luger tage of total costs.

total direct cost, with mamtenance, repmr, tires; gas.and oil combining to account for a
‘comparable part.

While these. costs may he regarded as “typical” for the sntuat:on deseribed (see

footnote to exhibit 15) the study has found that life cycle costs of patrol cars can be

r?ised or lowered considerably by flaet managerial decisions.

| 4, SUMMARY®

) St

This report has addressed some of the issues important to the acqmsmon.

; opemuon, and dxspésmon of police patrol cars. In section 1, the major decisions in

police fleet management were cutlined, the specific questions to be addressed by the
study were set forth, and areas for further research were identified. Section 2 of the
report explained the life cycle costing methods svhich are used subsequently in the
report to compare the costs of altematwes in fleet provision. Section 3, the main body of
the report, identified the critical elements of costs in providing a patrol car fleet, and
analyzed a number of key decundn problems in police fleet management.

Practices’ regarding car model selection; length of ownership; seleciion of car:

accessories, color, and eqmpmen\t' reconditioning; timing of resale; and method of car
disposal were exammed for ways to reduce vehicle depreciation costs.

Anbther issue examined in section 3 was the relative desirability of ownership as
compared with leising vehicles. The different types of lease arrangements were

. described, and ‘both cost and noncost advantages and disadvantages of leasing were

identified. In connection with leasing and ownership, the “study compared contrs’

ml‘rim:il;.l ﬁndird;la of the study are rized in the E ive Sumziary and will not be mpel‘bd here,




maintenance of cars in private garages with m-house mainienance in police garages.
Based on assumptions regarding wage rates, staffing requirements, and other factors, a
break-even fleet size was determined, at which point the cost of contracting
maintenance to private garages or performing it in-house would be equal.

Section 3 of the report also looked at operating and maintenance costs for patrol
cars. Empirical data for cars of different sizes and cars used at different levels and in
different environments were presented and analyzed for possibilities of cost reduction.

_Another major quesiici: addressed in section 3 was the comparative economic
effnclency of alternative vehicle driver =ssignment plans. The types of potential costs
and benefits auocmted ‘with a personal patrol car program were identified. A general
method for evaluatmg and comparing the costa of a personal car program and a

7 multishift, pool car program was described. The cash flows associaicd with each of the

two vehicle programs are illustrated with realistic data, and the life-cycic costs of a

personal car ntogram and a multlshnft plan were compared under alternative -

assumptions. :

The fifth part of section 3‘investigated replacement of patrol cars. ﬁé\ﬁiaﬂs&_o
determiniiig tlie point of optimal car replacement were explained and illustrated with
data drawn from police departments. Selected vehicle characteristics were examined for
their direction of impact on the economic life of a pairol car. ‘

The final section of section 3° provxded a brisf overview of the life-cycle costs of a

typical patrol car. Each of the main componems of direct car costs were shown as a
share of total direct costs. ,

This study has demonstrated that there are comsiderable opportunities in pohce
fleet management to alter costs of fleet services. It is hoped that the discussions ‘herein
will cohtnb'lte to greater economic efficiency in_ the acquisition, operauon, and
disposition of patrol CuTS... ‘
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APPENDIX A—POLICE FLEET PIACTICES

Through a series of tables, this appendlx provides an overview of varicus sspecias
of the management of pniirm -gar fleets. The tabies are grouped according to subject:

; 1. Police Function, Fleet Size, and Fleet Compeosition

Table A.1 shows. lhnt\nenrly half of al! patrol cars are in county police

departments, and nearly one-fifth are in state police and highway patrol departments. : ’

There is connld'mble variation in the average number of patrol cars by type of
department. ‘
Table A-2 llustrates the variability among departments with respect to vehicular

 functions to be satisfied. It shows a relatively large demand by state highway patrolmen

and county sheriffs for a long distance, high performance car, and priority by city police
to an urban, general purposc car and one suitable for patrolling narrow and congested
zity streets.

Table A-3 (i\'p:cts fleet composition for a small sample of departments. The patrol
car is the overwhehvingly dominsnt type of vehicle. The spec:a_ emphasis of tlus report
on the patrol car seems well placed.

2. Patrol Car Solechon, Accessorization, and Price

" Tables A-4 and A-5 show the principal choice of patrol car, by type, to be the
standard size, 4-door car (wheel-base 119-123 in).

Tables A-6 and A-7 indicate the frequency with which the different types of
departments select available options, and table A-8 shows the frequency of various
modifications.

Table A-9 indicates the types of tires used on a sample of patrol vehicles in 1970.
At that time, most departments in the survey equipped their vehicles with bias-belted or

\4~ply bias ply tires. Radial ply tires, while not in great use, were the next mo:.. popular

type. ‘ . ;
Tables A-10 through A-12 provide price information. According to table A-10, most
departments surveyed paid between $3,000 and $4,000 for patrol cars in 1973; the
remaining departments were about evenly divided in paying higher and lowér prices.

Table A-11 shows more detailed price information for most State police and
highway patrol departments and for a few <counties -und cities. The apparently
substantial variation in bid price on like make and model cars may reflect differences in
accessories, dealer services, time and location of purchase, as well as dealer profit.

