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ABSTRACT 

"The Urban Public Sector and Urban Crime: A Simultaneous 
System Approach" 

This study is an effort to describe the complex interactions between 

the urban public sector and urban crime. To develop the model, prototypes 

of previous modelling efforts are reviewed in detail and critiqued for theore-

tical foundation, empirical content and methodology, and policy relevance. 

Based on the review, theoretical and methodological requisites for a complete 

modei are defined. 

A simultaneous equation model is then developed which incorporates the 

impact of crime on property values and tax revenues, the impact of both revenues 

and crime on local law enforcement expenditures, and the rel~tionship between 

public criminal justice expenditures and criminal activity. Intergovernmental 

and inter-agency impacts within the criminal justice system are recognized. 

The simultaneous approach stresses the systematic aspects of the interplay of 

criminal justice agenc:tes in urban settings and highlights the role of agency 

cooperation. 

The econometric model described is a system of five equations: a supply 

of criminal offenses function; a law enforcement production function; a police 

services demand function; a city revenue function; and, a city property value 

fUnction. 

The usefulness of the model for public policy analysis is demonstrated. 

Policy "multipliers" and :methodological issues and data requirements for 

empirical estima'tion of the model are presented in appendices. 

vi 

----.- -. ----------------

EXECUTIVE SUMMARY 

"The Urban Public Sector and Urban 
Crime: A Simultaneous System Approach" 

Daryl A. Hellman 
Professor, Northeastern University 

and 

Joel L. Naroff 
Assistant Professor, University of Massachusetts 

Department of Economics 
Northeastern University 

Boston, MA 

This project was supported by Grant Number 78-NI-AX-014l 
awarded by the Law Enforcement Assistance Administration, 
U. S. Department of Justice, under the Omnibus Crime Control 
and Safe Streets Act of 1968, as amended. Points of view 
or opinions stated in this document are those of the authors 
and do not necessarily represent the official position or 
policies of the U. S. Department of Justice. 

vii 



------- -~--

ACKNOWLEDGEMENTS 

We are grateful to the National Institute of J~~tice for 

providing us with this opportunity to explore a topic of 

interest to us personally, and of general importance to those 

concerned with the equitable and efficient delivery of criminal 

justice in urban areas. We hop/~ that we have made some contri-

bution to the understanding of the issues and problems involved, 

as well as the potential solutions. 

We wish to acknowledge the assistance of our project 

monitor, Dr. Bernard Gropper, and the helpful suggestions of 

several anonymous reviewers. Cheryl Noakes and Pauline Sayers 

provided first rate typing assistance. 

viii 

i 
i I 
. ! 
I ( 

! 
I 
j 
~ 

! 
f 
[ 

--~ .. -----

EXECUTIVE SUMMARY 

This study is an effort to describe the complex interactions between the 

urban public sector and urban crime.. The impact of relatively high crime rates 

on urban property values, and the resultant interaction with the public sec-

tor has not previously been systematically examined, either theoretically or 

empirically. Yet an examination of this impact is a necessary part of our 

analysis of urban problems, as well as our development of a comprehensive 

attack against urban crime, for the ability of the urban public sector to res-

pond to the crime problem in part depends on the resources available to it, 

more specifically, its tax base. Since the property tsz continues to be the 

prime source of revenue at the local level, even in the largest cities, aggre-

gate urban property values affect the ability of urban centers to maintain law 

and order within their boundaries. It is the interrelationship between urban 

crime and the ability of the urban publi.c sector to fight crime which is the 

focus of this study. 

Our purpose is to describe, or model the interactions in terms of a system 

of simultaneous equations. While methodologically necessary, the simultaneous 

approach has the advantage of stressing the systematic aspects of the interplay 

of criminal justice agencies in urban settings. Thus, by recognizing both 

intergovernmental and inter-agency behavioral impacts in a series of inter-

dependent equations, the model highlights the role and importance of agency 

cooperation within the system. 

To develop the model, our method has been to review prototypes of previous 

model building efforts and to critique each in terms of its theoretical 

foundation, empirical content and methodology, and public policy relevance. 

Thus we present a detailed review and summary of various efforts to describe 

~spects of the urban crime/urban public sector interactions. 
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The central hypothesis of our model is that crime rates affect urban 

property values. Theset in turn, affect urban public revenues; primarily 

those derived from the property tax, but also any intergovernmental trans-

fers distributed according to tax base. Crime rates may also affect revenues 

through atl impaet on conditional transfers distributed specifically for law 

enforcement" Urban public revenues determine the city budget, including that 

for police and other local criminal justice expenditures. These expenditures 

at the local level, as well as expenditures elsewhere both public ana private, 

are likely to affect urban crime rates. They are also likely to be affected 

by crime rates; thus the crime rate may be a function of the criminal justice 

budget, but the crimina,l justice budget may also be a function of the crime 

rate. 

We present a comprehensive model of these interactions between the urban 

public sector and urban crime. Information from the model can be used in a 

variety of ways to facilitate development and evaluation of policies directed 

toward urban crime control. Criminal justice system constraints imposed by 

other levels of government which affect the urban system can be identified 

and the additional policy implications addressed. The role and importance 

of public sector agency cooperation can be identified. 

Section I. IDENTIFICATION AND CRITIQUE': OF RELEVANT MODELS 

In the first section of the study a detailed review and description of 

rourteen previous related model building efforts is presented. These models 

cover roughly a ten year period, beginning in 1968 with a paper by Gary Becker. 

Each model is examined and critiqued in terms of both theoretical and 
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technical qualities &s well as policy relevance. With the exception of the 

first three models reviewed, each model contains empirical work. This dis-

cussion of the models is arranged in chrono;',ogical order, which roughly parallels 

the conceptual development and permits historical comparison. In reviewing 

each study its contribution to the developm~nt and empirical estimatio~ of 

models of ·the relationships among crime, law enforcement efforts, and public 

revenues is focused upon. Some studies examine only part of this picture, while 

ot:hers are more comprehensive. Still others accomplish a great deal more than 

modelling these relatio~ships and focus on other aspeCts of the economics of 

crime. In such cases, the review is rest:!Cicted to that portion reievant to 

the central purpose of the study. This is not. to suggest that the additional 

contributions of those papers ~rp not impo~tant. The survey includes simultane-

cus ~7stems models, single equation models, and verhal models. 

Section II. SU~~mRY AL~D DEVELOPMENT OF PPJWIOUS MODELS 

Based on the review of prototypes of previous model building efforts, a 

variety of theoretical and empirical developments are identifi,ed in Section II 

and the need to incorporate the perspective of some of the models, as well as 

to add dimensions which have been largely ignored is determined. Specifically, 

an adequate policy-relevant model of crimlJ, law enforcement and the public 

sector requires several elements, some of which are present, in part, in pre-

vious models, some of which have not beeu included. The requisities identi-

fied in Section II are: 

1. Specification of a simultaneous equation system which can describe 

the simultaneoU~ nature of the interaction, not only between crime 

and law enforcement activities I but also among crime, property values, 

public revenues, and public expenditures, or police budgets. 
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2. 

3. 

Use of lc~al government as the appropriate focus of the model and, 

therefore, as the data base for empirical work. 

Recognition of the impact of tax base, tax effor't, and intergovern

mental transfer payments on the revenues available to local govern

ment. 

4. Recognition of the interactions aTJIong various elements of the crimi-

nal justice system -- the police, courts and corrections -- and the 

constraints imposed by one system, or level of government, on the 

expenditures and outputs of the local government sector, including 

local police. Such recognition would highlight the role and impor-

tance of agency/jurisdictional cooperation within the criminal justice 
I 

system. 

5. Consideration of the impact of other urban characteristics, such as 

economic well-being and housing quality, On the level of criminal 

activity in urban areas, and recognition of the potential of these 

for developmEnt of alternative policy for controlling crime. This, 

in combination with 4)f further highlight~ the role of complementary 

and cooperative puhlic policy efforts. 

In addition to the theoretical structure requirements of the model, there 

are some methodological requirements: 

1. Recognition of the possibility of lagged responses of some variables 

to "causal" factors Ilia introduction of distributed lagged fUnctions. 

2. Use of adequate statistical techniques designed for estimation of 

simultaneous systems of equations. 

3. Appropriate specification of functions within the system so that 

each fUnction is properly identified and the impact of each variable 
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within the system can be..::learly determined. 

4. Inclusion in the analysis of a potentially large number of urban 

characteristics which are likely to be highly correlated, by 11sing 

an appropriate data reduction technique, such as principal compo-

nents analysis or ridge regression. 

Section III. A SIMULTANEOUS EQUATION MODEL 

With these requirements in mind, a model which meets, or is capable of 

meeting both the theoretical and methodological requisites outlined is des-

cribed. The third section of the study presents an illustrative model which 

includes the important aspects of the interaction bet\\7een the urban public 

sector and urban crime. In the model various impacts are recognized: 

1. The impact of crime on property values and tax base. 

2. The impact of tax base, tax effort and intergovernmental transfers 

on local tax revenues. 

3. The impact of both crime and local fiscal constraints on law 

enforcement expenditures. 

4. The impact of criminal justice expenditures on law enforcement 

productivity. 

5. The impact of law enforcement activity, as well as other variables, 

on crime. 

Interactions among components of the criminal justice system, and among 

levels of government are recogniz.~td. The model also includes other urban 

characteristics which affect the level of criminal activity. Thus a simultaneous 

equation model is designed to meet the re4~irements outlined; it is intended 

to be useful for urban crime control plannin~ ~nd evaluation, as well as for 

other areas of urban planning. 
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In the third section, the details of a comprehensive model necessary to 

specify these relationships are identified. Included is a discussion of the 

five sub-systems that the model should include, an analysis of the variables 

that might be included in each sub-'system, or sub-model (with specific reference 

to past modelling activities), and a discussion of some econometric issues 

which stem from the model development. 

The model is defined in terms of market or system interactions. 
The 

system is summarized in five equations,. or Sub-models: 

1. A crime generation or supply of offenses function 

a model of criminal activity. 

2. A law enforcement production fUnction _ a model which describes 

the output of the criminal justice system. 

3. A police services demand function - a model which describes the 

determinants of police expenditures. 

4. A city property value function - an urban property market model. 

5. A city revenue fUnction - an ~Lban public finance model. 

Each of the sub-systems (equations) is discussed in some detail. The pur-

pose is to identify key determinants of behavior within each sub-system and to 

identify links among them. 

The major hypotheses Upon which the model described in this section is 

based are: 

1. The level of crime generated in a urban area is expected to be 

related to property values, police expenditures, the conviction 

rate, the arrest rate, average sentence length, income, and indices 

representing socioeconomic and housir.g quality factors, in that: 

a. property values and income level represent potential gains to 

the criminal, 
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3. 

b. the conviction rate, the arrest rate, and average sentence 

length represent potential costs to the criminal, 

c. police expenditures represen e t t h independent deterrent effect 

of law enforcement activities, 

d. , ';ndex represents characteristics of the the SOCJ,oeconom~c ... , 
Eopulation ... ... wh ;ch d;rectly or indirectly affect gains and costs 

of criminal behavior, 

e. the housing qual~ty ~n ex ~_ , 'd represents the ~lality of living 

conditions in an urban area which affect crime. 

The conviction rate, a measure of criminal justice output, is expected 

to be related to total court expenditures, percentage of court expen

ditures spent on judges, the distribution of expenditures between 

civil and criminal courts, total expenditures on correctional facili-

f 'I bl penal space which is filled, the ties, the percentage 0 ava~ a e 

level of police expenditures, the percentage of the police budget 

spent on direct law enforcement, and the crime rate, in that: 

a. 

b. 

c. 

the three court expenditure variables represent the ability of 

the court system to deal with court loads, 

the two correctional variables represent constraints, or limita

tions, on the sentencing ability of judges, and ultimately on 

the willingness of prosecutors to bring indiv~duals to trial, 

the two police expenditure variables represent the supply of 

potential defendants, as does the level of crime. 

The level of police expen ~ ures ~s d 't 'expected to be related to the 

level of crime, past crime rates or past police expenditures, the 

level of available city revenues, and intergovernmental transfers, 

in that: 
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a. police expenditures are expected to react to present or past 

years' crime rates, 

b. the present level of police expenditures is limited by previous 

years' levels, in that change in the city's budget of any line 

item is normally limited, 

c. ava;ilable revenue from own (city) sources or other sources 

(intergovernmental transfers) places an absolute upper bound 

on potential police (or any budget line item) expenditures. 

4. The value of property in an urban area is expected to be rela'ted to 

the level of crime, the quality of housing, the quality of available 

public services, the usage of land in the city, the tax rate, and 

socioeconomic characteristics of the populption, in 'that: 

a. crime reprer;6iTb; a disamen.ity which reduces the desire to locate 

in an area, reducing demand for urban property, 

b. the quality of housing, socio-economic factors, and the available 

public service package represent demand factors for property, 

c. the land use mix represents the differential uses of property 

which can affect aggregate property values, 

d. the tax rate represents, in part, the cost of owning property 

which is expected to be capitalized into the value of property. 

5. The amount of revenue available to a city is expected, to be related 

to the value of property, the tax rate, tax effort, and other sources 

of funds, such as intergovernmental transfers, in that: 

a. the property tax is the largest source of own revenue per city 

and thus the value of property represents potential taxable 

revenue sources, 
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b. the tax rate and tax effort represent both present and future 

available revenue since higher taxes and efforts constrain 

future tax increases, 

intergovernmental transfers represent potential alternatives 

to the property tax as sources of city revenue. 

In addition to specification of the simultaneous equation model, several 

ra1'sed 1'n Sect1'on III in the course of the model methodological issues are 

development. The problem of potential multicollinearity among the housing 

quality variables and among the socioeconomic variables is discussed 'and 

procedures for overcoming this econometric problem are suggested. The problem 

of how to measure crime generation, or crime rates "correctly" is highlighted. 

Alternatives to the use of simple crime rates are briefly presented. Finally, 

the need for subdivision, or additional equations in the model, is considered 

and suggested, where appropriate. 

The model described is a simultaneous equation model containing a minimum 

of five equations. The nature of simUltaneous equation models is briefly 

described in Appendix A. In addition, the appendix describes the methodologi

cal requirements for obtaining reliable empirical estimates of simultaneous 

equation systems. 

Two other appendices support the discussion in Section III. Appendix B 

describes how "multipliers" can be derived from the model. The appendix 

contains an explanation of what the multipliers measure and how they can be 

used to link the model to various public policy questions or options. 

'th d I 'd t1'f1'ed Th1'S appendix demon-Policy variables included 1n e mo e are 1 en • 

strates the potential value of the model to criminal justice planners and 

practitioners, as well as to other public sector decision-makers. 
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Appendix C summarizes the data requirements of the model. 
While we do 

not attempt empirical estimation, it is clear 
that estimation would be re-

quired to give 
measured content to the sytem described. 

Appendix C suggests 
the possibilities for empirical work by 

outlining the data requirements. 

Section IV. SUMMARY AND CONCLUSIONS 

The study concludes with a brief summary and 
discussion of directions 

for future related research. 
The accomplishments of the study are ' 

h~ghlighted. 

Three major contributions are noted: 
1) provision of a summary of a large 

number of models of crime, law 
enforcement and the public sector presented 

in such a way as to f '1' 
ac~ ~tate comparison; 2} criticism of the models reviewed 

to emphasize their value to public policy formulation,' and, 3) 
development of 

a comprehensive, policy-relevant model of 
urban crime, the criminal justice 

system, and urban public revenues. 
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INTRODUCTION 

This study is an effort to describe the complex interactions between 

the urban public sector and urban crime. The impact of relatively high 

crime rates on urban property values, and the resultant interaction with 

the public sector has not previously been systematically examined, either 

theoretically or empirically. Yet an examination of this impact is a 

necessary part of our analysis of urban problems, as well as our develop-

ment of a comprehensive attack against urban crime, for the ability of the 

urban public sector to respond to the crime problem in part depends on the 

resources available to it, more specifically, its tax base. Since the 

property tax continues to be the prime source of revenue at the local level, 

even in the largest cities, aggregate urban property values affect the ability 

i. 
of urban centers to maintain law and order within their boundaries. It is 

the interrelationship between urban crime and the ability of the urban public 

sector to fight crime which is the focus of this study. 

Our purpose is to describe, or model the interactions in terms of a 

system of simultaneous equations. While methodologically necessary, as we 

demonstrate, the simultaneous approach has the advantage of stressing the 

systematic aspects of the interplay of criminal justice agencies in urban 

settings. Thus, by recognizing both intergovernmental and inter-agency be-

havioral impacts in a series of interdependent equations, the model high-

lights the role and importance of agency cooperation within the system. 

The central hypothesis of the model is that crime rates affect urban 

property values. These, in turn, affect urban public revenues, primarily 

those derived from the property tax, but also any intergovernmental trans-

fers distributed according to tax base. Crime rates may also affect rev-

enues through an impact on conditional transfers distributed specifically 
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for law enforcement. Urban public revenues determine the city budget, in- Section II of the study summarizes the rather lengthy discussion in 

cluding that for police and other local criminal justice expenditures. Section I. The models are summarized both verbally and in tabular form, 

These expenditures at the local level, as well as expenditures elsewhere significant developments are recognized, and gaps or shortcomings in the 

both public and private, are likely to affect urban crime rates. They are model building efforts are identified. Directions in which the models 

also likely to be affected by crime rates; thus the crime rate may be a should be extended are indicated. Based on this summary, a general mode! 

function of the criminal justice budget, but the criminal justice budget may is described which meets the theoretical and methodological requisites out-

; . also be a function of the crime rate. lined in the section. 

A portion of these interrelationships has been examined previously. In Section III, we present a simUltaneous equati.nn model of the inter-

However, we are aware of no study which has included the impact of crime relationships between urban crime and the urban public sector. The model 

on the tax base and city revenues in a comprehensive model. By extending is defined in terms of market or system interactions. The system of markets 

previous analyses to incorporate the complexities of urban public finance, is summarized in five equations: a crime generation or supply of offenses 

it is possible to obtain a more complete and accurate picture of the inter- function, which describes criminal activity; a law enforcement production 

action between the urban public sector and urban crime. Information from function, which describes the output of the criminal justice system; a 

the model can then be used in a variety of ways to facilitate development police services demand function, which describes the determinants of police 

and evaluation of policies directed toward urban crime control. Criminal expenditures; a city revenue function, which describes sources of urban pub-

justice system constraints imposed by other levels of government which affect lic finances; and a city property value function, which summarizes the opera-

t~e urban system can be identified and the additional policy implications tion of the urban property market. Each of the sub··systems (equations) and 

addressed. The role and importance of public sector 3gency cooperation can their component behavioral determinants (variables) is discussed in some 

be identified. detail. The purpose of this discussion is to describe the manner in which 

To develop the model, our method has been to review prototypes of model the various markets operate, that is, to identify key determinants of be-

building efforts and to critique each in terms of its theoretical foundation, havior within each SUb-system and to identify the links among them. 

empirical content and methodology, and public policy relevance. Section I The model described in Section III is not empirically estimated; this 

contains a detailed discussion and evaluation of these models, beginning is not our purpose. The model is presented in theoretical terms. The pur-

with Gary Becker's important theoretical paper in 1968, and ending roughly pose is to emphasize the complex interactions between urban crime and the 

ten years later with a paper by Hellman and Naroff. urban public sector, including agency interactions both within and outside 

of the criminal justice system. The model is described in a set of simul-

2 taneous equations. The nature of simultaneous equation models is briefly 

I 



described in Appendix A. In additioll, the appendix describes the methodolo-
SECTION I. IDENTIFICATION AND CRITIQUE OF RELEVANT MODELS 

gical requirements for obtaining reliable empirical estimates of simultaneous 

equation systems. 
In this first section of our study we present a detailed review and de-

Two other appendices support the discussion in Section III. Appendix B 
scription of pretotypes 'Of previeus related medel building efforts. Each 

describes how "multipliers" can be derived from the model. The appendix 
model is examined and critiqued in terms of both theoretical and technical 

contains an explanation of what the multipliers measure and how they can be 
qualities, as well as policy relevance. The discussion of the models is ar-

used to link the model to various public policy questions or options. This 
ra~ged in chronolegical erder~ which roughly parallels the conceptual develop-

appendix demonstrates the potential value of the model to criminal justice 
ment and permits historica.l comparison. With the exceptien of the first three 

d t 't' 11 ~~ ~o other public sector decision-makers. planners an prac ~ ~oners, as we __ 0 C 
models reviewed, which are presented as the foundatien upon which later studies 

Appendix C summarizes the data requirements of the model. While we do 
built, the models described are restricted te these which centain empirical 

not attempt empirical estimation, it is clear that estimation would be re-
werk. Thus .s'Omc:: purely theoretical papers which appeared later are not included. 

quired to give measured content to the system described. Appendix C suggests 
Ih reviewing each st:udy we focus en its contributien te the develepment and 

the possibilities for empirical work by outlining the data requirements. 
empirical estimation of medels of the relationships among crime, law enfercement 

Section IV briefly summarizes the discussions of the previous sections 
efferts, and public revenues. Some studies examine only part 'Of this picture, 

and presents some concluding remarks. 
while ethers are mere cemprehensive. Still others accomplish a great deal mere 

than modelling tnese relationships and focus en ether aspects 'Of -the ~conomics 

of crime. In such cases, 'Our review is restricted to that pertion of the study 

relevant to our purpese. This is net te suggest that the additienal contribu-

tiens 'Of these papers are net impertant. Our survey includes simultaneous 

systems models, single equation models, and verbal models. 

A. The Becker Medel 

We be§in our review very appropriately with an article written by Gary 

Becker which appeared in 1968 [2]. This paper accemplishes a great deal and 

laid the foundation for the study of the ecenemics 'Of crime. The main pur-

pese of the paper is te discuss how many of our scarce ecenemic resources and 

4 
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how much punishment should be used to enforce various laws, i.e., optimum law 

enforcement. A subsidiary purpose is to present an economic theory of crimi-

nal behavior. 

1. The Model. Becker's model explores a series of behavioral rela-

tionships~ each of which becomes incorporated within a mathematical model: 

1) the relationship between the number of criminal offenses and the cost of 

offenses t 2) the relationship between the number of offenses and the punish-

ments given; 3) the relationship between the number of offenses, arrests, 

and convictions and public expenditures on police and courts; 4) the rela-

tionship between the number of convictions and the costs of punishment; and, 

5) and the r,elationship between the number of offenses and private expendi-

tures on protection and apprehension. The later relationship is analyzed 

1 
separately. 

The relationship between the number of offenses and the cost of 

offenses is summarized in a damages equation: 

where D(O} = damage to society from offense 0 

H(.O) - harm from offense 0 

(1) 

G(O) = social value of the gain from 0 to the offender 

Thus damage to society is equal to the harm from the offense, minus the 

social value of the gain from the crime to the offender. (It should be noted 

lIn the models reviewed, the role of private production of protection against 
crime is ignored. It is assumed that demand~or crime protecti<;)p, is reflec
ted in public provision. For a discussion and empirical est~nation of the 
substitutability of private and public protection inputs, see C.T. Clotfelter, 
"Public Services, Private Substitutesr and the Demand for Protection Against 
Crime," _The American Economic Review, Vol. 67, No.5, December, 1977, pp. 
867-877 • 
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that some authors disagree with the inclusion of G(O), arguing there is no 

social value to ~he offender's gain.) The damages equation includes only 

damages frdm the offense itself. It is not a social losses function which 

would include social costs of apprehension, conviction and punishment. 

These are, however, considered by Becker when he defines optimality condi-

tions. 

The relationship between the number of offenses and punishments given is 

defined in a market supply of offenses equation: 

o = 0 (p, :t, u) (2) 

where 0 = number of offenses per time period 

p = probability .J.e convicticm per offense 

f punishment per offense 

u = all other influences on the amount 6f 

crime, (e.g., income available in legal 

and other illegal activities, willing-

ness to commit illegal acts, etc.) 

The number of offenses per time period depends on the probability of punish-

ment (conviction) and the severity of the punishment, as well as a large num-

ber of other influences summarized by the term u. 

The relationship between the n~mber of offenses i arrests and convictions 

and public expendi·tures on police and courts is summarized in a cost of appre-

hension and conviction equation: 

C = C 'p, 0, a) (3) 

where C = costs of apprehension and conviction 

(police and court costs) 

p = probability of conviction 

0 = number of offenses 

7 



a = number of arrests 

Police and court _0~tS of apprehension and conviction depend on the probabi-

the number Of offenses, and the number of arrests. He lity of conviction, 

later drops arrests from the equation and uses simply: 

c = c (.p, 0) 

The relationship between the number of convictions and the costs of 

imprisonment or other punishment is derived from a punishments equation: 

f' = bf 

where f' = the social cost of punishment 

f = the cost of the punishment to the offender 

b = a coefficient which transfonns offender 

costs into social costs 

, hm equat1.'on 1.'S really an identity, in which offender The pun1.s ents 

(4) 

transformed, via a coefficient, into social punishment punishment costs are 

costs. Social costs of punishment are equal to the cost of punishnlent to 

The offenders, plus the cost Cor minus the gain) of punishment to others. 

transformation coefficient, b, would ass1xme different values depending on the 

form of punishment. If fines are used, b is approximately equal to zero, 

indicating zero social costs. The reason is that the cost to the offender 

't th s For other forms of punishment, is offset by the gain (revenue) 0 0 er. 

than ' 'al costs exceed offender costs. however, b is greater one, 1..e., SOC1. 

using the punishments equation (5), the relationship between the number 

of convictions and the costs of punishment can be summarized: 

C* = bpfO (6) 

where C* = social cost of punishments 

bf = social punishment cost per offense convicted 

pO = number of offenses convicted (since 0 is the 

8 
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number of offenses and p is the probability 

of conviction) 

Becker then combines equations (I), (4) and (.6) to construct a social 

loss function which indicates the total social losses from criminal offenses: 

L = D(.O) + C(p, 0) + bpfO (7) 

where L = social loss from offenses 

Social losses from criminal offenses are equal to the damage from the offense, 

itself, plus the costs of apprehension and conviction, plus the social costs 

of punishment. 

