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o o In this paper we adopt the economic model of an optimizing firm as a
;.ar : ¥ N ' :

u framework for'characterizing the production structure of a sample of

i

\\§:a@édium sized U.S., law enforcement agencies. Unlike previous studies we
‘begin with a seecond order apprdximatiOn to éﬁ arBitrary multi-output- -
~zmﬁl£i~input production possibilities function which pgrmits us to test a
‘ numbér of hypotheses which have been implicitly méintéined in earlier

work. Of'particulgr interest'are our findings that the de#isions of
police administrators are consistent with cost minimization and that
outputs are‘very definitely joint?—thereby effectyvelyfprecluding
esti@ation,of separate pfoduction aﬁd/or cost anétions for the
different outputs of policelagencies; In addition, we strongly reject
~the hypothesis of constant r;turns to scale and find tﬁat scale
ecohomies vafy:considerably with éctivity 1evels. ‘Our sample élso‘
supported’the hypothesis that a consistent index of burglary, robbery
and 1arcenjzsolutions can beicalculated which wouiﬁ‘permitjusing the
aggregate, say, "non—automobilé thefts," in deciéion making contexts:

without loss of information.
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AN ECONOMETRIC INVESTIGATION OF .PRODUCTION COST
. - FUNCTIONS FOR LAW ENFORCEMENT AGENCIES

J. M. Heineke

In this paper we study the reiationship between costs, input prices
and activity levels inva sample of apptoximately thirty medium sized city.
poiice departments for the years 1968, 69, 71 and 73.'f0ut interest lies
in determining the functional structure of law enforcement production
technology. |

Since efficient allocation of resources to activities reduires
.knowledge'of relative incrEmental costs for the activities‘involved, w$
are;particularly interested invdetermining‘marginal cost functions for,
and“rates of transfornation between the Qarious outputs. Since past
studies have adopted functional specifications which have implicitly main-
tained strong hypotheses about the underlying technology, ve adopt a quite 3

general functional specification,which permits testing the appropriateness

of these hypotheses. In a more general context we model and estimate the

o

structure of production‘for;a‘multiple output-multiple input‘fifm in a

manner which places few restrictions on first and second order parameters

P—

of the underlying structure.

Introduction

One question which arises immediately in any diSCUSSiOn~6f eost-ot

production functions associated with law enforcement agencies concerns the’ -

S
(i

- This studv was supported by U.S. Department of Justice Grant

:;#75 NI-99~0123 to the Hoover Institution at: Stanford University. I haVe‘ »
‘:benefited from discu351ons w1th M. K. Block, L. J. Lau and F. C. Nold.’,‘ =
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‘appropriate measure of "output." Clearly police departments produce
wmultiple outputs (services): for a CﬁmmUniLy, Tanging from ditecting traffic,

quieting family squabbles, and providing emergency first aid, to preventing

crimes and solving existing crimes. In this study we view police output as
heing of essentially two types: (1) general service activities as

epitomized by the trafiic control;and‘emergency first aid¥care functions of

- police departments; and (2) activities directed to solving existing crimes.

Strictly speaking,~"sclving:existing crimes”" is an int;rmediate output
with deterrence or prevention of criminal actrvity'being the‘final product.
But due to the difficulty of measuring crime prevention we use the number
of "solutions" by type of crime as output measures.l:

In the paet few years a number of authors have, to one degree or
anocher, addressed the problem of determining the structure of production
in law enforcement agencies. Since under certain rather mildaregularity
conditions’thereeexists a’duality between cost and production functions,

either the cost function or the production function may be used to , h

; characterize the technological structure of a firm. The studies of Chapman,

a

- Hirsch and Sonenblum (1975), Ehrlich (1970, 1973), Votey and Phil]ips (1972 1975)'
and Wilson and Boland (1977) all proceed by estimating production functions
: while Popp and Sebold (1972) and Walzer (1972) estimate cost functions. It

is of some interest to briefly review the findings of these authors.

Chapman, Hirsch and Sonenblum estimate a rather traditional production

A function, at least from a: theoretical point of view. All police outputs

are coliapsed into one,aggregate, which is then regressed on input use

a.levelschilizing data from the city of Los Angeles for the years 1956—70.

: lSee Chapman, Hirsch and Sonenblum (1975) for an attempt to measure
~crime prevent}on as.an ouCput of police agencies.ﬁ
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They.find strongly increasing returnS'Eo.scale--often a two to,four nercent
output respcnse to a one percent changexin input usage.

"Ehrlich (1970, 1973) also uses an aggregate solugion rate as the’
output measure, but instead of emgloyingftraditional input measures he
Tegresses the‘aggregate sclution rate on per c¢apita expenditures onkpolice,
the aggregate offense rate and a series‘of exogenous ("environmental)
variables. Theoexpenditure variable is, of course,‘an index of’overall
input use levals while the aggregate offense rate is ihcluded to measure
the effects of "crowding" or capacity constraints on outnut. This is a |
substantial departure from a neoclassical approach in which‘the shape of
the production function itself will reflect diminishing returns as capacity -
"is pressed. But it is a specification that has been widely adopted by,
those who have followed Ehrlich. (For example, see Vandaele (1975) or Votey
- and Phillips (1972 1975).) Using per capita expenditures to measure the
“scale of output, Ehrlich finds that a one percent increase in expenditures
'ner capitayleads to much'less than a one percent increase in the solution
rate. -

>We should point out that two differeét arguments have been used for
‘including the offense level in police agenry production‘functions.'»In‘
addition to the argument based upon nolice resource capacities,[someA‘
authors have justified inclusion’of the'offensehievelhinfthe{productiona‘
" function using what is essentially‘ar"fisheries argument."7ﬂviz.; that
the total number of fish* in the ocean is a determinant of the" number