Table A-12 lists price estimates for differently equipped police cars based on.1971

o “averages. The low end of the price range applies to police cars with commonly specified

features, such as heavy duty components, automatic transmission, and air conditioning.
The high end of the range _represents the same car with added special equipment, such
as armor protection, other non-standard devices, and speci:l equipment usually matalled
after receipt by the department. R

N

R,

3. Vehicle Utilization

Table A-13 shows the average number of different drivers per patrol car in the\
different types of departments. On the average, 66 percent of state police departments
have only one driver per patrol car per day. This is in sharp contrast to the practice of
more than 90 percent of medium and large cities of having 3 or more different drivers
per car each day. Across all department types, the prevailing practice is to have an
average of at least 3 different driwers daily for each patrol car.

Table A-14 md:cates the amount of daily usage of patrol cars by deparlment type.
Conalstem with their smaller carloffxcer ratio and multiple dnvers per car, cmes-and
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again, particularly large cities—report high avorage daily use of patrol cars. In contrast,
more than one-fourth of state and county departments use their cars only one shift per
day; most of the remaining state and county depnrtmems use their cars no more than
two shifts per day.

Table A-15 shows typical average annual miles driven by a sample of patrol cars,
as well as the range of miles driven by sample departments of each type. Average
mileage of sample county patrol cars is substantially higher than average mnleage of
sample city or state patrol cars, which are about equal to one another.

Table A-16 shows average driving speeds by department type and provides further

information on dnvmg conditions for patrol cars. Between 80 and 90 percent of driving .

by officers in city departments is at slow speeds, with many stopa. In contrast, 86
percent of driving by state patrolmen involves little stopping, and 6s percent is at
speeds of 50 mph cx greater.

4, Maintenance and Renc*s'

T

Table A-17 indicates maintenaiice work reported by a sample of poln.e

departments. As may be seen, the percentgﬁqe of departments performing maintenance -

werk decreases for the more specialized or eqmp'nen!-mtenswe kinds of jobs. Almost all
sample dep'lrtments iubficate, change oil, add antifreeze, and tune engines; many
repair tires, replace fan belts and hoses, shocks and mufﬂers. clean paris, maintain the
electrical aystem and repuir the fzel pump and carburctor; but relatively few do body
repair or paint jobs. Neazly 20 percent of the sample group do not dispense fuel and oil.

)

5. Patrel Car »Re‘plncon“;em Practices

Table A-18 indicates that aimoat all state police and highway patrol departments
use mileage as the main criterion for replacement. It shows that most state patrol,
departments do not replace their cars until they have accumulated at least 50,000 miles.
The highest reported mileage limit was 100,000 miles. Oi the 13 cities shown, most
replace between 60,000 and 65,(}00 miles and/or 2 or 3 years. ‘

)
I

(o ’ i

Tasie A-l. Distribution of ?alrol car populauon in the United States ~

xya

(By depunment type,. 1972) - \

E-mnn‘;ai '

4 total m:n\ber AT Meln numher of - Average nuitber

. No.of \ # Percent- ~ patrol cars of officers
Type of department  departments patrol ur\\ ~ of total per departmient . per pa!ml car
State 50 29,150 \ D | 583 : R R
County - 3,137 70,896 }\ 4 23 2.6
City (1.9 officers) 5,486 10,897 \‘;‘\ 17 2 4.0 D
City (1049 officers) - 1,985 10,123 i} 6 5 44 .
City (50 + officers) 554 15,900 ‘5’\} R L) 29 4.6 )
50 largest cmel 50 16,055 '?Z\ 10 . 321 78 .

ol LT RS 6,296 \é* 4 4 3.5

" Toul e B, g '

3 Source: E. D. Bunten and'P, A. Klaus, LEAA Police Eqnlpment Survey of I972. Volume VII: Patrol Cars, National Bureau of Shndudu
b'gecinl Publication 480-7, June 1977, pp. 11-12. Mun ber of cars per \; partment wers muluplied by the nuniber of:. depumunu
of Vuat type. ' N e

e 91 - \\




TasLe A-2. Patrol car functions reported by a sample of police departments

o {(Numbers of respondents recognizing a given need)
Vehicle function City police County sheriff State highway patrol

Inner city and urban freeway 61 7 1
{narrow streets, congested
traffic)
Urban general purpose 74 8 2
(general patrol) .
Suburban 15 9 6
(high performance) :
Highway patrol sheriff 4 51 39
(long distance, high
performance) T L .
Other 6 4 R =

‘Total number of respondents in ‘
the survey 122 91 45

Source: Ford Motor Co., Police Car Survey Summary ,p. 4.
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TasLeE A-3. Fleet composition by department type
Percent of fleet comprised by each kind of vehicle'
(The mean appears first and the range is in parentheses)

Vehicle type
i Patrol Administrative Cycles and
Department ype car car Vans and wagons scooters’ Special purpose’
State police or 76% 16% 1% 2% 3%
highway patrol® 43.99) 1-52) ©9) ©19 ©2)
Large city® 35% 39% 4% 16% 4%
' (28-43) (19-52) (n.a.) (11-20) (n.a)
Medium city* 45% 30% 5% 22% 3%
(40-50) (26-34) 27 (20-23) 0-5)
Small city® 44% 4% : 3%
(41-57) 4344 (0-11)
County*® 54% n.a. n.a. n.a. n.a.
(n.a.)
lMdllllellO‘il"l’lolll-l‘lld d le ui dep ‘ ‘duﬁqlhmmdtﬂl-lldy.ld-qnlh
» ive of fleat positien in sral. The f; ,mqnollhd-uuﬂm-lh-ful!lulﬂntec-mhh--n.ulhbeumld\u
study. Available inf son is, b . included for the purpose of ding the profile of existing flset operations. Due to the small sumber of

ments upon which 1his table is based; ranges—in addition 1o means—-are given to Mllgh the urhlhu

Percentages are based on deta from moit stale pelice and highway patrol d 1 A iation of Chiefs of Police

Q\CP). Comparative Data Report, 1912, pp. 49, 50.

