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FORWORD

The work reported herein is potentially of great
significance in the effort to improve the quality of
law enforcement in the United States. This project
shows how scientific methods can be used to define
objectives for police agencies, establish criteria by
which progress towards these objectives can be meas-
ured, and suggest tactical or procedural methods for
efficiently using. police resources to achieve these
objectives.

This report contains much technical material un-
familiar to law enforcement personnel which is in-
cluded in any effort to help management science
consultants assist police with many of their problems.
Members of the law enforcement community hope-
fully will take the opportunity to use the kinds of as-

sistance presented in this study and otherwise available
through a variety of Federal programs.

The report is printed with the hope that those con-
cerned will profit from a study of these developments.
While the application of operations research and
systems analysis will not be the answer to all the
problems of law enforcement, they do appear to offer
more hope and progress than depending on past ex-
perience or intuition alone.

MarTIN B. DANZIGER

Assistant Adnanistrator

National Institute of Law Enforcement
and Criminal Justice
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PREFACE

The list of individual contributors to the mission
of the Operations Research Task Force is a long one.
At the risk of omitting credit to some whose contri-
bution was significant, particular gratitude is ex~
pressed to Dr. Robert Emrich and Dr. Jay Merrill of
the National Institute of Law Enforcement and
Criminal Justice. Dr. Sigmund L. Walesczack, Dr.
George A. Contos, and Dr. John Y. Barry also gave
generously of their time to review the technical work
in progress. Dr. Gustav J. Rath, Northwestern Uni-
versity, and Dr. Thomas A. Caywood participated as
individuals in many discussions of the project’s prob-
lems and approaches.

Special thanks go to the Communications Center
personnel, Chicago Police Department, who willingly
bore many additional data gathering and procedural
burdens; to persornel in the Data Systems Division
for their special computer tapes and keypunch data;
and to the District Commander and the personnel of
the 14th District for their participation in a full-scale
administrative experiment during the summer of 1969.

This version of the Final Report of the Operations
Research Task Force is the result of editing and tight-

.

ening carried out by the Project Director over a period
of approximately one year at no cost to the U.S.
Department of Justice or the Gity of Chicago. This
remains a technical report. It is intended for those
who seek to participate in the process of improving
Law Enforcement in the United States through appli-
cation of the methods of operations research system
analysis, and the computer sciences.

There is much in the report that can be used by
the Police Administrator. Detailed techniques, how-
ever, are drawn from disciplines that Law Enforce-
ment personnel are not generally familiar with. They
do not need to be, They must, however, recognize
that staff functions are just as important in Law
Enforcement as they are in military affairs.

I acknowledge the contributions made by the
civilian and police staff of the Operations Research
Task Force during performance of this project but
take respousibility for the content of this version.

ALBeErT M. BorTOMS
Monument Beach, Massachusetts
TFebruary 1971
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BACKGROUND AND RECOMMENDATIONS

A major conglusion of the Presidential Commission
on Crime and Taw Enforcement, reporting in the
Spring of 1967, was that major law enforcement
agencies should make use of the techniques of oper-
ations research and systems analysis. These techniques
should improve the Police administrator’s choice in
resource  allocation, manpower utilization, and
equipment evaluation and selection. Under the
leadership of O. W. Wilson, the former superintendent
of the Chicago Police Department, the department
applied for an operations research project grant under
provisions of the Law Enforcement Assistance Act of
1965, The grant was awarded in August, 1967, and
actual work commenced in February of 1968 when a
qualified project director was obtained.

Chicago’s request was a natural outgrowth of the
report of the Crime Commission. Additional justifi-
cations for a major Law Enforcement Assistance Ad-
ministration study here included the existence of the
most modern Police command and control system in
the United States, a large computerized data base,
and the dynamic reputation of the Chicago Police
Department. In general, these conditions are neces-
sary for the success of any scientifically-oriented
project in the military service, in business, or in a
law enforcement agency.

Impetus was given the project by recognition within
the Chicago Police Department of a need to review
uses of manpower in the Patrol Division (motorized
beat structure) in view of rising crime rates and in-
creasing workloads imposed upon a force which might
not be able to expand to meet all demands placed
upon it.

Police administrators of all law enforcement agen-
cies will recognize the universal nature of this problem.
Hence, the results obtained by the project and the
further approaches suggested in the report can prove
useful to law enforcement agencies throughout the
United States.

The major objectives of the project were to:

1, Demonstrate the applicability of operations
research and systems analysis techniques to ‘prob-
lems of resource allocation in a major police de-
partment,

X1

2. Prove the feasibility of conducting operations
research studies with an “‘in-house” scientific group
as opposed to the practice of using outside civilian
consultants, ’

3. Familiarize, indoctrinate, and train police
officials from Chicago and other cities in ap-
proaches, capabilities, and limitations of operations
research.

RELEVANCE TO POLICE

As shown in this report, the resouice allocation
project in the Chicego Police Department demon-
strated the relevance and potential value of a number
of specific approaches. The project has assisted in the
conduct of some field experiments and tests. Time
and limited resources did not permit implementation,
on a continuing basis, of any of the recommendations
even though some approaches offered great promise.
The project was. a staff operation, reporting to the
Superintendent of Police through the Director of the
Planning Division. Project activities were coordinated
with operating units through the Operations Research
Advisory Board. The project report is thus a staff
study that can be regarded as a preliminary design
study or an exploratory study. This is an important
point. ) .

A study of an operational organization itself cannot
result in complete reorientation and reorganization
without detailed stafl activity, training, personnel
changes and organizational changes; however, the
study is a prerequisite to achievement of desired
results. The demonstration of potential approaches
presented herein is credible and possible within exist-
ing internal and external constraints which affect a
police department. It is believed that evolutionary
processes “in reorientation and reorganization of a
police department, necessary for testing of innovative
approaches and techniques, are inevitable.

"Operations Research Task Force (ORTF)

The Operations Research Task Force was’estab-
lished in February 1968, It consisted of four civilian

PEEEIERS oS

ahalysts and seven police officers. A uniql'le_ and most
valuable feature of the ORTF was the joint po.hc.c-
clvilian scientist organizational arrangement within
which individuals worked singly or in small groups
without regard to police or civilian status. This en-
abled development of relevant anal;:tical approaches
by combining police experience with the technical
capabilities of civilian scientists. .

The project director was a civilian resPonsxblc for
the program in general and for the technical contcpt
of the work. The deputy project director, a captain

.in the Chicago Police Department responsible for

official liajson with all units, provided the police link
in the chain of command for officers assigned to the
ORTF. Thas approach was patterned directly from a
joint military-civilian study group in the Departr.nent
of Defense, and it proved 'that it would be a viable
method whether the civilian component were “in-
house” or pruvided under a contractual arrangement.

Analysis plan

The approach of the ORTF to the problem of
resource allocation in the Chicago Police Department
was to: :

a. understand Chicago as an environment in
which law enforcement activities take place.

b. examine overall police resource allocation in
the light of community criteria.

c. analyze the fuactional aspects of law enforce-
ment response to calls for police service and ag-
gressive preventive patrol.

d. conduct field experiments, when pos§iblc.

Within the Chicago Police Department, the training
objective was accoraplished through oral and written
reports, individual discussion, and by the use ?f an
apprenticeship method whereby officers were assigned
to the ORTEF, '

Operations Research Advisory Board

For administrative purposes, the ORTF was placed
in the Planning Division in the Office of the Super-
intendent of Police. The Director of the ORTF re-
ported directly to the Director of Planning. Comrrfuni-
cation of project results was to an OR Advisory
board. This board coordinated the research effort
and assured continuing relevance of the various tasks,
The OR Advisory Board consisted of the deputy
superintendents for Field Services, Staff Services, and
Inspectional Services plus the directors of Personnel,

Data Systems, Finance, Records and Communications
and the executive assistant to the Superintendent.
The Director of Planning acted as chairman of the
OR Advisory Board. : ‘

The OR Advisory Board proved to be an cffective
hody insofar as providing means for communication.
Where necessary and appropriate, the OR Advisory
Board authorized direct liaison between the ORTT
and other organizational units such as the Patrol
Division, the Detective Division, -and subordinate
field units.

Role of consultants

It is essential that a pioneering effort such as the
Chicago Police Department Resource Allocation Prnj-
ect obtain specialized outside help and objective
criticism. It is even more important that adequate
computational facilities be available and acce§sible jco
analysts. These needs were not fully apprecxatcgl in
the application for OLEA Grant 195, Grant adjust-
ments permitted the ORTYF to obtain some consvjx_l-
tative services and use of the major computer facility
at Northwestern University. Professional technical re-
view was obtained through a panel whose members
served, without compensation, on an informal but
continuous basis. Such a review is essential when
scientists are under time pressure to get results while
extending known techniques into new fields. Panel
members included distinguished operations research
scientists from government, industry, and universities.

Principal approaches and efforts of the ORTF_are
detailed in Chapter 1, following the major conclusions
and recoramendations of the study. This chapter will
aid the police administrator or public official who
needs an overview of the resource allocation problem.
Few cxecutives need or want to become involved in
the technical and analytical details or possess th.e
formal training necessary to follow all the techni-
calities. Other chapters contain more detail, but thgy
are essentially non-technical. Operations analysts v'vﬂl
‘find a wealth of specific analytical material, supporting
the interpretative chapters, in the appendices.

RECOMMENDATIONS

The principal conclusion of this :demonsttjatior'l
project is that resource allocation problems of _law
enforcement agencies are amecnable fo operations
rescarch and system analysis methods. Units similar
to the Operations Research Task Force of the Chicago
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Police Department should be established and actively
supported within every major law gnforcement agency.

Unless there is a major scientific unit organic to a
municipal zovernment to which a civilian professional
staff of police operations research scientists could bhe
assigned, an Operations Rescarch Task TForce con-
sisting of sworn police personnel should be established
within the planning unit of a police department. This
group should be supported by long-term contractual
relationships with universities, non-profit, and profit-
making scientific organizations. It is emphasized that
police departments will require professional guidance
in the selection of contractors or scientific personnel.

Management Information System Needed

The most significant recommendation to the Chi-
cago Police Department to improve efficiency of the
resource allocation capability is to develop and imple-
ment a computer-assisted police management infor-
mation system. The evolutionary characteristics of
such a system suggests a time-phase plan of imple-
mentation and development so as to produce early
resnlts,

The current high level of emergency police service
to the citizens of Chicago should be maintained.
However, it is vital that a method be found to increase
availability and decrease workload of district patrol
units. One alternative is to increase the number of
patrol units. The critical consideration then becomes
saturation of the Communications Center capability,
Improved supervision by field personnel to decrease
service time could delay reaching the communications
saturation level, but if the trend of recent years con-
tinues, this effort alone will not be sufficient. Adoption
of a policy which permits stacking, increased screen-
ing, and deferral of police service to calls of non-
emergency nature appears to offer the most promise.
Adverse public reaction to any inconvenience in non-
emergency sifuations can be offset by adherence to
the current high level of response to emergency calls.

Shift to Resource Analysis Budget

Planning can be facilitated through the use of a
resource analysis budget which shows how financial
resources are applied to the major goals of the Chicago
Police Department. The performance budget of the

-City of Chicago can be readily transformed into a
resource analysis budget.

The Planning Division can prepare a resource
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analysis budget annually and should prepare recom-
mendations to command stafl which facilitate future
financial decisions. The resource analysis budget can
be utilized to establish resource allocation priorities.

To Improve Capabilities

The Operations Resource Task Force submits sev-
eral recommendations to improve the capabilities of
the Chicago Police Department, Some recommen-
clations are within the capability of the Department
while others will requirc the assistance of outside
agencies,

It is recommended that the Department:

A. revise the currenl policy relaling to assignment of
patral units to non-emergency calls for service to permit
stacking, increased screening, and deferral,

B. implement: the use of analytical methods to allocate
Patrol Divisign resources belween a response force and a
preventive force. Bach district will present unique
problems of implementation. Emphasis must be
placed on the development of mission assignments
for the preventive force units so as to maximize
the potential benefits of the split-force concept,

C. adopt the use of service time distribution data as a
measure to increase effective field supervision which im-
proves availability of patrol units. The car-outage re-
port should be an exception report. Service time
norms must be consistent with professional stand-
ards of police service.