‘caught. So 1if the number of offenses is high, then ceterls garibus, it

should be easier to obtain a solution than if there are’ but few offenses.,

Obviously, the argument goes, if: there are ‘no offenses there can be no. P

T

: ,,solutlons. But this is really ot the question.o The question is whether :

in the neighbo rhood of observed solutlon levels, changes in the total
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¥ ¥ - hUmberiof offenses would change solution levels.
Whichever rationale 1s used, the'neoclassical productioﬁ fuﬁction is
rﬁodified and written as y = f(vl, Vos sees Vo, 0), where y is toe number -
- ‘of-solutions, vi‘is the level of utilication of input i and O is the number
- of-offenses.’ One means of testing the appropriateness of this specifica-
tion is to;assume that O does not belong in the prpduction function and then.
estimaterthe function y/0 = f(vl, Voy ey vm)OY‘ where'y/b is the solution
Eégg. If v is significantly different from minus unity, the offeose level
probably influences solution levels. If not, one has some evidence that
tthe production,fuhction for solutions is independent of the levelrof offenses.
Votey and Phillips (1975) report three estimates‘of the production
function y/o = avBOY.vasing thelr reported parameter estimates and standarc
errors,one cannot reject the hypothesis that v = ~1 in any one of the'
estimated equations at the .05 level. In addition, Ehrlich’s (1573)
estimate oka is ~.908 which again is not‘significantly different from
minus unity.  We conclude, at least_teﬁtatively, that’the production of
. solutions does not depend upon offenses and do notkconsider the‘;atter
further in'this.study; : ‘ T »
Votey and'Phillips (1972) estimate production functions whiCh link
o ‘;i ‘ 'solution rates for the property crimes of auto theft, burglary, larceny
r,and robbery to 1nput usage. As with Ehrlich ‘and Vandaele, the authors |
include the level of offenses as an argument'in‘the,production function
: along with more traditional input measures; ﬂ
The Wilson and Boland study is similar to the work of Votey. and

Philllps (1972), in~that they study the production of solutions to several

i

2This isiprimarily an expOSitory‘paper‘and'only graphical analees of
~ the estimated functions are reported. Hence it is not possible to perform
. tests of the sort ‘discussed in the previous paragraphs.
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property crimes. But instead of input levels as determinants of solutions,
they utilize a "capacity" wariable and variables meant to

account for productivity differences between departments. Here as with

"Vandaele and Votey and Phillips (1972), the authors cannot address the

V _question of scale economies due to the fact that only a subset of all

outputs are included in these studies.

Finally, both Popp and Sebold, and Walzer estimate cost functions and

attempt to measure scale economies. The former use population size in the-

police jurisdiction as their measure of "scale" along with a large number

-

~ of demographic and environmmental variables- to ‘estimate the per capita costs

of police service. Given the appropriateness of these variables for

explaining costs, the authors find diseconomies of scale throughout the

‘entire range of population sizes. Of course the population variable

provides a considerably different concept of scale than economists are
accustomed to considering, and in fact, Walzer has argued that population

size is a poor measure of scale for several reasons--the most important

being a tendency on the part of police administrators to determine man-

power needs as a proportion of population size. In such a case there is
) 5= B ,

obviously a strong bias toward constantireturnS'to scale. In his study

Walzer recogﬁiaes that offenses cleared, accidents inveStigated; etc., all

make up the outputrof a police department. But instead of estimating a

multiple output'nost~function, he creates an, ' 1ndex'of‘police service y

!

collapsing all outputs into one.3 The estimated cost function con”ains

the offense rate ds an argument in addition to measures of

W,input prices -input usage and several variables meant to plck up externally :

| idetermined‘differences in productivity. Using the service index to measure

3The‘ﬁeights used are average~timesvspent on eachlcgpe of‘activityfl

R &
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output Walzer finds evidence of economies of scale;\altﬁough they seem to

be rather slight. Interestingly enough he also finds that input costs are

not significantly related to overall production costs.

Qutline of the Paper

A number of strong hypotheses concerning the production structure of
i .

law enforcement agencies have been implﬁcitly maintained in the studies we

“ have sketched. First, the érguments eﬁtering cost and production functions

it

" havel for the most part differed considerably fvom what one would expect

£rom classical productioh theory. In addition, in the one case where input
costs do enter the cost function (Nalzer), linear homogeneity in input

costs has not been imposed on ‘the estimated cost function. One possible

explanation for these deviations from classical production and cost

specifications 1s that classical theory, and cost minimizing behavior in
particular, is not capable of explaining observed choices in public

agencies. While this is a plausible hypothesis, it should be tested rather

~than maintained.4

Second, each of the estimated prodv-tion funcdtions upon which we have

reported is either linear or linear logarithmic.w‘Such funotibns may be

viewed as first order approximations to an arbitrary production function.

It is well known that first order approximations severely restrict

~ admissable patterns of substitution among inputs and admissable rates of

transformationfamoﬁg outputs as well as having other undesirable empirical

4This hypothesis is explicit in Wilson and Boland, p. 8, who state,
"In our viewy police departments do not behave in accordance with the
economic model of the firm.‘




T

-7
. : () | .
impiications.s An additional problem with linear logarithmic production .

or cost'functions arises if one is interested in determining the extent of

scale economies, since these functions do not permit scale economies to

wary with output. On a related point, we noted above that each of the

production studies surveyed included the offense rate or level as an argument.
A possible explanation for this inclusion might be based upon the restric~
tiveness of the chosen functional forms and a consequent attempt on the

part of the authors to provide output responses which do vary with the

scage of operation, in functions which do not naturally possess this
property. For these reasons and others we adopt a second order approxi-
mation to the underlying cost‘and,production structure thereby leaving

.

the various elasticity measures of common interest free to be determined

by the data.6

Third,ftne Chapman, Hirsch and Sonenblum; Walzer and Ehrlicﬁ studies
all utilize a single output aggregate. If’the results of sucn aggregate
studies are to be used for decision purposes, it is desirable that the
aggtegate measure be a consistent index over all police outputs. In what
follows we estimate a multiple output cost functiop and test whether the
various subsets of outputs may be consistently aggregated into single
categories. ’ ’ | | g 4

Fourth, the w1’ison and Boland, Votey and Phillips (1972, 1975) and Vandaele
studies each implicitly maintain the hypothesis of nonjoint outputs by

estimating separate production functions for different types of solutions.

W

SFor example, linear. logarithmic production functions imply input- ,
expenditure shares which are independent of the level of expenditure, I
while linear production functions imply perfect input substititability S
and consequently rule out internal solutions to- the cost minimization
problem. : N _ N , . . :

6In the Popp and Sebold and Walzer studies the production cost

function is specified to be quadratic in the scale argument although all

*

other second order parameters are restricted to be zero. _
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Again, instead of maintaining this hypothesis'we estimate a mgiéiple
output function and then test'the,nonjﬁintness hypothesis;= ?

To éummarize, ih this study'wg characterize the structure of produc-
tion in a éombined cross section and time series analysis of U.S. poliée
departments,tgst for the existence of consistent aggreg&te indices of
poiice output, for nonjointness qf output, and for consistency of our
estimated equations with the oétimizing behavior of classical theeory.