‘l’iltelllpl are based on data from Los Angeles, Philadelphia, and Chicago.

Pamnm are based on data from Seatile, Atlanta, and St. Paul.

P.m-ugr- are based on data (rom Pasadena, Californis; Ladue, Mo.; arnd Bay City, Mickigan,

Percentages are based oa data from Prince Georges County, Md, - -

Due to the fact that the breakd of fleet ition was not lete for all d included, it was ,"tp omit

6
7

rtair of tham

from this caiegory. For this reason, the percentages across vehicle types may not sdd to 100%.




Tasie A4. Proportion of Jull size, intermediate size, compacts, and station wagons used as patrol cars, by department type

{In percent) -
All City City City 50
department Q9 (1049 (50 or more largest
Model types State County officers) officers) officers) cities Townships
Full sizse 2-door 3 5 4 9 2 4 0 1
Full sise 4door 84 88 53 80 a3 72 81 84
2 Intermediate size T

2door 2 3 3 0 0 1 0 o
Intermediaie size e

4-door 9 3 a5 7 7 18 15 10 '
Seation wagon 2 2 4 4 4 3 3 5
Compact 1 0 2 0 4 3 1 0
Total 101 101 101 100 100 101 100 100

Sewrce: Bunten/Klaus sirvey, p. B-A. Some totels exceed 109% due to rounding errocs in the originel report.







TaBLE A-5. Number of departments specifying various

sizes of patrol vehicles (1970)

» State police and City and county

Size of 1970 model highway patrol police departments Total

Compact (under 114 in wheelbase) . . -
i Intermediate (115 to 118 in) - 4 4
Standard (119 to 123 in) 42 24 66
Large (over 123 in) 3 2 5
45 30 (5]
Source: NAFA Law Enforcement Group. Police and Highway Patrol Vehicles Specifications Survey . National A ietion of ka Admini

Inc., New York.

‘

N

age of state highway patrol departments, but very amall coverage of city snd county police

Note: This suryey co
deparimente.

95




‘TaBLE A6. Percentages of departments which specified each opnon the !ast ume they boughl patrol cars

(In percent)
All City City Ciey 50
dept. Q2 (1049 {50 or more largest
Options tynes State County ofﬁe_em) officers) officers) cities Townships
Automatic transmission 95 98 87 95 98 85 100 90
' Eight-cylinder engine 9 9 - 85 : 95 94 93 100 93
Power steering 90 91 79 85 9% 95 89 93
. Power brakes 86 9 a2 80 88 84 89 83
Disc brakes %) 9 79 n 82 86 9% 83
Heavy duty suspension 83 % 68 y 76 87 84 91 90
Air conditioning 59 81 53 - . 43 59 71 63 52
) Tinted glass 52 70 39 41 51 67 54 45
=2 Interior hood release 49 81 47 37 43 42 63 45
Light in trunk 45 66 46 “ 42 37 30 59
Interior trunk release 37 60 32 21 38 36 30 62
Other' 30 55 19 16 27 31 50 31
Locking gas cap 10 17 8 9 g 7 28 0
Bucket seats 4 2 4 2 3 4 15 0
Bullet-proof glass 0 0 0 0 0 0 2 3

* The questionuaire omitted from the fist a number of options which appear to be f ly specified, as indicated by the *‘write-in” response. Some of these edditional options are typically part of the
“police packsge” and would likely appear with about the same frequency as “heavy duty wspennon " These would {nclude “heavy duty bmery, altiyaator or electrical dyatams,” “special engine,” “heavy
duty seats,” ““heuvy duty axle” and special clutches and trunsmissions. Other options added by write-in to the ubon Fio} wete:

Special tires/tire size

Power windows

Special cooling system Floot mats/carpet
Special gauges or dials Special traction device
Special liaterior light . Special mirrors

Rear window & defroster Special hand throttle
AM radio Fpet transfer kit
Spolight Split.bench front seat

Source: Bunten/Klaus survey, p. B-18.
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TasLe A-1. Engine-ansi equipment specifications on 1970 patrol cars

(Number of respondents indicating each item) - =~

State police and City and-county
highway patrol police depts. Total
Engine specified in 1970 vehicles: - )
6 cylinder. . - 1. : 1
standard V-8 6 B ' 29
high performance V-8 41 T L 48
Cars equipped with: Yes No Yes No Yes No
Power steering 33 11 24 5 57 16
Power brakes 43 1 24 S 67 6
power drum 9 5 14 ‘
power disc 43 21 64
heavy duty 14 14 28
Air conditioning 32 12 18 11 50 23
Bucket seats 2 38 2 2 4 64
Automatic transmission 4“4 ... 28 - 72 -
Do you use a console? 7 -3 4 24 11 58
Source: NAFA Police Vehicle Survey.
u




TaABLE A-8. Proportion of departments making modification to the patrol cars, by department type and type of change