Becker uses equation (7) to define optimum values of policy variables to 

minimize social losses. The policy variables are C, the amount spent to 

fight crime; f, the punishment given per offense; and b, which summarizes the 

form of the punishment. These variables, via the supply of offenses equation 

(2), the cost of apprehension and conviction equation (4), and the damages 

equation (1), indirectly determine 0, p, and D and, therefore, ultimately 

determine L. 

Becker then adjusts his policy choice variables somewhat for analytical 

convenience, focusing on values of p (probability of punishment) and f 

(severity of punishment) to minimize L (social losses from crime). He goes 

on to examine the optimality conditions, discus~ some of the policy implica-

tions of his conclusions, extends the analysis to consider private expendi-

tures against crime, and finally suggests and discusses some interesting 

applications of his approach. 

2. eri tigue. While 'the Becker paper contributes a great deal to the 

understanding of criminal choice and optimum law enforcement, there are some 

theoretical shortcomings in the analysis which have been pointed out by 

others. Harris [9] argues that Becker's model fails to include the social 
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losses from wrongful punishments and that the legal framework surrounding the 

issue of optimum law enforcement is also subject to policy choice. 

Stigler [25] rejects Becker's concept of the "social value of criminal 

gain to the offender," a concept which Becker uses as a limitation on punish-

menta Stigler introduces another source of limitation -- the need for 

marginal punishment costs to achieve m~t31nal deterrence. (Excessive punish-
.. 

ments for minor crimes leave no worse punishments to deter more serious of-

fenses). In addition, Stigler argues, as does Harris, that social costs of 

law enforcement must include the costs of punishing innocent parties. 

Ehrlich [6] (discussed below) builds on the Becker model by developing 

a theoretical construct which responds to some of the limitations Ehrlich 

identifies in the Becker framework. Specifically, theoretical limitations 

addressed by Ehrlich are: 1) the inclusion of only punishment costs in the 

supply of offenses behavioral relation (.except in a very casual way, L e., 

the summary term). Ehrlich explicitly considers both costs and gains from 

legal and illegal activities; 2) the treatment of legal and illegal activi-

ties as mutually exclusive choices. Ehrlich argues that the choice to 

commit criminal acts does not imply that legal sector employment is not also 

possible -_. the rational individual will allocate time among legal market 

activity, illegal market activity, and consumption (.which includes leisure); 

3) the need to distinguish between the deterrent and preventive (incapaci

tation) effects of punishme.nt by imprisonment. The. distinction is important 

from a policy perspective since the costs of the latter far exceed those of 

the former; and, finally 4) the need to analyze the interaction between 

"offense and defense", Le., between crime and collective law enforcement 

activity. 

10 

It should be noted that while Becker develops a simultaneous system of 

equations in which the interaction between offense and defense is implied, 

he does not empir ically estimate the model, as Ehrlich does, and, more 

importantly, from a theoretical perspective, the Becker interaction is 

couched in terms of "costs", rather than "expenditures". While this dis-

tinction may not appear important, it implies a lack of deliberate choice 

with respect to expenditures for defense against crime. "Costs" are simply 

reactive; "expenditures" suggest policy decisions. Thus, the policy 

variables identified by Becker are the probability of punishment and the 

severity of punishment. Public expenditures on law enforcement are not 

included as a policy variable. 

Nor is the feedback effect of the amount of crime on the ability to 

spen~ on law enforcement considered in the Becker model. Public sector 

activities, including both revenue raising and expenditures decisions, are 

not explicit. While the probability of punishment is included as a policy 

variable, there is no definition of how this probability is changed, other 

than via the cost function (equation 4). There is no production function 

concept underlying the behavioral relation between police and court costs 

of apprehension and conviction, on the one hand, and the probability of 

conviction on the other. Thus in terms of practical policy making 

decisions, the Becker model has limited applicability. 

Perhaps some of these criticisms are understandable given Becker's 

purpose. His focus is on defining optimum law enforcement which will 

minimize social losses from both crime and enforcement. There is no 

particular geographical or political jurisdictional definition of the deci-

sion-making unit. The discussion is general, global and abstract. No 
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empirical counterpart to the theoretical equations is provided. No 

estimation of the pal:ameters of the model is intended, or attempted. 

The supply of offenses equation is a good example [equation (2)J. 

All other factors which affect the supply of offenses, other than the 

probability and severity of punishment, are summarized in one term. In 

a theoretical model this is perfectly acceptable. If, however, the model 

is to be empirically estimated and policy relevant, the additional factors 

must be spelled out and gl,ven some practical, measurable identity. Imbedded 

within the summary term may be additional policy variables which 'must be 

made explicit. 

The comments made here have largely focused on the lack of an empirical/ 

policy emphasis in the Becker model. The theoretical construct nevertheless 

laid the foundation for additional theoretical and empirical work analyzing 

the relationships among crime, law enforcement, and public revenues. 

B. The Katzman Model 

1. The Model. The Katzman model which appeared in 1968 [13], shortly 

after the appearance of Becker's paper, is almost a direct contrast to that 

of Becker. The Katzman model is essentially a verbal one. His purpose is 

to identify the economic choices which society must make in deterring crime. 

He summarizes these choices in a schematic which describes a series of 

simUltaneous relationships among activities of the public, criminals, and 

the police. He focuses on activities of the police (as opposed to other 

segments of the criminal justice system) and identifies the internal resource 

allocation decisions which must be made there, including allocative choices 

among neighborhoods, classes of crime, police programs, and police inputs. 
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The Katzman model has a geographical and political jurisdictional focus 

an urban area. Policy variables are given practical, measurable identities 

and choices are indicated. Policy variables and choices inclUde: private 

sector resources allocated to the deterrence and detection of criminal 

activity; the police budget and allocation of that budget over neighborhoods, 

programs and activities, and types of police inputs; police behavior by 

crime and by neighborhood, which in part is affected by budget decisions; 

and proscriptions on police behavior. The summary schematic is reproduced 

in Figure 1-1. 

While the interrelationships described in the schematic are not measured, 

the model is empirically and policy oriented -- the police budget is made 

explicit; expenditure categories and choices are defined; a police production 

function is described, if not made explicit; the impact of socio-economic 

characteristics on the demand for police services and the supply of criminal 

offenses is indicated; the effect of land use structure on opportunities 

for crime is incorporated; and policy choices other than law enforcement 

activity are indicated. While not complete, the Katzman model seems real. 

2. Critique. Nevertheless, improv~~ents are possible and necessary. 

An obvious improvement would be specification of the relationships in 

mathematical equations which could be ~pirically estimated. Rational 

policy decisions cannot be made unless some sort of numbers are indicated. 

While Katzman concludes that little quantitative knowledge of the relation-

ships described in his schematic is available, progress has been made since 

publication of his paper in both measurement ~nd estimation. Mathematization 

in a simUltaneous equation system would therefore be useful. 

13 



------ ---

FIGURE 1-1. INTERRELATIONSHIPS AMONG THE POLICE, THE PUBLIC, AND CRIMINALS~_ 
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Again, urban public sector activities and choices could be more com-

pletely described, and constraints imposed by other levels of government 

could be identified under proscriptions. The impact of criminal activity 

on the demand for law enforcement, as well as on land use structure and 

property values should be included. The latter affects urban public revenues 

and therefore the size of the police budget. This criticism is shared by the 

Becker model, as well as most of the other models described below. As we 

shall see, omission of the consideration of the impact of crime on land use 

and property values is a common shortcoming and the primary one which our 

research has sought to remedy. In a sense the Katzman model comes closest 

to satisfying the need to include the feedback effect of crime on property 

values, tax revenues and police budgets by at least including land use 

structure as a relevant urban characteristic. His inclusion, nowever, is 

limited to its direct impact on crime generation. 

c. The Blumstein and Larson Model 

A year after publication of the Becker and ¥~tzman papers, a related 

model of the criminal justice system appeared from another direction-operations 

research [33. The intention of the Blumstein and Larson paper, which builds 

on earlier work by both themselves and others is to describe a complete 

criminal justice system which includes interactions among police, prosecution, 

courts, corrections, and criminal activity. Both the BI~cker and Katzman 

papers fail to consider, in more than a cursory way, interactions wi thin the 

total criminal justice system. 

1. Th~~odel. The Blumstein and Larson model, more so than Katzman, is 
-:., 'II. 

empirically policy oriented. They argue that, at a minimum, their model 
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identifies data needs and research questions which must be grappled with in FIGURE 1-2. DESCRIPTION OF THE CRIMINAL JUSTICE SYSTEM 

order for assessment of the crime consequences of various actions taken 

within the criminal justice system to be possible. Their model is in part rl NON-RECIDIVISTS ~--~ I SOCIETY 
a response to the neeg for comprehensive statewide planning for irupfOV&~ent 

in law enforcement indicated by federal funding to state planning agencies l 
for this purpose provided by the Omnibus Safe Streets and Crime Control Act ~ RECIDIVISTS ~ 1- -- l 
of 1968. 

Blumstein and Larson begin with a schematic which describes the total CRIMES 

UNDETECTED 
criminal justice system. This schematic is reproduced in Figure 1-2. From ~----------.-----. 

UNREPOR'l'ED 
the description, two modelling approaches are identified: a linear model REPORTED TO 

and a feedback model. 

The Linear Model. The linear model traces the flow of persons through 

each processing stage in the system, identified by each of the seven Index UNSOLVED 

crimes. The input to the model is the number of each of the Index crimes , INADEQUATE BASIS FOR ARREST 
.----------------~ 

reported to the police during one year. 'l'he outputs are computed annual CHARGED 

flows through each processing stage, costs of processing, and manpower re-

quirements at each stage. Each processing stage is characterized by various 

cost rates per unit flow, ~s well as branching probabilities. k ACQUITTAL, DISNISSAL, ETC. 

The model permits assignment of workloads, manpowe:t- requirements and ASSIGNED TO 

costs to each type of crime t and projections of future values of these 
-' 

~ 

variables based on estimated future arrest rates. The model can also be 
J 
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; used to determine the impact that changes in one subsystem has on the work-
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The Feedback Model. The feedback model, while Eore aggregated, incorpo- RELEASE 

load, manpower requirements and costs of another subsystem. 

rates the recidivism probability associated with each released defendant at 
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subsequent processing for future arrests. The model identifies flows through through time and independent of each other, as well as independent of factors 

the system by crime type and offender's age. The latter is necessary to outside the model (exogenous variables) .. 

incorporate the recidivism feedback effect. The input to the model is the Nevertheless, the model desc~ibes at least some of the complex inter-

number of arrests during a year, by crime and age of offende!:' arrested, for actions among sectors of the criminal justice system and the impact which 

individuals with no prior arrests for the crirdes considered in the model that system can have on future flows of criminals. It is for this reason 

'Index crimes}. Arrests theft proceed through the system, as in the linear that the Blumstein-Larson model is inc 1)..::ueCi here. The model does not, how-

model. In qrder to incorporate the feedback effect, it is necessary to ever, indicate interactions ~ilong the criminal justice system and other pub-

include the probability of rearrest at each possible point of dismissal lic and private sector activities which affect the amount of criminal 

from the system (a function of age and prior record), the distribution of behavior, nor thB impacts which these other activities can have on some 

delay between release and next arrest (.to determine age at rearrest), and of the parameters of the criminal justice system model, e.g., the probability 

a crime-switch determiner to identify crime type of next aL":t~st. that a crime is detected or reported. The model also fails to incorporate 

Given the age of an offender at first arrest and the type of crime the deterrent effects of the criminal justice system -- an impact whj.ch is 

arrested for, tha model can generate an expected criminal career p~orile. emphasized in most of the other modelling efforts described here. 

Using costs from the linear model, system costs ~f a total criminal career Finally, from an economic decision-making perspective, the model fails 

can be estimated. The modE:ll aJ.so permits assessment of the consequences of to consider cost constraints. While criminal justice !"iystem costs can be 

alternative actions within the criminal justice system to reduce recidivism calculated using the model, the manner in which the exp,enditures are 

probabilities. financed, and the governmental unit which bears the cost, or decides whether 

2. Critiqu~. The modelLsl. developed, as the authors argue, is over- or not the expenditures are warranted, a~e not described. Necessary ecohomic 

simplified. However, a~ the description ~f the criminal justice system becomes choices are therefore not reflected in the model. It should be noted, of 

more detailed, data requirements become impossible. Within the ,~~p2r the course, that the model was not intended as an economic one. However, the 

authors show some results of appl:\;Jtii!ion of their model to the California authors conclude their paper by arguing that one end C}Qal of stUdies such 

system, which according to the authors is the only state with close to an as theirs is to improve the allocation of public resources to control crime. 

adequate data base for their purposes. 
D. The Orsagh Model 

The model also makes some simplifying assumptions, in part dictated by 

data availability. All costs are assumed to be variable and proportional to The Orsagh model was presented at the Western Economic Association 

flow. All variables, e.g" branching probabilities, are assumed constant meetings in 1970 [l8]. While building on the theoretical model developed 
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by Becker [2], Orsagh blends this approach with a synthesis of partial 

theories and empirical results drawn from a large body of social science and 

criminology literature. Thus Orsagh reviews a substantial number of earlier 

studies in an effort to develop empirical counterparts for the theoretical 

concepts contained in his model. While Orsagh's model is more aggregated 

than that of Katzman [13], it shares its empirical emphasis. Katzman, however, 

does not measure the interrelationships described in his schematic, perhaps 

because of the complexity of the interactions sketched in his model of urban 

areas. Orsagh estimates his model using large city and county-level uata in 

California. Orsagh's is the first comprehensive model of crime, sanctions 

2 
and law enforcement with an empirical focus. 

1. The Model. The Orsagh model contains three equations: a supply of 

offenses function, a police production function, and a public demand for 

police services function. The theoretical framework on which the empirical 

work builds can therefore be represented as: 

o = 0 (p, u) (8) 

where 0 = number of offenses, or crime rate 

p = probabi li ty of punishment (sanctions) 

u = all other influences on the amount of crime 

This is the supply of offenses equation, which in concept is similar to 

Becker's equation (2). While Orsagh's discussion and description of equation 

(8) focuses on "sanctions", which seems to include both probability of punish-

ment, p, and severity of punishment, f [see equation (2)], his empirical work 

2rn a 1973 paper, using a similar model and data base, Orsagh focuses on 
methodological issues, in particular the need for a simultaneous system ap
proach. See T. Orsagh, "Crime, Sanctions and Scientific Explanation," The 
Jou~nal of Criminal Law and Criminol~, Vol. 64, No.3, September, 1973, 
pp. 354-361. 

20 

, ,. 
f 

\ 
I' 
f 

1 

! 
l . 
r 
t 
1 

focuses on only risk, or probability of punishment. 

A police production function is the second equation in the model: 

p = P CPL, 0, z) (9) 

where p = probability of punishment (sanctions) 

PL = police labor inputs 

a = crime rate 

z = all other influences on police productivity 

Police output, measured in terms of probability of punishment, is expected to 

increase with increases in police inputs, and to decrease with increases in 

the crime rate, all other things being equal. Those other factors are sum-

marized in z. 

The last equation is a public demand for police services function, or a 

police input function: 

PL = PL (0, x) (10) 

where PL = police labor inputs 

o = crime rate 

x = all other influences on the demand for 

police services 

Police inputs are expected to increase in response to increases in the crime 

rute, as well as be affected by other influences summarized in x. 

For the empirical work, Orsagh replaces u in equation (8), z in equation 

(9), and x in equation (10) with sets of variables saggested by the earlier 

theoretical and empirical work which he reviews. For the most part, Orsagh 

does not present ~ priori expectations of the signs of the relationships, 

other than ~hose cited above. Rather, he is testing the sometimes conflic-

ting arguments and results of others. The supply of offenses equation 

becomes: 
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o = O(p, s, Ec, Ch, A, NW) 
(11) 

(.,here p "'" the probability of punishment, measured as 

probability of sentence of at least six months 

S = index of urbanization 

Ec = economic well-being, measured as a combination 

of poverty, infant mortality, education, 

unemployment, and income inequality 

Ch = change, measured as a combination of change in 

the labor force, population movement, and change 

in the percentage popUlation black 

A = proportion population aged 15-35 

NW = percent black 

The police production function becomes: 

p = p(PL, 0, Sz, A, NW, Pov) 
(12) 

where p = probability of punishment 

PL = police labor inputs, per capita 

o = crime rate 

Sz = community size 

A = proportion population aged 15-35 

NW = percent black 

Pov = percent poverty 

Finally, the demand for police service function, or police input 

function is represented as: 
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PL = PL(O, Gs, Tx, Y) (13) 

where PL = police labor inputs, per capita (which Orsagh 

argues is an index of police expenditures) 

o = crime rate 

Gs retail sales of gasoline, per capita (index 

of demand for police traffic supervision) 

Tx = per capita property taxes 

Y = average income 

Thus demand for service is measured in terms of units of inputs, rather 

than expenditures, as in some of the other models described below. jSee 

Ehrlich's equation (29), Greenwood and Wadycki's equation (33), and McPheter 

and Stronge' s equation (34)]. The variabL.S Orsagh adds to the police input 

equation (13) are of some interest. Gs, retail sales of gasoline is included 

as a measure of public demand for police services other than law enforcement. 

Given a certain crime rate, 0, police inputs would be expected to increase 

if the demand for traffic control, measured by Gs, were to increase. Tx, 

the property tax variable, m~asures two things. On the one hand, it measures 

a community's ability to buy police services its fiscal capacity. On the 

other hand, it is also an index of potential losses ','w: .... m property crime, 

a factor which would tend to increase the demand for certain police services. 

The income variable, Y, may measure some of the same things that Tx does. 

The three equations were estimated using large city (population over 

lOO,OOa} and county data for California in 1960. Estimates were derived 

for six definitions of crime: total index crimes, crimes against persons, 

crimes against property, and for each of the three types of crime against 

property. Estimates were obtained using two different statistical 
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techniques --'a single equation method and a simultaneous system method (two 

stage least squares). Below we summarize those variables found significant 

in each of the equations when estimated via the preferred, simultaneous 

method: 

Variable 
Sign of Estimated 

Relationship 

Supply of Offenses Equation [equation (11)]: 

S, index or urbanization 

NW, percent black 

Output Equation [equation (12)]: 

PL, police labor inputs, per capita 

NW, percent black 

Pov, percent poverty 

+ 

+ 
(crimes against 

persons only) 

+ 

+ 

+ 

Demand for Police Equation [equation (13)]: 

0, crime rate + 

Tx, per capita property taxes + 

and less significant: 

Gs, index of demand for police traffic supervision + 

Thus the crime rate appears to be very dependent upon the degree of 

urbanization (contrast this result with that of Pressman and Carol [23] and 

Phillips and Votey [21] below), is not dependent on economic well-being, and 

is not dependent upon race, except for crimes against persons. The insigni-

ficance of economic well-being is a result inconsistent with ~ priori expec-

tat ions and the results of other studies described below. The result leads 

Orsagh to conclude that fighting crime by reducing poverty or unemployment 

may be bad public policy. It is interesting to note, however, that the 

probability of punishment, measured by the probability of being sentenced 
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for a term of at least six months, is also insignificant in the supply of 

offenses equation. This, too, is inconsistent with expectations and the 

3 
results of some other studies reported here. This suggests that not only are 

efforts to reduce poverty and unemployment bad policy for fighting crime, but 

also that law enforcement approaches are ineffective. The policy implications 

of Orsagh's results are somewhat discouraging. However, keep in mind that 

severity of punishment was not included in his analysis. 

Police productivity, as measured by the probability of being sentenced, 

was found to be positively related to race and poverty, an interesting result 

which suggests that lower,income individuals and blacks do not have equal 

access to justice within the criminal justice system. The insignificance of 

the crime rate variable is surprising. 

Finally, the results of estimating the police demand equation pretty 

much confirm expectations. 

2. Critique. The Orsagh model represents the first comprehensive model 

of crime and law enforcement with an empirical focus. While the results of 

empirical estimation of the model are disappointing, perhaps because of im-

properly measured or specified variables, the attempt to quantify the syste-

matic interactions between crime and law enforcement activity, while recog-

nizing the simUltaneous nature of that interaction, is a contribution. 

In addition, the Orsagh model incorporates the concept of a production 

function for police, and recognizes the constraint of community fiscal 

capacity on its ability to pr.ovide police inputs, and therefore output of 

30ne possible consideration is the importance of the ratio of criminal of
fenses to nunmer of offenders. Other things being equal, an increase in the 
probability of punishment (however measured) may have a more measurable im
pact on the number of offenses if the offenses/offenders ratio is high. :his 
comment holds for other models reviewed below and, perhaps, for other polJ.cy 
variables. 
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law enforcement. By doing this, Orsagh makes his model more policy relevant 

than, e.g., that of Becker. Nevertheless, the orsagh results are discouraging 

and the model requires refinement. While Orsagh's model appears similar to 

that of Ehrlich, described below, it does not share its sophistication in both 

theoretical content and empirical methodology. 

E. Single Equation Empirical Models 

Shortly af~er the appearance of thse very different models of the inter

action between crime and law enforcement and the criminal justice system, 

there appeared a few single equation models which are very empirically oriented. 

These models contain little or no theoretical development of the interaction 

between crime and law enforcement; however, such a model is implied in the 

equation which is empirically estimated. For this reason, a few of the single 

equation empirical models are reviewed here. 

1. Pressman and Carol. The Pressman and Carol paper addresses the 

question of whether urban crime is a manifestation of an external dis economy 

of urban scale [23]. Urbanization takes place in order to take advantage of 

1 However, at some point, economies of external economies of urban sca e. 

1 rated Their hypothesis scale are exhausted and diseconomies of sca e are gene • 

" crl."me rates J.'n urban areas is one reflection of external is that increasl.ng 

diseconomies. The ?urpose of their paper is to test this hypothesis. 

The test consists of a cross-sectional partial correlation analysis of 

the relationship between crime rates in 95 SMSA's in 1965, and "scale" of 

the SMSA's, as well as other characteristics of the SMSA's which are likely 

They therefore imply a single equation model which to affect crime rates. 

we can summarize as: 
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o = O(S, u) (14) 

where 0 = crime rate in the SMSA 

S = scale of the SMSA 

u = all other influences on the amount of crime in 

the SMSA 

Their model therefore includes, although not explicitly, simply a crime 

generation, or supply of offenses function. Scale is measured in two 

ways -- population density and net in-migration rates. Other influences 

(variables) included in the equation are: income levels and distribution, 

educational level, racial mix, percentage population residing in poverty 

areas, climate, and number of full-time police relative to population. 

[Similar to Orsagh's equation (11). Note, too, Orsagh's inclusion of a 

scale-type variable.] 

Results of the partial correlation analysis suggest that population den-

sity does not have a significant impact on crime rates, but that in-migration 

does, particularly on rates of property crime. Thus their hypothesis is in 

part confirmed. They suggest that problems in accurately measuring density 

may explain insignificance of that variable in the equation. 

While there is some attempt to define the policy relevance of the model 

and results, the model is quite limited. Most obviously, the model does not 

account for the simultaneous relationship between crime rates and number of 

police. Just as the number of police affect the amount of crime, the re-

verse is also likely to be true. In addition, the model fails to consider 

the public sector which provides police services. Where do public revenues 

corne from to finance police services, and how are these affected by crime? 

Inadequate description of the public sector is a criticism common to most of 
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the models reviewed here. Finally, since the model analyzes crime rates in 

SMSA's, rather than central cities, the focus is not on a single decision-

making unit. The policy relevance of the model and results are therefore 

limited. 

2. Allison. The Allison model appeared about one year after publication 

of the Pressman and Carol paper [1]. The purpose of the paper is simple --

to test the usefulness of those social and economic factors listed by the FBI 

in the introduction to Uniform Crime Reports in predicting crime rates. 

The factors listed are supported by findings of the Commission on the 

Causes and Prevention of Violence: density and size of the community's 

population and the metropolitan area of which it is a part; composition of 

the population with respect to age, sex, and race; economic status and mores 

of the population; relative stability of the population including commuters, 

seasonal, and other transient types; climate; educational, recreational, and 

religious characteristics; effective strength of the police force; policies 

of the prosecuting officials and the courts; attitude of the public toward 

law enforcement problems; and administrative and investigative efficiency 

of the local law enforcement agency. 

There is no theoretical construct presented to justify selection of the 

factors, n<.': hypotheses concerning magnitudes or directions of causal 

effects. The factors are tested using multiple regression analysis of the 

relationship between the crime rate in a community and a list of fourteen 

measurable counterparts to the factors. Data are for 1960 for Chicago and 

communities within the immediate Chicago area with population in excess of 

25,000. Results of estimating the crime generation, or supply of offenses 

function show that the six most important variables are: 
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o = O(Un, M, A, Sc, Pk, Di) (15) 

where 0 crime rate in the community 

Un unemployment rate (+ ) 

M = proportion of males (+) 

A = proportion of young people (+) 

Sc = mean nUmber of years of schooling (+) 

Pk = expenditures for parks and recreation (-) 

Di distance from the city (- ) 

The sign of the estimated impact of each variable on the crime rate is 

indicated in parentheses. 

One notable result is the lack of significance of either of two measures 

of police protection (per capita expenditures and per capita employees) . 

One reason for this result may be the failure once again to account for 

the simultaneity of the relationship between crime rates and police employ-

ment or expenditure. The Allison model shares this, and other criticisms 

made of the Pressman and Carol model. It is simply not a very sophisticated 

investigation of the complex nature of the relationships among crime and 

community characteristics, including the public sector of that community. 