In addition, we calculate (1) marginal and average cos: functions for
solutions to the ptoperty crimes of burglary, Fobbery, larceny and motor
vehicle theft, and for solutions to crimes against the person; (2)

ﬁarginal rates of transformation between these activities; and (3) an

estimate of scale economies based upon the response of total cost to |

simultanecus variation in all'police outputs.

i
i

- Theoretical Background

The following definitioné‘and concepts are used in'what follows.

Let F(y,v) = 0 represent a "well behaved" production possibility

frontier, where y is an n vector of outputs and v is an m vector of inputs.

In addition, let C(y,w) be the associated production cost function, where
w-1s an m vector of input prices. It is well known that the cost function

is a:positive, increasing function of”y and w. Furthermbre, it'cah be

shbwn that proportional increases in input prices, w, causeiqqpi-proportional

increases in cost, that is C{y,w) is linear homogeneous in w. This property

, , o _ - ) .
of C(y,w) 1s due to the cost-minimizing behavioral hypothesis of neo-

: classical,mOdels of the firm.

: Otheffproperties of the cost function are determined by,the1
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technological conditions of production. Among the properties of interest
are those of. nonjolntness of outputs; and the‘existence of so called

"consistent" aggregates of outputs. More precisely, a technology is non- -

joint, 1if the production function F(y,v) can be decomposed into n

separate production fnnetions Y = fi(r), with the property that fi(v) is
independent of yj,‘i # 3. VTherefore, in order to show that a technology
in nonjoint, the functions fi(') must exist and be free of any‘economiesk
or diseconomies of jointness. As Hall (1973) has poinied out, this does
not require physically separate proceSSes producing the Varioos outputs,

nor does the fact that two or more outputs are produced in the same plant

" Tule out nonjointness. It is obvious that the existence of nonjoint

" outputs dramatically simplifies the estimation procedure. In terms of;

'production cost, nonjoint outputs imply the cost function can be written
as the sum of individual costs, i.e. C(y,w) Ll{yl,w) +C (yz,w) I
Cn(yn,w).

The problem of aggregating outputs is concerned with finding consistent -
means of collapsing several outputs into one outpgt indek. Aggregation is

sald to be consistent 1f the solution to a problem at hand is identical

- regardless of whether one uses aggregate indices or the micro level

variables.

S

There are at least two methods of aggregation. Hicks introduoed the

idea that 4f the prices of a group of goods always change in the same

proportion, that group of ‘goods can be treated as a single conmodity.
Another possibility is based upon separability of a group of outputs from C

other groups. In particular, outputs y, and yj are separable from other

: outputs and inputs if and only 1if the marginal rate of transformation

between outputs‘i and j are independent_of all~other‘outputs,and~inputs;‘

Yl




In other words, tﬁeifirm‘s decisi;; as to the optimal mix of outputs i and
3 is not affected by the level of other outputs or by input usage. If a
:group of outputs 1s separable, and in addition, possesses a particular
functional structure, so called homothetic separability, a consistent

aggregate index for the groupyexists.7

Motivation of Agencies

-

In this section we provide a framework within whigh the structure of
law enforcement production technology could be estimatéd. The.mode} is
essentially a vzlue maximization model and implies that input decisions
are reached in cost minimizing manner. We assume that pdlice.administrators,
either implicitly or explicitly, assign "seriousness' weights to crimes by
type,énd use these welghts along with the costs of golving crimes by éype
to, determine the solution mix. . This might be termed a ”bounty hﬁnter“ |
model of police decision making since resources are allocated to solutions
by type as if police remuneration were proportional to the "value" of |
solved crimes and assumes that'police decision makers are primarily
interested in solutions and not deterrence.8 We believe that on a day to
day basis a strong argument can be made that police admini§trators are
primarily concerned with solutions and not deterrenée and that for
property crimes average Qalues stolep are likely to be reasonable
approximations to the weights used in allocating reSources‘?o solving

property crimes.

7Formore detail see Darrough and Heineke (1977).

8Michael Block has suggested this terminology which is particularly
descriptive of the model.
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Using Pi to represent :tha value to police of a solution of a crime of
type i, the police agency's decision problem 18

. a g1
(1) max Z P,y. = C(y,w).
1=1 i“i

Decision problem (1) provides the familiar system

(2‘) Pi ko aC/ayi = O, : ) : i = l, 2’ t’.i’ n

which may be used as a basis for eStimatihg C(y,w). Equation (2) instructs
police administrators to allocate resources to solving crimes of type i
until the marginal cost of a type i solution is equal to the éssignedk

.weight, Pi'

Note that if C(y,w) is approximated with a polynomial in y
Lo
and w, equations (2) alone will not be sufficient to determine the cost

function. This can be remedied by including C(y,w) itself in the system

to be estimated. In which case

(3 P -/, =0, 0 1=1,2, .uu,n

il

C - C(y,w) 0 = o

becomes the system of interest. In the circumstances we have.outlined it
is reasonable to assume that values Pi are determined jointly by the

9 R . .
4 are

predetermined. Assuming that input costs are exogenous, eqﬁations,(S)'

~activities of police and offenders in earlier pefiods4li.e.,‘?'

determine the n enﬁogenous solution levels as functions of exogenous and

‘predetermined variables.

 One ‘problem in implementing this system in an econometric context is ;

e

,'obﬁious: "The weighte'to'be given[che varioué types of solution kare'at c

Of course there is a constrainc on the decision problem which we
‘have not taken into account: Viz., that Cly,w) < A, where A is the agency 8.
©  budget for the pe;iod.y ) .
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best difficult to obtain. But as we have indicated above, in the case of

préperty crimes average valueé stolen probably provide’reasonab;e
approximations to the seriousness of these crimes in thé eyes of thé '
bqlicg. Although for the éase of "crimes against the person,' e.g.,
homocide,‘rape.gnd‘assualt, no. such convenient measure is availaéle.

One method of.dealing with this problem 1s to assume that property
crime solutions are separable from all other police activitieg. As we
indicated above, this is equivalent to assuming that ﬁarginal rates of 
tggnsformatioﬁ (MRT) betwgen solutions to all pairs of‘propefty,crimesibéb
1nvariant to the level of nonproperty ¢fime solutions and to the le;el of
other gplice 5érvic¢s Qrovided, e.g., trafficfcontroi, emergency first
aid, etc. In this case, it can be shown that there éXists functions C#* and

f such that the cost function may be written as

4 C = :\C*‘(J‘f‘(yl, sees Yo W), yﬁl, vmy yn,w)

where Vs cees yp represent solutions to crimes against property and

yp+l’ ceer ¥y represgnt solutions to crimes against the person and the

Ay

service activities performed by police.
. Equations (3) now become

(5) . Py - 'acz*/'a;’ri‘= 0, , 1=1,2 «c0hp

.