(In percent) i
Al City City City 50
: dept. - 9. (1049 (50 or more  largest )
Modification types State Coumty  officers) officers) officers) cities’ Townships
Install siren 9% 9% 9 100 98 99 9% 93
Insiall mobile radio 98 9% 94 99 98 99 98 97
Inztall P.A. system 5 74 64 60 83 8 85 83
Install bar flashing lights 69 7 56 61 87 84 a5 72
Install spotlights 61 23 64 68 66 61 65 79
Install gun racks 56 R 37 85 69 66 65 62
Install bubbie light 54 62 47 59 43 51 72 62
Install mounting racks 51 17 39 48 67 65 52 55
8 Install barrier between seats 43 17 35 44 51 43 61 45,
Install trunk racks 38 26. 26 33 47 45 37 52 -
Special engine chnnpa 2 0 ] 2 2 4 2 T
Ohex! . 2 - 60 17 22 32 20 43 21 ) ;
 Remove clirome ] 0. 0 0 0 1 0 3 :
No answer/none 0 0 1 0 0. 0 0 0 =
'Other edditions or changes specifically noted by dents (o the ionnaire are the following o '_
Special tires Fuel changeaver system ' - S T
 Writing desk Fire mingui-her mount R ) . k . -
. Sest covers/{loor mats Consdle/ ds for lighte/si } . : ) !
Intevior trunk relesse Push bumpers i : 2
Rader installation Baton/flashlight holder .
Remaove door/window handles Rear flushing lights ) . N
Disconnect interior lighta Grille lights . I T .
Map/interior IUn Flashing headlights L. e i

Wiring Painting/decals ; =T
E3 i device to compute speed o ’
Source: Bunten/Klsus survey, p. B-15.







TasLe A-9. Type of tires used on patrol cars, 1970

State police & City & county .
Type of tires used highway patrol " police departments - Total
Radisl 5 6 11
Bias belted 15 11 26
4 ply bias ply 17 14 31
4 ply bias/2 ply belt 3 - 3
6 ply nylon 4 1 5
4 ply nylon 3 - 3
Police special (4 ply) 1 - 1
5 ply - 1 1

Seurce: NAFA, Police Vehicle Summary.

TaBLE .“-10. Distribution of purchase prices for new patro
cars in 1973, by depariment type N

Percentage of departments purchasing in each price range

N $4,000 $3,000- Under " No

Department type or more $3,999 $3,000 \A‘mwer
" Township 2 62 13 - 0
Lounty 23 . 55 13 8

City (19 officers) 19 69 12 0.

City (1045 officers) 16 73 10 2

State / ‘ 9 91 0 9

City (50 or more :

officers) 5 83 12 2
50 largest cities 4 74 2 0
All department types 14 72 12 2

Source: Bunten/Klaus survey, p. 25.
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TasLE A-1). Details of recent patrol car purchases by police departments'

Degartment Make’ Bid price® Department Make* Bid price
Michigan Plymowth Fury 1 3,019 Massachusetts Ford 3,372
COregon Plymowth Fury I 3,110 South Carofina Ford 3,323
New Hampshire Flymouth Fury I 3,231 Georgia Ford ' 3,247
LaDue, Missouri Plymouth Fury 1 3,285 Florida Ford 3,761
Colorado Plymouth Fury 1 - 3,329 Alabama AMC Javelin 3,047
Vermont Plymouth Fury 1 3,341 Alsbama AMC Javelin (73) 3,242
Minnesota Plymouth Fury I 3,579 Wisconsin AMC Brougham 3,289
Seattle, Washington Plymouth Fury I (73) 3,600 Pasadena, California AMC Matador 3,268
New York Plymouth Fury I 3,200 North Dakota Oldsmobile 2,614
Noeth Carclina Plymouth Fury 11 3,258 Nebraska Mercury Hardtop 3.697
Pennsylvania Plymouth Fury 11 3.464 Indiana Mercury 4-door 3,796
New Jersey Plymouth Fury Il 3,553 Wyoming Chrysler C1-41 2,890
Texas Plymouth Fury Il 3,569 West Virginia Chevrolet Impala 3,688
Delaware Plymouth Fury 3,180 Maine Chevrolet Bel-Air 3,400
Virginia Plymouth Fury 3,259 LaJava, Colorado Chevrolet Biscayne (71) 4,142
Michigan Plymouth Fury (73) 3,300 Arizona Chevrolet 3,493
Seattle, Washington  Plymouth Satellite (73) 3,600 Towa Dodge Polara 2,884
Aguilar (Denver),

Colorado Plymouth (70) 3,178 California Dodge Polara 3,265
Ohio Plymouth 3,295 Oklshoma Dodge Polara 334
Tennessee Plymouth 3,400 1dsho Dodge Polara 3,348
South Dakota Plymouth 3,655 Illinois Dodge Polara 3,384
Louisville, Colo Plymouth (71) 4,592 Nevads Dodge Polara 3,393
Kentucky Ford Custom 500 3,358 Prince: Georges County,

Maryland Ford Custom 500 3,626 Maryland Dodge Polara (73) 3,469
Kansas Ford Custom 500 3,904 New Mexico Dodge Polara (1) 3,515
Montana Ford Sedan 3,850 Wieishington Dodge Polara 3,812
Connecticut Ford Interceptor 3,002

Covenqe is mainly for State police und high patrol d: but soma county and city departments are included.