3. Sjoquist. The Sjoquist model [24], the last of the single equation 

models which we review here, is the most sophisticated. The research 

for the paper was supported by the National Institute of Law Enforcement 

and Criminal Justice. Sjoquist begins by presenting a theoretical model of 

criminal behavior (focusing on crimes against property) following along the 

lines of Becker. The rational criminal considers both psychic and financial 

gains and costs of criminal and non-criminal activities, i.e., crimes against 

property and work in the legal sector. Thus, unlike Pressman and Carol or 
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Allison, Sjoquist'~ empirical work rests on a ~heoretical model of criminal 

choice. 

The theoretical model -- a crime generation equation -- is tested usinsr 

property crime rates in 1968 for 53 municipalities. Results are therefore 

relevant for policy making at the municipal level (although not all 

variables included in the model are measured for the municipality alone, as 

noted below). The supply of offenses equation can be recast using our 

symbols: 

o = O(p, f, WI' Wc ' NW, Sc, D, P)' 

where 0 = property crime rate 

p = probability of punishment 

f = punishment per offense (average sentence 

served, state-wide) 

WI = legal gains (wage) per time period 

(measured by annual income, county-wide) 

Wc = illegal gains (wage) per time period (proxied 

by average retail sales per establishment) 

NW = ~ercent nonwhite 

Sc = mean number of years of schooling 

D = population density (scale) 

P = population 

(16) 

The last six variables of equation (16). would be captured by Becker's u term 

fequa1lion (2).J. Also notice some similarities with the Orsagh, Pressman and 

Carol, and Allison models in terms of variables included for empirical 

testing. SjoqUist, however, is more comprehensive and more sophisticated than 

the other single equation models. 
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The probability of punishment is measured in three separate ways: the 

probability of arrest (ratio of arrests to number of crimes), the probability 

of conviction (ratio of convictions to number of crimes), and the probability 

of conviction, given tl~t an arrest is ~ade (ratio of convictions to arrests). 

In addition, the legal gain variable is supplemented by two additional 

measures of opportunity cast to the criminal -- the unemployment rate and 

the percentage of families below the poverty line. This is' because the 

community income variable does not distinguish between incomes of pot en-

tial criminals and incomes of potential victims .. It is therefore not clear 

whether it measures gains or costs of engaging in criminal activity. 

Multiple regression analysis estimates of the relationship between 

crime and each of the crime generation variables indicates that the following 

variables are significantly associated with municipal cri~e rates (the 

sign of the relationship is indicated to the right): 

variable 

p, the probability of punishment (measured 

in any of the three ways) 

f, average punishment 

m~, percent nonwhite 

Sc, average schooling 

p, population 

Un, unemployment rate 

Relationship 
with Crime Rate 

+ 

+ 

+ 

+ 

Some of these results are consistent with other studies. Of the signi-

ficant variables, only the schooling variable appee..rs to have the wrong 

sign. This may be because it is not clear 'what th:i.s variable really 
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measures. The insignificance of both the legal and illegal gain variables 

may be due to measurement problemS. 

The Sjoquist model, while the best of the single equation models 

reviewed, still suffers from the single equation approach -- it does not 

capture the blo-way causality between crime and law enforcement variablesJ 

even when measured in terms of law enforcement outputs rather than inputs, 

i. e., probabili ty of punishment rather than number of police. The budgetary 

and production processes underlying the provision of law enforcement is 

masked in this kind of model. Public sector decisions and policy options 

~re therefore hidden. 

F. The Phillips and Votey Model 

The Phillips and votey model £20], which was actually published a few 

months prior to the Sjoquist paper, represents a return to a simultaneous 

system approach. Like Sjoquist's work, the research for the model was sup-

ported by the National Institute of Law Enforcement and Criminal Justice. 

1. The Model. The model as it is presented is primarily a verbal model, 

supported by schematics, and supplemented by graphical descriptions of 

functions within the simUltaneous system. The purpose of the study is to 

clnalyze 1) the processes which generate cri~e; 2) the productivity of law 

enforcement agencies; and 3) the links between the two processes. Thus the 

model recognizes the interaction between crime generation and law enforcement, 

a commonly omitted feature of the single equation approaches. In this sense 

it is similar to the Orsagh model. The Phillips and Votey contribution is 

to show not only that law enforcement responds to crime, but also that crime 
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responds to law enforcement via a deterrent effect. To illustrate this 

interaction ~.s. their primary purpose. 

A schematic summary of their model is contained in Figure 1-3. It 

shows that the level and effectiveness of law enforcement activity is 

determined by technology, expenditures, and thet'1umber of criminal offenses. 

Law enforcement level and effectiveness (output) is described in terms of 

crimes cleared by arrest;. These, with the additional impact of the 

judicial and corrections system, affect the amount of crime generated via 

a deterrent effect. Other factors, such as attitudes and economic condi-

tions, also affect offense rates. 

The empirical work in the paper is restricted to separate analysis of 

the crime generation process and the law enforcement production process, and 

the results are then synthesized into an interacting system. The empirical 

work is supported by theoretical models. The model of crime generation is 

a Becker-type criminal choice model. The time series analysis of crimes 

against property analyzes subsets of the population classified by age, 

race, and sex. They find that lack of economic opportunities (jobs or 

school) is strongly associated with youth arrest rates. 

The model of the law enforcement production process is described in a 

schematic, reproduced in Figure 1-4. Output is defined in terms of clearance 

rates. Raw input to the production process is the offense rate. Given 

input prices, law enforcement expenditures determine the amount of laboT, 

capital and other inputs which can operate on the offep.se rate to produce 

crimes cleared by arrest. Based on some of their earlier work, they present 

estimates of the elasticity of crimes cleared by arrest with respect to 

police personnel, other law enforcement expenditure, and offen.ses. The 
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FIGURE 1-3. SCHEMATIC DIAGR1U1 OF THE CRIMINAL JUSTICE SYSTEM 
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FIGURE 1-4. SCHEMA-TIC DIAGRAM OF A LAW ENFORCEMENT PRODUCTION PROCESS 

Offenses Cleared 
by Arrest 

(per capita) 

-- _ .... __ ._--------------..... 

OUTPUT 

Average Salary 

Payroll (per capita) 

Law Enforcement 
Activity 

Employees 
(per capita) 

Offenses 
(per capita) 

RAW INPUT 

Other Expenditures 
(per capita) 

Law Enforcement 
Expenditure (per capita) 

PRU1ARY INPUTS 

35 



elasticities measure the percentage change in output, or crimes cleared by 

arrest, for a one percent change in one of the inputs. 

The crime generation process and the law enforcement production process 

are then combined to illustrate a simultaneous system in a series of 

graphical descriptions of various combinations of crime generation and law 

enforcement production fUnctions, plotted against the clearance ratio and 

the offense rate. 

The Phillips and Votey model can be expressed in mathematical terms as 

a two equation-simultaneous system. Each of the two processes, crime genera-

tion and law enforcement production, can be described in functional form. 

The model therefore contains a supply of offenses function and a law enforce-

ment production function which can be expressed as: 

a = O(CR, u) (17) 

CR = CR(C, E, T) (18) 

where a = offense rate 

CR = clearance rate (this can be thought of as analagous 

to Becker's probability of punishment, p) 

u = all other influences on thp amount. of crime, 

including economic conditions and attitudes 

E = law enforcement expenditures 

T = technology 

The empirical counterparts to the variables described in the system above 

are suggested by earlier work by Phillips and Votey, described in a footnote 

to th e paper: 
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a = a (CR, Un • L, t) (19) 

CR = CR (0, E, t) (20) 

where Un = unemployment rate 

L = labor force participation rate 

t = time 

In the supply of offenses function, Un • Land t are sUbstituted for u. Econo-

mic conditions are summarized by the product of the unemployment rate and the 

labor force participation rate. Changing social attitudes are proxied by a time 

variable. In the production fUnction, time is used to measure changes in tech-

nology. The supply of offenses equation can be compared with several others 

described above, while the production function can be compared with Orsagh's 

equation (12). 

In a later paper, which contains a more well-developed theoretical model, 

Phillips and Votey expand on the model described above by focusing on the de-

mand for law enforcement manpower [21]. Rather than expressing the law enforce-

ment production function, equation (20), as a function of expenditures, they 

express it as a function of labor inputs. The demand for labor inputs, then, 

is explained in terms of a community's desire to minimize the sum of losses to 

crime and the costs of crime control. The cost of control depends, in part, on 

wages of law enforcement personnel. Phillips and Votey complete their model by 

considering the possibility th2t the supply of law enforcement labor is not 

perfectly elastic and that, therefore, law enforcement wages are not a constant 

( . oge ous to the model) Thl.·s possibility is accounted for by including 1.. e., ex n . 

a wage function. The expande.d model can be Expressed as: 

( 21) 

p = p (0, PL) ( 22) 

PL PL (W, 0, Y, CM) (23) 

W = W (PL, Y, DJ (24) 
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where p = probability of punishment Uneasured 

by the conviction rate) 

f l , f2 = severity of punishment, measured by 

the fraction of convictions resulting 

in severe committments (a measure of 

felony sentences) and the fraction of 

felony sentences which are probation 

with jail, respectively 

PL = law enforcement personnel, per capita 

W = law enforczment wages 

Y median income 

CM = crime mix (the ratio of nonviolent to 

violent crime) 

D = population density 

Equation (22) differs from (20) by the sUbstitution of labor inputs (PL) 

for expenditures (E). The time variable is also dropped because the data 

base used to estimate the second model is cross-sectional. 

The demand for law enforcement labor inputs, equation (23), is hypothe-

sized to be a function of the wage paid for labor inputs (W, a measure of the 

costs of crime control) and of the benefits derived from law enforcement. 

'I'he latter depends on the crime rate (a) and on the average loss involved in 

a felony crime. Average loss is proxied by two measures: Y, median income 

in the community, and CM, the crime mix. 

In the law enforcement wage equation, (24), wages are a function of 

labor input (PL) , median income (Y) and population density (D). The lat-

ter two variables are included as proxies for wages in other occupations --

Y as a measure of the cost of living, and D as a measure of the urban/rural 
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nature of the community. Finally, if the supply of labor is less than per-

fectly ela~tic, wages will increase as more labor is employed, i.e., the 

coefficient of PL will be positive and significant. 

The model is estimated using both ordinary least squares and two stage 

least squares techniques, with roughly similar results, at least with respect 

to coefficient signs and significance. The data base consists of fifty obser-

vations on California counties in 1966. Before estirnation, the u term in 

equation (2l) was replaced by five uncorrelated indices defined through 

principal components analysis. (For principal components analysis, see the 

discussion of the McPheters and stronge model below. They used the technique 

prior to Phillips and Votey.) The five indices tried in equation (21) are 

combinations of 12 socio-economic variables: u
l

' a measure of how urban a 

county is; 11 2 , an index of poverty; u3 ' a measure of the presence of disad

vantaged youth; u4 ' an index of frustrated economic ambition; and, uS' a 

measure of change or instability. 

Results of the estimation process indicate that the following variables 

are statistically significant: 

Variable 
Sign of Estimated 

Relationship 

SUpply of Offenses Equation [equation (21)]: 

p, probability of punishment (conviction rate) 

f
1

, severity of punishment (fraction of convictions 

resulting in severe committments) 

u4 ' index of frustrated economic ambition 

Production Function [equation (22)]: 

0, crime rate (seven index crimes) 

PL, law enforcement personnel, per capita 
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Input Equation [equation (23)]: 

0, crime rate + 

W, law enforcement wage 

Wage Equation [equation (24)]: 

Y, median income + 

and less significant: 

D, population density + 

" results of the estimation. One is the There are two somewhat surprl.sl.ng 

of PL l.'n the wage fUnction, suggesting that law enforcement insignificance 

of law enforcement personnel, wages are independent of the level of employment 

i, e. , indicating an infinitely elastic supply of labor. The other is the 

insignificance of all but the in ex 0 d f frustrated economic ambition, u
4

, in 

the supply of offenses function. This is in contrast with the results of 

some other studies. 

2. Critique. The value of the Phillips and Votey model(s) is its 

crime and law enforcement, and on its focus on the interaction between 

emphasis on alternative and complementary public policies for controlling 

and enhanced economic opportunities (.compare crime, i.e., law enforcement 

with Orsagh's conclusions). The empirical work included in the first model 

d I' issues are nationwide, The is national in focus; thus the model an po H:y 

, for the empirical work, somewhat resecond model uses California cuuntl.es 

stricting the urban applicability. 

decl.'sions at the local level, the model To be of relevance for policy 

dl.'mensl.'ons, in particular, consideration of the local must include additional 

sl.'multaneous interaction between crime and the local public budget and the 

public budget. This is suggested by Phillips and votey in their second model 

the demand for public law enforcement services and the imporby focusing on 
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tance of wages in that decision. However, the actual budget constraint and 

the impact of crime on fiscal capacity is not included. In addition, while 

Phillips and Votey suggest the impact of courts and corrections on the deter-

rence of crime, they do not incorporate this in their analysis. While police 

activity is primarily a local government responsibility, court and correc-

tions activities and decisions can be state and federal. Yet these activi-

ties by other levels of government affect the ability of local police to 

control crime. This kind of interaction, while suggested by Phillips and 

Votey, is not developed. In a model with a local government emphasis, the 

interaction would be a necessary component. 

G. The Ehrlich Model 

Ehrlich's first major paper on the economics of crime, which established 

the foundation for his later work focusing on capital punishment, appeared in 

the Journal of Political Economy in 1973 [6]. This paper builds on earlier 

work completed for his dissertation. The paper includes development of a 

theoretical model and empirical estimation of the relationships derived. 

1. The Model. Ehrlich was Becker's student; therefore, Ehrlich's work 

is an extension of the Becker model described first in this review. 4 Here we 

4Block and Heineke argue that both Becker and Ehrlich's theoretical formula
tion, as well as that of Sjoquist, is inadequate since the criminal choice 
problem is couched in terms of preferences for wealth only, rather th~n in 
terms of a multi-attributed structure of preferences. Thus, they argue, the 
conclusions of Becker, et al., derived from the theoretical construct, are 
valid only under specia~conditions. More generally, results of policy para
meter shifts are not unambiguous. Prediction of results requires empirical 
determination of relative magnitudes. See M.K. Block and J.M. Heineke, "A 
Labor Theoretical Analysis of the Criminal Choice," The American Economic 
Review, Vol. 65, No.3, June 1975, pp. 314-325. Their model, while a theo
retical contribution, is not reviewed here because it does not include 
empirical estimates, 
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repeat some o~ the comments we made there. Ehrlich builds on the Becker 

model by developing a theoretical construct which responds to some of the 

limitations Ehrlich identifies in the Becker framework. Specifically, 

theoretical limitations addressed by Ehrlich are: 1) the inclusion of only 

punishment costs in the supply of offenses behavioral relation (except in a 

1 ay ' the sununary term) Ehrlich explicitly considers both very casua w ,1. • e. , • 

costs and gains from legal and illegal activities; 2) the treatment of legal 

and ill~gal activities as mutually exclusive choices. Ehrlich argues that 

the choice to commit criminal acts does not imply that lega~ sector employ-

ment is not also possible. The rational individual will allocate time among 

legal market activity, illegal market activity, and consumption (which in-

cludes leisure); 3) the need to distinguish between the deterrent and preven-

tive (incapacitation) effects of punishment by imprisonment. The distinction 

is important from a policy perspective since the costs of the latter far 

exceed those of the former; and, finally 4) the need to analyze the inter-

action between "offense and defense", i.e., between crime and law enforcement 

activity. In addition, of course, Ehrlich's paper includes rather extensive 

empirical work, based on state data for 1940, 1950 and 1960. 

Ehrlich's model, based on his theoretical work, is a three equation 

simultaneous system. In structure, it is similar to the Orsagh model, con-

sisting of a supply of offenses equation, a law enforcement production func-

tion, and a public demand for law enforcement function. For purposes of 

exposition, we recast Ehrlich's equations in symbols common to the other 

models. Strictly speaking, this glosses over differences between theoretical 

constructs and between theoretical constructs and their empirical counter-

parts. However, for our purposes, this is not a serious deficiency and 

facilitates comparison. 

42 

The first equation is a supply of offenses equation: 

0=0 (.p, f, WI' W
c

' Un, u) 

where 0 offense rate 

p = probabi li ty of punishment 

f = punishment per offense 

WI = legal gains per time period (measured 

by % families below one-half the median 

income -- income inequality) 

W 
c illegal gains per time period (measured 

by median family income) 

Un = unemployment rate (probability of 

unemployment) 

u = other factors (environmental) which affect 

the crime rate 

( 25) 

It should be noted that Ehrlich postulates that crime, other things equal, is 

a positive function of the difference between Wc and WI' criminal and legal 

returns per time period. However, he introduces the variables separately in 

the equation, rather than their difference, to permit the possibility of dif-

fering impacts of each on the crime rate (measured in percentage terms). His 

paper includes a rather lengthy justification of the measures he chooses. 

For purposes of estimation, u must be given some measurable identity. 

Therefore Ehrlich sUbstitutes "environmental" variables for u. In its most 

expanded form, equation (25) becomes: 

(26) 

where NW, L and A are sUbstituted for u. 

These are defined as: 

NW = percent nonwhite 
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L = labor force participation rate 

A = proportion of young people Unales) 

The Ehrlich supply of offenses equation: therefore, is similar to that of 

Sjoquist and shares eo~non variables with some of the other models we have 

reviewed. However, unlike the single equation models, Ehrlich recognizes the 

interaction between 0, the crime rate, and p, the probability of punishment 

(and also admits some other possible interactions but does not incorporate 

them within this model). He therefore includes a law enforcement production 

function and a public demand for law enforcement function. 

The second equation is a law enforcement production function which is 

included to translate law enforcement expenditures on police and courts into 

output, measured by the probability of punishment: 

p = P (E, 0, z) (27) 

where p probabiJity of punishment 

E = law enforcement expenditures 

o crime rate 

z = other factors (environmental) 

which affect productivity 

Law enforcement productivity depends on expenditures on police and courts, 

the crime rate, and environmental impacts on productivity, such as population 

size and density. The crime rate is included since, for any given expendi-

ture level, productivity, measured by probability of punishment, is likely to 

be reduced as the crime rate increases. To achieve the same rate of punish-

ment would require larger numbers of arrests and convictions. This function 

is similar to Orsagh's equation (9). However, Ehrlich uses expenditures in 

the function, while Orsagh uses quantity of inputs. It can also be compared 

with Phillips and votey's equ~tions (20) and (22). 
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In the empirical work, z is replaced by a set of environmental vari-

ables that are hypothesized to affect law enforcement productivity: 

p = P CE, 0, P, D, Pov, NW, Sc, A, G) (28) 

where P = popUlation 

D = popUlation density (scale), measured 

by percentage of popUlation in 

Standard Metropolitan Statistical 

Areas 

Pov = percent poverty 

NW = percent nonwhite 

Sc = average schooling 

A = proportion of young people (males) 

G = a variable included to measure 

geographical differences between 

Northern and Southern states. 

(The dummy variable technique was 

used to incorporate this impact) 

Finally, Ehrlich includes a function to describe public demand for law 

enforcement activity: 

(29) 

where Et = law enforcement expenditures in time t 

Lo = potential (average) losses from crime 

o = crime rate 

Et _ l = law enforcement expenditures in the 

previous period 

The demand for law enforcement, measured by law enforcement expenditures, 

depends on the potential losses from crime, the crime rate, and law enforce-
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ment expenditures in the previous period. [Compare with Orsagh's equation 

(13)]. The latter term is included to account for costs in adjusting actual 

expenditures to desired levels. Public expenditures on law enforcement are 

only partially adjusted toward the desired level in any period. Current 

actual expenditures the"':'efore, in part, depend on past period, or lagged, 

expenditures. The "losses" variable is similar in concept to that included 

in Phillips and votey's law enforcement input equation (23). 

The empirical work focuses on estimation of the relationship between the 

crime rate and the variables described in equations (25) and (26). This is 

done for each of the seven Index Crimes, and aggregates of these, using mul

tiple regression analysis of variations in crime rates across u.s. states in 

1940, 1950 and 1960. Ehrlich uses various estimation techniques, including 

single equation and simultaneous system techniques, (the latter using 1960 

data only). The results tend to be consistent. Specifically, the following 

variables were generally found to have a significant impact on the crime rate 

(the sign of the relationship is indicated to the right) : 

Variable 

p 

f 

NW 

w c 

L 

All Crimes: 

the probability of punishment 

average ptmishment 

percent nonwhite 

Crimes Against Property Only: 

legal gains per time period, (measu.red 

by extent of income inequality) 

Relationship 
with Crime Rate 

+ 

+ 

illegal g.ains per time period (measured 

by average income) + 

Crimes Against Persons Only: 

labor force participation rate (ages 14-24) 
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Again, results are consistent with earlier studies. The unexpected sign 

of the relationship between property crime and legal gains is explained by 

Ehrlich as perhaps due to its association with urbanization, since the extent 

of income inequality and the extent of urbanization are highly correlated. 

What he is measuring, then, is not legal gains, but Pressmun and Carol's 

"scalli!", which they hypothesize causes crime rates to increase. 

The unimportance of the legal and illegal gain variables in the crimes 

against persons equations is expected, since these variables would not ac-

curately measure gains from this type of crime. The importance, however of 

the labor force participation rate for crimes against persons, but not crimes 

against property, is more difficul·t to comprehend. 

Erhlich also estimates the law enforc~ent production function, equation 

(28), using a simultaneous system technique. The following variables were 

found to have a significant impact on law enforcement productivity. measured 

by the probability of punishment (apprehension and conviction)~ 

Variable 
Relationship 

~ith Productivity 

0, crime rate 

P, population 

~ov, percent poverty + 

NW, percent nonwhite + 

Sc, average schooling + 

and less significant: 

A, proportion of young people 

D, population density 

G, geographic differences between North + 

and South. The positive sign indicates 

that, other things equal, productivity 

is higher in Southern states. 
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The most surprising result is the lack of demonstrated significance of the production function to link law enforcement expenditures to reductions in 

law enforcement expenditures on law enforcement productivity. This may be crime. His estimates indicate that a one percent increase in direct law 

explained by measurem~nt problems, as well as problems involved in using a enforcement expenditure would result in about a three percent decrease in 

production function for all index crimes combined. Expenditures were offenses. This information can then be combined with expenditure data and 

measured by all expenditures on police activity. This includes non-criminal estimates of social losses from crime to determine whether increased expendi-

directed activities, such as traffic control, and excludes expenditures on tures on crime control are worth it. 

courts. In addition, if there are differences across states in input prices, The Ehrlich model was estimated using states as the units of observa-

the same state expenditures will buy different amounts of inputs and there- tion. There is nothing wrong with this, of course, except that police act,i-

fore produce different amounts of law enforcement activity. Finally, if vity is primarily a local public sector activity. To be policy relevant, 

there are different production functions for different categories of crime, then, it would seem to be more useful to use local political jurisdictions as 

particularly crimes against persons and crimes against property, and if the the units of observation and, therefore, to design a model which incorporates 

"mix" of index crimes between those against persons and those against property the important interactions at the local level. While Ehrlich does include 

varies across states, then estimating a combined, or aggregate production law enforcement expenditures in his model, via a demand function, he does not 

function, will lead to incorrect estimates due to "aggregation bias". This explicitly include the public sector which finances and makes these expendi-

last argument applies to all of the estimated results for the production func- ture decisions. The impact of crime on the ability of the local public 

tion, not just the expenditures variable. sector to finance crime control would be an important consideration. 

The positive relationship between law enforcement productivity and both 
H. The Greenwood and Wadycki Model 

the extent of poverty and the percent of the population which is nonwhite is 

a result consistent with tha't of Orsagh and suggests that individuals with The Greenwood and Wadycki model is an empirically oriented model [8]. 

lower incomes spend less on legal counsel and defense, resulting in higher Their major purpose is to develop a simultaneous equations system to des-

probabilities of punishment. cribe the interaction between crime rates and public expenditures for police 

2. Critique. It is hard to do justice to the Ehrlich model in this protection. In addition, they address the difficult problem of interpreting 

summary review since the theoretical accomplishments are not fully credited. reported crime rates as measures of police productivity. 

However, our purpose is to examine each model for policy relevance, and so we 1. The Model. Greenwood and Wadycki begin with s~ecification ~f an 

must focus on that aspect. Ehrlich does demonstrate the policy implications empirical model which they estimate for approximately 200 SMSA's in 1960. 

of his results by examining the "effectiveness of law enforcement." He does There is no theoretical model developed first. The simultaneous system con-

this by combining his results for the supply of offenses equation and the sists of three basic equations: an output equation, which describes output 
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of the law enforcement sector as a function of inputs; an input equation, 

which describes quantity of police inputs as a function of police expendi-

tures; and an expenditures equation, which describes police expenditures as 

a function of crime rates, as well as other factors. 

The output equat,l.on is really a combination of a production function and 

a supply of offenses equation. It describes output, measured by the crime 

rate, as a function of police inputs, and as a function of SMSA characteris-

tics which affect the level of crime, such as leyal income opportunities for 

potential criminals. Greenwood and Wadycki specify two different output 

functions, one for crimes against property, and one for crimes against persons: 

°1 01 (PL, Pov, D, NW, Val, G) (30) 

°2 = 02 (PL, Pov, D, NW, G) (31) 

where 
°1 SMSA property crime rate 

°2 SMSA rate of crimes against persons 

PL = police labor inputs (per capita full-

time equivalents) 

Pov = percent poverty 

D = population density 

NW percent black 

Val = average value of a house (owner-occupied) 

G = a variable included to measure geographic 

differences in output between Northern and 

Southern SMSA's (dummy variable technique used) 

The emphasis in both equations (30) and (31) is on the relationship be-

tween police inputs and the crime rate. Greenwood and Wadycki correctly argue 

that the sign of that relationship as incorporated in their model cannot be 

determined a priori. They argue that this is because police both prevent and 
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detect crimes. other things equal, an increase in detection productivity 

will increase the reported crime rate (which is the data base used), while 

an increase in prevention should decrease it. The sign of the relationship 

between crime rates and police expenditures depends on thQ relative propor-

tion of crimes reported and unreported, and on the relative efficiency of 

additional police personnel in detecting vs. preventing crime. 