D. establish procedures for the use of crime incidence
maps to assist allocation of resources lo preventive patrol.
The lack of correlation between the clustering of
criminal events and mission assignments to patrol
units identifies this problem area. Plotting to the
maps can be accomplished by hand until computer
assistance is available,

E. contract for computer-graphics presentations of crimes
by type and time of day as an interim procedure until
in-house capabililies are devetoped. Analytical techniques
for allocation of preventive patrol units have been

developed by the Operations Research Task Force -

and are programmed for the computer at North-
western University. ;

¥, keypunch information from administrative cards into
the - Department: deta  base. Revision -of computer-
produced reports of Department activity which in-
cludes this additional information will greatly assist
analysis of the commitment of police resources.
Currently, over 70%, of the total calls for service
are categorized as “Other”. '
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G. continue the joint scientist-law enforcement officiel
¢ffort in solving operational and resource allocation prob-
lems, The application of advanced technology to
problem arcas and the resultant alternative so-
lutions can be documented to provide puwerful
support to the decision-making process.

H. utilize the resource analysis budget as a tool in
planning police effort to attain Department objectives.

1. strengthen the Ghicago Police Depariment capabilily
Jor planning and evaluation of resource allocation policies
by prouiding oulside professional, technical and analylical
support to the Planning Division.

Priorities For The Future

The following list of suggested future projects is in
an order of priority as seen by the Director, Operations
Research Task Force. Projects followed by the letter
«P» are those that can be undertaken by the Depart-
ment without outside technical guidance. Those {ol-
lowed by the letter ©“S” require execution by scientific
personnel based upon Department guidance. Projects
in which cfforts of both the Department and scientific
personnel are required are followed by the letters
“S-P,” Suggested for the future:

Conduct a study to determine the requirements of
a Management Information Systew. (S)

Conduct a study to determine alternatives to the
current laborious keypunching system. (5)

Conduct cost-benefit analyses of the following units
of the Department to support resource allocations de-
cisions: Bureau of Stafl' Seywices, Detective Division,
Intelligence Division, Traffic Division and Vice Con-
trol Division. (8) :

Expand experiments of the split-force concept to-

additional districts, progressing to those with more
complex ‘problems of erime control, (P)

Continue the study of specific ¢rime problems in
various districts and areas. (P)

Conduct neighborhoed and district surveys to ascer-
tain weights associated with serious crimes by citizens;
this could be carried out through the Community
Workshop Program. (P—See Chapter 5)

Develop methods to allocate manpower to pre-
ventive patrol assignment; concurrently, preventive
patrol tactics must be designed for specific crime
problems such as auto theft, burglary, robbery, and
patral of high rises. (S~P)

Develop and test Coordinated Response tactics,
(5-P) A
Test the validity of the overall resource allocation
method on the dual criteria of providing the desired
level of emergency service, and minimizing crime on
a city-wide basis by preventive patrol. (S-P)

Develop a capital improvement plan with emphasis
on the Communications Center, personal communi-
cations equipment, motorized unit communications
equipment, and advanced technology which can assist
intelligence, surveillance, and patrol activities. (@)

Develop and evaluate contingency plans, proce-
dures and requirements for specialized equipment to
contain civil-disorders and man-made or natural
disasters. An example of a2 man-made disaster would
be a situation such as when a heavily armed man gocs

berserk. (S~P) ‘

Review current emergency mobilization procedures
for modification in those districts employing the splil-force
allocation technigue. Units assigned to preventive patrol
can be readily mobilized and employed without dis-
ruption to normal police service. (P)

Encourage and stimulate university-based research
into basic methodologies which apply to the alloca-
tion of resources of law enforcement agencies (S)
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CHAPTER 1

SYSTEMS ANALYSIS APPLIED TO LAW ENFORCEMENT™

The problem of resource allocation for a police
system is similar to that of many other public systems,
namely: (1) A lack of agrecment regarding the ob-
jectivey of the system, and their relative importance;
(2) A lack of knowledge of alternative means for ac-
complishing goals, either within or outside the system;
(3) A lack of agreement defining the criteria of per-
formance; and (4) A lack of knowledge of transfer
functions which would enable the prediction of output
from any given sct of inputs,

The police system has to be studied as a distinct
system within the social structure of society. Opti-
mizing ecasily quantifiable relationships is likely to
obscure the important qualitative aspects.

“The legitimate point (can be made) that police
systems .can be understond only as institutio‘{ls in
interaction with the vest of the social structure.”’*

IDENTIFICATION OF QBJECTIVES-

The Police System objectives are related to: law
enforcement, order maintenance and public service.
Though everyone might agree as to the desirability

* of the frst objective, there is disagreement on what to

enforce and how.?

“No policeman enforces all the laws of a community.
If he did, we would all be in jail before the end of the
first day. The laws which are selected for enforcement
are those which the power structure of the community
wants enforced.”? -

The second objective, order maintenance, desig-
nates the police system as a buffer for the social system.
This is bound to invelve conflict situations in which
there is no consensus as to what constitutes order and
the propriety of the methods of enforcement em-
ployed. The function of public service is much less
contraversial, but constitutes a large drain on police
resources. Often these services could be more effi-

*Principal author: Ernst XK. Nilsson, Ph.D.

ciently performed by other public or private organi~
zations.

Even if an objective such as crime prevention has
been agreed upen, it is important to know the al-
ternative methods which can accomplish the objective.
Often the most important aspect of improving. a
system is the generation of good alternatives. In ad-
dition, cach null alternative has to be investigated.
Instead of devoting additional resources to a police
system, they might produce better results if allocated
to the courts or correctional agencies, or if used for
social work or community building. Thus, it is neces-
sary to consider alternatives outside the police system
proper.

Criteria of performance represent the means by
which a systert is to be evaluated. They should provide
a way of measuring how well objectives are being
accomplished. For example, is an average responsc
time to a call for service a good criterion; is the
number of traffic citations issued by each officer a good
indicator of traffic management?

Lastly, there is a lack of quantitative descriptions
of the police system. This holds true for descriptions
of the system and its environment as well as transfer
functions for different activities (a transfer function
relates inputs to outputs for a given activity). ‘An
input-output guide should permit an indication of,
for example, the number of policemen needed to
control a mob of 200 people or how many police
cars must be in service to achieve a certain response
time to high priority calls and how response time
relates to the probability of arrest.

Answers are sought for the questions posed earlier,
and this work has three objectives:

1. To define the Police System (its objectives,
its interfaces with other systems, and measures of
effectiveness).

2.-To develop a new structure for allocating
costs (an accounting system). This structure should
facilitate the development of production models and
the evaluation of benefits.




3. To develop production models for the Re-
sponse Force in order to evaluate alternatives.

Meeting the first objective is partly solved by the
presentation of a conceptual model of the Police
System.

The second objective is achieved through the Re-

- source Analysis Budget discussed in Chapter 2.

The third objective is met by the development of
simulation rhodels described in Chapter 4.

The discussion proceeds from the meta-system level
down to models of specific activities. First the Police

System, its objectives and criteria are defined. Sec--

ondly, to make the resource allocation problem man-
ageable, a structure is developed for cost-benefit
analysis. This structure is called a Resource Analysis
Budget and necessitates a whole new accountlng
system. The present allocation of resources ars: ¢aicu=
lated for ¢this new atcounting structure. Lastly, pro-
duction models are used to determine efficient combi-
nations of resources.

USING SYSTEMS ANALYSIS

The systems approach is a rational framework for
complex problem solving emphasizing hierarchies of
systems and their jaterrelationships. Most often the
problem is ill-structured #nd- the objectives are un-
known or undefined. .

Figure ]—1

“The systems approach is one in which we fit an
individual action or relationship into the bigger sys-
tem of which it is part, and one in which there ix a
tendency to represent the system in a formal model.*’ 4

The systems 4pproach is the methodology used to
develop a conceptual model of the police system.
The model specifies: the objectives and the outputs
of the police system and consequently permits de-
termination of output categories (programs) for the
Resource Analysis Budget. The systems approach

offers a tool for structuring the analysis, and conse- '~

quently some protection against erroneous suboptimi-
zations.

The Police System as well as the Criminal Justice
System is a largely uncharted area. Suboptimizations
are ever present hazards; in fact, the optimization of
Police System performance is itself a suboptimization.

““A system may be defined as a set of objects, either
fixed or mobile, and all relationships that may exist
between the objects. All systems are composed of sub-
systems and are members of a higher system.” §

For example, the Police System is in part a member
of the Criminal Justice System which is part of the
Social System within which our society exists. The
Police System, in turn, is a set of sub-systems.

For resource allecation analysis, these sub-systems

are a set of mission oriented (output oriented) sub-
systems. These sub-systems are usually calied pro-
grams. The cost structure of the system, with respect

: Systems Analysis Paradigm

(Adapted from Kenneth Heathington and Gusteve Rath, " The Systems Approach in

Traffic Engineering, " op. _cit.)
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to the given programs, is called The Program Budget.
The analyst tries to select a set of sub-systems which:

1. Are consonant with the plan of the decision
maker; ‘

2. Have operational objectives and measures. of
performance;

3. Are as independent as possible;

4. Facilitate cost-effectiveness analysis.

An environment may be defined as a set of objects -

outside the system. It is the aggregate of external
conditions which affect the system.

The systems approach can be succinctly exhibited
in a paradigm. The following steps should be con-
sidered in drawing a systems analysis. (See figure
1-1)¢

1. Define the desired goals.

2. Develop alternative means for realizing the
goals.

3. Develop resource requirements for each al-
teraiative.

4, Design a model for determining outputs of
each alternative.

5. Establish measurements of effectiveness for
evaluating alternatives.

After a system and its environment have been
specified, the analyst should consider the objectives
of the system and the resources and general constraints
which are present. Resources are the total available
material which can be allocated. Constraints are
limitaticns imposed on the system.

The objectives express what the system is trying to
achieve and to what end resources should be applied.

" An objective should be defined in such a way that an

operational, quantitative measure of performance is
possible. It is of little use to have an objective which
cannot be quantified.

Equally important are measures of performance.
They permit evstuation of how well the objective is
being achieved.

ROLE OF ALTERNATIVES

Alternatives offer diﬂércnt means of using resources
to achieve objectives. Developing alternatives repre-
sents one of the more creative and crucial steps in the
systems analysis process. It is here that the analyst
seeks to define new alternatives that can provide in-
creased effectiveness over previously considered al-
ternatives.

Once alternatives have been specified, the cost of

resources for each alternative has to be determined.
This involves considerations of risk, time and different
types of costs. To arrive at the benefits of an alterna=
tive, 2 model is necessary. The model determines the
output to be derived from a given amount of resources.

Lastly, the cost and benefit of each alternative has
to be evaluated to select the optimal alternative, The
criterion function relates costs and benefits to system
objectives and provides the basis for selection.

“It is my experience that the hardest problems for
the systems analyst are not those of analytic tech-
niques . ... What distinguishes the useful and pro-
ductive analyst is his ability to formulate (or design)
the problem: to choose the appropriate objectives;
to define the relevant, important environments or
situations in which to test the alternatives, to judge
the reliability of his cost and other data, and finally,
and not least, his ingenuity in inventing new systems
or alternatives to evaluate.””

This point cannot be emphasized enough.® The
great danger in systems analysis lies in not spending
enough effort in defining what the system under study
should be, and instead seeking to optimize the effec-
tiveness of a given system, The big payoffs are likely
to come from a construction of new world views of
problems, rather than optimizirig current structures.

This point is illustrated in Figure 1-1 by the arrows
drawn from the evaluation. phase to the objectives
and the alternatives,

AN ART IN INFANCY

The current state of the art, with respect to police
resource allocation ‘optimization, is in its infancy.
Most research into the Criminal Justice System has
dealt exclusively with the social dimensions. Analytical
contributions have appeared only durmg the last five
years.