C - ,C*(f(y,l’ YZ: ',‘“"” yp’ W), Yp+1a --'a‘ynxw) =0

i
"
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: ‘and are estimated below for the case of four'propefty'crimes, burglary,

robbery, motor vehicle theft and larceny, an aggregate of crimes-against‘

'v_ the person and an aggregate police service indicator.% -

The Translog Model

From an econometric ‘point of view equation system (5) is only of
limited interest until a specifie functional form has been assigned to the
cost function C*(y,w). The primary concern in chodsing a functional form

for C* is that the chosen class of functions be capable.of approximating

the unknown: cost funetion to ‘the desired degreesof accuracy. In wide—-

spread use in the literature in the past‘few years are the class of so

called "flexible" functional forms which includes the generalized Leontief

. IR . i
function, ;he generalized Cobb-Douglas function, the transcendental

logarithmic function andimany hybrids.lo' These functions may all be

RAN

.-viewed as second order approximaticns to arbitrary production or cost

functions and in particular place no restrictions on elasticities of
substitution between inputs or elasticities of transformation between

outputs and allow returns to scale to vary with the level of output. We .

have chosen to approximate C*(y,w) with the translog function due primarily B

to the fact that most past studies of law enforcement agency production

technology have adopted linear logarithmic functions which are special-

L
9An alternative approach to estimating the production structure of
law enforcement agencies would be to assume that police take as given a

vector of outputs which is minimally acceptable to the community and
provide at least that level of sérvice at minimum cost. Among other

‘reasons for choosing the value maximization framework over the cost mini-

mization framework is that the former explicitly addresses the output mix
problem rather assuming that this decision is exogeneous.‘ “See Darrough
and neineke [1977] for more detail. :

10See Dievert (1971, 1973,\197b) and Christensen, Jorgensen and Lau"‘
(om, 1973, 1975). | ; |

]
55” :
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cases of the translog function, o - .

- The translog cost function may be written as .

: o n m . ooan '
‘( ) | nC(y,w) ag + }iailnyi + ;bilnwi + 2§ gaijlnyilnyj ‘

% L e
+ EE gﬁijluwitnwj + g gyijlpyilnwj.

It can be shown that second order parasmeters of this function must be sym-

netric if supply functions are to be well behaved, i.e., dij = ajl ‘and Blj
and Ylj = YJ. for all i and J- Our maintained hypothesis of separability

le

(see equation 4) between property crime solutlons and all other activities of

the police agency implies the following restrlctlons on equation (6):

7y k : T ‘ 11
(T) ai'j:O, . ' 1=1, 2',0103 p’j= P+l, p+2,uous n.

In general, hypotheses conCerning‘the'nature of production technology im-

‘pose certalin restrictions on the values of the parameters of the empirical cost

function. In particular, the hypothesis of linear homogeneity of'”(ygw) in in-

puts prlces, which is an implication of cost mlnlmlzlng behav1or, 1mposes the’

‘fbllOWlng restrlctlons on the- translog cost function: 12 i
‘ m . om m k2 ”ﬁ
8 Ebi = 1, gsij Z Byy EYij 0.

If these restrietions are imposed, then proportional increases in input prices

lead to equi-proportional increases in production costs. »The hypothesis of cons-

iy alternative means of impcsing separsbility on.theAtranslog‘COSt fune-
'tlon exists, but is not pursued here. See Darrough and Heineke (197T) for more
detall : R

2Perha,ps it is worth reempha5121ng at thls p01nt that llnear homogene1ty~
of productlon costs in input prices is only necessary for cost m1n1m1z1ng be-
havior. - For example, if inputs are always utilized in precisely fixed propor~

: tlons, then production costs will be linearly homogeneous in w independent of
;’the behavioral motivations of the firm. Of course if one accepts linear homo-

\ﬂ“’"

- geneity but suspects 2 flxed proportion: productlon structure the latter is a

testable hypothe51s.f
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~tant returns to scale implies:

9) . - a, =1, )a,, =
: it 13

=Jy,, =0
i 3 11

Lot g 1= BN
R

and of course means that a given percentage change in all outputs leads to

the same percentage change in production cost.

Another hypothesis of considerable interest is that of nq;jointness

of‘outputs. As we indicated above, if outputs are nonjoint one may
estimate a separate cost function for each output. In terms of the
translog cost function nonjointness of outputs means that all cross second

order terms in y are zero, i.e.,

(10) aij = 0, . i, =1, 2, +sey n, & # 3
These restrictions and others on the production technology of law enforce-

. : 1
ment agencies are tested below. 3

The Econometric Model =

iIn this section we specialize the n outout, m input'pro@uctiOn model
to the nooelqwhich is estimated and provide the‘stochastic specification,
needed,for'estimation. We had available for this'study‘information’onok
-annual policevbudgets for the years 1968,‘1969,.1971 and 1973 for a sample
of approximatelyvthirty'medium size‘citie‘s;l4 the’average'wages of o
officers by'rank,'thé number of crimes‘of tYPeniiéleared hy‘arrest'
("ciearances") ahd the'average vaiuehstolen for eachiof‘the‘propérty

,crimes in the FBI index. The\police,budget andeage information was '

' 13See Darrough and Heineke [1977] and the accompanying references L
for further discussion of these restrictions.* ‘

-

~1is 561, 000. ,

R 14The largest city in our sample is Houston, Texas, (1 230 000), the"'nh'p”
smallest is Birmlngham, Alabama (300, 000) Mean population over. the samplev G
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ggthered by the Kansas City Police Department and circulated for use by

participating cities under the title of the Annual General Administrative

Survey. The data on clearances and average values stolen are from | .
unpublished sources at the FBI. We have used clezrances by arrest for the

seven FBI "index crimes" as our measures of "solutions.” In particular,

" we have called burglary clearances (solutions), s robbery clearances, Yypr

motor ?ehiéle theft clearancés, Yg» and larCeny‘élearancgs, Yy We have
used'thé aggregate number of homocide, rape and assault clearances to
répresent solutions to crimes against theAperspn and haQe labeled this
outpgt,‘ys. Finaily, a very large component of the qutput of all law

enforcement agencies are the rather mundane but important service functions--

directing traffic, investigéting accidents, breaking up fights, providing

emergency first aid, etc. We group all such service functions together as

‘y6. The question is what to use to measure these activities. We have

adopted>the hypothesis that the quantity of services of the type we have
been discussing is proportional to the size of the city in which the |
agency is located. This'givés a cost' function wigg six outputs and a still
unspecified number of input pfices.j

We had available wage information on eight grades of police officefs

' from patrolman to chief. As one might e¥pect. these wage series are highly
_collinear. To test for tpe existencé of a Hicksian price ‘index, we

‘ . : - R SR ‘ g
“computed correlation coefficients between the wages of the varfous. ranks

yandffound~very high coefficients. For‘example, the’correlation between

wages of pétrdlmen and a welghted average of the wages of all othef ranks .