The additional variables in each equation are included as empirical 

counterparts to Becker's theoretically defined gains and costs of legal vs. 

illegal activities. ~ priori expectations of the relationship of each vari-

able to each crime rate are summarized below: 

Variable 

Pov, percent poverty 

D, population density (increased density 

reduces probability of punishment and 

increases number of crime targets, 

especially for crimes against persons) 

NW, actually measured as percent black, 

not nonwhite (measures reduced legal 

income opportunities and increased 

psychic gains from crime) 

Val, average value of a house (measure of 

average gain from property crime) 

G, geographic differences in crime rate 

Expected Relationship 
with Crime Rate 

+ 

+ 

+ 

+ 
(property crime 
equation only) 

+ 

due to climate, as well as other factors 

The input equation specifies the relationship between police expenditures 

and police labor inputs: 

PL = PL(E) (32) 
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where PL = police labor inputs 

E local government expenditures for 

police protection (per capita) 

It is expected that police inputs are at positive function of expenditures. 

The police expenditure equation, similar to Ehrlich's law enforcement 

demand function (29), and Orsagh's demand function (13), describes the rela-

tionship between police expenditures and the crime rate, as well as other 

factors: 

( 33) 

where E police expenditures 

0
1 

= crimes against property (rate) 

O
2 = crimes against persons (rate) 

Y = average income 

T}c per capita property taxes 

It is hypothes~zed that police expenditures will increase with increases 

in either of the crime rates, although the extent of the response may differ 

and therefore the two variables are included separately. In addition, police 

expenditures will increase with increases i.n average incomes of households 

since tastes for police protection may increase with income, and average los-

ses from crime tend to increase with income [compare with Ehrlich's equation 

(29) which includes average losses and Orsagh's equation (13) which uses Tx 

for this measure, but also includes Y, and with Phillips and Votey's law en-

forcement input equation (23) which includes Y as a measure of average 10ss1. 

Finally, a local tax base variable (per capita property tax) is included to 

measure the impact of fiscal capacity, or ability to spend on local public 

! 
I 
f 

services, on expenditures for police protection. It should be noted, of 

course, that the property tax is the primary source of revenue to local I 
~ 

governments. 
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The results of three stage least squares estimation of the simultaneous 

of the relationships which are fairly system of equations provide estimates 

consistent with expectations. Below we s~~arize the results by indicating 

those variables which were found to have a significant impact. 

Variable 
Sign of Estimated 

Relationship 

Output Equa l.on t " -- Property Crime [equation (30)]: 

PL, police labor inputs 

Pov, percent poverty 

Val, average value of a house 

G, geographic differences e w b teen North and South. 

The positive sign indicates higher crime rates, 

other things equal, in Southern SMSA's. 

and less significant: 

D, population density 

+ 

+ 

+ 

+ 

Crl."mes Against Persons [equation (31)]: Output Equation -- _ 

PL, police labor inputs 

Pov, percent poverty 

NW, percent black 

and less signific~t: 

G, geographic differences between North and South 

Input Equation [equation (32)]: 

E, police expenditures 

Expenditures Equation [equation (33)]: 

0
1

, crimes against property 

O
2

, crimes against persons 

Y, average income 

Tx, per capita property taxes 
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Only two results require comment. First, the positive and highly sig-

nificant measured .relationship between police inputs and both crime rates different revenues when combined with different tax efforts, or rates) and, 

is interpreted to mean that additional police are more efficient in the impact of crime on the local tax base via its impact on property value. 

detecting than preventing crime, and/or that a relatively small percentage While Greenwood and Wadycki include property value as one determinant of 

of crimes are reported. Thus an increase in number of police results in criminal activity, they do not consider the possibility of a reverse impact 

an increase in measured (reported) crime rates. a reduced property value due to increases in criminal activity. 

The estimated negative relationship between crimes against property and In addition, McPheters and Stronge [14] (discussed below) criticize 

density, although not highly significant, is also explained in terms of Greenwood and Wadycki's interpretation of their estimated positive relation-

the distinction between deterring crimes and detecting them. While an ship between police inputs and reported crime rates. Too much is made of 

increase in density may reduce the probabili·ty of punishment and therefore the distinction between detection and prevention and the police role in 

tend to increase criminal offenses, the increase in offenses may not be dptection. And, as Greenwood and Wadycki admit, detection and prevention 

reflected in detected or reported crime rates, simply because of the in- are not indp.pendent activities, since increased detection presumably leads 

creased anonymity associated with density. to increased punishments for crime, which should in turn lead to increased 

2. Critique. Recognition of the interdependence between crime rates deterrence. Finally, as McPheters and Strange argue, the Greenwood and 

and police expenditures is one accomplishment of the Greenwood and Wadycki Wadycki model does not rest on a theoretical foundation. For this reason 

model, although by the time their paper was published, other authors, e.g., their model may not be accurately specified, particularly the output equation 

Phillips and Votey and Ehrlich, had done the same. perhaps more impor- which yields the suspicious results. As we pointed out, that equation is a 

tant is their explicit consideration of the local public sector by including hybrid combination of a supply of offenses equation and a police production 

not only police expenditures, as others have done, but also linking those function. McPheters and Stronge address this problem in their paper. 

expenditures to the local public sector budget, or local fiscal capacity, as 
I. 'l'he McPheters and Stronge Model 

Orsagh did. Their description of the local public sector is i~~omplete, and 

their focus on SMSA's rather than political jurisdictions, such as cities, The McPheters and Stronge model, published one year after Greenwood 

limits the applicability of the model, but nevertheless the public sector and Wadycki, addresses the same basic problem of adequate description of the 

is included. simultaneous nature of the interaction between crime rates and public 

To be adequate, the public sector model should consider intergovernmental expenditures for police protection [14]. However, McPheters and Stronge 

transfers and constraints, local tax effort (since equal tax bases yield precede their empirical ana.lysis with a theoretical foundation. They also 

54 include in their paper a brief review of the relevant literature. 
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1. The Model. McPheters and Stronge take issue with the Greenwood 

and Wadycki model, in particular their specification of the crime function, 

or output function. Because of this, these researchers disagree with Green-

woed and Wadycki's interpretation of their estimated positive relationship 

between police inputs and reported crL~e rates. They feel the result is not 

so much evidence of the importance of the police in detecting crime, but 

rather the result of a misspecified equation. As we noted above, Greenwood 

and Wadycki's output function is really a combination of a supply of offenses 

equation and a police production function. Because of this mixing of 

behavioral relations within one equation, the results are difficult to 

interpret. The supply of offenses equation cannot be disentangled from 

the production function. 

McPheters and Stronge specify a two equation model. They begin with 

a police expenditure 8quation: 

E = E (a, B, xl (34) 

where E local government expenditures on police 

protection, per capita 

o the crime rate 

B the municipal budget constraint 

x = a portmanteau variable which reflects the 

community's taste for police protection 

[This variable is in part proxied by Green-

wood and Wadycki by including average 

income. See equation (33)]. 

Given the community budget constraint and tastes for protection, the 

relationship between offenses and expenditures for police is expected to be 

positive. 
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The supply of offenses equation, which they call a crime reaction func-

tion, is represented by: 

o = 0 (E, u) (35) 

where a the crime rate 

E police expenditures 

u a set of eWlironmental and taste variables 

which affect the amount of crime 

Given u, the relationship between police expenditures and the crime rate 

is expected to be negative. 

Thus the expected relationship between crime and police expenditures 

is positive in equation (34), and negative in equation (35). In empirical 

work, when one collects data on crime rates and associated police expendi-

tures for different years, or for different cities, it is impossible to 

distinguish between a measurement of the relationship in (34), from that 

in (35), unlpss other factors in each equation are properly accounted 

for, and unless at least: some of those other factors are different between 

the two equations. This typical econometric problem is referred to as the 

"identificat ion problem". (This problem is discussed in more detail in Appendix A) . 

McPhetp.rs and Strange estimate t.heir model using 1970 data for the 43 

largest central cities in the U.S. Their data base is therefore consistent 

with a focus on policy since the units of observation are political entities 

with primary responsibility for provision of police protection. 

In order to estimate the model, the catch-all variables need to be 

'f' d H,....·r~_' McPheters and Stronge make an additional contribution to spec1. 1.e. ,,<= 

research in this area. Rather than including a small number of selected 

environmental variables to replace u in equation (3S), as other authors 
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have done (with the exception of Phillips and Votey [21), they argue that a 

large number of economic and demographic characteristics of central cities are 

likely to have an important influence on crime rates. Therefore, all should 

be included. However, since many of these characteristics are highly correla-

ted, to use all of them in equation (35) would cause another econometric prob-

lem - "multicollinearity". When this happens, the influence of one variable, 

or characteristic, cannot be adequately separated from the influence of others 

with which it is correlated, so that empirical results are misleading and dif-

ficult to interpret. To avoid this, the authors use a techniqu~ called princi-

pal components analysis, whereby they are able to reduce the information con-

tained in the larger data set to a smaller number of uncorrelated "index" 

variables which describe the basic characteristics of the central cities 

observed. In a sense, they improve-upon Orsagh's efforts to combine variables 

or information into single indices. Principal components analysis is also 

used by Phillips and Votey in a model which is described earlier in the text, 

but which appeared later in the literature [21]. 

The larger data set with which they begin contains many of the variables 

used by other researchers cited above, and elsewhere. The 21 variables include 

measures of income, poverty, unemployment, popUlation density and change, edu-

cation, age and racial mix, housing characteristics and public expenditures. 

These 21 variables were reduced to six indices which are interpreted as 

measures of: u6 ' central city decay; u7 ' central city affluence; uS' minority 

presence, u9 ' education; uIO ' housing quality; and u
ll

' youth presence. The 

components are t.hen substituted for u in equation (35) to obtain estimates of 

the crime reaction fUnction. 

Finally, McPheters and Stronge argue that the amount of crime in any 

period is a function, not of the current values of police expenditures and 
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crime "causes" (the indices), but of their lagged values, or values in previous 

periods. This is because the level of crime depends on perceived police ex-

pendi tures, which are a. function of previous actual levels. In addition, the 

level of crime gradually adjusts to its causes and therefore depends on past 

values of these "causes", or indices, not on current values. 

In order to incorporate the influence of past values, the authors argue 

that crime is a distributed lag function of police expenditures and the six 

indices. By applying what is called a "Koyck transformation" to their equation, 

the distributed lags are replaced by the lagged value of the dependent variable, 

the crime rate. Thus, with this adjustment, the empirical counterpart to 

equation (35) becomes: 

0t = O(E, u 6 ' u 7 ' uS' u 9 ' u lo , u ll ' 0t_l) 

where 0t = crime rate in the current period 

(36) 

E current level of police expenditures per capita 

current values for each of the six indices of 

central city characteristics 

o = crime rate in the previous period 
t-l 

Equation (36) was then estimated. The following variables were found to have 

a significant impact on the crime rate: 

Variable 

E, police expenditures 

u 6 ' central city decay 

u 7 ' central city affluence 

u 9 ' education 

ull ' youth presence 

°t_l' lagged crime rate 
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and less significant: 

Variable 

ulO ' housing quality 

Relationship 
with Crime Rate 

+ 
(larger values of the index 
mean lower housing quality) 

The significant negative impact of police expenditures on crime is, of 

course, what McPheters and Stronge had hoped to find. Their results are con-

sistent with their expectations that "when a sufficient number of basic causal 

variables appear in the crime function, the true deterrent influence of police 

expenditures on criminality become evident." 

The positive sign of the relationship between the crime rate and both urban 

decay and youth presence fits with expectations. The positive influence of 

affluence and education is explained by McPheters and Stronge as due to these 

components measuring potential gains to crime. The lagged crime rate has the 

expected impact on current crime rates -- a positive relationship. (The esti-

mated coefficient of the lagged crime rate variable is less than one, a condi-

tion necessary for the system to be stable, i.e., not lead to explosive in-

creases in the crime rate). 

While the housing quality index has a less significant measured impact on 

crime, the impact is as expected. Increases in the index, which measure de-

creases in housing quality, lead to increases in crime, other things being 

equal. Finally, the insignificance of the minority presence index is an 

interesting contrast to most other empirical studies which find a positive 

relationship between crime and minority percentages. This result suggests 

that when all other factors are accoun~ed for, there is no independent in-

fluence of minority presence on crime rates. 

The police expenditures equation, equation (34), was also estimated, 

without including a taste variable: 

E = E (O,B) (37) 
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where E = police expenditures, per capita 

o crime rate 

B municipal budget constraint, measured 

by municipal revenues per capita 

Both variables were hypothesized to have a positive impact on expenditures. 

The estimated results confirm these expectations. 

2. C~itique. The McPheters and Stronge research combines a theoretical 

foundation with rather sophisticated statistical analysis. Their paper also 

includes an interesting application of the results of their model estimation 

to urban policy questions. 

One potentially important result is their finding that the municipal bud-

get has a relatively weak impact on police expenditures and on crime rates, 

suggesting that: 1) the municipal budget is less of a constraint on police 

expenditures than on other types of spending, perhaps because of the importance 

of the amount of crime as a determinant of spending; and 2) the deterrent ef-

fect of law enforcement expenditures is rather small. 7hese two findings would 

appear to be inconsistent, or imply that municipal police budget allocation 

decisions are not necessarily optimal. What is needed, or course, to make this 

determination, are measures of the cost of police protection and the benefits 

derived fro~ that protection. For this to be accomplished, it is necessary for 

all interactions between crime and police expenditures to be incorporated 

within the model. In particular, the impact of crime on municipal property 

values, and thereby on municipal budget constraints, should be examined. In 

addition, to the extent that other levels of government do or should influence 

municipal budget decisions, intergovernmental links in the process should be 

recognized. 
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J. The Wilson and Boland Model 

The Wilson and Boland Model appeared in a special edition of Law and 

Society Review which \'las devoted to papers on criminal justice [26]. While 

Wilson and Boland focus on the crime of robbery, their model is of general 

interest, partly because they consider political variables which are largely 

ignored in the models reviewed here. Policy relevance is emphasized. The 

research was supported by a grant from the Law Enforcement Assistance Admini-

stration to the Urban Institute. 

1. The Nodel. Wilson and Boland are interested in modelling and esti-

mating the impact vf the police on crime, in particular, the impact of the 

risk of arrest on robbery rates. They argue that there are two problems which 

must be addressed in any examination of this type. First, is the simultaneous 

nature of the relationship bet;.reen crime and crime control (here measured by 

arrest ra.tes). Many of the other models revie\oJed here address the same problem. 

Secondly, police practices may have important impacts on crime rates, in-

dependent of the irnr ,; t: of th~ number of police, and independent of the impt:.ct 

of police on arrest rates. Police practices, or kinds of activity, may af~ect 

the crime rate, and affect it only indirectly, or not at all, by affecting the 

probability of arrest. In addition, these acti.vities of police may be more 

important than numbers of police. Finally, police practices or patrol strate-

gies may be affected by bureaucratic decisions as much as by police budgets. 

In order to incorporate this "police activity effect" in their model, 

Wilson and Boland require a measure of different types of strategies. They 

make a distinction between two extremes -.- an "aggressive" strategy, and a 

"passive" one. As a proxy measure for the existence of an aggressive strategy, 

they use the number of citations for moving traffic violations issued per sworn 

offic~r. Note that this variable could also measure public demand for non-
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h ' t ffic supervision varicriminal activities of police, similar to Orsag s ra 

able in equation (15). 

Their model is a four-equation s~mu aneous sys • . It tern The first equation 

is a supply of offenses, or crime rate equation: 

o = 0 (AR, A, NW, Un, D) 

where 0 = crime rate (robbery) 

AR = probability of arrest (similar to 

Becker's probability of punishment, 

A proportion of young people (males) 

NW = percent nonwhite 

Un unemployment rate 

D = population density 

This equation is s~m~ ar 0., "1 t~. any others we have reviewed. 

(38) 

p) 

The police output equat~on, . referred to as the arrest productivity equa-

tion, is represented by: 

AR = AR (AP, O/PU, NW) ( 39) 

where AR = probability of arrest 

AP aggressive patrol strategy 

O/PU = total index crimes per patrol unit 

NW = percent nonwhite 

d b the arrest probability, depends on the level of Output, as measure y 

to the crime problem (O/PU), an environmental variable police inputs relative 

that may affect police productiv~ty . (NW), and the type of patrol strategy (AP). 

It is inclusion of the patrol strategy variable which distinguishes this 

police output equation from others, e.g., Orsagh's equation (12), Phillips 

and Votey's equations (18) and (22), or Ehrlich's equation (28). 
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By including the patrol strategy variable in the model in this way, 

Wilson and Boland are forced to make two assumptions. First, and perhaps 

very plausibly, they assume that police strat·egy is not dependent on the 

crime rate and therefore there is no need for a function to explain police 

strategy as a function of crime. They argue that strategy selection depends 

on the political arrangements within which police decisions are made. 

Secondly, they must assume that police strategy affects crime only indirectly, 

through its impact on the probability of arrest. To permit a direct impact 

on crime requires that this variable also appear in the supply of offenses 

equation, causing an identification problem. The latter assumption, however, 

is inconsistent with their own description of the importance of police stra-

tegy in controlling crime. 

The third equation of the model is a police deployment equation which is 

included to explain the number of patrol units on the street: 

PU = PU (PL, TO, D, P) 
(40) 

where PU patrol units on the street, per capita 

PL police labor inputs (nunIL:?r of sworn 

officers per capita) 

TO = proportion of officers assigned to two-

officer rather than one-officer c~rs 

D = density, measured by housing density 

P = population 

Inclusion of a police deployment equation is unusual, based on the 

studies we have reviewed here. 

The final equation of the model is a police input equation: 

PL = PL (01' 02' Tx, W, G) (41) 

where PL = police labor inputs (number of 
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sworn officers per capita) 

°1 = property crime rate 

°2 = rate of crimes ag,:;linst persons 

Tx equalized property tax base, per capita 

W = cost of hiring additional manpower (measured 

by starting salary of sworn officers) 

G a variable included to measure geographic 

differences between the Northeast and 

other cities in expenditures on municipal 

servi~es (dummy variable technique used) 

This input equation can be compared with Orsagh's equation (13) and a combi-

nation of Greenwood and Wadycki's input equation (32) and expenditure equa-

tion (33). Like Phillips and Votey [0quation (23)], Wilson and Boland 

recognize the possible importance of input prices on the hiring decision, 

and unlike the others, permit geographic differences in expenditure and 

input patterns. Since this equation is a combination input-expenditure 

function, it should also be compared with Ehrlich's expenditure equation (29) 

and McPheters and Stronge's expenditure equation (37). 

The four equations are estimated usiny 1975 data from the 35 largest 

cities in the U.S. Thus, like McPheters and Stronge, the units of observa-

tion are political entities with primary responsibility for police protec-

tion. Therefore the results are policy relevant. 
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The statistical results of estimation of equations (38) - (41) are 

summarized below. Those variables found to have a statistically significant 

influence in each equation are: 

variable 
Sign of Estimated 

Relationship 

Supply of Offenses Equation (equation (38)]: 

AR, probability of arrest 

NW, percent nonwhite + 

D, population density + 

and less significant: 

A, proportion young people (males) 

Un, unemployment rate + 

Police Output Equation (equation (39)]: 

AP, aggressive patrol strategy + 

O/PU, total index crimes per patrol unit 

Police Deployment Equation (equation (40)]: 

PL, police labor inputs + 

TO, proportion of officers assigned to 

tWo-officer cars 

P, population 

Police Input Equation (equation (41)] : 

O
2

, crimes against persons + 

Tx, per capita tax base + 

For the most part the results are consistent with expectations. Con-

trolling for environmental factors, the crime rate is negatively related to 

the pro~ability of arrest. This, in turn, is a positive function of aggres-

sive patrol strategies, and a negative function of workload. The signifi-

cant negative estimated relationship between arrest probabilities and work-
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load (crimes per patrol unit) is in contrast to some other results, e.g., 

those of Greenwood and Wadycki, but consistent with Phillips and Votey's equa-

; 

tion (22). Wilson and Boland feel their result is due to better measur~~ent 

of police inputs, i.e., use of number of patrol units rather than total number 

of police. The number of patrol units on the street depends on the amount of 

labor, the decision to deploy two officer cars, and city population size. The 

number of police labor inputs depends on the rate of crimes against persons 

(but not against property) and the city tax base, or fiscal capacity. Unlike 

Phillips and Votey [equation (23)], Wilson and Boland find that the wage, or 

the cost of hiring additional police labor inputs, is insignificant. 
, 

\vilson and Boland go on to examine city characteristics that contribute 

to an aggressive police patrol strategy. They find that the political culture, 

measured by the presence of a professional city manager, encourages an aggres-

sive type strategy. 

2. Critique. The Wilson and Boland paper is interesting because it con

siders the political realities of law enforcement activity, a perspective 

missing from the economic models. By focusing on city decision making, and 

using an appropriate data base, Wilson and Boland provide an interesting con-

tribution for those interested in urban planning and urban policy with respect 

to crime control. 

From an economic perspective, however, the model lacks sufficient theo-

retical development. For the most part, justification of variables included, 

and ~ priori expectations of relationships between variables are not specified. 

In addition, the description of the urban public sector, and the interaction 

between that sector and crime is inadequate. The impact of crime on the fiscal 

capacity of the city via a reduction in property values, is a possibility which 

is overlooked. We turn now to a model which recognizes this potential compli-

cation. 
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K. The Hellman and Naroff Model 

The Hellman and Naroff model, the most recent of the efforts reviewed 

here, began as a single equation derived from traditional models of urban 

land use [10]. Thus the model comes from a different perspective than 

the others described, and has a different emphasis. It comes from the 

realm of urban economics, and appropriately focuses on urban issues and 

policy, including the interactions among crime, property values and land 

use patterns. 

1. The Mode!. The Hellman and Naroff model begins with a focus on 

urban property values and the impact that crime has on property values. 

They argue that this is an important i~sue since property values largely 

determine the tax base of cities, and therefore the revenues available for 

financing public services, including crime control. Thus, initially. 

the model consists of a sin~le equation a property value equation: 

Val = Val (0, Y, Di) ( 42) 

where Val average value of a house 

o crime rate 

Y average income 

Di distance from Central Business District (CBO) 

Average propp.rty value, Val, other things equal, is expected to decrease in 

areas where crime rates are relat~vely high. This is the relationship of 

central concp.rn in the Hellman and Naroff model. The other two variables 

included in equation (42) are standard components of a property value equa-

tion. Other things equal, income is expected to have a positive impact on 

property values, while distance from the CBO should lower vi.llu(~s to com-

pensate for increasod transportation costs. It is recognition of the impact 
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of crime on property values via incorporation of a property value equation, 

which is Hellman and Naroff's contribution. 

Equation (42) is estimated using 1970 data on housing values for census 

tracts in Boston, Massachusetts. The following variables are found to be 

significantly associated with property values (measured by median value of 

owner-occupied property): 

Variable 

0, crime rate 

Y, average income 

Oi, distance from CEO 

Sign of Estimated 
_ Relationship 

+ 

+ 

'rhe significant negative impact of crime on average property values 

within a census tract is, of course, the result that Hellman and Naroff 

were 100king for. The somewhat unexpected positive impact of distance on 

property values is explained by the authors as resulting from lack of control 

for characteristics such as plot size and age of the housing unit. If housing 

units located further from the CEO are newer and on larger lots, then housing 

value may increase with distance, in spite of the effect of transportation 

costs. 

Hellman and Naroff go on to calculate the property tax revenues lost to 

the City of Boston due to crime, based on their ostimates of the impact of 

5 
crime on property values. Thus the model is shown to have practical policy 

significance. However, as it stands, the model is incomplete. An obvious 

5 
A similar single equation model of the impact of crime on housing values is 
esimated by Gray and Joelson with similar results. See C.M. Gray and M.R . 
Joelson, "Neighborhood Crime and the Demand for Central City Housing," in 
The Costs of Crime, C.M. Gray, ed., Sage Publications (Beverly Hills, CA, 
1979). Their analysis is performed on census tracts in Minneapolis for 1970. 
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shortcoming is lack of an explanation of the crime rate, itself, i.e., the 

need to include a supply of offenses equation in the model. This is done by 

Hellman and Naroff in a later paper [17J. 

A supply of offenses, or crime generation function is described by: 

o = 0 (Val, 0, NW, Un, Q) (43) 

where 0 = crime rate 

Val average value of a house 

o = density 

NW = percent black 

On = unemployment rate 

Q index of housing quality 

This equation is different from all of the others reviewed here, pri-

marily because it does not include a law enforcement variable, measured 

either as the probability of punishment, the ;everity of punishment, or the 

number of law enforcement jnputs. The reason for this is the data base used 

by Hellman and Nar'Jff. Since they are working with census tracts, the argu-

ment is that these variables, at least the first two, are constant through-

out the city. While police inputs are not equal in all tracts, they are very 

mobile among them. 

The other difference is the emphasis on housing, both the value, Val, 

included as a measure of potential gain from crime tsimilar to that of 

Greenwood and Wadycki's equation (30)], and the quality of housing, [similar 

to the housing quality factor included in McPheters and Stronge's equation 

(36)]. The other variables included in equation (43) have been used in 

several other models. 