A systems analysis approach was used by the Presi-
dent’s Commission on Crime¢ and Law Enforcement
to define the scope of the Criminal Justice System
problem possible research approaches and technology
that could be applied.

“Because of the enormous range of research and
development possibilities, it is essential to begin not
with the technology but with the problem. Techno-
logical efforts can then be concentrated in the areas
most likely to be productive. Systems analysis is a

- valuable method for matchmg the technology to the

need.”?
Blumstein and Larson recently published an article
which looks at the flow of people through the Criminal
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Justice System,!® It is not a systems analysis as'they
do not discuss objectives or measures of effectiveness,
but rather a descriptive model of the flows. This step
is important, however, as it provides a quantitative
description of a portion of the real world.

DESCRIBING A POLICE SYSTEM

From: a general point of view, a police system is a
service organization, Its clientele are people who have
broken the law as well as people in need of help. It
is a twenty-four hour, city-wide, dual purpose service
force,

The police system s not part of the market mecha-
nism. Its output is not a good sold in the market in
competition with other enterprises; it is a public
service good. The community devotes a certain
amount of resources to the system and expects an
output; which never is too well defined. Even if the
inputs and the outputs of the system were given, the
internal process of a police system is difficult to opti-
mize. Very little is known about the transformation
of inputs into ocutputs (the transfer functions). Conse-
quently, tradeofls between different methods of con-
trolling crime (for example, using more of fewer de-
tectives or using one-man or two-man patrol units)
are not known. This is a serious drawback in trying
to allocate resources and develop a departmental
budget.

The metropolitan police force s usually a para-
military system. It is characterized by strong internal
controls and centralized decision making. Its organi-
zational goals, as pointed out in the Field Study of

San Diego,!! are primarily oriented towards the crime-
fighting function. . “

The Police System does provide two separate serv-
ices: Crime control and public service. The former is
the main focus of activity as will be shown in the
Program Budget. This crime control function is part
of the efforts of the Criminal Justice System; the
public service function is part of the City Government.

The Police Systern is a set of sub-systems which are
part of higher order systems. (See Figure 1-2) The
Police System is a member of the Criminal Justice
System (CJS). Its function is preventing criminal
events and, failing this, to identify and apprehend
the offender. There are other members of the law en-
forcement agencies in addition to metropolitan police
departments; these include federal, state, county and
special police, such as Burns, Brinks, etc.

The Police System is also part of the City Govern-
ment. Its public service mission is a function of the
twenty-four hour, city-wide availability of the police
force. Part of this function could be carried out by
people with no police training. This function includes
actions such as animal rescue, locating missing per-
sons, and ambulance service, all of which could be
performed by other city agencies or private groups.

The Police Department has another objeéctive,
Clommunity Support. The generation process of indi-
viduals ‘whoe may choose a criminal career is deeply
rooted in social, psychological and economic variables
over which society has some control. Crime is the
responsibility of society, and its control cannot be
delegated solely to a Police Department. The Police
Department responsibility is to deter and apprehend
offenders. The Criminal Justice System can effect

rigure 1-2 : Systems Analysis of the Criminal Justice System
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deterrence, but this is effective only to the extent that
society (or the social group to which the potential
offender belongs) disapproves of criminal acts.

Community support implies the willingness of the
community to it crime, both by giving support,
help, and resources to the Police Department, and by
creating means to affect the crime guneration process.
Instead of actively seeking community support, police
departments have often, in their desire to be pro-
fessional, tended to become systems isolated from the
community. This has had some detrimental effect on
police effectiveness. .

The investigation of the crime control problem will
proceed by first analyzing the Criminal Justice System
and then, in more detail, the Police System. This will
permit the specification of objectives for the Police
System.

Criminal Justice System

To help specify the Police System, which is the
focal point of the analysis, it is necessary to consider
the higher order system. The Criminal Justice System
(CJS) has been charged by socicty to regulate and
control certain classes of behavior. These classes of
behavior are determined by the legislative branch of
government and interpreted by the courts. .

The sub-systems of the CJS: The Police, the
Courts, and the Correctional Agencies. Thc: police
identify misconduct and apprehend the of%énders.
The courts determine the facts of the case and rule on
its disposition. Correctional Agencies administer pri-
sons and supervise the parole system.

How does the CJS affect the generative process of
criminal events? The structure of the crime control
‘function is exhibited by a conceptual model. It dis-
plays the pertinent sub-systems, decision points and

s

mechanisms for change. It permits an analysis of how
the CJS can affect the potential crirninal’s decision
making and how the impact of crime can result in
commiunity response.

The model postulates that the forcing function of
the crime generation process is a function of social-
psychological-economic variable. {sce Fig. 1.3)

These variables affect the individual’s utility func-
tion and consequently affect his propensity towards a
criminal career. They also affect the distribution of
opportunity, by altering the generating mechanism.
A discussion of the specific mechanisms is outside the
scope of this paper.

Welfare programs provide family assistance which
gives children a better start, thus reducing the likeli-
hood of their pursuing a criminal carcer. Job training
programs and increased: employment opportunities
will provide an alternative to crime for an income,
For example, people might demand stricter legis-
lation (i.e., cars must have theft proof locks) or elect
voluntarily to lock their cars. In either case, the
underlying mechanism generating opportunities has
been altered. '

. Two factors are necessary to create a criminal
event. There has to be an individual or group of
individuals and a specific set of opportunities. A
specific opportunity is defined as a factor of:

1. Type of opportunity (theft, robbery, etc. This
leaves open the question of the appropriate classifi-
cation); ) o

2. Gain (usually in dollars);

3. Availability (this dimension measures the
probable degree of difficulty of execution associated
with the specific opportunity. This permits differ-
entiation between a car that is locked and unlocked,
Jocated in the street or in an underground garage);

4. Location (in space);
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5. Time (interval of time when opportunity
exists).

For z given type of opportunity, distributions can
be generated with respect to location and time. The
set of all opportunities is called Environment.

The population considered in the mode} is the total
poptilation of the community. It is a set of individuals
characterized for our purposes by the following
attributes:

1. The individual’s perception of the environ-
ment. The model chooses to maintain an actual en-
vironment and vary the individual’s knowledge of
the actual opportunities. The value of this attribute
would fall between 0 and 1. That is to say he has
incomplete knowledge.

2. The individual’s knowledge of detwrrence.
Deterrence is the expected value of negative bene-
fits that the Criminal Justice System contributes
to a given type of opportunity. It is a function of
the probability of arrest for a given type of oppor-
tunity baséd on past performance by the police
system, the chance of being sentenced, and the
length of the consequently jailterm and amount of
fine. Again the value would fall between 0 and 1.
(These benefits would be pure number tv which a
utility transformation would be applied).

3. The individual’s utility function. The coeffi-
cients of this function are determined by past social-
psychological-economic effects. The utility function
concept will permit an explanation of how past
states of the individual will influence his present
decision-making. If an offender committed a suc-
cessful  crime (i.e. large monetary reward, not
apprehended) one day, he is not likely to attempt
another crime the next day. His attitude towards

Figure 1-4 : Conceptual Model

the risk or estimation of his own abilities may have .4}

changed as a result of his success. The utility con-
cept also permits analysis of “crimes of passion.”
The individual puts a low estimation on negative
benefits or the positive benefits are very large.
That is, the utility function encompasses, among
other things, past experience, needs and behavior
towards risk.

The decision making process resulting in a criminal
event can be viewed as a two-step decision process.
This allows distinguishing between inputs, which are
a function of the past performance of the GJS, and
inputs at the moment of execution.

First, the individual is permitted to contemplate
the opportunities known to him and make an apriori
decision to actually commit a specific crime. The
relevant input from the CJS deterrence, as defined
above, of which the individual has varying degrees of
knowledge. Knowing the individual’s utility function,
the opportunity having the greatest utility can be
determined and a ‘“‘go-no go” decision made.

The second decision: point is present immediately
prior to the execution of the planned criminal event.
The potential offender evaluates the. actual circum-
stances of the opportunity and makes a go-no go
decision.

The first stage was an apriori decision based on the
probable circumstances surrounding the event. The
second state becomes the actual sample reflecting:
(1) the juncture of the probable circumstances, and
(2) action taken either by private groups, (persons)
altering the generation of opportunity distributions
and or their factors, or police actions affecting de-
terrénce or opportunity distributions. For example, a
person might decide to break his habit of not locking
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his car, or the police department may employ a new
tactic against CTA bus robberies.

For many events, commonly called “crimes of op-
portunity,” the time interval between the decision
points is very small. However the interval could be
measured in days. Figure 1-4 summarizes this dis-
cussion in pictorial fashion. It has been said that there
is a formuila for crime: “Desirc plus opportunity equal
crime.”1?

Criminal Justice System Rasponse

What is the CJS reaction to the criminal event
and how can it affect the crime generation process?

The Police sub-system responds to the criminal
event seeking to identily and apprehend the offender.
Police strategy and tactics can influence the decision
to execute. .

The generation process of crirne is affected by de-
terrence. Deterrence was defined as the expected
value of negative benefits which are a function of the
risk of arrest, chance of sentencing, length of jailterm,
and fines for different classes of criminal events.

The Courts and Correctional Agencies may either
emphasize deterrence or rehabilitation. Rehabilitation
is the effect the CJS has on the individual as he is
processed through the CJS; resulting in a change in
his utility function. The Police contribute through
special handling <if juvenile offenders, the courts by
the sentence’ they provide, and the .correctional
agencies by programs which seek to integrate the
individual into society. .

There is a tradeoff between deterrence and rehabili-
tation. By rehabilitating the offender the CJS lowers
the deterrence effect. The negative payoffs cannot be
as large with a satisfactory rehabilitation program.

Community Response

There are usually two parties to a criminal event:
the offender and the victim. (The exception is “crimes
without victims’ such as gambling.) The set of victims

represents the impact of ¢rime on the cornmunity.r .

This becomes input for private and civic action.
Citizens may arm themselves, private group might
hire special police to react to criminal events.

The community (individuals, civic groups, busi-
nesses) may decide to react through the democratic
process. That is, have government legislate new pro-
grams to alter social-psychological-economic variables
or commit more resources to the CJS. They may, in

addition, affect the opportunity distributions through
laws (cars shall be locked, banks must have detection
cameras) or by their own behavior.

Figure 1-5 summarizes the Criminal Justice System
discussion in an expanded, integrated schematic that
approximates the interactions of subsystems within
the Criminal Justice System.

MODEL OF A POLICE SYSTEM

This section focuses in more detail on the police
contribution to the crime control function. Police
System impact on the crime process occurs at four
points: (1) Forcing function, (2) Aprior: decision,
{3) Decision to execute, and (4) Criminal event.

It-will be convenient to analyze the major activities
of the police system in terms of three sub-systems:

» Response Force
o Preventive Force
+ Tollow-up Force

Police response to a criminal event can be differ-
entiated with respect to the detection process. De-
tection is defined as the identification of a criminal
event. The criminal event detection by a person or
by the police. In thé model all non-police detection
will be considered as person originating. When a
person detects a crime, he initiates a call for service
to the police department. If the police, through offen-
sive tactical patrol; detect a crime-in-progress, the
person feedback loop need not be actuated. For
“crimes without victims® (gambling, etc.), the de-
tection process is carried out by specialized police
unit.

The ResponseForce isdefined as the police sub-
system which responds to calls for service. These calls
for service are generated by criminal events, public
service demands and reports of suspicious activities.
Public service demands consists of calls such as sick
and injured transport, animal rescue and locating
missing persons. Reports on suspicious activities are an
important factor in being able to detect crime-in-
progress. It also is an indicator of commiunity cocper-
ation in fighting crime. Chicago has a campaign
called “Operation Crime Stop” to encourage this
citizen participation. (See Figure 1-6)

The probability that the Response Force will appre-
hend the offender is a function of the time elapsed
since the crime was committed and the tactic used.
The elapsed time consists of:

(1) Time until citizen detects event and initiates
call to the police department.
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. It has been shown that the apprehengion probabilit
Criminal ! Non-Police is a decreasing function with xigpect to- ela?nsed timc.y”
Event Detection It is possible to initiate campaigns which stimulate

citizens to be sensors for the police department and
impress upon them the necessity of transmitting the
information in a timely manner, This activity might
Public very well have a larger potential payofl than optimi-

Response | Service zation of police detection or response.