~is .955. Unfortunately, there does not appear to be a way of testing

“iwhether a sample correlati6n is’signifitantly‘different from one since the
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disttibutipn ofkthis’statisticfis degenerate at that point. But witﬁ‘
tcorrelatidns this high it appsars safe to assume the conditidns‘fdr‘Hicksf
aggregation ars fplfilied and hernce we use a weighted avetage of all
police wages as an aggregate measure of unit labor,costs, denoted w.ls o

Tha‘translog cost function of (6) above may now be written as

' 6 6 6 :
: le o
* = + + =
(11) = 1nC*(y,w) a, g:.’ailny:.L blnw + 2; gaijlpyilnyj

6
+ Blnw2 + XY Inwlny,
1 i i

5% %6 = g5 = ¢

separability of property crime solutions and from all other police

whsre Qqg =0, =0 26 = %35 = a36~= a45 =0 = 0 due to the imposed

~activities. The reStrictions on the cost function implied by linear '
. homogeneity in input prices, constant‘retUrns to scale and nonjointness of
outputs have been discussed above.16 |

| Given the hypothesis of separability between property crims solutions’
and all other police activities there are a total of sleven possible

1

groupings of property crime solutions which might,%% considered fo:

Yo

lspost and wage series have been deflated using an index based upon
BLS Intermediate Family Budget data. (See B.L.S. Bull etins No. 1570-7 and
the Monthly Labor Review. R

léLinear homogeneity?oftc* in w would impose the,following restridtionszi"'

-6 "6 o

b =1, B =0, Zyi =0, while tonstant returns to scale imply Za =4,
6 .

| mad g 122

aij % Zaij =0, s ‘and Zyi 5' If property crime solutions are nonJoint

then aij =0, 1,j =1, 2, 3,‘4 i# j The latFer imposes only six additional

restrictions, due to symmetty of" the aiJ v
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'indexing.ls Our question here is not whether an index exists in any of .

- these casges, because an index can always be found, but whether a consistent

index'exists.l7 It is important to keep in mind that the existence cf a
separable group of outputs does not in general imply existence of a
consistent index for the group.
" For the translog cost function, it is convenient to express equations.
(5) 1in the following 'value share" form:
- 6 o :
(12) "Ry /C* = a; + gaijlnyj + Yilnw, i=1, 2, ;, 4

6 6 6 ;
- 1 ; 2
* = C1g =
1nC ag + gailnyi‘+ blaw + 2% gaijlnyilnyj + (B/2)1nw

6
+ ;Yilnwlnyi

where @y, = 0, =1, 2, 3, 4, J = 5, 6 and oy, = a,y, for all 1 and j.

ij  Tii?

(The first four equations here give the value of Yy salutions to property

crime 1 as a proportion of total police expenditures.) The next step in

implementing the econometric version of the model ¥s to provide a

stochastic frameowrk for equations (12). We do this by appending claesical',

‘, additive disturbances ts¢ each of the five equations in the model.  These
disturbances arise either as a result of random errof\in the maximizing

' behavior of police administrators, or as a result of the fact that the

- variables. , yﬁa

1 B EE :
“These groups are: (yl,yz), (y1599)> (370742 (yz,y3), (9559405

‘ (y3,y4), (yl’y2’y3)’ (YI,YZ’Y4)’ (Y13}'3’Y4)a (Y29Y39Y4) 3nd (Ylp}’Z’}'3’Y4)

CAn example of such a question is whether it is possible to aggregate

burglary, robbery and larceny solutions into a composite-category such as

"non automobile theft" solutions so that the aggregate index may be used
for decision purposes without loss of informatlon from the micro 1evel

i
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‘translog function provides’onif annanprbximation of the “true" underlying
prodﬁqtidn structure. We assumerthat noncontemporaneous disturbances are
;uncorrelatedvboth within and across equations. We make no other,assumptions
about the distribution-of disturbances other tnan they be uncorrelated with

right hand variables in each.equation,-18

. Empirical Results

We have'fittéd the five equations of system (16) under the‘stochastic’
specification ontlined above. There were 111 observatinns availablg for
estimating each equation 1n‘the system;, Sincé no assumption has been’made
concerning the distribution of disturbances, our éstimation procedure may
be thought of as multieqwatibn, nonlinear least squares; In the computa-
tions we used the Gauss-Newton method to locate minima. The results of

-eStimntion are presented in Table I. S

The estimates reported in column two contain no restrictions othérn:
‘than symmetry,and éntail estimating twenty-eight parameters. Given the
primarily croséisection~nature of’the.daté, the model fits quite well with

‘Rz‘figures of .74 for the cost funCtion‘and .36, ;iB,‘.AG, and .29 for the

value of solution equationét? /C%, i = 1,2, 3,74, respectively.

Y
in column three, we report estimates of the model with homogeneity in

input prices imposed. As we have noted previously, éoét.minimizing‘inpﬁt

Tt

1SThc; latter is in fact a rather ﬁtrong assumption, but one which is
~ automatically Satisfied under the assumptions we have adopted as long as
erroxrs over the years-in our sample are serially independent.