The property value equation (42) is expanded by replacing average income, 

Y, with income and housing characteristics: 
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Val = Val (0, oi, NW, Cr, Un) 

where Val average value of a house 

0 crime rate 

Oi distance from the CBO 

NW percent black 

Cr overcrowded ness 

Un unemployment rate 

Equations (43) and (44) are estimated using a simultaneous systems 

technique (three stage least squares). Those variables found to have a 

statistically significant influence in each equation are: 

Variable 
Sign of Estimated 

Relationship 

~uUl)] Y of Offenses Equation r equation (43)]: 

NW, percent black + 

and less significant: 

0, density 

Property Value Equation [equation (44)]: 

0, crime rate 

Cr, overcrowdedness 

and less significant: 

Oi, distance from CBO + 

(44 ) 

The negative impact of density on crime rates is similar to that found 

by Greenwood and Wadycki, and perhaps is explained in the same way. The 

argument is that while an increase in density may reduce the probability of 

punishment and therefore tend to increase criminal offenses, the increase in 

offenses is not reflected in detected or reported crime rates because of the 

increased anonymity associated with density. 
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The lack of performance of the rest of the variables in the supply of 

offenses equation is somewhat disappointing but may be explained by the data 

base. To the extent that both criminals and victims are mobile among census 

tracts, it may be more difficult to associate ~rime rates within tracts to 

tract characteristics than, e.g., to associate overall city crime rates 

with city characteristics. 

The results of estimating property value equation (44) are similar to 

those of equation (42). The significant negative impact of the crime rate 

in the two-equation, simultaneous system is the most important result. 

The lack of significance of sc~e of the variables may be explained by 

multicollinearity, a problem which could be avoided using a technique 

similar to that employed by Mcpheters and Stronge or Phillips and votey. 

2. ~ritique. The Hellman and Naroff model is unique in its emphasis 

on the impact of crime on urban property values and land use patterns. For 

the most part, this has been ignored by other researchers. Katzman recog-

nizes the impact of the land use pattern in an urban area on opportuniti,es 

for crime, but does not consider the reverse impact, i.e., the effect crime 

has on property values. Nor does he attempt empirical estimation of 

his hypothesized impact. other researchers, e.g., Greenwood and Wadycki, 

and McPheters and Stronge have included property value or housing character-

istics in their supply of offense equations. Several authors -- Orsagh, 

Greenwood and Wadycki, McPheters and Stronge, and Wilson and Boland -- have 

included a tax base or fiscal capacity constraint in their law enforcement 

expenditure, or input equations. But only Hellman and Naroff have considered 

both sides of the relationship, i.e., the simultaneolls relationship between 

crime ana property values. 
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Nevertheless, the Hellman and Naroff model needs refinement. 
Use of a 

different data base would seem appropriate. Wh'l f 
1. e ocusing on census tracts 

as units of observation may be appropriate in a study of urban property 

values, When crime is added to th d 1 
e mo e as an endogenous variable, i.e., as 

a variable which is to be explained by the model, rather than be taken as 

given or pre-determined, then the focus should 
probably change. For one, 

as we have already mentioned, crime, criminals and V1.'ct1.'ms 
are very mobile 

among census tracts, so it is difficult to "explain" tract crime rates 

by looking at tract characteristics. 
Secondly, in order to incorporate 

the full interactions among crime, property values and the local public 

sector, including public crime control, it is necessary to have a data base 

which permits differences in law enforcement 
variables such as the vrocability 

of punisl~ent and severity of punishmp_nt, as well as 
differences in other 

public sector characteristics, such as tax revenues. (It should be noted 

that Hellman and Naroff do discuss incorporation of additional functions 

within their model, but do not estimate them due to their data base.) 

Thus USR of large central cities as units of observation would be an improve

ment which would permit simultaneous examination of the impact of crime 

on property valu~s, city revenues and police expenditures, the crime 

genp.ration process, and the law enforcement production process. 

This completes our review of previous modelling efforts. 
In the following 

section we summarize the review, highlight the contributions and shortcomings 

identified in the various dId d 
- mo e s, an escribe, in general terms, a model 

which incorporates aLl of th ' . r=' t' 
~ slqnlLIcan Interactions among criminal activity, 

the criminal justice system, urban property values, and urban fiscal capacity. 
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SECTION II. SUMMARY AND DEVELOPMENT OF PREVIOUS MODELS 

Section I contains a detailed review and description of prototypes of 

previous related model building efforts. Each model was examined and 

critiqued in terms of both theoretical and technical qualities, as well as 

policy relevance. In this section, we first summarize these modelling efforts, 

recognize the significant developments, and the~ identify the major gaps or 

shortcomings in the modelling effort as a whole. Based on this, a model which 

incorporates the suggested revisions and adequately describes the crime rate/ 

property value/revenue feedback is presented. In this section the model is 

presented as a verbal one. Section III contains an econometric version of the 

same general model. 

A. Summary of Models 

Tables 2-1 and 2-2 summarize the eleven models reviewed which contain 

empirical estimates of equations. In Table 2-1, the empirical models are 

liste':1 by author (s), in the order in which they are discussed in Section I, 

i.e., approximately chronologically. Column one identifies the model. Column 

two describes the types of equations included. Column three lists the variables 

which are considered, or tested for significance in each equation. The vari-

abIes are listed in alphabetical order to facilitate comparison from equation to 

equation, and model to model. Again, to facilitate comparison of results, the 

empirical counterparts to variables are listed. Therefore, different theoreti-

cal constructs, if measured with the same variable, show up the same in the 

table. Differences in measurement of variables which are basically the same 

are also glossed over; the same variable symbol is used. In a few instances, 

somewhat different equations were estimated for different crimes, e.g., crimes 

against persons vs. crimes against property. These, too, are glossed over and 

summarized. Finally, a definition of variable symobls in contained in Table 2·-3. 
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TYPE OF EQUATION(S) MODEL (DEPENDENT VARIABLE) 

Supply of Offenses 
(0) 

Production Function 
Orsagh [ ISJ (p, probability of 

sentence) 
Input Function 

(PL) 

Pressman and Supply of Offen:;es 
Carol [ 23J (0) 

.,... 

Allison [ IJ Supply of Offenses 
(0) 

Supply of Offenses Sjoquist [ 24) 
(0) 

D, 

Supply of Offenses 
Phillips and CO) 

Votey [ 20J 
.. 

Production Function 
(p, clearance rate) -- Supply of Offenses 

(0) - Production Function 
Phillips and (p, conviction rate) 
Votey [ 21] Input Function 

(PL) 
Wage Function 

(W) 

.,' 

--~ " -----~~-~ ---------

TABLE 2-1. 

SUMMARY OF EMPIRICAL NODELS REVIEWED, 
BY MOr:'~L 

INDEPENDENT 
VARIABLES CONSIDERED 

A, Ch, Ec, p, NW, S 

A, NW, 0, PL, Pov, Sz 

Gs, 0, Tx, Y 

Ch*, Cl, D, Ec, NW, PI, Pov, Sc 

A, Ch, D, Di, E, Ed, M, NW, P 
Pk, PL, Sc, Un, Y 

f, NW, p, P, Pov, RS, Sc, Un, Y 

P, t, Un.L 

E, 0, t 

f, p, u
l

, u 2 ' u3 ' u
4

, u
5 

0, PL 

Cl'l*'4" , 0, W, y** 

D, PL, Y 

VARIABLES SIGNIFICANT 
(SIGN) 

NW (+) , S (+) 

NW (+) , PL (+) , Pov (+) 

Gs (+) , 0 (+) , Tx (+) 

Ch (+) , NW (+) 

A (+) , Di (-) , M (+) 

Pk ( .. ) , Sc (+) , Un (+) 

f (-) , NW (+) , p (-) , 
P (+) , Sc (+) , Un (+) 

P (-) , t (+) I Un·L (_) t 

E (+) , 0 (';") , t {+/ 

f (-) I P (-) , u 4 
(+) 

0 (-) , PL (+) 

0 (+) , W (-) 

D (+) , y (+) " 

-------------------

DATA 
BASE 

(SAMPLE SIZE) 

Large cities 
and counties, 
California 

1960 
(55) 

SMSA's 
1965 
(95) 

l<lunicipali ties, 
Chicago area, 

1960 
(Not reported) 
Municipalities, 

1968 
(53) 

Not reported 

Counties, 
California 

1966 
(50) 



TABLE 2-1. 

(continued) 

TYPE OF EQUATION(S) INDEPENDENT MODEL (DEPENDENT VARIABLE) VARIABLES CONSIDERED 

Supply of Offenses A, f, L, NW, p, Pov, Un, Y . (0) 
Production Function 

Ehrlich [6] (p, arres t and A, D, E, G, NW, 0, P, Pov, Se 
conviction rate) 

Expenditures Function E
t

_
l

, Lo, 0 (E) 
Supply of Offenses D, G, NW, PL, Pov, Val (0) 

Greenwood and Input Function 
E Wadycki [S] (PL) 

Expenditures Function 0, Tx, Y (E) 
Supply of Offenses 

E, 0t-l I u6 ' u7 ' uS' u9 ' uIO ' ull McPheters and (0) 
Stronge [14] Expenditures Function B, 0 (E) 

Supply of Offenses A, D, NW, p, Un (0) 
Production Function AP, NW, O/PU Wilson and (12' arrest rate) 

Boland [26] Deployment Function D, P, PL, TO 
(PU) 

Input Function G, 0, Tx, W (PL) 
Supply of Offenses 

Di NW, Q, Un, Val (0) 

N 
Hellman and Prop. Value Function (1) 

Cr, Di, NW, 0, Un aroff [17, 10] (Val) 
Prop. Value Function (.2) 

Di, 0, Y (VaU 

* = Could also be interpreted as S, an index of urbanization 
t Significance of results not reported 

** = Measure of Lo, average loss from crime 

VARIABLES SIGNIFICANT DATA 
BASE (SIGN) 

(SAMPLE SIZE) 

f (-) , L(-), NW(+) , p(-), 
Pov(+), Y (+) States, 

A(-), D(-), G(+), NW(+) , 1940, 1950 
0(-) , p(-), Pov(+), Sc(+) 1960 

Not es'timated (36-47) 

D (-), G ( +), NW (+), PL ( +) 
Pov(+), Val(+) SMSA 's, 

E (+) 1960 
(199) 

0(+) , Tx(+) , Y (+) 

! t; l- J, Ut-ll + J, u6 l + ) I U 7 l +} Largest 
u9 (+), uIO (+), uJ 1 (+) cities, 

B (+), 0(+) 1970 
(.43) 

A(-), D(+), NW(+) , 
p(-), Un(+) 

AP(+) , O/PU(-) Largest 
cities, 

p(-), PL(+) I TO(-) 1975 
(35) 

0(+), Tx(+) 

D(-) , NW(+) Census tracts, 

Cr(-), Di(+), 0(-) Boston 
1970 

Di(+),O(-), Y(+) (147) 



---- - - - ---~ 

~- - ---.~.----

Column four indicates those variables which were found to have a sig-

nificant impact in each of the equations. If an equation was estimated for 

different types of crime, or using different statistical techniques so that 

there is more than one set of results, a variable· is reported as significant 

even if it was not found to be so in all cases. The sign of the estimated 

relationship between each variable and the depend,ent variable of the equa-

tion is indicated in parentheses. In a very few cases, the signs do not make 

any sense or cannot be interpreted without reference to the detailed model 

and a complete definition of the variable, e.g., "G". Finally, the last 

column indicates the data base used in the empirical work and the size of 

the sample. 

In Table 2-2, the Hmpirical models are listed by types of equation, 
, 

indicated in column one. The second column lists each model which contains 

that type of equation. Columns three and four indicate the variables cons i-

dered by each researcher(s) in each equation, and those variables found 

significant. Table 2-2 facilitates comparison of particular functions, 

where Table 2-1 permits comparison of models. 

From the tables it is fairly easy to trace and compare the development 

of the models. With the exception of Orsagh, the earlier models are single 

equation types, focusing on a supply of offenses, or crime generation func-

tion. This gave way to two, three or four equation simultaneous systems. 
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TYPE OF EQUATION MODEL 
(DEPENDENT VARIABLE) INCORPORATING 

Supply of Offenses Orsagh [18] 
(0) 

pressman and 
Carol [23) 

Allison [1] 

Sjoquist [24) 

Phillips and 
Votey [20) 

Phillips and 
Votey [21] 

Ehrlich [6) 

Greenwood and 
Wadycki (8) 

McPheters and 

Stronge (14) 

Wilson and 
Boland (26) 

Hellman and 
Naroff [17] 

TABLE 2-2. 

SUMMARY OF EMPIRICAL MODELS REVIEWED, 
BY TYPE OF EQUATION 

VARIABLES CONSIDERED 

A, Ch, Ec, p, NW, S 

Ch*, el, 0, Ec, NW, PL, 
Pov, Sc 

A, Ch, 0, Di, E, Ed, M, NW, P, 
Pk, PL, SCf Un, Y 

0, f, NW, p, P, Pov, RS, 
Sc, Un, Y 

p, t, Un-L 

f, p, ul ' u2 ' u3 ' u4 ' Us 

A, f, L, NW, p, Pov, Un, Y 

0, G, NW, PL, Pov, Val 

E, 0t_l' u6 ' u7 ' u8 ' ug ' uIO ' ull 

A, 0, NW, p, Un 

0, NW, Q, Un, Val 

----------~-~-------

VARIABLES SIGNIFICANT 
(SIGN) 

NW(+) , S (+) 

Ch(+), NW(+) 

A(+), Di(-), M(+), Pk(-), Sc(+) 
Un(+) 

f(-), NW(+), p(-), P(+), Sc(+) 
Un(+) 

p(-), t(+), Un-L(-) t 

f(-), p(-), u
4

(+) 

f (-) , L(-), NW(+), p(-), Pov(+), Y(+) 

0(.-), G (+) , NW (+), PL (+) , Pov(+) 
Val(+) 

E{-), 0t_l(+l, u6 (+), u7 (+), Ug(+), 

u
lO 

(+), u
ll 

(+) 

A(-) , 0(+), NW(+), p(-), Un(+) 

0(-,), NW(+) 



~------- ~----- - ~~- ~----- --- - -- .. -----~~--~------- -------
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TABLE 2-2. 

(continued) 

TYPE OF EQUATION I :-iODEL VARIABLES CONSIDERED VARIABLES SIGNIFICANT 
(DEPENDENT VARIABLE) INCORPORATING (SIGN) 

Production Function orsagh [18] A, NW, 0, PL, Pov, Sz NW(+), PL(+), Pov(+) 
(p) 

Phillips and E, 0, t E ( +), 0 (.-) , t(+)t 
votey [20] 

Phillips and 0, PL 0(-), PL(+) Votey [21] 
-

""!hrlich [6] ~, D, E, G, NW, 0, P, Pov, Sc AC.-), D(-), G(+), N"W(+), 0(-), P (-) , 
Pov(+), Sc (+) 

Wilson and AP, NW, O/PU AP(+l, O/PU(-) Boland [26] 

Input Function Orsagh [18] Gs, 0, Tx, y Gs(+), 0(+), Tx(+) 
(PL) 

Phillips and CM**, 0, W, y** 0(+), W(-) Votey [21] 

Greenwood and E E (+) 
Wadycki [8] 

Wilson and G, 0, Tx, W 0(+), Tx(+) Boland [26] 

Expi:mdi tures Function Ehrlich [6] .E
t

_
l

, Lo, 0 Not estimated 
(E) -

Greenwood a.nd 0, Tx, Y 0(+), Tx(+), Y(+) 
Wadycki [8] 



. --~- ---~ --- ---'. ---~~-~-----
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'TYPE OF EQUATION MODEL 
(DEPENDENT VARIABLE) INCORPORATING 

Expemdi tures Function McPheters and 
(E) Stronge [14] 

(continued) 

li'lages Function Phillips and 
(W) Votey [21] 

Deployment Function Wilson and 
(PU) Boland [26] 

Property Value Function Hellman and 
(Val) Naroff [10, 17] 

TABLE 2-2. 

( continued) 

VARIABLES CONSIDERED 

B, 0 

D, PL, Y 

" ..... 

D, P, PL, TO 

(1) Di , 0, Y 
(2) Cr, Di, NW, 0, Un 

* = Could also be interpreted as S, an index of urbanization 

t = Significance of results not. reported 

** = Measure of Lo, average loss from crime 

VARIABLES SIGNIFICANT 
(SIGN) 

B(+),O(+) 

D(+), Y(+) 

P(-), PL(+) , TO(~) 

Di(+),O(-), Y(+) 
Cr(-), Di(+), 0(-) 

I 

iI .. 

--
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TABLE 2-3. DEFINITION OF VARIABLE SYMBOLS 

A age mix of the population (measured somewhat differently in different 
? 

models, generally a presence of youth variable). 

AP ~ a9gressive patrol strategy (measured by citations for moving traffic 

violations) . 

B = municipal revenues per capita. 

Ch change (measured in different ways which focus individually or in 

combination on population stability and shifts in location and composition). 

Cl = climate. 

CM _ crime mix (ratio of nonviolent to violent crime). 

Cr = over8rowdedness (housing). 

D population density. 

Di distance from central city. 

E law enforcement expenditures per capita. 

Ec = economic well-being (measured variously as a combination of income. 

employment, health and educational characteristics). 

Ed = expenditures' on education. 

f severity of punishment (measured by average sentence se:cved, fraction 

of convictions resulting in severe conunittrnents, and fraction of felony 

sentences resulting in probation with jail). 

G = geographic differences (which may include, but not be restri.cted to dif-

ferences in climate, Cl). 

Gs gasoline sales per capita (intended as a proxy for demand for police 

for traffic control). 

I, = labor force participation rate (in some models, measured for only 

certain population groups). 
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TABLE 2-3. (Continued) 

10 = potential losses from crime (no empirical counterpart given) . 

M = proportion males. 

NW racial mix (measured as percentage of black or percentage. nonwhite). 

o ~ crime rate (measured for total index crimes, individual index crimes, 

or combinations of index crimes). 

p = probability of punishment (measured by probability of arrest, probabi

lity of conviction, probability of conviction/given arrest, probability 

of serving a sentence of at least six months, and the clearance rate). 

P = popula tio.n. 

Pk = expenditures on parks and recreation. 

PL = police labor inputs. 

Pov = percent poverty. 

PU = police patrol units. 

Q = index of: housing quality. 

RS = retail sales per establishment. 

S = index of urbanization. 

Sc = educational level of the population. 

Sz = comr.nmi ty size. 

t time. 

TO = proportion of t.wo-o:ffj,cer, rather than one-officer police patrol cars. 

Tx = property taxes per capita (similar to B). 

Un = unemp oymen ra e _ ~ I t t (;n ~ome models, measured only for certain popula-

tion groups). 

Val = average value of a house. 

W = wage (salary) for law enforcement personnel. 

Y average income. 
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TABLE 2-3. (Continued) 

Each of the following variables is aft index constructed using principal 

components analysis. As such, each index may be associated with one or more 

of the variables listed above. The first five are indices for counties in 

California, the next six are for U.S. cities. 

~~unties i~lifornia): 

u
l = urbanness 

u
2 = poverty 

u
3 = presence of disadvantaged youth 

u
4 = index of frllstrated economic ambition 

Us = change or instability 

Cities (U.S.): 

u6 = central city decay 

u
7 = central city affluence 

u
8 = minority presence 

ug -- education 

u
lO = hOllsing quality (larger values indicate 

worse quality) 

u
ll = youth preseli--:e 
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B. Model Development 

The chronological listing of the models in Table 2-1 summarizes the de

velopment of the model building efforts over the past approximately ten years, 

with the exception of the three earliest models which do not contain 

empirical estimates of behavioral functions, i.e., Becker [2], Katzman [13], 

and Blumstein and Larson (3]. 

The Becker model, which we dismiss here because it contains no empirical 

estimates, actually is the basis for much of the study of the economics 

of crime. In addition, Becker develops a simultaneous system of equations 

, t' between offense and defense is implied, if not in which the Interac Ion 

11 . t d Wh;le the Becker model lacks an empirical or empirica y estlma e. ~ 

bh(~:llJ.nr. o~ it~ ~bslract nature, the theoretical construct policy emphasis ~._'-'~ I " 

nevertheless laid the foundation for additional theoretical and empirical 

work analyzing the relationships among crime, law enforcement, and public 

revenues. 

1 "f' t I~ focuses on the rA,source alloca-The Katzman model is a so slgnl lcan. ~ 

tion or economic choices which society mu~t make in deterring crime. Katz-

man's model is presented as a schematic illustrating the complex interactions 

among the activities of the police, the public and criminals in an urban 

area. While again no empirical pstimates of the relatlonships are presented, 

the detail and focus of the modRJled inter~cti0ns can be contrasted with 

those of Becker; Katzman is microanalysis. As such, real policy options are 

] d ' b t not ll'ml'ted to police input and activity decisions. i llustratp.d, inc ,u lng, u' -

The BJumRtein and Larson model comes from the' field of operations r8search. 

. ' 1 (astl'm~tes, but not of the type of behavioral r~lations It contains pmplrlca Q-

contained in the other models and therefore is not really comparable. It is 
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included here, however, because the model describes interactions among the 

various components of the criminal justice system -- police, prosecution, 

courts, corrections -- and criminal activity. For the most part, the other 

models reviewed here focus only on law enforcement, or police activities. 

The Orsagh model begins the list of those with an empirical element, if 
" 

not focus. It represents the first empirically estimated, simultaneous 

equation model of crime and law enforcement. It recognizes: the impact which 

the crime rate, among other things, may have on the public's demand for 

police; the impact which both the number of police and the crime rate may 

have on police output, or criminal sanctions; and, includes the potential 

impact of criminal sanctions on the amount of crimes committed. The model 

also recognizes the constraint of community fiscal capacity on its ability 

to provide police inputs, and, therefore, law enforcement. 

Listed after Orsagh on Table 2-1 are three examples of single equation 

models which contain only a supply of offenses fUnction. While they repre-

sent interesting Variations on a theme, each of these models fails to recog-

nize t.he simultaneous nature of the relationship between crime and law 

enfor.~ement activity. While they attempt to measure the impact of law 

enforcement on crime, they do not consider the reverse effect. 

The Phillips and Votey model (particularly the second one reviewed) is 

similar to that of Orsagh in that it recognizes the interaction between crime 

and law enforcement. They also emphasize alternative and complementary pub-

lic policies for controlling crime, Le., law enforcement and enhanced 

economic opportunities, and develop (in the expanded model) a description of 

behavior for communities which can be used to define the demand for law en-

forcement services. The latter model also considers the elasticity of law 

enforcement labor supply. While this is unique to the Phillips and Votey 
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model, they find that the estimated elasticity is infinite and, therefore, 

the wage equation is unnecessary. The model(s), however, does not explicitly 

recognize the constraint of fiscal capacity, nor does it include interactions 

among branches of the criminal justice system or levels of government. 

The Ehrlich model represents a major theoretical development. With the 

exception of Sjoquist (and the later model by Phillips and Votey), for the 

most part, the other models have little theoretical content. The Ehrlich 

model expands on and refines the work of Becker. As such, it is a contribu-

tion. Nevertheless, as an empirical and policy model it is roughly similar 

to Orsagh. Its policy relevance is limited by the use of observations by 

states as a data base. Since police activity is primarily a local public 

sector responsibility, ,a model focusing on the interactions between crime, 

crime control, and the local public sector would appear to be more relevant. 

Such a model should, uf course, also recognize impacts of the rest of the 

criminal just~ce system, as well as other levels of government. 

After Ehrlich's work, there appeared a series of models with a local 

public sector focus, although not all of them use similar data bases. 'l'he 

Greenwood and Wadycki model emphasizes the interaction between crime rates 

and public expenditures for police protection. They explicitly consider the 

local public sector by linking police expenditures to local fiscal capacity. 

Mcpheters and Stronge address the same basic problem of adequate description 

of the simultaneous nature of the interaction between crime rates and expen-

ditures on police protection. Methodologically, however, the McPheters and 

Stronge paper is superior. One contrilhltion is their use of principal com-

ponents analysis to construct indices of urban characteristics which have an 

impact on the amount of criminal activity. Finally, Wilson and Boland take 

a similar approach, but add the potential impact of police activities, or 
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patrol strategies, on crime rates. Strategy, they argue, is a political 

variable as much as, or more so, than an economic one. They also include a 

, , th' d I Thus W1.'lson ~n(l Boland con~ider poJ~se deployment funct10n 1.n e1.r mo e . u 

the political realities of law enforcp~ent activity, a dimension missing 

from thr:' other modc!l.s reviewed. 

While each of these latter models consider the local public sector, they 

do so incompletely. For one, they ignore the impact of crime on municipal 

property values and, thereby, on municipal fiscal capacity. The Hellman and 

N ff d I , ludes thl.'s !Jos51.'bl.'ll.'ty Thel.'r model focuses on the simul-aro mo e lnc . 

taneous nature of the relationship between crime and property values. This 

is their contribution. Nevertheless, the Hellman and Naroff model, like the 

three models listed before it, is an incomplete model of the complex inter-

actions between crime and the local public sector. 

C. Model Requirements 

B~sed on our review of previous model building efforts, we have identi

fied a variety of theoretical and empirical developments and have determined 

, t the perspectl.'ves of some of the models, as well as the need to lncorpora e 

to add dimensions which have been largely ignored. Specifically, an adequate 

d 1 f ' law enforcement and the public sector requires policy-relevant mo e_ 0 crlme, 

several elements, some of which are present, in part, in previous models, some 

of which have not been included: 

1. 

2. 

S 'f' ~' (Jf ~ Rl'mlJltaneous equation system which can describe the l)('c!. lca'_l'>n u __ 

simultaneous nature of the interaction, not only between crime and law 

enforcement activities, but also among crime, property valuer;, public 

revenues, and public expenditures, or police budgets. 

Use of local goverrunent as the appropriate focus of the model and, there-

fore, as the data base for the empirical work. 

87 



- ---,. ------- ---

3. 

4. 

5. 