Force Calls Analysis of the effectiveness of the Reactive Force
is of great importance. Police departiments are being
offered hardware such as car locators and computer-

Tnformaiion ized communications centers but have presently no
on means to cvaluate the benefits, How much will the
Suspicious px:oposed hardware decrease response time and how
Activities will this affect the probability of apprehension?
Figure 1-7 : Further Development of Police Systems Inputs and Qutputs
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Finally, how much is an increase of the probability
of apprehension worth?

The Preventive Forceis the offensive force in the
combat against crime, It interacts with the crime
process in two ways. It seeks to detect misconduct
and apprehend the offender. It also influences the
decision to execute a criminal event by affecting the
perceived presence of police. For example: have
policemen in uniform and marked cars or by other-
wise give the potential offender an impression of police
omnipresence.

This can come about through actual presence as
a result of successful positioning of forces in time and
space or through propaganda.

The Preventive Force also may affect the decision
to execute by restricting actual opportunity, either
by removing it completely or changing the factor of
availability, This would be done through premise
check, checking parked cars for valuables, removing
drunks from the street, etc.

The Follow-up Force is the third sub-system. Its
function is to apprehend criminals through the in-
vestigative process. It also includes the actions on a
case following the booking of an offender.

Fig. 1-7 illustrates the interactions of these three
forces in police functions. .

Police system outputs

The outputs of the Reactive Force are arrest and
public service. The probability of arrest was expressed
as a function of elapsed time and tactics used. The
Preventive Force outputs are arrests and impact on
the decision to execute. The probability of appre-
hension is a function of elapsed tims, probability of
detection (i.e. being at the scene of the event, and
recognizing that an event did in fact occur) and
tactics used. Follow-up can be characterized by the
probability of arrest through investigation. It is de-
pendent on elapsed time and methods used, All of
the above furictions are also dependent on the type of
crime. The tradeoff between the Response and Pre-
ventive Forces, given a criminal event, -is that the
latter may detect an event with a low probability
but may have a higher probability of apprehension
(due to shorter elapsed time)..

Deterrence is an input to the apriori decision point.
The Police System variable is the probability of arrest
for the system (i.e. the combined efforts of all three
sub-systems).

The Police Systern does affect the forcing function
by changing the mechanisms generating opportunities.

10
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It can also affect an individual’s utility functions_

through rehabilitation measures, mainly with respect
to juveniles. This group of offenders is given special
attention in order to influence them away from a

criminal career. For example, special youth officers. ::

handle the cases and often a station adjustment is
made. ~
The conceptual model can account for Community
Relations programs. The Police System can influence
the crime generation process by devoting resources to
communication with private groups and individuals.
These measures would influence community support
and, hopefully, encourage the community to assist
the police in the apprehension process and, even
more. importantly, affect the generative process of
crime. - These communication links can be called
Human Relations with respect to individuals, and
Community Relations with regard to groups.

For a more thorough discussion of these phases of
police activity, we recommend “Dilemmas of Police
Administration” by James Q. Wilson in the Sep-

~ tember—October (1968) issue .of Public Administration

Review.
An effective Gommumty Relatxons program seeks

to explain the crime generation process to the com- -

munity, what the police role is, what it can be expected
to do, and what the community can do. -

There is also a link to other branches of Govern-
ment, for the sake of completeness, to emphasize that
police departments have to make other city, state and
federal officials cognizant of Police problcms “results
and limitations.

In summary, the outputs of the Police System are:

1. Apprehension of offenders.

2. Impact of immediate enviromment on the
criminal event.

3. Impact on apriori decision.

4. Rehabilitaticn measuves.

5. Changing opportunity distributions.

6. Public service.

7. Community support.

The array of these relationships between the Police
System, the larger Criminal Justice System and other
governmental systems is illustrated in Fig. 1.8,

Police System Objectives

Three missions and specific outputs have been
identified for the Police System. It remams to specify
the objectives of thé system.

The first mission is Protection of Life and Property
and Maintenance of Peace and Order. It becomes
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convenient to subdivide the broad notion of crime -

control into two classes of events as criminal events
differ in degree of seriousness and the nature of police
response. Crime will be defined as index crimes and
hit-and-run accidents.

A second category of misconduct can be called .
Quasi-Criminal, whose objective contains activities
devoted to the enforcement of city ordinances to a
large degree. These are crimes of lesser seriousness
than index crimes and the maximum. sentence is a
year in jail and/or a fine. The main offenses are
disorderly conduct and drunkeness.

Mainteénance of Peace and Order .can be sub-
divided into an objective called Public Peace and
one called Traffic Regulation. The Public Service
and Community Support objectives conclude the list.

Mission Objective
Protection of Life 1. Crime Control
and Property 2. Quasi-criminal
Maintenance of Peace Control
and Order 3. Pablic Peace
Public Service 4. Traffic Regulation
Commiunity Support 5. Public Service

6. Community Support

These objectives can be compared with lists of ob-
jectives found in the literature.

The International City Managers Association listed
five police objectives:™

Prevention of Criminality
Repressions of Crime

Apprehension of Offenders

Recovery of Property

Regulation of Non-criminal Conduct

Another list includes:!®

Prevention of Crime
Investigation of Crimes
Apprehension of Violators

_ Presentation of Criminals for Adjudication
Services to the Public
Enforcement of Non-criminal Ordinances
Regulation of Activity within the Public Way

Peter Szanton defined the following objc:ct‘:ives:16

1. Control and Reduction of Crime
2. Movement and Control of Traffic
3. Maintenance of Public Order

4. Provision of Public Service

The first two lists are not output-oriented in an
independent manner and consequently weuld be diffi-
cult to use in a resource allocation analysis. Szanton’s

.l

12

has been said that a bulldozer is an effective crime

fighter. This proposition would be a feasible alterna- ;-
tive if there were no objective to represent the social i
system. For example, repressive police measures might
prevent crime, but if individual’s rights are destroyed . -
in the process there should be a way of indicating this. '

REFERENCES

1 Arthur Niederhoffer, Behind the Shield: The Police in Urban

Society (New York: Anchor Books, 1967), p. 13.

2 Jerome H. Skolnick, Fustice Without Trial: Law Enfnm.
ment in Democratic Sociely (New York: John Wllcy and 7
Sons, 1966).

3 Dan Dodson, speech delivered at Michigan State Univer- !

sity in May, 1955; reported in Proceedings of the In:tztute
on Police Community Relatfons, May 15-20, 1955 (East
Lansing: The School of Police Admmlstratlon and :

Public Safety, MSU, 1956), p. 75 and quoted in Nieder- i

hoffer, (Ref. 1), p. 12

4 Charles wack Systems Analysis and Urban Planning (Santa '

Monica: Rand Corp., 1963).

5 Kenneth Heathington and Gustave Rath, “The Systems ©
: Approach In Traffic Engineering,” Trqﬁic Engineering,

June, 1967.

6 Tor further reading, see: G. H. Fisher, “The analytical *
Basis for Systems Analysis,”” Rand Corp., May 1966, :
p. 3363; A, Hall, A Methodology of Systems Engineering

(Prmceton, N.J.: D. Van Nostrand Co., Inc, 1962); /"

Van Cort Hare, Systems Analysis: A Dzagno:tw Approach
(New York: Harcourt Brace and World, 1967); Charles |
Hitch and Roland N. McKean, Economu;: of Defense in'

the Nuclear Age (Cambridge: Harvard Univ. Press, .
1963); E. S. Quade Analysis for Military Decisions (Chi- ;
cago: Rand McNally & Co., 1964); E. 5. Quade, L

“Some Problems Associated with Systems Analysis,”
Rand Corp., June, 1966, p. 3391.

7 Q. J. Hitch, Decision Making for Defense (Berkeley: Um
versity of Cahf Press, 1965), p. 54.

8 Lindsey Churchill, “An Evaluation of the Task Force,

Report on Scxence and Technology,” Russell Sage .

Foundation mimeograph, 1968.

9 The President’s Commission on Law Enforcement and g

Administration of Justice, Task Force Report: Science and

Technolog y (Washington, D.C.: Govt. Printing Office, * "

1967)p. 3.

10 A. Blumstein and R, Larson, “Models of a Total Criminal‘
Justice,”” Operations Rcsearc/z Vol. 17, No. 2 (March-
April, 1969).

11  The President’s Commission on Law Enforcement, thc
Police and the Community, Field Surveys LV, Vol. 1
(Berkeley: Univ, of Calif., October, 1966).

12 - Allen' P. Bristow, Eﬁ'ectwe Police Manpower Ultlzzatton
(Springfield: Thomas Press, 1969).

13 James Q. Wilson, “Dilemumas of Police Admmlstratlon,

. Public Administration Review, September-October, 1968,

14 - Municipal Police Administration (Chicago: Intcrnatmnal
City Managers Assn., 1961).

15 F. Leahy, Plamzmg-Pragmmmmg—Budgelmg for Police Deparl-v
ments (Hartford: Travelers Research Center, Inc, 1968) -
from a budgeting workshop sponsored by Florida Instl- P

tute for Law Inforcement in 1966.

16 Peter Szanton, “Program Budgeting for Criminal jusuce’ i
Systems,” Task Force Repart Science and Technology, sees :

Pef. 9.

’\\

i

5

{

i
s
i
L 4
i
i

list is excellent but neglects the goodwill aspect. It

CHAPTER 2
RESOURCE ANALYSIS BUDGET AS AN ALLOCATION TOOL*

Resource Analysis Budget is the name the Oper-
ations Research Task Force gave to a simplified
} planning-programming-budgeting system adaptable
to the police department. This Resource Amnalysis
Budget structures organizational activities into output
categories. These cutput categories should:

1. Establish total money costs for achieving de-
fined objectives.

2. Facilitate evaluation of alternative ways of
achieving an objective.

3. Consider tntal costs for extended periods: of
time.

4. Facilitate cost-effectiveness analysis.

The complete Resource Analysis Budget provides
a rational, coherent structure for analyzing resource
allocation problems. It encompasses efficiency meas-
ures ‘within programs and effectiveness measures be-
tween programs. Planning-Programming-Budgeting
System (PPBS) is a modern budgeting system for
planning, management and control. The PPBS ideas
were developed at Rand Corp. in the early 50%.
Secretary of Defense Robert McNamara and Charles
J. Hitch applied the technique to the Department of

- Defense with such success that in August, 1965, Presi-

dent Johnson directed all other government agencies
to use PPBS.! PPBS usually is compared with a line
budget (i.e. government appropriations type budget)
and a performance type budget and found to be
' clearly superior. A budget is ‘a very versatile tool
serving many purposes, and the difference among the
different budgets lies in their emphasis.

{ BUDGETS AND THEIR PURPOSES

The line budget emphasizes control over inputs
and usually follows the organizational structure. This
type of budget is sufficient if one is not too concerned

*Principal Authors: Ernst K. Nilsson and Sgt. Walter R,
Gersch,

with the output of the organization and the production
process is relatively uncomplicated. The performance
budget is management oriented. It provides control
and planning information for functional evaluation of
organizatiunal performance. It assesses work efficiency
of operating units permitting cost control and esti-
mation of resources needed to achieve a given output.

This opens the question of what the output of the
organization should be. The PPBS is an output
oriented budget which emphasizes planning. It seeks
to provide a forum for resolving competing claims on
the resources of the organization.? The obvious con-
clusion is that all of these types of budgets have useful
functions in managing an organization.

Planning means the systematic consideration of ob-
jectives and alternatives. Programming incorporates
the reduction of plans to specific resource rexyjuire-
ments for an extended period of time. Budgeting
consists of taking a one-year slice of the program
budget.