iy




TABLE I , .
Parameter Estimates for Five Cost Models
. Hoamogenelty [Hamogeneity and [Homogeneity and Homogeneity and
Unrestricted in Input Nonjoint Linear Loga~ |Constant Returns
Parameter Model Prices Outputs rithmic Costs to Scale
‘ag -108.68 -98.899 -75.949 -4,469 -.7190
' (27.23) (7.512) (2.190) (1.092) {1.332)
(.0478) (.0168) (.0127) (.0016) (.0114)
a, .0244 .0203 .0129 .0065 .0314 |
(.0118) (.0110) (.0108) (.0003) (.0109)
C .3262 .2989 .2378 .0459 .3956
(.0679) (.0615) . (.0603) (.0026) (.0646)
a, .0252 .0031 -.0467 . .0198 .0378
; (.0293) (.0205) (.0203) *(.0009) (.0190)
a, 1.657 ~2.118 -.4037 .2448 4127
(1.682) (1.084) (.4853) (.0376) (.4088)
ag 16.016 - 16.38 12,259 .9113 .1170
(.5917) (.6349) (.1848) (.0902) (.4147)
b 7123
(7.393) 1 L 1 oL
G .0237 .1199 .0296 -~ .0206
' (.00280) (.0591) (.0561) (.0014)
¢ys .0033 .0034 .0032 .0032
(.0005) (.0005) (.0003) (.0005)
O - .0287 .0284 .0294 .0189
(.0022) (.0022) (.0019) (.0019) °*
Cpy .0125 .0125 .0119 .0115
‘ (.0009) (.0009) (.0009) . (.0007)
O .0448 .0177 .0504 .0209
(.0528) (.0524) (.0441) (.0621)
Geg ~1.451 -1.2711 -. 0005 -~ .0209
; (*) . (*) (%) (.0621)
0y -.0022 -.0023 E =.0277
- - (.0006) (.0006) (.0006)
Oy'g -.0049 ~.0051 , -.0115
e - (.0016) (.0017) ' (.0015)
' (.0010) (.0010) (.0008)
Gyq -.0002 -.0002 -,0013
(.0005) (.0005) (.0005)
0y, | .0013 .0013 .0008
* (.0004) (.0004) - (.0004)
Uy =,0022° - =-.0022° - =-.0061
ERb (.0010) ~(.0010) (.0008)
O .0996 - .1097 . =.0209
56 (.0621)

| (.0882)

(.0864)
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TABIE I (Continued)

*Co']v.linearityy problems prevented estimation of this" standard errcr.

Standard errors are in parentheses.

. Parameter Estimates for Five Cost Models™ .
; A Hamogenelity Hamogeneity HomogeneIty and| Homogengity and
Unrestricted in Input and Nonjoint Linear Loga~ | Constant Returns
Parameter Model Prices Outputs rithmic Costs to Scale 3
= 8 ~.1471 '
(.5356)
Yy ~.0082 -.0963 ~ =-.0077 .0017
(.0071) (.0590) . - \ (.0015)
Y5 -.0048 -.0041 -.0039 -.0034
(.0017) (.0016) (.0016) (.0016)
Y3 ~.0617 -.0571 -.0574 ~.0496
‘ (.0100) ° - (.0090) (.0088) (.0097)
Y4 ~.0087 -.0050 -.0041 | ~.0041
(.0043) (.0028) (.0029) (.0068)
g -.4615 = .1029 .0286 k -.0068
(.1809) (.0586) (.0562) (.0231)
Ye .4798 .0598 .0445 .0622 A
) (*) (.0236) (.0236) i (.0255) '
In of
likelihood ' |
function 1654.57 1652.31 1625,77 £ 1483,57 1613.23
19
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decisions imply a production cost function with this‘property and for this
redgon we’may consider a tést of the fit of the homogeneous model as a
tesﬁ of the consistency of the data with cost minimizing behavior.
Homogeneity in input prices reduces the number of parameters to be
estimated froﬁ twenty-eight to twenty-five (sée fobtnote 16). Traditional

2 statistics are .72 for the cost equation an¢ .35, .12, .46 and .28

R
respectively for the value share equations. :

In columns four, five and six are reported parameier estimates for
th; cases of nonjbint outputs, linear logarithmic costs and~constént
returns td gcale, each cbnditional on cost minimiéing behaQior. In column

four are the estimates with linear homogeneity of input prices and‘non#

Jointness of output imposed. These restrictions reduce the number of |

parameters to eighteen (see foo;note 16). The linear 1oggrithmic cost
function (column five) was estimated primarily to’contraét the functional
form of the cost function presented in this paper with that implied by tﬁé
linear logarithmic produc:ion functions which have been estimated in the
majority of earlieriﬁapers. The total numbdr of pgrameters to be estimated

15 now reduced to seven. The final column contains our estimate of the

_ model with constant returns to scale imposed.

As we have noted, assumptions concerning the policé production

-

‘technology imply restrictions on the parameters of the estimated cost
function.‘,Testing the consistency of the data with various 'sets of

j‘restficcions“is one of the goals of this study and may be nccoﬁplishéﬁ by

éstimating‘the'model under each set of restrictions and then by comparing

¥

~ the "fit'" of the different versions of the model. For discriminating

‘ among'several‘VérSions of the model, we use the test statistic
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(13}_ A = max LR/max LR

where max LY 1s the maximum value of thé likelihood function for the model
with‘restrictions R and max igyis the maximum value of the likelihood
function without restriction. ﬁinUS twice the logarithm of A iéﬂasympto-
tically distributed as chi-sduared with number of dggrées of fregdom equal
to the number of restrictions imposed. Logarithmé bf the‘likeiihoodfw
function are given in Tabie I for each of the model spgcificatiohs tb‘be
evaiuated. Thréughout, we choose a critical region baéed upon .Oiy;eVel
of signifiéance. i |
We now report the results of statistical tests performed:-on the
estimated models. These tests are of one of two types: Tests concerned
with ghe implications of the behavioral hypothesis of cost minimizatio;
and tests ébncerned with evaluating the characteristics of poliCefagency
- production. A natural sequence of tests would therefore be to first test
the consistency of our sample with the ¢ost minimizing behavior of police
agencies and then to praceed to tests of the structure of prcdﬁc;ion
conditional ;n the outcome of the first test. Since cost minimizing
behavior requirés that C* be linearly homogeneous.in w, we test ﬁhis
" hypothesis first. Comparing the homogeneous model with the unreStricted
model we find that minus twice the loéarithm ofythe_likelihobdﬁratio‘is
4,52, Since tﬁere‘are but three restrictions imposed, we easily accept
the hypogpesis,of ; cost functioﬁ which 1s iinearly homogenegué in input
prices.‘ Thaﬁ is, the data in our sample of pqlice departmentsnafe
ﬁcoﬁsistenc'with cost minimizihg behavior.

Conditional»on‘the cost minimizing behavior of police decisfon

¥
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| ﬁakets we next test the validity of the hypothesis of nonjoint'outputSf—

a hypothesis which has been maintained in all past studies in which
multiple outputs have been dealt with. Minus twice the logarithm of the
likelihood ratio 1is 53.08. Since nonjointness entails seven additional
restrictioﬁs, the hypothesis‘is resoundingly rejected. Ve conclude that one
may not go aboutvestimating seoarate production functions or separate cost
functions for each of the outputs of police agenciest The interaction
between outputs ﬁust be accounted for if one is to adeQuately characterize
the structure of cost and production in this "industry."