Recognition of the impact of tax base, tax effort, and intergovernmental 

transfer payments on the revenues available to local government. 

Recognition of the interactions among various elements of the criminal 

justice system -- the police, courts and corrections -- and the con

straints imposed by one system, or level of government, on the expendi

tures and outputs of the local government sector, including local police. 

Such recognition would highlight the role and importance of agency/juris

dictional cooperation within the criminal justice system. 

Consideration of the impact of other urban characteristics, such as 

economic well-being and housing quality, on the level of criminal acti-

vity in urban areas, and recognition of the potential of these for 

development of alternative policy for controlling crime. This, in combi-

nation with (4), fUrther highlights the role of complementary and co

operative public policy efforts. 

In addition to tbe theoretical structure requirements of the model, 

there are some methodological requirements: 

1. Re90gnition of the possibility of lagged response of some variables to 

"causal" factors via introduction of distributed lagged functions. 

2. Use of adequate statistical techniques designed for estimation of simul-

taneous systems of equations. (See Appendix A). 

3. Appropriate specification of functions within the system so that each 

function is properly identified and the impact of each variable within 

the system can be clearly determined. (See Appendix A). 

4. Inclusion in the analvsis of a potentially large number of urban charac-

teristics, which are likely to be highly correlated, by using an appro-

priate data reduction technique, such as principal components analysis 

or ridge regression. 
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With these requirements in mind, we describe a model which meets, or is 

capable of meeting both the theoretical and methodological requisites out-

lined. While our focus is on the structure and policy relevance of the 

model, methodological issues are listed here for the sake of completeness. 

D. A General Model 

In this section the elements of a model which recognizes the important 

interactions between the urban public sector and urban crime are defined. 

The elements include recognition of: 1) the impact of crime on property 

values and tax base; 2) the impact of tax base, tax effort and intergovern-

mental transfers on local tax revenues; 3) the impact of both crime and local 

fiscal constraints on law enforcement expenditures; 4) the impact of criminal 

justice expenditures on law enforcement productivity; and 5) the impact of 

law enforcement activity, as well as other variables, on crime. Interactions 

among components of the criminal justice system, and among levels of govern-

ment must be accounted for. The model shC'luJd also include ("-ther urban Ch~lri:l(,-

teristics which affect the level of criminal activity. A model containing 

these elements is designed to meet the requirements outlined in Section Ci it 

is intended to be useful for urban planning. 

A model which incorporates these elements could a~swer a variety of 

interesting policy questions, such as: 

1. Based on a direct cost/revenue calculation, is it rational for a city to 

expend more resources on law enforcement? 

2. Is it rational given other objectives, e.g., maximization of net benefits 

rather than net revenues? 

3. Do property crimes affect the public budget more so than violent crimes? 
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4. What "mix" of enforcement appears rational? SECTION III. A SIMULTANEOUS EQUATION MODEL 

5. Is optimum law enforcement from a city perspective consistent with 

national objectives with respect to crime control? The previous review of the literature has revealed several shortcomings 

6. Is it possible to identify points in the urban system where other govern- in the earlier research and highlighted the path along which model develop-

ment jurisdictions impose constraints? ment should proceed in order to provide policy-relevant infonnation. In parti-

7. Can one hypothesize the impacts of thQse constraints? cular, we have shown the need to identify clearly the l:'.::lationships between 

8. Would intergovernmental transfers be appropriate to alter urban law criminal activity and locational preferences, i.e., impacts on property values, 

enforcement resource allocation decisions? and the resulting feedback on revenues, governmental activities and the 

9. How does crime interact with other urban problems or urban characteristics, criminal justice system. In this section, for purposes of illustration we 

e.g., how does housing quality impact on crime, both directly and indirectly identify the details of a model which might be estimated in order to specify 

via its impact on property tax revenues? quantitatively these relationships. Included is a discussion of the five sub-

In the following section the general model outlined briefly here is pre- systems that the model could include and an analysis of the variables that 

sented in more specific form for purposes of illustration. The model is might be included in each (with specific reference to past modelling activities). 

defined in terms of market or system interactions, summarized in a set of The purpose is to identify key determinants of behavior within each sUb-system 

five simultaneous equations. Each of the. equations and markets in the model and to identify links among them. Econometric and measurement issues which 

is discussed in some detail. stem from the model development are also discussed. 

The model described contains a simultaneous system of equations. While 

methodologically necessary to ensure consistency and efficiency in estimation, 

the simultaneous approach has the advantage of stressing the systematic aspects 

of the interplay of criminal justice agencies in urban settings. Thus, by 

recognizing both intergovernmental and inter-agency behavioral impacts in a 

series of interdependent equations, the model highlights the role and importance 

of agency cooperation within the system. The nature of simultaneous equation 

models is briefly described in Appendix A. In addition, the appendix describes 

the methodological requirements for obtaining reliable empirical estimates of 

simultaneous equation systems. 

Two other appendices support the discussion in this section. Appendix B 

describes how "multipliers'! can be derived from the model. The appendix 
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contains an explanation of what the mul t.ipliers measure and how they can be 

used to link the model to various public policy questions or options. This 

appendix demonstrates the potential value of the model to criminal justice 

planners and practitioners, as well as to other public sector decision-makers. 

Appendix C surrunarizes the duta requirements of the model. While 'lie do 

not attempt empirical estimation, it is clear that estimation would be re-

qui red to give measured content to the system described here. Appendix C 

suggests the possibilities for empirical work by outlining the data require-

ments. 

A. The System Interactions 

The model described here is defined in terms of market or system inter-

actions. The system is summarized in five equations, or sub-models: 1) a crime 

generation or supply of offenses function - a model of criminal activity; 

2) a law enforcement production function - a model which describes the output 

of the criminal justice system; 3) a police services dumand function - a model 

which doscribes the determinants of police expenditures; 4) a city property 

value function - an urban property market model; and, 5) a city revenue func-

tion - an urban public finance mode1. 

The first three sub-models explain the criminal justice system relationships, 

while the last two deal with the urban public sector. The criminal justice 

system equations are themselves related in a simultaneous manner. In this 

section, the basic relationships among the equations are described. In the fol-

lowing five sections the stru.cture of each individual equation is considered. 

The first part of the overall modal consists of the criminal justice system 

equations; the crime generation equation, in which the crime rate is the de-

pendent variable; the law enforcement production function, in which the 
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conviction rate is used as the measure of output and is, therefore, the dependent 

variable; and, the police services demand function, in which police expenditures 

is the dependent variable. The crime rate eguaUon is a modc:l of criminal activity 

in that it represents a SUPI)l y function for offenses. As such, the conviction rate 

and police eXj>rmditures are proxies for input rJLices (potential costs) paid by 

the c~iminal who supplies labor to the criminal activity market. The higher the 

input prices, other things being equal, the less will be supplied. 

The crime rate in turn affects both police expenditures and the conviction 

rate. The conviction rate is a law enfoT\.ement production function. The crime 

rate represents the supply of inputs to the criminal justice system and affects 

it by partly determining the system workload. The police expenditures function 

represents the demand for police protection. The crime rate is a shift factor 

in this function, proxying tastes for protection. 'rhus: 1) the crime rate 

enters the conviction rate function as a system input, while the conviction 

rate represents a cost of producing criminal activity in the crime generation 

function; and, 2) the level of police expenditures measures a cost of producing 

criminal activity in the crime generation function, while the crime rate repre-

sents a taste for police protection var .lab) 9 irr t:he police expenditures fUnction. 

The simultaneity in the three equations is completed by recognition that 

police expenditures affect the conviction rate. Since the conviction rate 

(output) is dependent on inputs, and, since the level and distribution of police 

expenditures help determine the supply of inputs (charged offenders), the police 

expenditures variable enters the conviction rate function as an indirect input 

supply variable. As the level of police expenditures increases, other things 

equal, the supply of inputs, or charged offenders, increases. 

The municipal revenue section of the model consists of: a city property 

value function, in which aggregate property value is the ~ependent variable; 
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and, a city revenue function, in which city revenue is the dependent variable. 

The property value equation represents the equilibrium value of property in 

the urban land market, while the revenue equation is equivalent to a budget 

constraint for city expenditures. Since the property tax is a major source of 

revenue for cit;ies, aggregate property values represent a supply of fi.nances, 

or tax base factor in the city revenue equation. As property values increase, 

the potential revenue raising capability of the city increases. 

The municipal revenue equations are integr-a'ced with the criminal justice 

system equations in two ways. First, the crime rate and property values are 

related in a simultaneous manner. The crime rat~ negatively affects the desir~ 

of individuals to locate in an area (a negative externality), reducing the demand 

for property there! and, therefore, reducing property values. Property 'values, 

in turn, represent potential gains to labor supplied for criminal activity and 

so should ~e positively related to crime rates. 

The second way the two sectors are related is through the interaction of 

the police expenditures and city revenue functions. Police expenditures compete 

with other needs for a portion of the city budget. As the availability (supply) 

of funds increases, the possibility that expenditures on all budget line items, 

including police expenditures, can expand, increases. With the city revenue 

function affecting the police expenditures function, the dependency between the 

criminal justice system and the municipal revenue sector is completed. The 

relationships within and between the crimin<!ljustice system sector and the 

municipal revenue sector of the model are summarized inl"igure 3-1. in the 

following sections we discuss in detail each of the five equat_icns described 

above. 
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FIGURE 3-1. 

THE CRIMINAL JUSTICE SYSTEM/MUNICIPAL REVENUE RELATIONSHIP 
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B. The Crime Generation or Supply of Criminal Offenses Function 

The first equation(s) we are concerned with is the crime generation or 

supply of offenses function '(0). Since the central hypothesis of the study 

is that the level of crime affects aggregate property values, the dependent 

variable in this equation is a crucial variahl~in t.he analysis. This variable 

could take the form of at least three crime measures: (1) a total crime index~ 

(2) a crimes against property index~ and,(3) a crimes against persons index. 

The indices might be in the form of per capita total crimes, means, medians, 

ratios, or weighted per capita total crimes. 

One problem in measuring crime is uncertainty about how people perceive 

the crime problem, or how perceptions are formed. This is important because 

the appropriate measure of crime should be included in the model to capture 

its impact on demand for police services or expenditures, and its impact on 

location decisions and the value of property. For example,. the absolute level 

of criminal activity in a city, i.e., the number of crimes or the crime rate, 

may not be as important as the relative position of that city vis-as-vis other 

cities. A ratio of the per capita city crime rate to the mean or median per 

capita city crime rate for all cities might therefore be a more logical 

variable. Secondly, in deriving totals one must ask whether all crimes are 

equally important to individuals, even crimes within the same crime class, 

such as crimes against property. For example, do people weigh auto theft in ] 

f . 
an equivalent manner as burglary? If the response is negative, then a 

weighted total reflecting relative importance is required •. Creation of the 

crime indices, then, becomes the starting point for any analysis. Unfort~n-

ately, the reviewed literature generally considers the supply of offenses (0) 
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to be some simple form of the crime rate. 

To understand the level of crime in a city, however measured, it is 

necessary to look at the socioeconomic structure of the city, the physical 

structure, e.g., housing, and the operations of the criminal justice system. 

The first two factors directly or indirectly affect the gains and costs of 

engaging in criminal activity, while the third is a deterrence factor, repre-

senting potential costs to the offender. 

The use of socioeconomic variables in the supply of offenses, or crime 

generation equation, is a common theme throughout the literature. Several 

variables commonly included in the equation are: median income, percentage non-

white, unemployment rates, percentage youths, education levels and population 

density. (See Table 3-1). Since low income or unemployed individuals have 

low expected punishment costs, other things being equal, they tend to commit 

more crimes than the general populace. Median income, Y, the unemployment 

rate, Un, and the percentage of the population below the poverty level, Pov, 

become three socioeconomic variables which help to explain crime rates. 

Because the nonwhite population is, on average, poorer and experiences higher 

unemployment rates than the white population, and because it has been victim

ized by discrimination, the percentage nonwhite in a city, NW, is also typical-

ly included. 

Most economic studies have found that these socioeconomic variables, Y, 

Un, Pov, NW, as well as other variables, are highly correlated. As a conse-

quence, creati~n of socioeconomic indices, Soc, rather than individual 

1. There has been some discussion in the literature concerning the appropriate 
crime rate. For example, see Roland J. Chilton and Adele Spielberger, 
"Increases in Crime: The Utility of Alternative Measures", 4.~~.~_~l_..£f_ 
Criminal La\", CriminoloC"TY, <mel rolice.:....:~::.i_e.!!.~.~, Vol. 63, No.1, March 1972, 
pp. 68-74~ and Itzhak Goldberg, "'True' Crime Rates: The Deterrence Hypo
thesis Revisited", Hoover Institute, Stanford University, August 1977. 
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Table 3-1 

VARIABLES INCLUDED IN CRIME GENERATION EQUATIONS 

Model 

Orsagh [18] 

Pressman and Carol [23] 

Allison [lJ 

Sjoquist [29J 

Phillips and Votey [20J 

Phillips and Votey [21J 

Ehrlich [6] 

Greenwood and Wadycki [8J 

McPheters and Stronge [14] 

Brantingham and Brantingham [4 J, 

Wilson and Boland [26] 

Hellman and Naroff [17] 

Variables Included 

Urbanization, economic well being index, 
change in economic structure, percent of 
population between 15 and 35, percent black. 

Population density, in-migration, income, 
income distribution, education levels, race, 
percent in poverty area, climate, number of 
full-time police. 

Unemployment rate, proportion males, pro
portion youths, education levels, distance 
from city. 

Population density, population, percent 
nonwhite, education levels, probability of 
punishment, punishment per offense, legal 
and illegal gains. 

Unemployment rates, clearance rate. 

Conviction rate, severity of punishment, 
principal components (factors) - urbanness, 
poverty,presence of disadvantaged youth, 
frustrated economic ambition, instability. 

Percent nonwhite, percent young males, 
unemployment rate, median income, labor 
force participation rate, probability of 
punishment, punishment per offense, legal 
and illegal gains. 

Population density, percent nonwhite, 
percent poverty, value owner-occupied 
housing, police labor. 

Principal components (factors) - central 
city decay, central city affluence, educa
tion, youth presence, housing quality, 
police expenditures. 

Density. 

Population density, percent nonwhite, per
cent youths, unemployment rate, probabilit.y 
of arrest. 

Density, percent nonwhite, unemployment 
rate, housing quality, property values. 
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inclusion of these variables, is necessary methodologically. The indices 

would be created to measure the characteristics of the (potential) criminal 

The sign of the relationship between crime and any particular index would 

depend on the structure of the index itself. 

In order to measure the potential income from criminal activity, or 

victim characteristics, aggregate property values, Val, and median income, Y, 

, d d' h ,2 should be 1nclu e 1n t e equat1on. The problem of distinguishing between the 

measurement of potential income and potential costs of criminal activity is 

an issue raised in the literature review section. For example, the variables 

that Sjoquist considers, percentage of families below the poverty line and 

unemployment rates, failed to caftlire this crucial difference. Ehrlich, however, 

includes legal and illegal gains variables in order to separate the competing 

effects. In a mUlti-equation model, property values should unambiguously 

measure potenti"l income or gains to criminal activity. Since high property 

values act as a magnet for certain types of crime, such as crimes against 

property, Val should be positively related to the crime rate. In addition, 

the higher the income level in a given area, the greater the potential income 

gains for both crimes against persons and crimes against property. Median 

income, Y, should exhibit a positive sign when a crime generation function is 

estimated. 

The housing stock, Q, enters into this equation, not simply through 

aggregate property values and thus potential income gains, but also through 

an effect on costs of committing crimes. As Brantingham and Brantingham, as 

well as others, argue, a d~nse area affords both a measure of anonymity and 

2. See discussion below for full details about the aggregate property value 
equation. 
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ease of escape, making densely populated areas a relatively safe place to 

commit crimes [4].3 The housing characteristics of an urban area, speci-

fically density, D, should therefore be included. Howeve~, since this model 

considers criminal activity in cities, average density may not be the best 

density measure. Averaging can distort the true picture of the city. A 

measure such as the percentage of census tracts in a given city whose density 

exceeds the average density in the sample, may be superior. With this measure 

it is possible to determine whether a city with a few tracts with very high 

density exhibits higher (or lower) crime rates than a city with many tracts 

of moderate density. In essence this is a procedure which proxies the 

"lumpiness" of a city's density gradient. Since previous studies have postu-

lated that density should be a significant variable in the crime generation 

equation but have not uniformly found the variable to be significant in the 

empirical estimation, it is expected that this alternative approach would 

better represent the relationship of density to crime rates. 

Density, of course, is just one element of the quality of the housing 

stock that should be considered. In addition, variables such as the percentage 

of the units which are substandard, percentage of one family houses, percentage 

of the units having no plumbing, and percentage of the units having more than 

one person per room could be included when modelling the impact of the housing 

stock quality on the crime rate. 

The crime generation function is completed with the inclusion of the 

deterrence variables. As Becker and others have argued, the rational criminal 

considers (or acts as if he/she considers) expected punishment costs of 

3. This paper analyzes the relationship between residential burglary and urban 
form using a mapping technique rather than an econometric model. As a 
result, it was not critiqued in the literature review section, Section I. 

100 

i 
i 
I, 
r 

I 
! 
( 
1 

! 
I 

! 
1... 
t 
I 
I 
r 

r 
f 

I 
;1 I.: ; I 

~ I 
t 

I 

committing a criminal act(s). This depends on the probability of punishment 

(itself, a joint probability), and the expected punishment, or sentence 

length. The probability of punishment depends on a series of events: the 

probability of arrest, the probability of conviction given arrest, and the 

probability of a given form of punishment, given conviction. To the indivi-

dual, the fraction of crimes cleared by arres-t, AR, the fraction of crimes 

resulting in conviction, or the conviction rate, CR, average sentence length, 

f, and the level of the police budget, E, are factors which help determine 

expected punishment costs, one cost of engaging-in criminal activity. The 

higher the arrest rate, the conviction rate, and the longer the sentence 

length, the higher the potential costs to the criminal and the fewer the number 

of criminal attempts, other things being equal. 

The level of police expenditures, itself representing the demand for police 

protection, also affects the crime rate. The higher police expenditures are, 

or are perceived to be, the higher is the assigned probability of the criminal 

being placed into the criminal justice system. An increased assigned proba-

bility increases the potential criminal's perceived punishment costs and there-

fore should reduce the level of crime. This deterrent effect is in addition 

to, and independent of, the impact of police expenditures on the arrest rate. 

As noted in the literature review section, a potential problem arises 

with the interpretation of the sign of the police budget variable in a crime 

generation function. The criticism of McPheters and Stronge of the Greenwood 

and Wadycki model focuses this problem as an econometric identification issue. 

There are several factors to consider. First, the level and make-up of the 

police inputs will partially affect the arrest rate and the conviction rate, 

and thus the crime rate. Secondly, the crime rate enters into the decision 
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making process for the police budget in that higher crime rates generally call 

forth demands for greater expenditure on police services. This implies a 

two directional relationship between the crime rate and police expenditures. 

Finally, it must be determined whether police production is being measured 

in terms of its reporting effort, or its crime prevention effort. These 

problems can be resolved in a fashion similar to McPheters and Stronge through 

the inclusion of separate equations for a law enforcement production function 

and a crime generation function within a simultaneous system. By formulating 

the model in this manner the sign of th8 police budget variable should repre-

sent the deterrence effect of the police force. The negative sign on the 

police expenditure variable in the crime generation function of McPheters 

and Stronge reinforces this expectation. 4 

In summary, crime generation or the supply of criminal offenses, 0, 

measured by one of several possible inqices of criminal activity, is hypo the-

sized to be a function of: (1) socioeconomic indices, Soc, which include 

measures such as median income, Yf percentage of nonwhite, NW, unemployment 

rates, Un, and percentage poverty~ Pov; (2) aggregQte property values, Val; 

(3) median income, Y; (4) housing stock characteristics, Q, including dif-

ferent measures of density, D; (5) the arrest rate, AR; (6) the conviction 

rate, CR; (7) the average length of sentence, f; and (8) the level of police 

expenditures, E. 

° o (Soc, Val, Y, Q, D, AR, CR, f, E) (1) 

In equation (1) the conviction rate enters into the crime generation 

function as an independent variable. However, from the review of the litera-' 

ture it was shown that this variable (which has been called an enforcement 

~. An additional form which the police/deterrent variable could take is a 
"police strategy" variable, as suggested by Wilson and Boland. 
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variable) is itself one element of the criminal justice system. As such and 

as Ehrlich, Wilson and Boland, Orsa.gh, and Nagin, among others, have argued, 

this must be considered as a function of the other elements of the criminal 

justice system. Since we have argued that a full understanding of the 

criminal/criminal justice system relationship must be explained if we are to 

model ccmpletely the interaction of crime, property values and the public 

sector, a model of the conviction rate function becomes necessary. This 

function must adequately incorporate the impact of the various components 

of the criminal justice system. 

C. The conviction Rate or Law Enforcement Production Function 

Although the emphasis in the literature has been on police inputs and 

activities, the quality, quantity, and structure of police, court, and correc-

tions inputs are the primary determinants of the conviction rate. In addition, 

various environmental (or service condition) variables have been included in 

this function (See Table 3-2 for a summary.) Clearly, the level and distri-

bution of court expenditures impact significantly on the conviction rate. The 

rational criminal is concerned not simply with arrest, but more importantly 

with the probability of trial and conviction. It is thorugh the trial system 

that real costs, i.e., time in prison, are imposed on the potential criminal. 

Total court expenditures per capita, ct, (a proxy for supply of courtroom 

services) is a primary input in the production function. The greater the level 

of expenditures and the larger the number of courts, the higher the probability 

that an arrest will lead to a court appearance, conviction, and sentencing, 

other things being equal. 
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Tabl€' 3-2 

VARIABLES INCLUDED IN ENFORCEMENT EQUATIONS 

Model 

Orsagh [18] 

Bhrlich [61 

Phillips and Votey [20] 

Phillips and Votey [?l] 

Wilson and Boland (26] 

Nagin [16] 

Variables 

Police labor inputs per capita, crime 
rate, corr~unity size, percent population 
15-35, percent black, percent poor. 

Police expenditures, crime rates, popula
tion density, percent poverty, percent 
non-white, education levels, percent 
youth, North-South dummy. 

Law enforcement expenditures, technology, 
crime rate. 

Crime rate, law enforcement personnel. 

Patrol strategy, index crimes per number 
of patrol units, percent nonwhite. 

See for full review of deterrence effects. 

The distribution of court funding, ilowever, may be even more important 

than the absolute level of court funding. Two factors need to be considered 

when thinking about the relationship of court funding to crime rates. First, 

the proportion of funds spent on labor, i.e., justices, (J), Versus capital 

or other expenditures is of prime importance. To the extent that labor is 

. 1 to Olltput than capital is, as the number of judges increases more proportlona 

5 relative to other inputs, the number of cases heard per unit of time increases. 

5. This will be true as long as the change in output from substituting judges 
for other inputs is positive, that is, there is no excessive courtroom 
overcrowding. 
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Second, the distribution between civil and criminal courts, CCV, helps to de-

termine the probability that a given type of criminal offense will reach 

court actiop. Ot11i9r things Qqual, as proportionately more money is spent 

on criminal courts, the probability that a criminal case (i.e., for Our con-

cerns, crimes against property and persons) will go to trial, rather than be 

settled by plea bargaining, increases, therefore increasing the potential 

, hm ' . 1 6 punls ent cost to crlmlna s. 

Both of the variables, Ct and J, impact on, and are impacted by the cor-

rections system. First, low levels of court expenditures can lead to crowded 

court calendars, creating increased pressures on the part of prosecuting 

attorneys for plea bargaining, as well as administrative processing of crimi-

nals, e.g., dropping charges. A second factor, pointed out by Wilson and 

others, is that crowded prisons may place a constraint On court activity. 7 

The average sentence length may be shortened, or charges against individuals 

committing less serious crimes may be dropped if there is limited correctional 

space. Consequently, only the more serious criminal charges may be processed. 

In addition, judges facing the growing "cruel and unusual punishment." doctrine 

concerning prisons that has recently been applied in many jurisdictions, may 

be refusing to sentence, or may be reducing sentences, for lesser criminal 

acts. Inclusion of a variable representing expenditures on corrections, Cor, 

and one representing the percentage of the available penal institution space 

6. 1"ot' a mathematical model of the choice between trial and pre-trial settle
ment and identification of factors which favor each possibility, see' 
William M. Landes, "An Economic Analysis of the Courts," The Journal of 
Law and Economics, Vol. 14, No.1, April 1975, pp. 61-107. 

7. See Stuart Nagel and Marian Neef, "What's New About Policy Analysis 
Research," Society, September/October, 1979, pp. 24-31; and James Q. 
Wilson, "Who Is In Prison", Commentary, Vol. 62, No.5, November, 1976, 
pp. 55-68, for a discussion of these two points. 
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. f . d 8 which is filled, Cap, 1S there ore requ1re • 

The extent to which the courts may be overloaded is dependent on the 

activities of the police department in apprehending criminals. The level of 

police expenditures, E, as well as the proportion spent on direct law en~ 

forcement (proxied by the perGfi;ntage spent on non-administrative activities, 

NAd), help explain the level of demand for court activity in that they are 

proxies for the input, accused individuals. As discussed before, the distri-

bution of expenses, in addition to the level of expenses, are potentially 

significant factors. How the police budget is spent, in terms of the propor-

tion of the budget directed towards direct law enforcement activity, must be 

accounted for in the model if apprehensions are to be related to conviction 

rates. As total police expenditures, and as expenditures on non-administrative 

activities increase, apprehensions should increase,. i.ncJ::'easing the p:eobabili ty 

of being caught, tried and convicted" 

The final var;i.i3.ple to be included in the function is the supply of offenses 

va:r;;a~le, O. This is a workload proxy. For any given level and distribution 

of expenditures (or inputs) in the cril'ilfnal justice system, productivity, as 

measured by the conviction rate, is likely to be reduced as the supply of 

offenses increase$. This is because to achieve the same rate of conviction 

(convictions divided by offenses), w~uld require a larger number of arrests 

and convictions. 