- Program budgeting characteristics are usually given
as structural, analytical, and informational.?®

At the heart of the PPBS is the structural or con-
ceptual problem of what the end objectives are for
the system, and what grouping of activities into pro-

Table 2~1
Rigg’s Simplified Police Structure

I. Control of Criminal Behavior
. Vice (Liquor, Narcotics, Prostitution, Gambling)
. Rackets (Larceny, Loan Sharking, Organized Crime)
.. Crime Against Property
. Crimes of Violence to Persons
1. For profit
2. Non-for-profit
E. Youth or Juvenile Crime

owy

II. Public Service Activities

.- Emergency Medical Services

. Security in Public Buildings

C. Traffic (Safety and Movement of Goods and Services)
D. Crowd Control )
E
F

o

. Inspection and Licenses
F, Control and Support
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grams constitutes a logical and a helpful structure for
decision making and analysis.

Analytical characteristics refer to the necessity for
analysis of objectives and alternatives to develop a
relevant flexibility for the decision maker, Intuition is

Table 2-2

Szanton’s Program Budget*

ot
I '
not sufficient for analyzing complex alternatwes or ‘: '
devising new ones.
Lastly, the PPBS functions as an information system i
for control (e.g. how well program costs aie followmg
budgeted costs) and for building a data base. o

¥
:
i
|

I. CONTROL AND REDUCTION OF CRIME
PROGRAM
A. Prevention/Suppression
1. General Purpose Patrol
2. Special Purpose Patrol (by type of offense)
3. Intelligence
4. Community Relations
B. Investigation/Apprehension
1. Crimes Involving Major Risk of Personal Injury
. Murder
. Assault
Rape
. Armed Robbery
. Burglary—Homes
. Arson
. Eic.
2, C‘-umcs Not Involving Major Risk of Pergonal Injury
. Theft
Unarmed Robbery
c. Auto Theft
d. Burglary—Commercial
c. Fraud
f. Forgery
g. Ete.

momo o o

o P

a., Narcotics
b. Prostitution
¢, Gambling
d; Ete.
C. Prosecution
1. Interrogation
2. Preparation for Trial
3. Trial
D, Recovery. of Property
1. Autos
2. Other Personal Property
3. Commercial Property
E. General Support
1. Communications
2. Records and Data Processing
3, Technical Services
a, Fingerprint
b, Ballistics
c. Polygraph
d. Laboratory Analysis

II, MOVEMENT AND CONTROL OF TRAFFIC
PROGRAM
A, Traffic Movement
1. Direction of Traffic
2. Enforcement of Traffic-oriented Parking Rules
3. Emergency Road Services
4, Weather Emergency Procedures
5. Xdentification and Reporting of Congestion Points

B. Traffic Safety
1. Enforcement of Regulations :
a, Patrol/Apprehension of Moving Violations |
b. Enforcement of Safety-oriented Parking Rules !
2. Driver Training
3. Educational Programs
4. Vehicle Inspections
C. Accident Investigation

111, MAINTENANCE OF PUBLIC ORDER PROGRAM
A, Publi¢ Events
1. Sporting Events
2. Public Ceremonies
a. Parades and Receptions
b. Public Meetings
c. Cornerstones, etc
B. Minor Disturbances
1. Private Quarrels
2. Parties
3. Drunkenness
4. Derelicts
5. Miscellancous Nuisances
C. Civil Disorder
1. Prevention
2: Suppression

IV. PROVISION OF PUBLIC SERVICES PROGRAM
A. Emergency Services :
1. Fire
2. Medical
3. Power Failure
4. Flood
5. Civil Defense
6. Miscellaneous
B. Missing Persons
C. Lost Property
D. Miscellaneous

V. ADMINISTRATION AND SUPPORT PROGRAM
A, Direction and Control
1. Direction
2. Planning and Development :
3. Internal Inspection and Review !
B.' Training and Personnel i
1. Recruitment
2. Training.
a, Basic
b. Advanced
3. Testing, Bvaluation, Promotion

i

i

C. Public Relations

D. Supporting Services
1. Records (noncrime) and Data Processing
2.. Communications
3. Budget
4. Property

*From Appendix A, Task Force Report: Science and Technology.
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The PPBS is no panacea. By projecting a structure
onto a system, it emphasizes certain aspects and
neglects others. A continual review of the overall
system is necessary. The analysis of alternatives tends
to emphasize the quantitative aspects and neglects the
qualitative ones. However, good quantitative infor-
mation is of optimum value if the decision maker
keeps the qualitative dimension in mind.

PPBS AND POLICE FUNCTIONS

A few program budgets exist in the law enforcement
literature. Dr. Riggs* defines only two major ob-
jectives for the police system: control of criminal
behavior and public service activities (See Table 2-1).
The program budget that ensues is somewhat simplistic
and difficult to use as-a structure for analysis because
the programs follow the functional organization of a
police department. These programs have very little
relevance to analytical® output categories.

Peter Szanton® offers another program structure
which is extremely detailed. Again it is deficient in
that it separates output into functional categories.
His budget also lacks a program to indicate relations
with the environment.

It is difficult to devise a structure which is output-
oriented and also provides a structure that is amenable
to analysis. A functional structure is the obvious first
step but, as has been pointed out, it really leads to a
performance type budget. The hallmark of the pro-
gram budget is its insistence on systematic analysis.
(See Table 2-2)

RESOURCE ANALYSIS BUDGET:
CHICAGO

The conceptual model has investigated police sys-
tem activities and outputs with respect to Crime
Control, Quasi-Criminal Control, Public Peace, Traf-
fic, Public Service and Community Support. It re-
mains to specify the program structure. It is con-
venient to define six major' programs which con-
tribute to achieving the six objectives. Much budget-
ing difficulty then is transferred to the subprogram
structure. The key to the ensuing analysis is the police
system model presented in Fig. 1-8,

Crime Control is influenced by social-behavioral-
psychological factors, opportunity distributions, and
risk, The police have activities directed to all of the

above factors:

Objective: Crime Control
Program: Crime Control
Sub-Program:
1. Social-psychological-behavioral conditions;
2. Opportunity;
3. Risk.

However, police contribution to risk arises from
the deployment of its three main forces, namely the
Preventive, Response and Follow-up forces.

Different types of crime call for a different mix of
police response. Burglary, for example, is best handled
through a mix of preventive patrol and detective
follow-up of stolen goods. There is very little that the
response force can do. Cunsequently it is logical to
provide sub-subprograms, with one program for each
crime. At the present time very little has been done
in determining the productivity of different forces
with respect to index crimes.®

Quasi-criminal activity mainly includes disorderly
conduct and drunkeness and needs no subdivision at
the current state of knowledge. One of the main
reasons for keeping it separate is to emphasize the
need to consider other forms for handling these ac-
tivities, such as hospital care and rehabilitation for
drunks and social care for destitute persons. In other

Table 2-3
1968 Resource Analysis Budget, Chicago Police Department*

Program Cost
Crime Control. . . covieriiennninnnrannnin,. $58,095,093
‘A, Social and Economic
Conditions..... SN $912,748
B, Value:
" 1. Opportunity....o.iviiiniinn....
2. Risk:
‘(a) Prevention........, 30,271,342
(b) Response.......... 3,037,876
(¢) Fallowup.......... 23,873,127
Quasi-Criminal............co0viinnan, ... 5,182,802
Traffic Regulation. .............. .0, ... 11,220,397
Public Peact. . oo ciiici e e 7,737,896
Public Service. ..o vvrvivnna i 14- 883 191
A, Emergency...... P 3,263,720
B, Specialized.............. 8,423,900
C; Other...,. Creene Pieeeies 3,195,571 :
Community Support...,......e.oervin.s R 5,068,948
A, Community Relations. . ... 455,425 )
B. Human Relations,..., s 177,944
C. Public Relations,......... 4,435,579
Support........... P J.. 27,973,365
Total budget.wu.‘. ...... R .. 130,161,692

*The 1968-69 cost figures for the Resource Analysis Budget
were developed by Sgt. Walter R. Gersch of the Chicago
Police Department. For more details, see Appenchx B.
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Table 2-4

1969 Resource Analysis Budget for the Chicago
Police Department

FProgram Cost?
Crime Control, . ..vvvvveianone Cerenesriees $69,928,966
A. Social and Economic
Conditions..ovoesveresn $1,052,270
B. Value:
1, Opportunity..seeveererassvrresanss
2. Risk:
(a) Prevention......... 39,915,580
(b) Response.......... 3,599,454
(c) Followup.......... 25,361,662
Quasi-Criminal.............. e . 6,194,343
Traffic Regulation. ., .. ceeeveereerieas. .- 13,108,235
Public PEace. . ooovisvvnvnvrereneiriviiaess 8,824,134
Public Service....ovvunn.. e 17,562,543
A. Emergency........... ... 3,821,518
B. Specialized..... feeiiee 9,919,179
C. Other......c.v s .. . 3,821,846
Clommunity SUPPOTt. .. vvreevereronrsanees 7,220,547
A. Community Relations. . ... 727,586
B, Human Relations,........ 191,438
C. Public Relations.......... 6,301,523
SUPPOIt. . vt verivrreessoenns sy 31,329,763
Total budget........ e eeiaes ceee.. 154,168,531

words, is the police department and jail the “best”
way to handle these demands for social response?
Traffic regulation is often a separate entity within
the police department. If this is the case, it will be
convenient to consider it a separate program with the
traffic contributions of the beat car force added to
those of the Traffic Division,
" The Public Peace program serves to highlight the

Figure 2-2 : 1969 Distribution by Program

Crime Contro!
45.36%

Quasi-Crimina}
4,02% .

Teafflc
8,50%

fublic Service
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Figure 2-1 : 1968 Distribution by Program_

Crime Contro}
44,63%

Quasi=-Criminal
3.98%

Troffic
8,63%

Public Service

Public Peace

following issues: should the police department provide

resources for peaceful crowd control, such as parades
and sporting events? What is the police role in a civil

disturbance, and what commitment need the local’

police force make?
Public Service can be divided into three categories.
Again the purpose is to highlight the commitment

of resources and force a consideration of the cost of | -

providing these services. The police department pro-
vides emergency services, such as sick transport.

Figure 2-3 :
1968 Operations~Administration Costs

Operations

64,13%

Administration
35.87%

SRPO QU

Should it have this function? The fire department or
a special division in a public safety program or a
private firm could provide these as well. Specialized
services became a separate program to include large
activities such as marine patrol, animal care, auto
pounds, license investigators, etc.

Lastly, community support represents unilateral
and bilateral efforts by the police department to
foster goodwill. Community Relations represent efforts
directed towards reaching groups, and Human Re-
lations. are activities towards contacting individuals.
Public Relations would represent the costs of im-
proving, unilaterally the police image.

Figure 2-4 :
1969 Operations=Administration Costs

Operations
66,01%

Administration

33,99%

Support, is a traditional category which includes
general overhead and support activities such as the
Superintendent’s staff, the Communications Center,
Records, Data Processing, maintenance of depart-
mental vehicles, buildings, and radios, etc.

Comparable budgets, arranged for purposes of re-
source analysis, are shown for the Chicago Police
Department in 1968 and 1969. Tables 2-3 and 2-4
show the dollar amounts while Figs. 2-1 through 2-4

give the relative percentages allocated to various
functions.
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CHAPTER 3
ALLOCATING POLICE PATROL RESOURCES*

The challenge facing a police department is to
obtain maximum efficiency and effectiveness in de-
ploying police manpower resources. The’ police ad-
ministrator views this challenge as an absolute re-
duction in crime on a city-wide basis. The desired
goal would be complete eradication of crime; a
realistic goal would be to recognize the existence of
“irreducible minimum levels of criminal activity”
and apply resources to contain crime in any area
at this level. No estimate of the irreducible minimum
level is given for any area—it is purely conceptual.

Crimes known to the police bear an unknown
relationship to actual total criminal activity. This
fact tends to weaken the concept of an irreducible
minimum or a practical minimum to levels of criminal
activity.

The measures of effectiveness generally used by
police departments are the number of crimes reported,
the number of arrests, and the amount of stolen
praperty recovered. Since the seriousness of such
“index” crime varies, it is necessary to obtain-each
of these measures for every specific type of crime.
Throughout this discussion, the concept of an irre-
ducible minimum is being applied to each type of
crime in an area.