Crn grouped by make and mode!, may not have the same aocessories. Model year is assumed to be 1972 unlcn otherwise designated.

For departments which trade in their old cara, the bid price on the new car does not de-i Lik of

the used car disposed of in other ways is not deducted.
Sources: IACP, Comparative Daia Report, p, 51; computer printouts on LEAA grants involving patrol cars, LEAA informetion files, interviews with police fleet admisistrators.







TasLe A-12. Estimates of car prices by police departments, 1971

With With
standard optional
features' features'
Highway patrol and
sheriff car $3,500 $5,000
Suburban pclice car 3,200 4,500
Inner city and urban
freeway car 3,000 3,500
Urban general purposs
car 3,000 4,000
YeStandard f " include the heavy duty components of the police pack 1 TH ission, air ditioning and other { usually
included on police cars; *“optional features" refers to such add as armor i delism and ] fire p lon devices, special
pusher b rear seat isolation and ining kits, built.in speed measurement device, 4-wheel drive, front meunted winch, sell.reeling starter

jumper, lighta, flashers, sirens, bullhorna, ete,
Source: Ford Motor Co., Police Car Survey, pp. 16.19,

TasLE A-13. Number of drivers per patrol car in state,
county, and city departments

Percentage of departments having an average of
1, 2, 3 or more different drivers each day

Department type One Two Three More than three
State 66 28 4 2
County 51 25 18 i
City (19 officers) 12 20 45 23
Township 10 17 55 14
50 largest cities 4 2 52 41
City (50 or more
officers) 1 10 64 27
City (1049 officers) 0 4 61 34 ’
All department types 19 14 45 22

Source: Bunten/Klaus Survey, p. B-7.

TasLe A-14. Average daily patrol car use by depaf?:ner.j; type

Average daily hours of patrol car use ‘

(by percentage of departments)
Department type 1724 hours  9-16hours 48hours  Under 4 hours
50 largest cities 80 20 0 o
City (50 or more
officers) 80 19 0 0
City (1049 officers) 79 18 3 0
- City (19 officers) 62 30 2 5
Township 52 L1 14 0
County 17 47 20 7
State 6 68 26 0
All department types 57 32 9 2

Source: Bunten/Klaus Survey, p. B.7.
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TabLE A:15. Patrol car mileage, by department type

Annual miles per patrol vehicle

Department type Mean Range
Citiea ! 34,000 17,000—48,000
Counties 2 53,000 40,000—70,000
States ¥ 35,000 10,000—55,000

! Based on interview and published data from 10 cities—2 small, 3 medium, and 5 large in size,
Means for each sisy group were 36,000, 32,000, and 35,000, respectively,

2Based on interview data from three counties in northeastorn states.

IBased on interviews and published data from IACP, Comparative Data Report, P. 49,

TaBLe A-16. Mean percentages of total driving time expended in each speed/type category, by department type

Mean percentage of total driving

All dept. City (50 or City (19 City (10- 50 Town-

Speed type types more officers) officers) 49 officers) largest ship County State
25-30 mph, many :

stops “ 63 59 59 54 23 13 4
30-50 mph, many

stops 24 26 25 22 28 41 22 10
35-50 mph, few

stops 12 6 6 8 8 25 19 22
50-70 mph 15 4 5 6 6 8 37 81
QOver 70 mph 4 1 2 2 2 2 1 13

Saource: Bunien/Klaus Survey, p. B-11.

TasLe A-17. Performance of police departments performing maintenance function,

by specific type of maintenance performed

Percent of police
departments performing
maintenance functions
Maintenance (35 departments
function reporting)

Lubrication

Engine tune.up
Electric maintenance
Brake relining

Tire repair

Engine major overhaul
Fuel pump and carburetor
Wheel balancing

Fuel and oil dispensing
Body repair

Car washing

Car painting

Fan belts and hose
Shock replacement
Muffler replacement
Parts cleaning

Qil filter change
Radiator winterizing

CERBBREILBIEIEIBER

Source: “AF's Car Fleet Market Study,” A ive Fleet, June 1970, pp. 24, 25.
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TasLE A-18. Replacement criteria for patrol cars at selected departments

30,000
39,000

40,000

Mileage Criteria

50,000 60,000
49,000 59,000 69,000 79,000 80,000

70,000

Age criteria

(years)

1 2

3

4

Condition, and
availability of
m .

State Police and
Highwey Patrol

LR
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ha ba 54 ba
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e M

b4 ¢

North Carolina
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Oregon

Pemnsylvania

South Carolina
Texas

n o
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Virginia




21

TasLE A-18. Replacement criteria for patrol cars at sefected departments-—Continued