The factors discussed, Ct, J, CCV, Cor, Cap, E, NAd, and 0, are the major 

elements,either inputs or constraints, that should be considered in developinq 

8. What this implies is that the average sentence length is a function of the 
court variables and the corrections variables and should be included as a 
separate equation in the system. The conviction rate segment of the model 
would contain more than one equation. 
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a conviction rate or production function ~quation. In addition, there are 

"envirorunental" variables that m~9ht be considered. For example, several 

models, such as Orsagh, Ehrlich. and Wilson and Boland, include variables 

that proxy the issue of access to the criminal justice,system. To the extent 

that the poor and the nonwhite have less ~ccess, especially in terms of 

quality legal representation, . .:is the percentage of poor or nonwhite in an 

area increases, the tend~hcy is for the conviction rate to increase. Finally, 

as Ehrlich argueSt 'c.here may exist a systematic difference in conviction rates, 

or productivity, across regions that must be accounted for. These two con-

cerns, access to the criminal justice system and regional differences, might 

be considered in an empirical analysis. 9 Addition;;;Jl envirorunental variables, 

as considered by other researchers and summarized in Table 3-2, might also be 

taken into accoul'}'!:=-

The conviction rate, or law enforcement production is hyvothe-

sized to be a function of: (1) total court expenditures, Cti (2) percentage 

spent on labor, Ji (3) the distribution of Ct between civil and criminal 

courts, CCV; (4) total expenditures on correctional facilities, Cor; (5) the 

percentage of available penal institution space which is filled, Cap; (6) the 

level of police expenditures, Ei (7) the percentage of the police budget which 

is spent on direct law enforcement, NAd; and (8) the crime rate, O. 

CR CR(Ct, J, CCV, Cor, Cap, E, NAd, 0) (2) 

9. These two variables may be included directly into the function if they 
are cons;idered constraints. If the assumption is that these define 
different production functions, estimation of different CR functions is 
required. 
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The first two equations in the model explain the output, or activities, 

and the factors determining the activities, of both the criminal justice 

system and the rational criminal. One is a supply fUnction, 0; one is a 

production function, CR. Society in general is also involved in the crimi-

nal/criminal justice system relationship. In particular, society reacts to 

increasing crimina.l activity by protecting itself through both the public and 

. 10 
prlvate sectors. Privately, their actions are manifested through increased 

sales in burglar alarms, target hardening devices, private security forces 

and other related personal actions. Publicly, their concern is frequently 

manifested through demands placed on the police force, and ultimately through 

the level of police expenditures. Expenditures on police inputs is one of 

the most direct ways in which the public reveals its preferences for public 

protection services. To account for this the third equation in the model is 

on~ which specifies a police input/expenditure equation. 

D. The Police Expenditure or Demand for Pollce Services Function 

A major public priority is crime deterrence and apprehension. As such, 

the police input/expenditure function is reactive; the level and distribution 

of police inputs and expenditures are often a function of the level of 

. . 1 .. 11 crDnlna actlvlty, O. An increase in crime may induce cities and towns 

to rearrange the distribution of police inputs in favor of more protective 

services, and/or to increase the total amount of police expenditures. 

10. For a review of private and public deterrence literature, see D. Hellman, 
J. Naroff, S. Beaton and B. Ianziti, "Incentives and Disincentives to 
Crime Prevention Behavior," National Institute of Law Enforcement and 
Criminal Justice, (Washington, D.C., 1978). 

11. 'rhe police expenditure demand function is derived by maximizing a societal 
(representative) utility function. Crime is a negative factor in the 
utility function and as such, an increase in the source of disutility 
means an increase in police protection in order to maintain a given level 
of satisfaction. 
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As a consequence, the police budget should largely be determined by the 

level of crime. An issue which should be explored is whether total police 

expenditure is an equivalent function of crimes against persons and crimes 

against property. Ehrlich, Greenwood and Wadycki, McPheters and Stronge, 

and Wilson and Boland have all argued, although with slightly different re-

suIts, that both crimes against persons and crimes against property must be 

included in the police, or public expenditure equation. (See Table 3-3). 

The reason for separate inclusion is that there are differential (marginal) 

impacts on spending of changes in these two crime rates. This hypothesis 

can be tested by first including the total crime index in the functions and 

then, in a separate estimation, including the crimes against persons and 

crimes against property indices described above, and testing for differences 

through the use of a Chow Test. 

An additional question which should be tested is whether the level of 

police expenditures is determined by the present year's crime rates, or more 

likely, is a function of previous years' rates. If expenditures are reactive, 

then a lagged crime rate variable, 0t-l' the crime rate in the previous year, 

or a change in the crime rate, ~O, should be included in the police expend i-

ture equation. Or, perhaps, as Ehrlich suggests, current year expenditures 

are a function of the previous year's expenditures, Et _ l , since expenditures 

in anyone year ,no:: only partially adjusted to desired levels. 12 

12. If the supply of police labor inputs is not perfectly elastic, then as 
Phillips and Votey [21] argue, a law enfor-cement personnel subdivision 
must be considered. There would be two (at least) required, a personnel 
function and a wage function. See Section l.F above. 
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Table 3-3 

VARIABLES INCLUDED IN EXPENDITURE/INPUTS EQUATIONS 

Model 

Orsagh [18J 

Ehrlich [6J 

Phillips and Votey [21] 

Greenwood and Wadycki [8] 

McPheters and Stronge [14] 

Wilson and Boland [26) 

Variables 

(Labor inputs): crime rate, gasoline sales, 
property tax per capita, average income. 

Potential loss from crime, crime rate, 
expenditures in previous period. 

(Wage function):per capita law enforcement 
personnel, median income, density. 
(Input function): wages, crime rate, median 
income, crime mix. 

Crimes against both persons and property, 
average income, per capita property taxes. 

Crime rate, municipal budget constraints, 
tastes for police protection. 

(Labor inputs) ,: crimes against both property 
and persons, equalized tax base per capita, 
marginal cost of new officers (starting salary). 

The level of the police budget is only one element that public officials 

consider when the city's total budget is determined. All expenditures are 

constrained by fiscal capacity or the total level of available, or potential, 

city revenue, CRev. As revenue increases, all elements of the budget, in-

cluding expenditures on police and other elements of the criminal justice 

t b · d 13 sys ern, can e 1ncrease . 

13. All expenditure levels i.n the budget are not independent, but are to 
some extent dependent on other levels of expenditures (either as com
plements or substitutes). Budget expenditures on each of the criminal 
justice syst0m line items (police, courts, correction facilities) may 
either be complementary, in that demands for increases in one lead to 
increasp.s in all, or they may be substitutes in that they compete for 
scarce criminal jUHtice dollars. What is suggested by this is the 
interdependence of the criminal justice expenditure variables and the 
fact that models should account for it, especially since these variables 
appear in the conviction rate (CR) equation. 
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When considering available revenue, however, it should be recogniz~d 

that not all revenue is derived from local or "own" sources, such as local 

14 property, income, and/or excise taxes. There are a number of intergovern-

mentQl transfers, both state and federal, that must also be considered. In 

income sharing and transfer formulas, frequently, certain monies are targeted 

for specific uses. For example, some revenue sharing, Rev, goes specifically 

to police services. In including a transfer variable, such as revenue 

sharing, it is possible to determine the partial effect that changes in revenue 

sharing allotments for police expenditures, or changes in other formulas, have 

on crime rates. Thus the element of outside control or influence can be 

recognized here, and mea~ured. Since these external actions reverberate 

through the model, a better understanding of the impact of state and federal 

action is made possible. Up to this point, models of crime, law enforcement 

and the public sector have not considered this source of potential revenues 

to support police, nor the intergovernmental impacts on local decision-making. 

The dependent variable in the police expenditure equation is total ex-

, pendi tures on police services. ,:,~wever, as explained above, total police 

expenditures, E, may not be the controlling factor in the criminal/criminal 

justice system interaction. The proportion spent on direct law enforcement 

(non-administrative) activities should be considered. Adequate analysis 

should therefore consider these two variables independently: this may require 

two separate equations. Collapsing them, however, to give a general form of 

the third equation(s) in the model, police expenditures, E, are hypothesized 

to be a function of: (1) the crime rate index, or indices, 0: (2) the lagged 

14. It is suggested by Greenwood and Wadycki that median income, Y, be 
included in this equation as a "taste for police protection" proxy. 
Here, Y enters through its impact on available city revenue. 
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crime rate, a ,change in the crime t-l rate, ~a, or lagged expenditures, E
t

_
l

; 

(3) the level of city revenue, CRev; and (4) targeted intergovernmental 

transfers, such as revenue sharing, Rev. 

E = E(a, at_I' ~a or E
t

_
l

, CRev, Rev) (3 ) 

The first three equations in the system model the behavior of the crimi

nal and various crime prevention sectors. The last two equations relate 

these sectors and their activities to the revenues available to the local 

public sector. Except for the work of Hellman and Naroff,' this issue has 

not been addressed in the literature. Th f e ourth equation in the model is, 

therefore, a property value function, while the fifth equation is a city 

revenue function. 

E. The Property Value Function - An Equilibrium Land Market Function 

In the property value equation, previous models of urban land use and 

household location choice are extended by considering crime to be a negative 

externality, or disamenity which enters 1'nto h d ' t e eC1sion to locate, or 

not locate in a given area. Wh t It' a resu s 1S an equilibrium set of land 

values where the impact of criminal act1'v1'ty 1'S 'f' speC1 1cally taken into 

account. 

The dependent variable in the equation is aggregate property value within 

a city. However, there are different categories of property uses. As a 

result, total property value, aggregate residential property value, and 

aggregate non-residential, or commercial property value are potential vari

ables which mi.Sl1t be used on the left hand side of the equation. By estima-

ting the equation using these different variables, the question of which 

types of land use and which category of land ' use 1S least impacted by crime 

can be determined. Public policy might then be directed toward controlling 

112 

- --- ,,'------~--~~---~---

r 
j 

I 
I, 

I 
1 

I 
I 
r 

1 
! 

I 
I 
~ 
i r 
i t, 

I·~ " 

_I',' 1 ' 

" 

those crimes which reduce property values, and thus potential tax revenues, 

the most. 

The property value equation is probably the most difficult equation to 

model. The question of how "crime" enters the equation can only be deter-

mined through estimation procedures. The problem, again, is the specification 

of tae form that the crime variable should take. Several different forms and 

possibilities (ratios, totals, indices, etc.) were discussed above, under the 

crime generation function. The development of a suitable index is crucial 

to the final policy conclusions that can be drawn from any study. 

The crime rate alone, however, cannot effectively explain property values. 

Estimation of housing functions is one of the best developed areas of urban 

economics. Typically, both the quality of the housing stock, Q, and the land 

use mix, LUM, in an urban area affect aggregate property value. Housing stock 

quality includes various dimensions: mean density, percentage of units that 

are one family, age of stock, and quality of stock structure (for example, 

proxied by percentage substandard). The land use mix variable is represented 

by the relative mix of commercial/industrial use to residential uses, with the 

possible inclusion of a percentage open space variable. This variable(s) 

could be used as a policy tool by planners whereby communities can determine 

the distribution of land across the various potential uses that maximizes their 

aggregate property value. In addition, with knowledge of the differential 

impact of different types of crimes on different types of land users, and 

therefore property values, efforts could be made to distribute crime within 

an urban area so as to minimize the negative impact of crime on the tax base. 

Socioeconomic characteristics of the city, Soc, also determine property 

values from the demand side. These characteristics may, or may not be the 

same as those described above in the crime generation equation. However, 

113 



median income, the unemployment rate, and percentage nonwhite are likely to be 

factors which in pa]:t determine property val~es. The problem, as mentioned 

before, is that the socioeconomic and the housing variables are highly cor-

related. Inclusion of all the variables in the model becomes impossible be-

cause of the econometric problem of multicollinearity. To solve this problem 

indices should be developed, with factor analysis or ridge regression being 

suggested techniques. 

Finally, two other variables are included in the equation. Public ser-

vices and tax rates both may be capitalized in property values, requiring 

that their magnitude and/or quality be included in the equation. The avail-

able public service package, PS, partially determines the city's desirability 

as e. place of location and, consequently, the demand for property. The "better" 

the package, the greater the demand for property, and other things being equal, 

the higher the aggregate property value. One measure typically used to proxy 

public service quality is per capita educational expenditures. High quality 

school systems have traditionally been an attracting force in family location 

decisions. It is assumed that, in general, per capita expenditures proxy 

the quality of public services. Other measures available are median reading 

scores for the school system, or median scores on other nation-wide standardized 

examinations. The determination of the best proxy for the public service 

package should be part of an empirical study. 

The effective tax rate has been shown to be a factor in land prices. 

There is a large body of literature which argues that property taxes are 

capitalized in property values in that higher tax rates should mean, ceteris 

paribus, lower property values. Thus, in order to separate out this effect, 

the effective property tax ratp. variable, tx, is included in the property 

value equation. 
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Aggregate property value, Val, 1S " hypothesized to be a function of: 

(1) (0) I• (2) housing stock quality, Q; (3) the crime index, or indices socio-

f h urban area, Soc; economic characteristics 0 t e (4) the land use mix, LUM; 

PSi and (6) the effective tax rate, tx. (5) the public service package, 

F. 

Val Va1(0, Q, Soc, LUM, PS, tx) 

Revenue Function or Budget Constraint The City 

(4) 

The final equation ~ ~n the model is the cit¥ revenue equation. Since 

tax as their major source of revenue, cities are dependent on the property 

should be primarily a function of aggregate property available city funds 

value, Val. value measures the potential available city Aggregate property 

it increases revenues can increase. revenue, or tax base, and so as The 

t ax yields future revenue depends not only on extent to which the property 

on the effective property tax rate, tx, and/or a property values, but also 

tax effort, TE, variable. 

Of the extent to which a jurisdiction is taxing Tax effort is a measure 

its resources. " h t c~ties have varying levels of fiscal The problem 1S t a • 

1 Sources and levels of tax revenue. capacity, i.e., potentia 

limits to taxes or tax effort. be political or practical upper 

There may even 

Tax effort, 

taxes and t ax rates then become important factors in city budget or relative 

decisions. t ax effort is to take the ratio of A typical way to measure 

the city's tax rate to the national average rate, where the greater the value, 

the effort, and the less that increases in thE tax rate ean bE:: the higher 

used to generate future revenue. 

affect both present and future revenue The levels of these tax variables 

The relationship may not be a linear one. As the raising possibilities. 

"l"t politically, of increasing the tax rate/effort increases, the possib1 1 y, 
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rate decreases. At very high levels, it may be almost impossible to increase 

revenues by raising the rate. In addition, 'extremely high rates/efforts 

may act as a disincentive to location in the given jurisdiction, limiting 

both the demand for property and the economic feasibility of future tax in-

creases. This may lead to lower future income possibiiities. If so, these 

variables enter the city revenue function in a non-linear manner. 15 

Finally, there are other sources of revenue available to the city, such 

as intergovernmental transfers, IGT. To the extent that some transfer for-

mulas, and therefore value of transfers depend on local tax effort, such as 

revenue sharing, direct inclusion in the equation may be impossible. Testing 

for multicollinearity is necessary, and if it exists, must be controlled for. 

The final component of the model, city revenue, is hypothesized to be a 

function of: (1) aggregate property value, Val; (2) the effective tax rate, 

tXi (3) tax effort, TE; and (4) intergovernmental transfers, IGT. 

CRev CRev(Val, tx, TE, IGT) (5 ) 

G. The complete Model 

To summarize, the econometric model developed in this section is a five 

equation system, where several equations, or sub-models, contain possible 

subdivisions. The interaction of the equations is simultaneous. This allows, 

with empirical estimation, the testing of the impacts of various policy options 

and issues. By changing one variable, the impacts on the entire system can 

be determined. This process is explained in detail in Appendix B. 

Combining each of the functions described above, the general form of the 

15. In addition, the non-linearity may differ below and above the value "one", 
whe:r:e the city rate is equal to the national rate. Dividing the variable 
into below and above "one" variables is a possibility. 
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model can be summarized as: 

where: 

0 O(Soc, Val, Y, Q, 0, AR, CR, f, E) (1) 

CR CR(Ct, J, CCV, Cor, cap, E, NAd, 0) 

E E (0, °t_l' !J.O, or Et - l , GRev, Rev) (3) 

Val Val(O, Q, Soc, LUM, PS, tx) (4) 

CRev CRev(Val, tx, TE, IGT) (5) 

AR ._ The fraction of crimes cleared by arrest 

Cap 

CCV 

cor 

CR 

CRev 

CT 

D 

E 

f 

IGT 

J 

LUM 

NAd 

0 

Ot-I 

/:"0 

Percentage of available penal space which is fillp.d 

Distribution of court expenditures between civil and 

criminal courts 

Per capita expenditures on correctional facilities 

conviction rate 

Level of city revenue 

Per capita court expenditures 

population density (poss~blY given by the percentage 
of city census tracts wh1ch exceed the sample average) 

~ police budget (expenditures) 

Average sentence length 

Intergovernmental transfers 

= proportion of court funds spent on judges 

Land use mix measure 

Percentage of police budget spent on non-administrative 

activities 

Crime rate indices 

Crime rate in prctvious year 

change in crime rate from previc1us year 

)17 
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PS' 

Q 

Rev 

Soc 

TE 

tx 

Val 

= Public service package proxy 

= Housing characteristics (possibly alweloped through 
factor analysis) 

= Revenue sharing funds 

= Index of socioeconomic characteristics (possibly 
developed through factor analysis) which includes 
percentage nonwhite, NW, median income, Y, unemploy
ment rates, Un, and percentage poverty, Pov 

= Tax effort variable 

= Property tax rate 

= Aggregate property value (either the total of all 
property, residential property, or non-r~sidential 
property values) 

= Median income 

The model described here incorporates the important interactions among 

crime in urban areas, the operation of the criminal justice system, and 

urban public revenues. The crime rate/property value/revenue feedback is central 

In addition, interactions among components of the criminal jus-to the model. 

tice system, and among levels of government 
are recognized. The model also in-

cludes other urban characteristics, such as 
quality of the housing stock and 

socioeconomic attributes of the population, which may affect h 
t e level of urban 

criminal activity. 
In this way, the type of model developed here can be used 

in a variety of ways to facilitate development:' and evaluation of policies 

directed toward urban crime control. The model demonstrates how urban crime 

control is the result of interdependent behavioral decl.'sl.'ons made by various 
public agencies at various 1 I f eve s 0 government, and how effective crime con-

trol requires inter-agency cooperation. One contribution of the model,' then, 

is its emphasis on the complexity of the interactions between the urban public 

sector and urban cr iminal acti,vi ty' , d th ' an e l.mplications of that complexity 

for effective Policy-making. 
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SECTION IV. SUMMARY AND CONCLUSIONS 

In the previous sections, models of the relationships among crime, law 

enforcement and the public sector were reviewed and critiqued. Significant 

developments in the model-building effort were noted; and shortcomings were 

identified. Review and c:dticism focused on. theoretical foundation, empirical 

content and methodology, and public policy relevance. Based on this, a set 

of structural and methodological requirements were outlined for an adequate 

policy-relevant model of crime, law enforcement and the public sector. With 

these guidelines in mind, a five equation simultaneous system of urban crime 

and the public sector was described which meets the requisites. 'rhe model 

includes a supply of offenses, or crime generation function; a law enforce-

ment production function; a police expenditure, or police services demand 

function; a city revenue function: and; a city property value function. 

Thus! this study has accomplished three major things: , 
1. It provides a summary and critique of a large number of modelling efforts 

directed at a description of the interaction between crime, law enforce-

ment and the public sector. This summary, arranged in roughly chrono-

logical order, permits an historical comparison of model development. 

The comparison is facilitated by re-casting the various models into com-

mon functional forms and variable symbols. 

2. The review and critique has focused on the public policy relevance of the 

various models. This emphasis permits the review to be of value not only 

to those interested in mod~l-building, but also to those interested in and 

responsible for interpreting and applying the models within the context of 

providing improved criminal justice systems in urban areas. The practical 
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value of the simul-taneous system &pp:coach, and thE;) parallel between this 

approach and public agency cooperation, is but one example, 

3, A comprehensive model of the interactions between urban crime, the criminal 

Justice system, and urban public revenues is developed and described in 

detail. This model identifies the elements required for an adequate policy-

relevant systematic description. It demonstrates the manner in which urban 

crime control is the result of interdependent behavioral decisions made by 

various public agencies at various levels of government. 

Information from the model developed in Section III can be used in a 

variety of ways to facilitate development and evaluation of policies directed 

toward urban crime control. This potential is outlined in Appendix B, where 

model multipliers are derived and it is demonstrated how multipliers can be 

used to link the model to various public policy questions. Policy multipliers 

can be calculated and used to measure, compare and evaluate the impa~t of 

various policy suggestions or options. T~e multipliers trace the impact of a 

change in the value of a policy variable through the entire system or set of 

equations. Therefore, all interactions are taken into account in the policy 

impact measurements. 

In Appendix B, a measure of the impact of a change in the police budget 

on the crime rate, city property values, and thus city tax revenues is derived. 

Calculation of this police budget/city revenue multiplier permits a direct 

cost/revenue analysis of one policy option - increased urban law enforcement 

via increased police budgets. In a similar way, the impact of other policies, 

including options beyond those associated with law enforcement, can be assessed. 

An illustrative table of policy mUltipliers is included is Appendix B, and 

policy variables are identified. 
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In addition to cost/revenue comparisons of policy impacts, estimated 

parameters of the model can be used in other ways. Depending on the objective 

function of the urban decision-maker, optimum law enforcement can be defined 

and implications identified. The objective function can be varied consistent 

with different levels of sophistication on the part of decision-makers, e.g., 

maximization of net revenues to the city, maximization of net benefits to the 

city, maximization of net social benefits, etc. 

Finally, the interjurisdictional and inter-agency impacts of the law en-

forcement decision can be examined, including federal and state impacts on 

local law enforcement. The impacts of the constraints can be hypothesized, 

and the need or role of intergovernmental transfers in the urban law enforce-

ment resource allocation decision-making process can be assessed. 

The consistency of municipal and national objectives or priorities with 

respect to crime control can be evaluated and, based on this, the implications 

or requirements for alignment of objectives and priorities can be defined. 

The need for and effectiveness of lnterqovernmental transf,:'rs as iJlrpntivl~S 

to crime prevention behavior by municipalities can be examined using the em-

pirical estimates. 

Thus the model developed here is rich enough so that parameter estimates 

would permit analysis of a variety of interesting policy questions. In this 

way the model represents a contribution to the existing body of knowledge. 

Previous mOdelling efforts havG suffered from lack of appropriate empirical 

content, use of inappropriate methodologies, or incomplete and inadequate 

specification of the relationships among crime, law enforcement and public 

budgets. With the essential links among these processes and components 
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identified and measured, including inter-agency and inter-jurisdictional 

links, more practical policy prescript;ons w;ll f 11 ~ ~ 0 ow and the stage can 

be set for complementary and cooperat;ve ff t ~ e or s at urban crime control. 

The model developed here is a f;rst step. C 11 . ~ 0 ect~on of a data base 

consistent with the model requirements (outlined in Appendix C) and estima-

tion of the parameters so that the policy multipliers identified can be given 

measurable content are areas in which future research work m;ght ... fruitfully 

be directed. 
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APPENDIX A. SIMULTANEOUS EQUATION MODELS 

The model presented in the text is a simultaneous system of equations. 
Jj 

The use of a simultaneous e~uation model is necessary ~pc~u~e of th~ many 
! 

interdependencies described. Criminal activity is not simply a variable that 

is to be explained, but it is also an element in the police expenditures, law 

enforcement production and urban property value equations. The police expen-

diture variable is both a dependent variable, and an independent variable in 

both the supply of crime and law enforcement production (conviction rate) 

equations. Property values enter the city revenue equation, while city 

revenue enters the police expenditures equation. Thus, there is total in-

teraction among the variables. In a real sense, of course, the interaction 

among variables and equations translates into agency and sector interactions 

within both the criminal justice system and the entire urban socio-economic 

system of which it is a part. 

If a model is developed which does not properly account for these inter-

relationships the results can be misinter'preted, or may even be meaningless. 

An example of this is the literature on the deterrence value of police. 

Early single-equation models, such as Pressman and Carol [2:3], and Allision 

[1], find that police activity is not a significant determinant (i.e., deter-

rent) of criminal activity. Greenwood and Wadycki's simultaneous model in-

dicates that the sign of the coefficient of police labor in the crime genera-

tion equation is positive f8]. That is, either more police mean more crime, 

or, as they argue, more police mean that more crimes are reported. 

However, McPheters and Stronge argue that these models simply mis-

specify the crime generation equation in that there is no recognition of 
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the simultaneous relationship between crime rates and police inputs or 

expenditures [14]. Only when this simultaneity is accounted for can the 

real question of whether the police act as deterrents to crime be tested. 

Thus a simultaneous system approach is necessary. While Greenwood and 

Wadycki do use a simUltaneous equation approach which permits some system 

interactions, the structure of their model does not recognize the simul-

taneous interaction of police inputs/expenditures and criminal activity. 

Thus a simultaneous equation model alone is not enough. It must be proper-

ly specified. 

In the model presented in the text, a multi-equation, simultaneous 

system of the interactions among criminal activity, the criminal justice 

system, urban property values, and city revenues is described. 0llch a spec i-

fication is methodolocally appropriate; it permits "true" relationships with-

in the system to be determined. 