It is instructive to contrast the linear logarithmic cost and
production structure implied by these data, with our more general model.
Columns three and four of Table I eontaiu parameter estimates for the gost
models which maintain hHomogenelty in prices, and,a linear logarithmic
production structure in addition to linear homogeneity infprices-zo ‘The
fact that twice the logarithm of the likelihood ratio for thisitest is
‘337.48 is an accurate indication of the.magnitude‘ofvthe loss in explana-
tory power resulting from adopting the Cobb-Dougla§~funetiona1 form for C*.

We dext test the hypothesis that the underlxing production function |
- exhibits constant returns to scale. The logarithd of the likelihood
function asSoeiated with this model (linear homogeneity in input prices

[N

ahd outputs) is reported in Table I. According to foothote le, linear

homogeneity in outputq imposes seven additional restrictions on the model.21

The value of the test statistic is 78.16 and hence these data lend no
. }!

200f course, linear logarithmic cost and production functions maintain
the nonjointness hypothesis.

21

-

Symmetry of the ail reduces the restrictions in the second set of

equations in footnote 16 from thirteen to seven. Recall that Xyi =0 is
already imposed : ~




support whatever to the constant returns hypothesis.e2 .

We noted in the introduction that a number of past production and cost studies
used aggregate measures of police outputb. Whether‘or'not such a procedure is de=~
sirable depends upon the existence of a "consistent index" for the various outputs.
We also noted that a consistent aggregete index might be obtained either via homo-
thetic separablllty or v1a Hicks! aggregatlon theorem. According to the former,
& consistend index can be obtained if "group functions" exist and are homothet:.c.23
Hicks' theorem states that a subset of y may be treated as a single output if the
values assigned to these outputs are perfectly corr&élated.

The model was estimated with separablllty imposed for each potential aggre-
gate. (See footnote 17.) Only in the case of the aggregate (yl, Yoo yh) was the
hypothe51s of separeblllty accepted., In addition we found that our tests led to
acceptance of the hypothesis that the cost function itself is homothetic. We con-

clude that the aggregate (yl, Yoo yh) is homothetically separable from other po-

Yo

lice outputs and input prices and hence a consistent index of burglary, robbery
and larceny solutions exists, Such an index could be used in place of the "miero"
'variables yl, Voo and vy in‘decision making without loss of inform&tion.?%

Finally, we have calculated the correlation matrix for P to check for the

possibility of a Hicksian aggregate. The correlations are rl2 = ,065, rl3 = .965, ,

lh .901, Ty = 197, T, = .014% and Ty, = .026. (0f course, such calculations o
permit testing only pairwise groupings of outputsin the first step ) Tt A8 inter-

esting to note that the only candidates for .a Hick51an index are yl and ygwﬁhlch

are included in the group of outputs (yl, Vpe Sh) for Whlch we have concluded &
consistent index does exist. The question is whether .901 is significantly dif-

ferent ‘from 1.0, It is not possible to test this prop051tlon, since the distribu-~

tion of sample correlation coefficient 1s_degenerate at 1.0, However, .901 seems

2We find below that the hypothesis of constant returns to scale is accepted
at sample means. Of course, and as our test indicates, this doee not imply constant
_ returns bo svale throughout the: relevent output region. ‘

231f a group of outputs are separable from other outphts (and inputs) then
the group function exists. For example, if y, and y2 are separéble, then the cost
function C* may be written as C*(y,w) = C**(h%y ,y2 s ¥3s yh,..., w), Where his
the group function. - . .

2k

See Darrough and Heineke (1977) for moreedeﬁa?l‘on the testing procedure. . .
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distent enough from 1.0 o conclude that yi and yh‘may not be treated as a

single output.

Marginai.Costs, Rates of Transformation and Returns to Scale

The marginal cost function for activity i is given by ﬁcﬁ/ayi =
(alnc*/alnyi)(c*/yi), i=1,2,3, 4,’5; and may be calculated using'the

formula

6 ,
InC*
(14) 3C*/3y1‘= (ai + gaijlpyj + Yilnw)(e n

/yi),ﬁ i=1, 2, ...,15{
As indicated, (14) will be valid for each qf the crime solving outputs,
Yi» Yo» +ees ¥g but not‘for Yer Recall thaﬁ the sixth outpﬁt!was an
aggregéte of the "non-crime solving'" services provided by police. Since
we have postulated only that the prodiction of this output is proportionél
to population éizé, it will be possible to determine BC*/éyé only up.to
thig factor of proportionality. k |

The rate of transformation of output i’fqr output j givés the number
of soidtions:to crimes of type i which m;st be foggonevfor ah‘addition;l
solution to a crime of type i, given fixed level? éf all other outputs.
Formally, the rate‘of transformation bétWeen oﬁtpﬁts i and j may‘be
wgitten'as -3yi'/8yj = (BC*/Syj)/(aC*/ayi)? i, =1, 2, «vey 5, 4 #4j,>and”

may be calculated using the formula

' - R 2 o 1
| .2 (aj«+’§ajklnyk + lenw)yi ; o
(15) - ,_—‘_‘ ] " 6 ’ 5 i,» j = 1,' 2, LI B T 5, i_- # j
(ay +~§aiklpyk‘+'711““)yj" ”

As:with marginal cost functidns,'it will not be possible to obtain



transferﬁatien rates between output six and other Sutputs.

v Traditional meesufes of scale economies (or diseconomies) are predieated 3
on the single output‘firm and must be’modifiedtfor usé here, We measure
scale economies as the inverse of the percentage reeponse of cests to a
small equal percentage chanée in all outputs. That is,'if

6 ; |

(16) - £ = dC*/C* = %(alnc*/alnyi)(dq/q),
where dg/q is the peECentage change in outputs, thenvi/s is the usual meas-
ure of economies of scale.zh £ measures the percenﬁage response of costs
to an equal percentage change in;ali selutions and‘in the service output.25
Defining average cost functions for the variouS'outputs pfesents'some— : i‘

thing}of a problemyin the case of multiple output productibn structuﬁes.