Mileage Criteria Age criteria
(years) Condition, and
30,000 40,000 50,000 60,000 70,000 : " availahility of
Depattment 39,000 49,000 59,000 69,000 79,000 80,000 1 2 3 4 replacement
Washington cxesereisisenn X
West Virginia X X .
Wisconsin X X X
TOTALS, States 1 1 1 11 7 5 0 1 2 o
Counties . | s
Adington County, Va, . X
Baltimore County, Md. X s X
Nassau County, N.Y. : X e
Prince Georges County, Md. NI 4 . . 7
Suffalk County, N.Y. ‘ S X
TOTALS, Counties 0 0 | 1 1 0 0 11 0 1
Cities _ . _
Bay City, Mich. o ‘ X . : X
].d“ﬁr Mo. x *
Pasadena, Calif. : : X ;
Seattle, Wash. X X - - . ¢
St. Paul, Minn. X .
Indisnapalis, Ind. ; » X
" Jacksonville, Fla. X
Group of Small and Medium v
Size Cities Served by a i :
Leasing Company X
Philadelphia, Pa. X Z
Washington, D.C. » X X
Chicago, 11l . X
Loe Angeles, Calif. . X
New York, N.Y. weX X
TOTALS, Cities 0 1 0 7 1 1 1 3 3 0 1
sDenctes that age was the primary replacement criterion.
X Indicates a range for the mileage criterion. If a departinent’s repl criterion ds over a range of several mileage intervals, that criteria is counted for zach of the intervals
for the purpooe of deriving total departments having each replacement criterion.
! of state police and highway patrol d were obtained from a posite of practi piled by Mr. John Grow, Manager of Transportation
Services. C-hfornu Sma Highway Patrol, Sacramento, California, und from 1ACP, Comparative Data Report, p. 51. Repl policies of ies and cities were obtained

through interview, correspondence, and department files. Replacement criteria are those reported in 1973, and may no longer be in effect at these departments,







APPENDIX B—SAMPLE LEASING AMD MAINTENANCE Asneemems*“
Bl

B-1: Sample Maintenance-Lease Contract
(For Vehicle Lease With Service Provided)
THIS AGREEMENT, made this day of

, by and between
, referred to

as “The Leasing Co.” and the CITY OF
referred to as “the City”’;

In consideration of the mutual covenants herein stated, the parties agree as
follows:

1. Term. The term of this agreement shall be one (1) year from and after the
date hereof, and shall renew itself for additional annual terms of one (1) year each

unless either party cancels in writing at least thirty (30) days prior to the end of.the .

original term or renewal thereof.

2. Motor Vehicles Covered. During the term of this agreement, the Leasing
Company will perform the maintenance hereinafter set forth, and will perform all of the
other covenants herein, on the terms and conditions specified, with respect to motor
vehicles owned by the City, and purchased from

The Leasing Company which has the specifications set forth in Schedule “A”, attached
hereto and made a part hereof. Any such vehicles to be covered by the terms of this

__agreement shall be set forth in a memorandum, dated and signed by the parties, whlch

thereafter shall be an addendum to this agreement.
3. Applicability of Agreement to Other Vehicles. The Leasing Co. wnll

provide the maintenance hereinafter set forth and perform, all of the other covenants - .

herein, with respect to cther motor vehicles owned by the City, on the same terms and
conditions, except that the per mile maintenance charge amf/ the minimum mileage shall
be as mutually agreed upon by the parties for any such vehxcles Any such vehicles to
be covered by the terms of this agreement shall be set forth in a memorandum, dated-

and signed by the parties, which shall specify the term, per mile maintenance charge -

and minimum milzage, and which thereafter shall be an addendum to this agreemzgit.

4. Maintenance Charges. For each motor vehicle cuvered by this agreement,
the City will pay to the Leasing Company, a masintenance charge of
per mile for each mile said motox- velhcle is driven, or such other
per mile maintenance charge as may be specified in any addendum to this' agreement;
provided, however, that in any event, the City will pay to the Leasing Co., maintenance
charges at the specified rate for a minimum of . miles per year, for
the entire fleet of motor vehicles covered hereunder. The maintenance charges aforesaid
shall be payabie by the City in monthly installments, based upon the specnhed rate per
mile, for each niile said motor vehicle is driven during the month. The City shall report
in writing to the Leasing Company the number of miles driven by each vehicle each
month, on or before the 10th day of the succeeding month, and shall at the same time
make payment to the Leasing Company at the rate specified.

a. The City agrees to return said motor vehicles to the Leasing Co. or to such
place as the Leasing Co. shall designate after each 4,000 miles said motor vehicle has

~ been driven, but in any event at least once in every sixty (60} days, and to leave said

motor vehicle at such times for such reasonable periods which may be required to
permit the Leasing Co. or its agents or subcontractors to properly service and maintain
said motor vehicle in good working condition.

1 - .
¢ These documents sre included merely to illustrite the kinds of leasing and
end are in no way ded for sdoption by police dey in \}
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b. During the term of this agreement, the Leasing Company will furnish to the
City, from 8:00 a.m. t(‘ijg,S:30 p.m., Monday through Friday, at its place of business or at
a service headquarters located convenient to the storage place of said vehicles in the
City, all the necessary oils, lubricants, tires, parts, and labor necessary to maintain said
units in good operating condition and repair for the term of this agreement and to wash
the exterior and clean the interior of each unit once each week. The Leasing Co. further
agrees to call or cause to be called for any said unit which may be disabled and to
furnish or cause to be furnished wrecker service if necessary in connection therewith.
Such maintenance services shall be furnished or caused to be furnished at the following
times:

General maintenance ....... Every 6,000 miles o4 sixty (60 days)

Operating repairs ............. " As required

Repair parts .....ccueceeuenee. As required

Tire maintenance ............. As required

Tire repair .......cccecvennneeee As required “

Lubrication .......ccceivenenenes Every 4,000 miles or sixty (60) days

Oil change ......ccovvuverinnnene . Every 2,000 miles or sixty (60) days

Anti-freeze ......cccvcereennnnn Permanent type

Washing .....cccoiivvreneensnnses As needed

Oil e Premium brand or per factory speclﬁcatlons, as required

Snow Tires for Winter, or Acceptable Alternate

c. The Leasing Co. further agrees that it will provide or cause to be provided to-

the City priority in the maintenance, repair or replacement of parts and equipment.