In econometric modelling, there is a basic assumption that there exist 

separate dependent and independent variables. 'The implication is that there 

is a given, one-way direction of causality; the independent variables deter-

mine, or "explain", the dependent variable(s). However, t.here often exist 

interrelationships among the independent and dependent variables such that 

the one-way relationship no longer can be considered valid. When this 

situation holds, the problem of simultaneity exists. 

If simultaneity exists, as it does in the situation described here, the 

model cannot be estimated in a single equation forffi, but a series of equations 

must be specified. The simUltaneous model will consists of "n" equations, 

where n is equal to the number of variables which are to be "explained by," 

or determined within the system of equations. These endogenous, or 

dependent variables are then determined by a set of exogenous or pre-determined 
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variables. The exogenous variables are those who values are determined or 

"explained" outside of the system described. Pre-determined variables in-

clude exogenous variables and endogenous variables which enter the model in 

lagged form, i.e., their prior period values. In that sense their values are 

pre-determined. 

If the model is empirically estimated, two basic problems are encoun-

tered: (1) the error term is no longer independent of the explanatory vari-

ables,or regressors; and (2) identification of structural parameters is not 

always possible. ·rhe implication of problem (1), the correlation of the 

error term with the regressors, is that ordinary least squares estimation 

cannot be employed because the estimated coefficients will be biased and in-

consistent. A different form of estimation procedure must therefore be used. 

Three stage least squares, or another simUltaneous system 0stimation procodure 

can provide consistAnt estimates. 

The second problem, identification, must be overcom~~ before estimation 

can take place. The identification problem arises when "the same two vari-

abIes appear in at least two different stochastic equations in a simultaneous 

model."l When this occurs, other information is necess~ry in order that the 

true impact of each variable in each equation can be determined. This addi-

tional information is obtained from the exogenous variables included in the 

model. 

The general identification rule that must hold in order for a system 

of equations to be solved explicitly for the impact of each separate endogenous 

variable is: the number of exogenous variables excluded from each equation 

must be at least equal to the number of endogenous variables included in the 

right hand side of the equation. This rule allows for solution of the 

1. James L. Murphy, Econometrics, Irwin Press, 1973, p. 406. 
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"reduced form" of the model, where the equations are re-written in a _the-

matica11y equivalent form with the endogenous variables expressed as a 

function of only the exogenous or pre-determined variables. The rule. then, 

is the same as stating that in order to solve a set of equations with Mn-

unknown variables, there must be at least "n" independent equations. The 

model described in the .text is properly identified: the individual i.pact of 

each variable can therefore be determined. 

.' 
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APPENDIX B. MULTIPLIERS~ A GUIDE TO MODEL OUTPUT 

The model described in the text is a simultaneous equation system contain-

ing five equations with five endogenous variables (0, CR, E, Val and CRev) and 

20 exogenous or pre-determined variables. The model described in Section III 

(with symbols in slightly different order) is: 

o = 0 (CR, E, Val, Soc (Un, NW, Y, Pov) , Q, f, Y, D, AR) (1) 

CR = CR(E, NAd, Ct, CCV, Cor, Cap, J, 0) (2) 

E = E(O, CRev, Rev, 0 t-l' ~O, or E
t

_
l

) (3) 

Val = Val(O, PS, tx, LUM, Soc, Q) (4 ) 

CRev = CRev(Val, tx, TE, IGT) • (5) 

The coefficients of the variables in each equation (not specified or esti-

mated here) measure the partial change in the dependent variable given a 

change in the independent variable. However, with a simultaneous system, a 

change in one independent variable may change not only the dependent variable 

of the equation, but also other variables which interact with that dependent 

variable. Therefore, it is not possible to look simply at the coefficient of 

a variable in anyone equation to get a measure of that variable's full impact 

on the system; rather, it is necessary to solve for the system "multiplier." 

This multiplier accounts for the full interdependencies among variables in the 

model. 

Solving for the system multipliers makes it possible to determine answers 

to a variety of policy questions. In this section several of the multipliers 

are derived in a general form. The solution is described as an iterative 

process. A change in a variable causes an initial variation in the dependent 

variable in the equation(s) in which it appears. This change in the dependent 
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variable will then affect the values of all other dependent variables in 

equations in which the first dependent variable appears on the right hahd side. 

This initial impact is called a first-round effect. These effects will then 

reverberate through the system triggering additional changes in the dependent 

variables. When the reverberations are complete, the final magnitude of the 

. 1 
disturbance, the sum of the first through ~th-round effects, is determlned. 

~or policy purposes, the first-round and full-round multipliers may be 

considered to be measures of short and long-term impacts, respectively. The 

difference between the short and long-term magnitudes may be small. However, 

only through observing the effects through the nth round is it possible to 

appreciate fully the impact of any given policy on the entire system. In this 

section we demonstrate how the first-round mt:1.tipliers are determined, ard 

answer an illustrative policy question. The system solution which generates 

full-round multipliers is presented in general matrix notation in the final 

section. 

A. Multiplier Deriv&tion 

In order to understand how multipliers can be derived from the model, 

consider the general form of an estimated model. Subscripted letters are 

used to represent variable coefficients, and the symbol'"' is used to in-

dicate that the coefficients are estimated by a statistical procedure, rather 

2 
than known with certainty: 

1. Technically, the full-round multipliers need not be computed interatively. 
Each full-round multiplier can be obtained by calculating its total deri
vative. The solution to the system of equations, from which total deriva
tives are desired, is contained in the final section of the appendix. 

2. For this discussion assume all equations are in log-linear form. This is 
to facilitate the discussion. The reason is that in this form the coeffi
cients represent elasticities. The elasticities directly relato a percen
tage change in the right-hand-side variable to a percentage change in the 
left-hand-side variable. Thus, in the examples presented, a direct com
parison of percentage changes can be made. 

12a 

I; 
f r 

I 
I 
t 

o = a
l 

+ a2CR + a
3

E + a4val + aSsoc + a 6un + a7Q + aa f + a9Y + 

alOD + allAR 

CR = b
l 

+ b
2

E + b)NAd + b
4
Ct + bSCCV + b 6Cor + b7Cap + haJ + b90 

E = C1 + c20 + c)CRev + c
4

Rev + cSOt _ l 
A .....,..... .... 

Val = d d 0 + d PS + d t + d LUM + d
6

SOC + d
7
Q 

1 + 2 3 4 x 5 

CRev = e
l 

+ e
2
val + e)tx + e

4
TE + eSIGT 

(6) 

(7) 

(8) 

(9) 

(10) 

From this description one can see that a change in either the endogenous 

or exogenous variables will create a reverberation through the entire system 

of equations. For example, assume that a city decides to increase its expen-

ditures on police activities. This will cause the variable, E, to increase. 

To determine the full effect of this change it is necessary to trace the im-

pact through the system. 

An increase in E has its initial impact on ~quations (6) and (7), the 

crime generation equation and the conviction rate equation. The extent of 

the impact in these equations is determined by the estimated coefficients, 

a~ and b~ multiplied by the percentage change in E, i.e.: 
) 2' 

flO a
3

flE (11) 

and 

~ 

f.lCR = b
2

flE. (12) 

This is the start of a complex chain of events, since changes in 0 will cause 

changes in E via equation (8), in Val via equation (9), and in CR via equa-

tion (7), while the changes in CR cause 0 Lo change further, i.e.: 

flE = C AD = c2
a

3
flE (13) 

2 

tWa 1 = d flO 2 = a a liE 2 ) 
(14) 

flCR = bqL\O b
9
a

3
llE (15) 

flO = a
2

6CR = ~2(b2llE + b a
3
[,E) 

9 
- (a

2
b

2 
+ a

2
b

9
a

3
)llE (16) 
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where equation (11) is substituted for ~O and equations (12) and (15) are sub-

stituted for ACR. 

Addit.ional effects then OCcur, since changes in E, Val and 0 enter into 

all of tlm eYltdt..i om;. This IUay seem to be an endless process, but the rever-

beratio!1S may settle down very quickly. 'l'he magnitudes of the effects fall 

J:apidly (Jll the secolJd dnd third rounds if initial percentage changes become 

smaller second round percentage changes, and so on, through the system and 

through successive rounds. 3 

B. POlicy Multip1 iers 

Once the full-round multipliers are determined, the effect of increasing 

the police budget on all the dependent variables in the model can be calcula-

ted. In this discussion first-round Multipliers are calculated, providing 

short-term answers to policy questions. This is accomplished by Solving for 

each of t.he five equat:ions in a manner that exhibits the change in each en-

dogenous, or dependent vdriable, given a change in another endogenous and/or 

exogenous variable. 

1"or example, a poten tial policy question is: based on a direct cost/ 

revenue calculation is it rational for a city to expend more resources on law 

enforcement? 'ro answer this, it is necessary to solve for ~CRev as a func-

tion of 6E. ~o do so, lewrite equations (6)-(10) as difference equations in 

terms of the endogenous variables: 

~ flO == a
2

l1CR + a LIE + a4l1Val 3 

b liE 
A 

~CR -- -T- bg,,\O 2 

(17) 

(18) 

1m 0: C 60 + c t\CRev 
2 3 

(19 ) ., 
N!;'ll :, j~, :\0 

,. 
(20) 

3. Cludt'ly, ho, .. qujt:k1y lht;- rev~rberations sl'ttlE~ and the stability of the 
mode 1 dl~pend on tl:t! filclgni tudes of the (:oefficients and characteristics 
of tbe sy:,tl:'m !:>,.,jut}OIl. Empirical estimation is required for a conclUsion. 
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CRev = e2~val. 
(21) 

~ Equation (21) i.ndicates that the change in city revenue is equal to e
2 

mUlti-

plied by the change in aggregate property values. Substituting equation (20), 

the change in property value equation, into equation (21) yields: 

(22) 

Equation (22) expresses the change ~n c~ y reven , "t ue given a change in the crime 

rate. To complete the policy analysis it is necessary to express the change in 

the crime rate as a fUnction of changes in police expenditures, i.e., to solve 

for ~O as a fUnction of LIE. Substituting equati~n (18) into (17) yields: 

(a b + a
3

) 
2 2 o = ~262~E + ;311E + ;269l10 = LIE 

(1-a
2
6

9
) 

(23) 

since on the first round, lIVal = O. A second round solution would incorporate 

. the crime rate chanqe property values. equation (20) where changes ~n This round 

is not calculated here for mathematical simplicity. 

Finally, substituting equation (23) into equation (22) gives: 

~2d2 (~i)2 + ~3) 
I\E lICRev 

(24 ) 

Thus, the first round impact of a change in police expenditures on. city revenue 

is given by equation (24). S~nce e
2

, 2' a
2

, 02' 3 . ~ Ad ~ "'- a and h9 would be known if 

the model were estimated, a benefit/cost ratio can be calculated. 

assume a ten percent 

multiplied by [~2 d
2 

change in the police budget, i. e., 1I E = .10. 

For example, 

This is 

multiplier to give the percentag.echange in.cJ~tY- revenues. Since revenue 

present levels of ~ity reve-nue and p~-{~'~~'~~~~~ditures are known for cities, 

the dollar values of LIE and lIcRev, given the percentage change in E and CRev, 

can be directly compared. 
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This, of course, is simply an illustration and does not include second 

and later round effects. For example, equation (20) indicates that a change 

in the crime rate will change property values. This directly changes city 

revenue, described in equation (21), and also changes the level of crime 

generation, as described in equation (17). From equation (IS) it is seen 

that a change in the crime rate changes the conviction rate, which in turn 

also changes the level of crime generation. Changes in crime will also change 

policy expenditures, via equation (19), and the change in city revenue will 

occasion additional changes in police expenditures via the same equation. A 

new round is thus set off. The first round, therefore, underestimates the 

total effect. 

Policy 
Variables: 

lIUn 

llf 

lICCV 

lltx 

TABLE B-1 

SHORT-TERM 
POLICY MULTIPLIERS 

Endogenous Variables 
lICRev lID lICR llVal liE 

--·----+-------~------I 

~2d2(a2b2+a3) a2b2+a 3 

(1-i
2
bg ) (1-a

2
bg ) 

a 
6 

'" ,.,.... ,..,.. ,..,.. ,.,.,..,.. 

b2c2aS+bgaS c2aa+c3e2d2aa 
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sample short-term policy multipliers are contained in Table B-1. The 

table indicates the impact of various selected policy variables on the five 

endogenous variables in the model. The change in an endogenous variable is 

measured by the product of the indicated multiplier and the change in the 

policy variable, i.e.: 

II Endogenous Variable (M~ltiplier) (ll Policy Variable). (25) 

The general multipliers can be replaced, of course, by computed numeri-

cal values. In addition, multipliers for other policy variables can be 

calculated. Table B-2 lists and defines the policy variables included in 

the model. Each of the policy variables has a potential impact on city crime 

rates, property values, revenues, and police expenditures. Yet the decision-

makers responsible for the policy choices indicated in Table B-2 include 

local, state and federal public officials in a variety of program areas, 

both within and outside of criminal justice. Thus the inter-agency and . 

intergovernmer~tal behavioral impacts of the policy decisions modelled in the 

system are highlighted. 

The policy variables listed include exog'enous variables and three endoge-

nous variables, police expenditures, the conviction r.ate, and city revenues. 

While police expenditures, E, are endogenous and therefore determined by 

values of the other variables in the system, they can be increased or de-

creased independently if "tastes" for police expenditures change. This would 

be reflected in a shift in the police expenditures function, i.e., a change 

in the value of the intercept, c
l

• Similar arguments can be made for includ

ing the endogenous variables CR, the conviction rate, and CRev, city 

revenues. For example, a relaxation of constraints on the criminal justice 

system may be reflected in a shift in the conviction rate function, and in-

troduction of new sources of local revenue would shift the city revenue 
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':unction. Both of these examples are policy options, although perhaps less 

obvious than some of the others listed. Finally, among the exogenous vari-

ables, the feasibility or immediacy of policy impacts also varies. The tax 

rate, for example, is subject to a more direct and predictable impact as 

the result of a policy decision than is the land use mix or median income. 

Nevertheless, all variables with the potential for change through policy de-

sign have been included. 

Multipliers are not required to answer all policy questions. For example, 

the direct impact of a change in intergovernmental transfer payments on city 

revenues is meas11red by the coefficient, e ; the direct effect of prison 
5 

capacity on the conviction rate is captured in the coefficiel'tt, b
7

• There 

are many other examples. These measures, however, capture only the immediate 

direct impact on the dependent variable in the equation. Multipliers account 

for the reverberations which initial changes trigger throughout the system 

of interdependent equations. 

TABLE B-2 

POLICY VARIABLES 

Exogenous Variables 

AR 

Cap 

CCV 

Cor 

Ct 

f 
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Description 

Arrest Rate 

Percentage of Available Penal 
Institution Space Filled 

Distribution of Funds Between 
Civil and Criminal Courts 

Total Expenditure on Correction 
Facilities 

Total Court Expenditures 

Average Sentence Length 

I 

j 

L 
~I 

Exogenous Variables 

IGT 

J 

LUM 

NAd 

PS 

Q 

Rev 

Soc 

TE 

tx 

Endogenous Variable~ 

CR 

CRev 

E 

C. Long-term Multipliers 

Intergovernmental 'l'ransfers 

Funds Spent on LaboL (Justices) 

Land. Use Mix 

Proportion of E spent on 
Law Enforcement 

Public Service Package Per 
Capita (Educational Expenditures) 

Housing Charact~ristics 
Age 
Quality 
Percentage One Family Units 
D(~nsi ty 

'l'argetec1 Intcrgow'!}Tl([\f'I.tal 
'I'ransfer;; 

Socio-economic C:J lnrneter l stics 
Median Income 
Unemployment Rate 
p(~ rr;PIl tiP}!> pc,·-p rt·.y 

Tax Effort 
(City Rat-p./N'ltif)llRl iwpraqe Rate) 

Effectiv" Tax ~~tp 

Conviction Rate 

Level of City Revenue 

Police l3ud(.Wl: EXPf~llr1i turc~s 

Table 1 contains sample short-term multipliers_ 'rhe values \'Jldt'l! the 

coefficient symbols represent would not measure the full and complete impact 

uf a change in a policy variable. The full measure is de:d v(>(.l from thE' solu

tion of the reduced form of the model_ In i ts re\lnc(~d form, j-b'> '~lId091"1l(JUS 

variables are expressed as functions of on1 y CXCJqellO'l<i or pr.> ,j~'.f-'-'r:l!,j w",' 

135 



------ - - - ._-

I 
I 

~ 

(exogenous plus lagged endogenous) var;ables. h 
do T is is best illustrated by 

expressing the system in matrix form: 

AY
t 

= BY + ex 
t-l (26) 

where Yt is a five by one vector containing the five endogenous variables; 

Yt - l is a five by one vector containing the lagged endogenous variables; 

and Xt is a twenty-four by one vector of the five constant terms and the 

nineteen exogenous variables, i.e.: 

o 

CR 

E 

Val 

CRev 

y 
t-l 

... 

l 

I) 
t-l 

CR
t

_
1 

Val 
t-l 

CRev 
t-
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A is a five by five matrix of coefficients of the five endogenous vari-

abIes in each of the five equations; B is a five by five matrix of the co-

efficients of the lagged endogenous variables in each equation; and C is a 

five by twenty-four matrix of coefficients of the twenty-four constant terms 

and exogenous variables in each of the five equations, i.e.: 

A 

1 

o 

o 

-c 
2 

-d 
2 

! 0 
L 

o o 

100 

-a 
2 

1 

o 

o 

o 

o 

-b 
2 

1 

o 

o 

o 

o 

1 o 

1 

o 0 0 0 0 0 0 

o o 

o o 

B o o 

o o o 

o o 
.J 

and 

o o o o o 

o b
3 

b
4 

05 b
6 

b 7 bS 0 

o 

o 

o 

o o 

o 0 

o I) 

o 0 

o l 
! 

o 

o I) 1 0 0 0 0 0 0 a 0 o o 0 0 0 0 0 c 4 0 0 0 0 0 

o o 1 o 0 o o 0 o o o o 

o o o o 0 o o 0 o o o o 

Solution for the reduced form yields: 

-1 Y A-lex 
A B t-l + t 

(27 ) 

The current values of the endogenous variables are expressed as a func-

tion of the lagged endogenous variables and the exogenous variahles. 

The complete solution of the system accounts for the sequential jmpact 

of the lagged endogenous variables on future values of thp endogenous variables: 

-1 -1 -1 
Y = (I - A B) A ex 

(2S) 
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The solution described in equation (28) indicates matrix operations 

on values of the coefficients which would fill the cells of A, B, C and 

part of X. Full-round multipliers are represented by the solution matrix 

elements. Each element measures the full change in an endogenous variable 

caused by a change in an exogenous variable, or by an initial change in an en-

dogenous variable caused by a shift in its functional intercept. Thus full

round multipliers can be obtained from the system of empirically estimated 

coefficients. 
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APPENDIX C. MODEL DATA REQUIREMENTS 

Table C-l summarizes the data. "'~quirements of the model described in the 

text by listing and defining each of the variables mentioned in Section III. 

In addition, each variable is roughly linked to available sources of informa-

tion. Table C-2 describes the major data sources and contains a brief discus-

sion of the kinds of data contained in each. 

variable 

AR 

Cap 

CCV 

Cor 

CR 

CRev 

ct 

E 

f 

IGT 

J 

LUM 

NAd 

o 

TABLE C-l 

VARIABLES AND DATA SOURCES 

pescription 

Arrest Rate 

Percentage of Available Penal 
Institution Space Filled 

Distribution of Funds Between 
Civil and Criminal Courts 

Total Expenditure on Correction 
Facilities 

Conviction Rate 

Level of City Revenue 

Total Court Expenditures 

Police Budget Expenditures 

Average Sentence Length 

Intergovernmental Transfers 

Funds Spent on Labor (Justices) 

Land Use Mix: 
Commercial, Industrial, 
Residential, Exempt 

proportion of E Spent on Law 
Enforcement 

Crime Rate Index 

139 

~?_urce (from Table C-2) 

12, 18 

20 

24 

13, 15 

12, 16, 19, 21 

5, 11 

12, 15, 17 

11, 15, 24 

20 

5, 7, 11, 2(, 

12, 15, 17 

~ity Government Offices 
of Rt.~al Propl"rty and 

Taxation 

24, 27 

11, 12, 16, 19 
and derived 
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Variable 

a 
t-l 

PS 

Q 

Rev 

Soc 

TE 

tx 

Val 

Lagged Crime Rate Index, 
Indices 

Change in Crime Rate Index 

Public Service Package Per 
Capita (Educational Expenditures) 

Housing Characteristics 
Age 
Quality 
Percentage One Family Units 
Density 

Targeted Intergovernmental 
Transfers 

Socio-economic Characteristics 
Median Income 
Unemployment Rate 
Percentage Nonwhite 
Percentage Poverty 

'rax Effort 
City Rate/National Average Rate 

Effective Tax Rate 

Aggregate Property Values 
Assessed Valuation 
Fyll Value 
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Source (from Table C-2} 

II, 12, 16, 19 
and derivc:tl 

Derived 

6, 11 

8 
8, 9 
8, 9 
8, 11 

5, 7, II, 26 

II 
22 
8, 22 
11 

23, 26 

23 

1 
21 

; 

i 
I 
! 

I 
~ 
:1 
i 

i 
i 

f 
L 
I 
t 

r \ h 

'rABLE C-2 

DATA SOURCES GUIDE 

I. Department of Commerce, Bureau of the Census 

1. Census of Governments, Vol. 2, Taxable Property Values and Assessment/ 
Sales Price Ratios 

Data on assessed values of real property for SMSA counties, selected 
major cities: assessments and sales for selected cities and selected 
tax and assessment ratios for most cities (population over 50,000). 
Five year i.ntervals. 

2. Government Employment, City Employment 

Employment and payroll data by function in summary form and for 
individual cities. Published annually. 

3. Government Employment, Public Employment 

Published annually. 

4. Government Employment and Local Government 

Employment in selected metropolitan areas and large counties. Pub
lished annually, except 1977. 

5. Government Finance, City Government Finances 

Data on city finances including general and intergovernmental revenue 
and general expenditures for cities, with greater detail for large 
cities. Published annually. 

6. Government Finance, Finances of School Districts 

Revenue, expenditure and enrollment data for school districts over 
5,000. Published annually. 

7. Government Finance, Taxes and Intergovernmental Revenues of Counties, 
Municipalities and Townships 

Summary data for revenue sources to local government. Published 
annually. 

8. Annual Housing Survey, General Housing Characteristics 

Data on age, number of units in structure, measures of quality for 
housing stock, given by SMSA and central city. Published annually. 
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9. Annual Housing Survey, Indicators of Housing and Neighborhood 
Quality 

10. 

ll. 

Special data section for Annual gousing Survey, (8). Published 
annually. 

Annual Housing Survey, Financial Characteristics of the Housing 
Inventory 

Special data section for Annual Housing Survey, (8). Published 
annually. 

County and City Data Book 

M~jor data source for population, per capita income, revenues from 
taxes and intergovernmental sources, expenditures for education 
and police and fire protection, municipal employment levels includ
ing police, various crime indices. Published every five years. 

CI. Department of Justice, Law Enforcement Assistance Administration 

12. Sourcebook of Criminal Justice Statistics 

Major data source for statistics on the criminal justice system 
including expenditure and employment levels for police and judicial, 
victimizatjons, arrests, prison populations, by state, by level of 
government and by function. toli th an annotated list of sources and 
references. Published annually. 

13. Census of State Correctional Facilities 

Data on size, function, personnel and finances for state facilities. 
Published annually. 

14. Characteristics of the Criminal Justice System 

Summary data on criminal justice agencies, police, courts and 
corrections. Published annually. 

15. ~xpenditure and Employment Data for the Criminal Justice System 

Data on expenditures and employment levels at the Federal, State 
and local levels for the criminal justice system by function and 
by state and for selected cities. Published annually. 

16. National Crime Survey, Criminal Victimization Surveys, City Reports 
Series 

Data on number and type of victimization, characteristics of victims 
and events. For selected major cities, beginning in 1972. Pub
lished periodically. 
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17. National Survey of Court organization, with Supplements 

III. 

IV. 

V. 

18. 

o 0 dO tOons ]oudicial and 
Summary data for states on courts, ]ur~s ~c ~ , 
support personnel. Published annually. 

State Court Caseload Statistics: Annual Reports 

Yearly data reflecting judicial caseload activity in each state 

court, general and appellate jurisdiction, 

of J ustice, Federal Bureau of Investigation Department 

19. uniform Crime Reports, Crime in the United States 

Data on crime, arrests, law enforcement employment. 

annually. 

published 

Department of Justice, Bureau of prison~ 

20. Bureau of Prisons Reports 

o t planned capacity for 57 federal 
Data compares current popl~lat~on 0 

correctional institutions. Monthly series. 

21. Federal Prison System Statistical Reports 

populat;on characteristics and movements. Data on prison .... 
published 

annually. 

Other 

22. 
National Commission on Employment and Unemployment Statistics 

da ta breakdown. Various reports commis
Contains basic employment 
sioned. Summary final report published September, 1979. 

23. State Departments of Taxation 

Fuil value tax rates and equalization ratios. 

each state. 

Annual reports by 

24. Municipal Budgets 

25. 

Annual budgets of each city. 

Off ;ce of the U.S. Courts, Annual Report of the 
Administrative .... 
Director 

o the federal ]oudiciary, expenditures, workload, 
Data on personnel ~n 
civil and criminal cases. 
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26. Initial State and Local Data Elements, Department of Treasury, 
Office of Revenue Sharing 

27. 

Elements that enter into the revenue sharing allotments, by local 
jurisdiction, by allotment period. 

The Police Employment Guide 

Published by the National Employment Listing Service for the 
Criminal Justice System. Information about employment in police 
departments, department size and organization, entrance requirements 
and starting salaries. For 250 cities with over 50,000 population. 
1978. 
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