We have calculated the average cost of solutions of type i by evaluating

(17) (CH(FpsernsFyseres¥es®) = CHF sunasmin ¥ 0eees¥go®)) /Gy = min y,)
where an overbar indicates avsample means and min yi is ﬁhe minimum semple'
evalue of ¥ 126 This approach holds*ihput pricesegnd all oﬁtputs5'except‘
yi,‘constant and yielde the averege value of the increment in costs'over

the regioh.between the minimum value of vy and the mean of Vi

In Table II we have evaluated the cost responsiveness function, e,

. R K 3 "
, 2hE.L., if dg/q = l and e <1 at y¥, then the productlon functlon ex-‘
blblts increasing returns to scale at the output mix y* eke

25The proportlonallty between populatlon size and Y causes‘noﬁbrdblem"
in. calculating returns to scale since the percentage change in y6 i's equal‘:v“'
to the percentage change in populatlon size., : ‘ o

AT

c*(y w) = elnc (y’W)
: .\;s“\-nf/f |

,}35 :
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w

.o ; ~ TABLE II

Marginal and Average Costs of Qutputs, Rates of Transformation

and Cost Responsiveness Functions at Sample Means*

f“*Mcl‘ $ 307.k0 AC,  $ 265.15 MRT. , 737 MRTy, «607
Mo, § 226.59 AC,  $ 262.35 WRE,  3.815 | MRI;  11.898
S Moy $1172.67 AC;  $1271.26 MRT. | RO MRT,, -117
Me, % 137.73 ac,  $127.53 ‘ wrr, . 8.5k3 | MRTas 2.239
oMc.  $2626.15 AC $4615.80 MRT_..  5.175 MRT, o 19.067
> 5 23 ;
¥Standard errors were calculated for €, and marginal cost functions
at this point. Each was highly significanﬁ at the .Ol level.,
‘: ]
., ///I/"’
A




marginal cost functions, average cost functions and. marginal rates‘oj
transformation between outputs at sample means.

We find that estimated marginal costs are lowest for solving larcenies
at $137, followed by those for robbery at $226, burglary at $307, motor
vehicle solutions at $1172 and solutions to crimes against the person at

$2626.27Ra$es of‘transformation between outputs at samplefhEans range

from .11 between motor vehicle theft solutions and larceny solutions to nine-

teen between larceny solutions‘and solutions»tovcrimes againstkthe person.
Hence, the estimated cost function prediots thah on average it will be
necessary to forego between eight and nine‘larceny solptionS‘to solve one
additlonal motor vehicle theft (at the mean) and approximately nineteen
larceny solutions to solve an;additionalecrlne against the person, %imilar

interpretations hold for the other transformation rates. Unit costs of

clearing larcenies are $127, followed by robbery at $262, burglary at $265,

motorrvehicle solutions at $1271 and solutions to crimes against the person
at $4615. Comparing marglnal cost estimates iwith associated average costs,
1nd1cates that marglnal costs of solving robberles, auto thefts and crlmes

against the person are below average costs and henCe unlt;costs’ere falling

"y

(at the sample mean).for.these activities. Marginal.costs are greater than

b . ‘ . . “,-';" ‘ .
average costs for solving burglaries and larcenles, indicating rising unit .

" costs (at the sample mean) for these act1v1t1es.

We have estlmated the value of € to be .88& whlth»turned out

. 13 ;
to be not significantly dlfferent from unlty. But as:Flguregl 1nd1eates,

fscale economies vary greatly over the sample with decreasing, then constant,

of course the model insures that "on average marginal costs’ are’

equal ‘to values stolen. ‘Notice . that this does not imply that marginal costst:

- evaluated at the mean are equal "on average to values transferred._ ‘More

importantly, our interest in this study is primarily in the structure of laW'i

enforcement production technology and hence not in local properties of
i marglnal and average cost functions.;e

7

R
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then inereasing returns to scale as output levels increase. Samplé values

‘of € range from 1.62 to .53. To the extent that small cities have few

solution levels, it appears that "large" cities have technological advan-

tages in the provision of police services.

ar. +
1.62 +

1.00

X

Figure 1

Cost Responses: All Police Activities

In interpreting this finding one should keep in mind that the cities

~ in our sample range in size from approximately one third million to only

1 : ’ )
a little over one million. Therefore one should not conclude that very large
American cities experience increasing returns to.scale in the provision

of police services, since scale diseconomies may appear as city size
) : )

L . 28
continues to incresase.

28In the past few years there has been considerable discussion
concerning the share of the total police budget going to non-crime solving

‘activities. All parties seem to agree that the share is high and has been
increasing. - For example, unpublished studies by the Vera Institute of

Justice and the Cincinnati Institute of Justice indicate that police

;i'officers spend only about 15 to 20 percent of thelr time in crime solving
~activities. To provide additional information on this point, we have
calculated AC (_,w) Ve /C(—,w) to measure the budget share of activity

‘f“six——npn—crime solving activities. (This calculation assumes that unit

costs of these police services are approxlmately constant up to’ y6. See

_if equation (17) above.) We find that the budget share of non-crime solving
" activities is slightly more than 80 percent at the sample mean=-a result

strikingly consistent with the studles mentioned.,f




Summary - and Conclusions

In this paper we have adopted the ecoﬁomic‘model of an OPtimizaugi
firm as a framework fcr characterizihg the production structure of a
eample‘of medium siaed U.S. lawAenforcement agencles. Unlike ptevious
studies~we‘have begun with a second order approximation to an arbitrary

multi-output-multi-input production possibilities function. This rather

general functional specification has permitted us to test a number of

hypotheses which have been implicitly maintained in earlier work. Of
particular interest are the’findings that, at,least in our sample,"the
decisxons of pollce administrators are consistent with cost minimization
and that outputs are very deflnitely joint-uthereby effectively
precluding estimation of separate production and/or cost fuuctions for
the different outputs of police agencies. In addition, we strongly
rejected the hypothe51s of constant returns to scale and found that
scale economies varied considerably with activity 1eve1S‘~which pointed

up the inappropriateness of maintaining a Cobb—Douglass productipn

- structure 1n studies of law enforcement productiog\technology. We then

found that our sample supported the hypothesis that ‘an index of burglary,"

. robbery and larceny solutions can be calculated which would permit using

Finally, we calculated returns to:scale, margxnal‘costs, average
costs and marginal rates of transformation at the sample mean. As
always much work remains to be done. Among the more challenging and

pctentiallytprcmising tasks is to &isaggregate the "crimeg’against the

person" output and to incorporate these variables directly into the

»deciéion prcblem underlying estimation. Initial‘workvin this area

rbsabe bt srn IS eeh:
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seems to indicate that unit costs for clearing homocides are an order

of magnitude greater than that of any other police activity.

-
‘l‘ -
The Hoover Institution, Stanford University
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