id. The Leasing Co. further agrees to furnish or cause to be furnished emergency
maintenance for tire repair or replacement and breakdown repairs or parts on a twenty-
four (24) hour basis daily seven (7) days a week, whether furnished by the Leasing Co.
or by such persons or firms satisfactory to the City who shall subcontract.

e. The Leasing Co. shall not be obligated to repair, nor be liable for, any damage
to said vehicles caused by accident, or other casualty, including vandalism, riot, civil
disorder, insurrection, fire theft or windstorm, nor for any repairs or service made
necessary by failure of the City or the City’s drivers, agents or employees to use
ordinary care and diligence in the maintenance or operation of the motor vehicles or to
follow written instructions furnished by the vehicle manufacturer.

f. The City shall furnish all gasoline necessary for the operation of each motor
vehicle according to the manufacturer’s specifications and shall furnish any and all other

maintenance or service desired which is not specifically the obligation of the Leasing
Co. hereunder.

: 3. Performance Bond. The Leasing Co. shall furnish a surety performance
bond in the amount of TEN THOUSAND ($10,000.00) DOLLARS, conditioned that the
Leasing Co. or its subcontractors shall perform the obligations assumed by the Leasing
Co. under this contract with regard to maintenance.

"

s Viehinies This agreement contemplates that the motor vehicles
hereunder are to be used for municipal police department service only, and the City
may not put the unit to a different use substantially affecting the amount of service
required by the Leasing Co. in carrying out this agreement, without first obtaining the
written consent of the Leasing Co., thereto, and renegotiating a mutually satisfactory
maintenance rate per mile.

7. Purchase of Vehicles. The Leasing Co. agrees that at the end of three (3)
years after the date of each memorandum attached hereto with respect to a motor
vehicle covered hereunder, or after said vehicle has been driven 60,000 miles,
whichever occurs first, the Leasing Co. will, if so notified by the City, purchase said
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vehicle from the City at the original dealer invoice cost of said vehicle. In the event the
City elects to have the Leasing Co. purchase any of said vehicles hereunder, it shall so
notify the Leasing Co. in writing within thirty (30) days after the expiration of aaid three
(3) year term, and the purchase shall be consummated as soon thereafter as is
practicable. In such event, the City shall deliver each of said vehicles to the Leasing
Co. free from all liens and encumbrances, and in good condition and repair, reasonable
wear and tear expected. -

8. Destruction or Loss of Vehicle. In the event any motor vehlcl‘- hereunder
is lost or stolen, or damaged beyond repair, then all obligation of
Leasing to repurchase said vehicle under the provisions of paragraph 7
hereof, shall cease and terminate; provided, however, that __ Leasing
will, in the case of damage beyond repair, repurchase said vehicle for its salvage value.

9. Emergency Conditions. It is agreed that delay or failure by either of the
parties hereto in the performance of any of their respective obligations in accordance
with the terms of this agreement because of circumstances beyond the control of such
parties shall not be construed as a breach of this agreement.. Included in such
circumstances, but not by way of limitation, are: war, riot, fire, acts of God, and
inability to procure materials from any source. However, in the event of a strike or
lockout involving the Leasing Co., it shall be obligated to make other arrangements at
its expense so as to uninterruptedly continue the service required of.- it under this
agreement.

IN WITNESS WHEREOF, the parties have hereunto caused then' names. to be
signed and their seals to be affixed, the day and year first written above. ~

IN THE PRESENCE OF: ] LEASING COMPANY -
: By

Its

Appendix B-2: Sample Maintenance Arrangement with Private Vendors,
for Provision of Services Only

Attention is called to the following features of the terms of bid mmed speclﬁcll.ly'

at cost control: (1) Labor charges are not to exceed the schedule suggested in the Flat
Rate and Parts Manual or the manufacturer’s recommended flat rate schedule. (2)
Maximum permissible charges are stated for specific jobs, and no bids in excess of
these maximum rates are to be accepted by the department. (3) The department
reserves the right to cancel.any contract, and to allocate work among vendors as it
desires. The price and time limitations are aimed at avoiding possnble‘ price collusion
among private vendors; and retention of the freedom to allocate work among vendors
provides the ﬂexxbnhty needed to promote competition and to obtain economical

maintenance service on a continuing basis. Other provisions regardmg the priority of -

service, etc., are included to make the contract service effective.

Sample

You are invited to "f.‘submit, hereon, your quotation for providing vehicle service
and/or repair as required by the County Government. Vehicles serviced or repaired
under the terms of this bid shall include, but not necessarily be limited to,
administrative sedans, p&hce automobiles, and light trucks.

PRICES AND PROPGSALS: Prices quoted 'shall apply to any and all vehicles to be
serviced under the terms of this bid. Note: Prices and rates are to be entered in two (2)
places on attached forms. The Quotation Sheet and Summary Sheet provided.
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The time (labor) charged for any and all service or repair rendered under the terms
of this bid shall in no way exceed the suggested schedule as outlined in the current
edition of “Motors” Flat Rate and Parts Manual, or the manufacturer’s flat rate
schedule. Note: Bid Award will be made to the lowest responsive bidder. However, bids
in excess of the maximum permissable rates noted herein, will not be considered.