In a broad view, reduction of criminal activity im-
plies both a decrease in the number of criminals and
in the crime rate, The courts and correctional agencies
have major roles in deterring criminal activity and in
rehabilitation. The police have no control over these
agencies; in a sense, the police act as an agent for the
courts and the correctional agencies.

Police productivity against crime is measured di-
rectly in terms of arrests and the recovery of stolen
property. Fluctuations in the volume of calls for
police service of given types could be used to assess
police productivity if it is borne in mind that differ-
ences exist between actual crime rates and. crimes
known to the police.

This chapter deals with the problem of overall
resource allocation. The analytical methods that pro-

*Principal author: A. M. Bottoms
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duced the various allocation results reported here
were difficult to find and to apply. Concepts of mathe-
matical economics have been used, to the greatest

extent possible, to reconcile the widely divergent-

factors of police operational realities, empirical obser-

vation, and social philosophy. Every attempt has been !

made to provide the background and rationale for
the approach taken.

Although the police and the public administrator
may not want to follow all the technical detail, the
terrt and the general comparative statistics will show

the results of various approaches to distributing patrol

manpower. Since this is one of the first attempts,
perhaps the first attempt, to reflect such diverse factors

and considerations in a model of resource allocation,

the tentative nature of the suggested allocations must
be borne in mind.

This is an important chapter in the sense that it
presents a spectrum of results that show the sensitivity
to the underlying assumptions of the possible allo-

cation of manpower. The police administrator is asked
to consider the fact that significant differences in man-" |
power allocation do stem from the weightings given |-}

the various operational and judgemental factors.

This chapter examines the overall effect on allo- |

cation of resources caused by varying the allocation
criteria. There is no single criterion for allocation and
the assertion: that any of the variants discussed herein
is best, is not made,

DISTRIBUTION OF MANPOWER AMONG
WATCHES

Each police district reflects distinctive crime pat- |-

terns. One distribution of manpower in a district

approximates the time distribution of crime and calls
for service as closely as possible. Attaining this goal |-

presents scheduling problems and could necessitate

watch differential pay rather than normal rotating

watch assignments. There are advantages and dis-
advantages inherent in either approach.

The distribution of personnel to watches could be
determined through using percentages in table 3-1. 1.

e bt e

Obtain the sum of demands for all three watches
using either (1) entries under “Part I” or (2) entries
under “Total.” The ratio of a watch total to the
district total is the fraction of district manpower that
should be assigned to a watch. '

The business area in the st District, the “Loop,”
greatly distorts statistics such as index crimes per
100,000 population. The fixed population is estimated
at 14,000, however, during the day this number in-
creases to approximately 1,000,000. For this reason,
allocation of manpower based on index crimes per
100,000 population must exclude the lst District.
The district will be held constant and the current as-
signed force of 374 personnel are deducted from the
total manpower available for allocation in all criteria
discussed.

Equalized Per Capita Police Service

A constant ratio of police to population is assumed
a fair distribution with respect to cost to the taxpayer.
This distribution. does not consider the existence of
neighborhood characteristics which are conducive to
high incidence of crime in an area. Distribution of
the patrol force as determined by application of this
population criterion is given in percentages in Table
3-2, :

Table 3-1

Distribution of Manpower by watch and Index Crime
[Based on s summary of Friday activity in Summer, 1863]

Ist watch 2nd watch 3rd watch
District

Part It Total? PartI  Total PartI Tdtal

1 10.5 16.2 41.5 42.6 41.9 41.2
2 21.8 19.8 34.6 29.0 43.6 51,2
3 23.4 - 21.4 36.5 28.4 44.1 50.3
4 18.4 17.4 39.8- 31.1 41.8 51.5
5 24,7 18.5 34.3  31.1 41.0  50.3
6 20.2 18.4 40.2 = 30.5 39.6 51.1
7 19.7 16.3 38.0 30.2 42.4 53.5
8 17.4 15.1 4.5 31.3 42.2 53.4
9 21.5 16.5 44.6 30.6 33.9 52.9
10 18.9 ° 16.3 38.6 30.8 42.5 52.9
11 19.3 18.5 39.2 30.3 41.5 51.2
12 16.7 16.7 43.5 34.4 39.9  48.9
13 14,9  15.9 41.6 30.8 43.5 53.3
14 20.1 . 14.5 37.8 30.8 42,1 = 54.7
15 19.2  17.6 41.4 32.7 39.4 49.7
16 20.0  14.7 42.0 - 33.7 38,0 51.6
17 15.4- 15,4 46.1 34.8 38.6° 39.9
18 -16.4 . 19,5 43.5 '32.8 40.1 47.8
19 16.6 . 18.3 43,1 29.7 40.3 52.1
20 - 15,5 18.6 46.8 31.3 36.7 50.1
21 16.7- 18.5 41.1  31.7 42.2  49.7

! Index crimes,
*Total police service.

. Table 3-2
Distribution of Force by Equalized per Capita Service

District Percent District Percent
2 .044 12 .036
3 .049 13 .040
4 .048 14 .052
5 .050 15 .056
6 .046 16 .059
7 044 17 .048
8 .067 18 .038
9 .050 19 .058

i0 .048 20 .082
11 .035 21 037

Equalized Density of Police Service

'This criterion (Table 3-3) considers only the num-
ber of police per square mile. It does not consider
land use, population homogenetics, or social and
ecnnomic conditions,

INDEX CRIME “THREAT” ALLOCATION

This patrol force assignment criterion recognizes
the existence of social and economic differences within
the city. Table 3-4 shows index crime by type, district
and area. It indicates the ratio of incidents per 100,000
population. In addition to the uncertainties that exist
about the extent of crime “known” to the police, the
use of Index Crime as an allocation method assumes
that citizens view all index crimes as equally repre-

Table 3-3 '’
Distribution by Equalized Density of Service ,

District

Square miles Percent
2 4.313 .019
3 5.522 .024
4 26.309 .116
5 : 20.036 - .088
6 ‘ 16,225 071
7 6.534 .029
8 23,609 104
9 13.164 : .058
10 7.207 .032
11 4.750 .021
12 6.282 .028
13 5.153 .023
14 7,752 . .034
15 11.948 .052
16 28.417 .125
17 10.540 .046
18 - 4.250 .019
19 5.703 .025
20 11.637 ~ -.0581
21 4.998 022
I
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Tablg
Index Crimes by Type—

Murder Rape Robbery Aggravated assault
1966 1967 1968 1966 1967 1968 1966 1967 1968 1966 1967 1968

District 1o.vvvennns 5. 5 14 8 14 17 449 506 525 167 160 200

District 2...vves..ns 65 69 99 15¢ 160 181 2,866 2,553 2,836 1,859 1,949 1,898
District 21.......... 29 39 45 99 98 79 1,285 1,317 1,325 840 832 652 |
; i

Total, area 1........ 99 113 158 961 272 277 4,600 ' 4,376 4,686 2,866 2,941 2,750 ;

District 3,0 0vvv.... 41. 57 72 149 163 117 1,729 1,696 1,314 1,126 1,051 769 |
District 4......0.... 16 - 12 11 19 25 21 306 306 378 926 149 156 |
District 5vvvevee... 18 24 18 57 66 44 482 535 587 367 281 195 1 |

District 6........... 6 12 15 42 55 44 372 568 = 401 955 243 176
Total, area 2........ 8L 105 116 967 309 226 2,889 3,105 2,680 1,974 1,724 1,206
b

District 7..vvvvrrnns 33 40 67 104 132 114 1,298 1,071 1,161 1,088 1,034 1,174 :
District 8...vvv.s.. 1 2 6 19 11 13 219 9224 220 162 132 156 ;-
District 9.\, .vvre. 24 16 19 21 23 12 405 346 312 354 307 296 |
Total, area 3........ 58 58 = 92 144 166 139 1,922 1,641 1,693 1,604 1,473 1,626 =
District 10.......... 55 57 50 141 177 106 1,080 1,407 1,492 1,024 973 1,042 |
District 11...... ... 62 56 54 145 113 126 1,459 1,718 1,882 1,269 1,262 1,331 |
District 12....... ... 33 271 37 51 58 36 1,050 1,440 1,477 751 714 7301
District 13.......... 38 27 4l 56 68 68 1,002 1,043 1,143 1,018 845 950 ;-
Total, area 4,....... 188 167 182 393 416 336 4,591 5,608 5,994 4,062 3,794 4,053
District 14.......... 10 11 13 15 22 17 292 367 415 281 305 326
District 15.......... 15 22 15 38 40 58 301 561 627 218 - 233 301 |
District 16.......... 6 veerrn 2 9 10 7 97 105 120 68 92 72 4
District 17...0000v0s 2 4 7 3 12 9 130 154 160 97 119 103
Total, area 5........ 33 37 37 65 84 91 820 1,187 1,322 66¢ 749 802 I ¢
Disteict 18....,..... 31 30 24 4 65 83 1,002 1,449 1,501 754 762 808 |
District 19.,..... L. 10 16 14 32 39 38 360 471 482 357 404 445 /
District 20..,....... 12 922 22 41 46 36 446 537 559 455 499 532 57,
Total, area 6........ 53 68 60 113 150 157 1,898 2,457 2,632 1,566 1,665 1,785 |
Total, citywide,..... 512 548 645 1,243 1,397 1,226 16,720 18,374 19,007 12,736 12,346 12,312
Total, per day. . .... 1.4 1.5 1.8 3.4 3.8 3.4 45.9  50.3  52.2 35.0 33.0 33.8
Total, per hour. . ... 0.06 0.06 0.07  0.14 0.16 0.14 1.91 2.10 2.18 1.46  1.41 1.4

* For 364 day police year—13 police periods of 28 days each,

hensible. This assumption has been proven false by
Selin and Wolfgang.! :

Table 3-5 shows how the percentage distribution of
total manpower would be affected if allocation was
based on index crimes per 100,000 population.

VICTIM-ORIENTED DISTRIBUTION

Representative weights of the seriousness of index
crimes as perceived by potentjal victims were reported

20

Homicide. ... vhee. 26

Rape. .ccvvunnrvnnnnns 12
Robbery............ e 1 i ;
Aggravated Assault..... 7 1
Burglary,...i.ooceenss -3 ‘
Theft {$50 or over). .... 3

Auto Theft........ o 2

by Sellin and Wolfgang as follows:

H

34
Offenses by District and Area*

Total
Theft s
100,000
Burglary $50 and over Auto theft Total index pop’ula-
1966 1967 1968 1966 1967 1968 1966 1957 1968 1966 1967 1968 1966
483 432 353 1,361 1,489 1,523 739 741 805 3,212 3,347
| . 3,437 343,700
1,762 2,203 2,117 712 787 892 1,771 2,181 2,009 9,189 9,902 10,030 6,468
1,279 1,407 1,481 961 954 722 1,251 1,334 1,424 5744 5,981 5,728 4,440
3,50¢ 4,042 3,951  3,03¢ 3,230 3,137 3,761 4,256 4,238 18,145 19,230 19,195 6,459
2,200 2,464 2,243 573 694 509 1,864 2,107 2,273 7,774 8,232 7,38
2 7 4,269
986 790 86l 389 290 337 1,278 1,179 1,364 3,220 2,751 3,128 1,829
1,159 1,358 1,195 436 469 368 1,829 1,890 1,840 4,348 4,623 4,247 2454
1075 1,185 1,151 474 451 851  1.13¢ 1,444 1,319 3,358 3,058 3,457 2,133
5,512 5,797 5,450 1,872 1,904 1,655 6,105 6,620 6,79 18,700 19,564 18,219 2,679
1,780 2,261 2,378 703 800 801 1,863 2,027 2,182 6,869 7,365 7
877 5,081
994 1,020 899 538 567 510 1,313 1,260 1,213 3,246 3,216 3,017 1,289
996 823 767 440 447 539 1,366 1,189 1,097 3,606 3,151 3,042 1,738
3,770 4,104 4,044 1,681 1,814 1,850 4,542 4,476 4,492 13,721 13,742 13,936 2,470
2,005 2,068 3,117 662 794 795 1,715 1,608 1,951 6,68
, 2 7,174 8,558 5,081
2,301 2,741 3,668 925 1,006 95 1,87 2,215 2,171 8,035 9,111 10,187 8,215
974 965 1,452 1,119 1,160 1,189 1,382 1,344 1,290 5,360 5,708 6,211 4,929
1,606 1,831 2,351 886 894 1,116 1,921 1,991 1,941 6,617 6,699 7,610 5,397
6,976 7,605 10,588 3,502 3,854 4,055 6,892 7,248 7,358 926,694 98,692 32,561 5,814
1,108 1,305 1,261 665 642 756  1,25¢ 1,270 1,336 3,62
) 0 3,923 4,122 2,277
1,183 1,454 1,808 489 367 542 1,540 1,593 1,713 3,703 4,240 5,064 2,570
o ase a0s 537 588 697 714 896 904 2,269 2,525 2,608 1,266
971 87 795 815 822 1,055 1,064 941 2,988 3,139 2,914 1,714
4,030 4,535 4,747 2,486 2,412 2,815 4,572 4,823 4,894 12,670 13,827 14,708 1,950
1,615 1,499 1,615 1,648 2,024 2,00 1,850 2,024 1,929 7
, 030 7,853 8,140 6,120
LO0 1,691 1,785 1193 1,208 1,3t 1,459 1,48¢ 1,589 5,201 5,393 5,607 2,820
177 2,035 1,964 1,949 1,951 1,909 1,765 1,528 1,486 6,845 6,618 6,508 2,251
5,672 5,225 5,364 4,790 5,263 5,343 5,074 5,03 5,004 19,166 19,864 20,345 8,255
20,484 31,308 34144 17,455 18,477 18,835 30,946 32,450 82,777 109,096 114,909 118,966 3,418
8.0 850 9.8 8.0 50.8 51.8 85.0 89.2  90.0 209.7  315.7 326.8 9.39
37 3.58 3.9 2.00 2.11 2.16 3.5¢ 3.71 3.75 12.45 13.15 13.62 0.38

Victimization studies have not been undertaken in
phicago, thus it is unknown whether this rating scale
1s specifically applicable. Sirice Chicago is a collection
of neighborhoods having distinct ethnic, cultural, and
economit:  attributes, it may be assumed that each
commusity within the city probably has a unique
scale of values,

) lfrior to utilizing this allocation method, a sta-
tistically controlled survey of the attitude of indi-

- viduals in each police district should be completed.

The results of the survey will ascertain weights at-
tached to various crimes by citizens in each district.
Following is one way to estimate weighted index
crime in relation to pgtential yictims: ‘
1. From Table 3-4, take the number of index
crimes of each type occurring in each district.
2, Multiply by the weight appropriate to that
crime as determined by the attitude survey.
3. Total all weighted indéx crimes for the district.
4. The proportion of total available manpower

0
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Table 3-5
Distribution of force by Index Crimes

District Percent District Percent
2 .090 12 .069
3 .059 13 - 075
4 .025 14 031
5 .034 15 .035
6 024 16 017
7 .071, 17 .024
8 .018 18 .086
9 024 19 .039

i0 070 20 .031
11 114 21 ¢ .062

required in relation to population density can be
determined by dividing the total weight of index
crimes for the district by the district population.

THE SHOUP-DOSSER MODEL

An interesting problem in the useé of an urban
police force arises in considering how to best assign
patrolmen: to police districts so as to cause the average
crime rate in a city to be as small as possible. A
simple mathematical model for achieving this distri-
bution is presented by Shoup? and Dosser®.

The average crime rate is defined as the number of
crimes of a specific type committed over a time
period, such as an hour or a day, or a police watch,
This number is assumed known or readily calculable
from police records. For sake of simplicity, we consider
only one type of crime. Patrolmen are assumed to be
equal in effectiveness from man to man. Since police
districts vary in their physical make-up, population
size, economic level and etc., the value of a patrolman
in crime reduction varies from district to district.

The Sroup-Dosser model assumes the city to be
divide< into two districts (called one and two) with
corresponding average crime rates £ and s Since
the effectiveness of a patrolman is different in each
district, constant numbers £; and k, are defined to
accommodate these differences. If ¢ policemen are
assigned to district one, they will have effectiveness
tky The larger tky, the greater the effectiveness of the
t policemen in police district one. This means that if
a single patrolman can control the ecrime rate better
in district one than in district two, then k; will be
larger than k;-and, of course, tk; will be larger than

* the. Now it is assumed further that when ¢ policemen

are assigned to district one, the average crime rate in
that district is reduced to Zi/¢k1. Therefore, the total
average rate (under the two-district assumption) -for

22

the city is
R, R
tk1+(T—t)k2 M

where there are a total of T patrolmen to be dis-
tributed.
The problem now is to assign the ¢ and T=¢

policemen to districts one and two respectively so as |

to minimize the total average crime rate given by
Expression 1.

Of course the more meaningful problem, applicable
to a large urban police force like that of the City of
Chicago, is to determine the best distribution of T
policemen over a city with many police districts. We
will now address ourselves to the more general solution,

General Solution

Consider the following definitions:

n:  number of police districts in the city.
:  the police district number {=1, ..., n
Zy average number of crimes (per unit time) in
police district ¢ ({=1, ..., n).

ky: an effectiveness constant for a patrolman in |

district 7.
t;  the number of patrolmen assigned to district 7.
The object is to minimize the total average crime
rate in the city with a fixed total police force of T.
Therefore, we wish to minimize

& @ |
Pl bl g
subject to
2 ti=T. @) !
i=1
Form
F=3, ;%"fx (E ti— T) ) |
PRRILT =1
and obtain the set of n4-1 equations
oF f . 4
5—-=—;§7c_-+>‘=0’ z=1,...,r§. (6a) -
> ti—T=0 (5b)
il

From (ba) it follows that,

t.-=\/f—,:—_ i=1,...,n 6)

g

e g et g e e e

and

iti2=i§i. (7)

i=al = Moy
Solving for A in expression (7) gives,

2

el

A= . (8)
E Z ttz
=1
Now
PiE=T2—2 31, (9)
i=1 <
From (6)
1 RZ
Liljo==— A [,
=53 NG, (10)

Substituting (10) into (9) and then substituting
(9) into (8) gives

i=] ki
A= ; - (11
2% Riki
A §J kik:‘

Solving (11) for \ gives

iéﬂz Kk
N kiGN Rk

T
wEE) e

F:inally substituting \ from (12)> into (6) gives the
op.t.lfm{m distribution of the ¢; over the n districts to
minimize the average crime rate,

1

fori=1,..,,n (13)

(EvE)

Pl

Interpretation

Let n=2 (only two districts), k1=#ks and 2= 2,=
it follows that ’ Srasl
vVZ_T
h=ly=T —=—
Wi.th no loss of generality, we let ky=k;=1 in (14).
This solution can be interpreted as follows: when
there are only two districts which are identical with
rc.gaf‘d to mean crime rate and unit police effectiveness
within each district (Le., ki=Fk,= 1) the minimum
average crime is obtained when the T° policemen: are
assigned T/2 to each district. This gives

Ly R
O=775t7/3 (15)
2Z
=Ty (16)

.Now consider the two districts with identical mean
crime rates (per unit time) and identical unit police
effectiveness (k1=#k,=1). If we put the two districts
together, we obtain a new district whose mean crime
rate is 2 (per unit time). If we originally confronted
this composite district and had T policemen to allo-
cate, we would calculate the resultant miniinum rate
. 1

22
£ (17)

However, this does not agree with the statement in
(16). If we agree that (16) is logically correct, then
the result 2/ 7 cannot be a correct solution for the
composite district which must be identical to the sum
of two districts. This prompts us to reconsider the
concept surrounding expression (16), If we consider
< as the average crime rate in the presence of one
policeman, then £/t is the average crime rate in the
district in the presence of ¢ policemen. It follows that
2Z is the average crime rate in the two districts, each
Characterized by Zi=2=2 and k,=k,= I, in the
presence of /wo policemen. Then given the composite
ratt.a 2% (from two identical districts) we allocate the
policemen optimally by assigning 7/2 pairs of police-
men to the composite district. This concept is con-
sistent with the solution in expression (16),

In future considerations, we shall refer to K as
the mean crime rate in district ¢ in the presence of
one policeman.

An allocation using city-wide minimization of crime
to guide the distribution of manpower is derived from
a simple extension of the Shoup-Dosser method.

23
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Table 3-6

Comparative Allocations of Police Manpower

Equalized Equalized Index crime

per per
District . Current capita density 100,000
2 487 . 295 137 604
3 422 329 161 396
4 241 322 778 168
5 263 335 590 228
6 224 309 476 161
7 450 295 195 476
8 243 449 698 121
9 305 335 389 161
10 361 322 215 470
11 378 235 141 765
12 332 241 188 463
13 337 268 154 503
14 . 264 349 228 208
15 27 376 349 235
16 224 396 - 838 114
17 T 167 322 309 161
18 411 255 127 577
19 291 389 168 - 262
20 330 550 342 208
21 335 248 148 416

Effect of Allocation Criteria

‘The sepsitivity of the manpower distribution of a
patrol force to the criteria selected is shown in Table
3-6. Each column of figures represents the distribution

- mands by districts. Using Part I or Index Crime

of manpower in each district according to which ong” [}

of the several criteria is emphasized. Although these
figures do not indicate the allocation between the
three watches, they permit a comparison of the overall

manpower shifts which can occur as a function of |

a chosen criterion.

»
Service and Index Criteria

Chicago Police Department policy calls for maxi-
mum service to the citizens. Under that policy, the
criterion for allocation should be total calls for service

on the third watch on Friday, when there is peak |

demand. When total calls for service or a weighted

workload are used in setting criteria, areas which ;
have a heavy volume of calls but less index crime .

receive more resources.
From an earlier table (Table 3-1) we have per-
centages of both Index Crimes and total service de-

calls for service or total calls for service produce
different allocations of manpower. Reliance on Index
Crime calls naturally tends to increase the allocation
of patrol force te areas with a high incidence of index

crime.
Table 3-7 reflects the allocation of the 6,708 mem-

Table 3-7
Manning of Districts Based on Minimizing Crime if Part I Crime, Total Service or Weighted Workload Dominate
Friday Saturday All days
District Current —
Part I Total Part I Total Part I Total Weighted |-
workload
1 374 320.8 298.4 331.4 271.7 317.7 287.3 312.2 i
2 487 344.3 339.0 357.2 350.7 332.4 343,5 343.4 1 4
3 422 251.2 /308.7 268.3 325.1 267 .0 321.2 315.8 .
4 241 302.6 257.2 314.6 260.6 301.7 263 .4 256.6
5 263 325.0 301.9 328.0 306.2 320.3 307.1 301.3 £
6 224 277.6 286.4 277.9 283.7 279.8 285.6 278.8 i
7 450 . 844.8 309.7 364.7 316.2 "349.0 268.5 310.6 |
-8 241 235.1 249.7 228.8 240.7 234.6 246.4 233.8 i,
9 305 234.1 ' 312.4 254.0 311.5 243.3 312.6 293.9 i
10 361 '431.8- 380.1 421.6 381.4 410,1 379.6 378.0 &
11 378 504-.5 372.1 484.5 377.1 481.8 372.3 372.5 1*
12 332 345.9 398.2 334.2 394.9 329.4 393.1 405.1 |
13 337 395.7 368.9 389.1 374.5 393.5 375.4 372.1. !
14 264 318.4 340.3 297.6 .334.5 312.5 342.3 329.5 .
15 271 332.0 323.0 307.2 320.3 326.9 324.8 320.4 -
16 224 174.7 167.6 170.5 159.8 184.8 166.3 163.6 |
17 167 274.0. 260.0 253.7 250.4 280.7 260.7 255.1 |
18 411 305.8 336.7 315.8 333.0 312.9 337.3 356.3 i
19 291 373.2 402.8 370.8 401.8 392.7. 409.1 396.1 it
20 330 273.6 397.5 288.1 412.1 293.4 408.8 401.8 i
21 333 342.9 297.4 302.0 343.5 302.6 S311.1 s

349.9
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Table 3-8

.