AWARD OF BID: This bid will be awarded to the vendor or vendors quoting the
lowest prices and meeting the needs and requirements of the County, by District. The
County reserves the right to reject any or all bids, or any portion thereof, if such action
is deemed to be in the best interest of the County. Further, the County reserves the
right to extend or alter District lines as may be required to obtain the most, -complete
and economical coverage. ‘

PRIORITY SERVICE: County vehicles shall receive priority repairs and’ service with
Police and Fire vehicles (marked and unmarked) being given first priority. Failure to
comply with the above stated condition shall constitute grounds for the réjection of your
bid or immediate termination of subsequent contracts.

TERM OF CONTRACT: Prices, discounts and labor rates quoted herein shall remair
firm for a period of fifteen (15) menths. ‘

Subsequent contracts may be cancelled, by the Vendor, by giving a thirty (30) day
written notice of their intention to do so. The County reserves the right to cancel the
contract at any time and witheut notice if such action will best serve the interest of the
County.

ORDERS: Blanket Purchase Orders will be issued to suppliers, and service will be
drawn on a priority basis, i.e., the prices and rates quoted and location of the vendor’s
facility, in relationship to the vehicle requiring maintenance or service, will be the prime
criteria for the selection of the vendor.

The County reserves the right to purchase any, all, or none of its maintenance
requirements from vendors awarded contracts as a result of the bid.

The County further reserves the right to segregate, bid and purchase separately,
2ny item or service, when the interest of the County may best be served by such action.

The County further reserves the right to add additional vendors if because of
distance, price or availability the County finds it more expedient or economical to do so.

GUARANTEE: The bidder, if executing a contract embodying the terms and
conditions of this bid request, warrants that the products supplied to the County shall
remain fully in accord with the original equipment manufacturers specifications and to
be of the highest quality. In the event the products and service furnished to the County
are found to be defective or do not conform to the specifications, the County reserves
the right to make the necessary change, correction or repair and to return the defective
part(s) to the supplier at the supplier’s expense. The cost of such change, correction or
repair shall be considered liquidated damage and shall be charged to the vendor found
to be at fault.
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Payment Terms

1.

Sample Questionnaire for Screening Applicant Vendors

1. Norinal Operating Hours—Weekdays.

2. Normal Operating Hours—Saturdays

3. Normal Operating Hours—Sundays

4. Normal Operating Hours—Holidays

5. Can you provide emergencx road service?

6. Can you provide 24-hour emergency road service?

7.  Number of employees on your regular payroll

8. Number of qualified mechanics on your regular payroll

9. Are you an Authorized State Inspection Station?

10. Do you specialize in any o;xe area, i.e., electrical, front
end, transmission, etc.?

11. If the answer to Item #10 is Yes—please list the speciality
areas below:
Note: On the enclosed road district map, please mark your

approximate location and return with your bid.

.12, List below diagnestic and/or special equipment in your facility:
13. List below major fleet-type accounts you are currently serving:
Firm Name .

Address
Person to Contact Phone No.

(Net-30 unless otherwise stated)
*R R RRBR

Tune up $

BN




. Carburetor overhaul A. $ E. $
B. § F. $
C. $ G s
D. $ H. §
Brake adjustment-minor $
Brake adjustment-major $
Combination brake adjustment, major $
Air condition service $
Freon $_____ ____/[lb.
Reseal transmission A. $ B. $
Adjust transmission A. $ B. $
C. § D. s
E. § F. s
G. s H $
Transmission overhaul.  Discount on major components:
100% guarantee for aperiodof ___________ months.
A. § Al. $
B. § Bl. $
C. s Cl. $
D. s D1. s
E. § El. §
F. $ Fi1.. $
G s Gl $
H. $ Hl. $
Front end align $
Spin balance $__________ per wheel
Mount tubeless tire $
Mount tubed tire $
Valve stém $
Repair tubeless tire $ —_—
Repair tubed tire $
Install skid chains $
R & R wheel $
Engine oil $_ — qt.
Transmission oil $§ _qt.
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21. Change oil (labor) $

21a. Change county-furnished oil $

22. Lubricate $

23. Install and charge new battery $
24. Charge battery $

25. Service and inspection $

26. Electrical A. $ D. $ G. $
B. s E. § H $
C. s F. § L. §

27. Laborrate $

28. Optional labor rate $ __  perhcur

29, Partsdiscoumt.__________ %

29a. What price list?

30. Tow to your facility $

31. Tow to other facility—5 miles $

32. Tow to other facility—10 miles $

335. Tow to other facility—15 miles $

All discounts other than prompt payment shall be included in bid price. Prompt
payment discounts of less than twenty (20) days will not be considered in determining
low bid.

Unless otherwise stated above, payment terms shall be Net/30 days.

Invoices clearly indicating the work performed, parts used, vehicle number, license
number, mileage, and name of the individual (and badge number when applicable) shall
be prepared for each job. A monthly statement, with a copy of all invoices, shall be
submitted to the using department or agency. ’

NOTE: Illegible invoices will be returned and no payment be made until such time that
a readable copy is submitted.

Firm Name & Address:

Handwritten signature by autherized officer of firm or agent:
Printed or typewritten name:

Phone No.:

NOTE—-COMPLETE QUOTATION SUMMARY SHEET
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