District Manning on Minimization Criterion
[Not weighted by population]

g

Frid
Distict riday Saturday All days
Part I Total Part I Total Part I Total Weighted
workload,
I 281.6 214.8 290.7 195,7
. ) 277.7 206.7
‘; gggv) 2(1)(7).(1) gggg ggéé 310.3 314.1 gfg;
. . . 295.6 319.3
4 305.9 317.6 317.9 392.1 7
| . . . 303.8 395.1 317.9
5 391.6 331.9 324.4 337.0 3
) . 315.7 337.4 332
6 312.3 328.6 312.5 325.7 g
| . ) 313.5 327.5
7 300.4 307.5 317.6 314.2 s09 4
. . . 302.9 266.5 30
8 283.6 332.5 275.9 320.8 o
. ) . 282.0 324.0
9 242 .8 394.7 263.3 324.1 2005
. : : 251.3 324.8 1 306.5 -
10 354.6 397 .4 346.1 398.8 '8
) ) . 335.5 326.8 326.6
11 365.9 328.0 351.3 332,7 "
. ) . 348.1 328.0
12 319.0 273.8 308.1 271.8 ' se0.8
. : . 302.5 270.3
13 352.4 339.6 346.3 34 2y
. . 5.1 349.1 345.5
14 321.0 359.1 299.8 353.3 i 2ias
. . . 313.7 361.1 :
15 349.3 336.9 393.1 334.3 . ‘58
. . . 349.7 338.6 X
16 272.8 284.8 266.1 97 2790
X . 1.7 287 .4 282.5
17 332.9 346.3 308.2 3 ' 2o
. A 33.7 339.7 347.0 '
18 348.2 293.7 359.3 2 ) e
. 359, 290.7 354.8 294.0
19 344.6 376.3 342.3 : P
376, . 375.7 361.3 382.0
20 350.5 373.3 368.8 3 ) 378 0
5 3. . 87.4 374.3 383.8
2] 346.7 2940 353.5 298.7 345.9 299.0 %g:g

NN . ! following criteri :
bers of the patrol division in Chicago where the § criteria are used:

L. Part I calls for service on the third watch Friday.
2. Total calls for service on the third watch Friday.
3. Part I calls for service on the third watch Saturday.
4. Total calls for service on the third watch Friday.

i1 9. Part I calls for service on the third watch All days.
-1 6. Total calls for service or: the third watch All days.

7. Z\’eighted workload service on the third watch All
ays. o

For the purpose of comparison, current allocations
of manpower by district are included in Table 3-7.

1 Minimization and Population

Other vz ions in manpower assignments of the

i patrol division are produced when the goal of mini-

mizing crime is weighted with considerations of popu-

lation in a district, In one case, Table 3-8, the total
o nufnber of criminal events is considered without
welgh.tin.g by population. In Table 3-9, weighting of
4 tpc criminal events by the district population produces
i SIgnlﬁ.cant shifts in manning practices both from the
“iunweighted version and from current practices.

' The t?ﬁ"ect of variation in the effectiveness of police
In the different districts is shown in the results through

application of the victim-orientaed weightings of Selin

- and Wolfgang.

SPLIT-FORCE CONCEPT

An idealized objective for allocation of patrol re-
sources is to have at any instant of time, the response
force so designed that it exactly matches the demand
for police service placed upon it. Simultaneously a
preventive force could be allocated throughout the
city in such a way as to minimize total criminal
activity as ‘'defined in a victim oriented weighting
system. When different neighborhoods place different

weights-or emphasis upon the kinds of enforcement '

desired, this variation should be recognized and
normalized by the population in each district,

The question of allocation of preventive - patrol
assets involves many judgmental values. In deciding
where, when, and how to use preventive patrol assets,
the po]iqc; administrator must evaluate the capa-
bilities of his resources, the nature of the crime prob-
lems in various parts of the City, and the needs and
desires of the people in the various neighborhoods
with respect to law enforcement. Their needs and
desires are communicated to the police through direct
contact at functions such as police-community work-
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shops and through contact with elected officials by
members of the community.

Such “judgmental criteria’ must also be combined
with “operational criteria” or the realities of the size
and availability of the police administrator’s response
force. In the next chapter, it will be shown, again,
that the size of this response force is very sensitive to
policies regarding response to calls for police service.
Adopting a more austere policy toward response to-

ward calls for service can release a sizeable number of -

units for assignment to what may be called an “ag-
gressive preventive patrol.”” Thus the decision be-
comes one of appropriate allocation of resources be-
tween such preventive units and responsive units.

This choice leads into evaluation of a “split-force”
concept. Chapter 5, dealing with preventive patrol,
discusses the application of analytical methods to
assess the effectiveness of preventive patrol in a few
specific situations. In this chapter, the use of com-
munity oriented criteria for the gross assignment of
preventive patrol forces is illustrated.

The split-force concept provides an approach to
attainment of the objective. If the response force is
designed  city-wide as shown, then the problem re-
maining is to allocate the preventive assets. This
allocation can be a two-step process. First the overall
preventive force is distributed among the police areas

or tht: 21 police districts. The second step is to allocate
within the assigned geographical regions using tech-
niques similar to those discussed in Chapter 5.

Even if the exact mathematical allocations are not
followed, the existence of such objective ‘allocation
provides a rough yardstick for use in a police manage-
ment information system.

ALLOCATING PREVENTIVE FORCE

It is recommended that preventive force units be f
distributed in accordar  with the Shoup-Dosser
method mentioned p- -
show explicitly ho .
the allocation pr--s
section will be amphi..d.

For simplicity, and to fix ideas, distribution of a
total force of T between two districts is considered. ; -
If 1, is the force allocated to preventive patrol in the .
district 1 and ¢ in district 2, then

h_ \/&Kz :
ty ZaK1
t

Where £ represents the crimes or their surrogate, the |

]
%
A
i

i

calls for service, and K is the relative effectiveness of |

the police in each district. [

!

Table 3-9 o
District Manning on Minimization Criterion i
[Weighted by population] - [ ;
Friday Saturday All days :
District —_ : P
PartI Per- Total Per- PartI Per- Total Per- Part I Per- Total Per- Work- Per- ||
cent cent cent cent cent cent load cent i -
1 374.0 .056 374.0 .056 374.0 .056 B874.0 .056 374.0 .056 '374.0 .056 374.0  .036 :
2 324.9 .051 -310.8 .n* 337.8 . .053 320.8 .05! 313.1 .049 314.5 .050 316.0 - .048
3 265.7 .042 290.7 .wiv 284.5 .045 305.5 .048 281.8 .044 302.1 .048 - 298.6 .04 :.
4 293.3 .046 303.1 .048 305.6 .048 306.4 .048 291.8 .046 310.0 .049 303.6 ~ .045:
5 306.0 . .048 514.3 .050 309.5 .049 318.2 .050 300.9 .048 319.3 .050 314.9 .047 i
6 306.9 .048. 321.4 .051 307.9 .049 317.7 .050 308.7 .042 320.1 .051 314.0  .047:
7 302.5 .048 308.2 .049 320.7 .051 314.0 .050 305.6 .048 266.9 .042  310.3 .046 ;.
8 232.1 .037 270.9 .043 226.4 .036 260.6 .041 231.2 036 266.9 .042 254.6 . .038 ?
9 230.1 .036 306.3 .048 250.2 .040 304.8 .048 238.6 . .038 306.2 .048 289.3 .043
10 -341.2 .05¢ 313.5 .049 333.9 .053 - 313.9 .,050 323.4 .051 312.7 .049 313.0 .047 ’
11 411.5 .065 367.1 .058 396.1 .063 -371.2 .059 392.2 .062 366.8 .058. 368.9  .055 !
12 356.3  .056 304.4 .,048 345.0 .054 301.3 .048 338.5 .053 300.2 .047 310.9 .046:
13 371.7 .059 356.6 .056 366.3 .058 -361.2 .057 368.9 .058 362.4 .057 361.1 -.054: .
14 399.6  .063 445.0 ..070 374.3 .059 435.5  .069 391.3 .062 447.0 .071 432.5 .064.
15 312.0 .049 299.5 .047 289.4 .046 296.4 .047 306.6 .048 300.7 .047 298,2 .04 -
16 238.3 .038 247.7 .039 233.1 .037.°235.6 .037 251.5 .040 245.5 .039 242.7  .036 |
17 320.0 . .051 331.2 ,052 297.0 .047 318.3 .050 327.1..052 331.7° .052 326.2  .048
3 377.8 .060 317.1 .050 390.9 .062 313.0 .049 285.7 .061 317.3 .050 336.9 .050 P
19 303.5 .048 329.7 .052 302.2 °.048 328.3 .052 318.7 .050 324.5 .053 325.5 .048:
20 258.4 041 273.9 .043 272.6 .043 283.4 .045 276.5 044 281.4 .044 < 278.0 .04
21 382.3 .060 322.6 .051 390.8 .062 326.9 .052 382.0 .060 327.8 .052 338.7 ~ .050;:
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s other cousiderations effect iy}
. ine discussion of the previous i
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In an earlier discussion, it was suggested that the
crimes or calls for service occurring in a district be
normalized to the units of crimes in a district per
policeman by dividing the observed numbers by the
size of assigned force, which in the two districts is
Ci and Cp. Also, it is suggested that the concept of
risk to the individual is served by dividing by popu-
lation in the district, D; and Ds.

Inserting these factors into the initial discussion
yields

i [ZiKoCeDe

P Ao

ts \ (BVV 474

or, to simplify notations

Let &%= C’?Dll so that
b MK
la FiZe*

There is another refinement that should be made.
The Z) comprise different kinds of crime, of calls
for service that may have differing levels of seriousness
to the citizens of the community. If in District 1 there
are A crimes of weight a, B of weight b, C of weight ¢
and so on, then th: weighted crime index for the
district is

Riw=aA+bB+cC+---

and the optimal allocation becomes

151 Z1w* Ko

2 K 1Z2w * N

Generalizing the above to a distribution among all
21 police districts yields the formula for the ith district

%
T Ziw
K

(EvE)

Where Tis the entire force to be allocated, although

ti= fori=1;+n

it is a laborious process, it is feasible to carry out the

entire computation using orily a slide rule.

For hand computation purposes as well as for
application of the technique to the allocation of any
force size, Table 3-10 gives the value of the ratio of
the two quantities under the square root sign in the
form of a percentage. This is the percentage of the
force that is to be distributed among all districts
except the First Police District. Do not omit the sub-

. Table 3-10

Allocation Resulting From Consideration of All Factors
Illustrates Effect of Assumption Concerning Effectiveness,
[Force size: 6708]

Equally effective Effectiveness—Felony

District arrests/Police assigned
Men Percent
Men Percent

1 374.0 .056 374.0 056
2 401.9 .063 350.1 .055
3 318.1 .050 258.7 041
4 248.3 .039 216.8 .034
5 279.1 044 260.1 .041
6 282.1 045 282.,0 .045
7 338.5 .053 282.6 045
8 201.7 .032 139.4 .022
9 222.3 .035 202.7 .032
10 375.5 .059 386.1 .061
11 471.7 .074 540.5 .085
12 395.8 .062 616.1 .097
13 393.9 .062 429.3 .068
14 359.6 .057 455.8 072
15 284.7 .045 258.6 041
16 201.3 .032 120.7 019
17 277.0 044 270.1 .043
18 381.8 060 409.1 .065
19 284.1 .045 274.1 .043
20 241.6 .038 182.3 .029
21 375.0 .059 399.0 .063

traction of the fixed number of men that must be
assumed for the First District due to the meaningless-
ness of normalization for the First District commercial,
commuting population.

Estimating the effectiveness Factor K

All K are Equal. This condition asserts that a
policeman is equally effective in any district. Given
the variety of duties that a policeman performs, and
given that the men of the patrol division who are as-
signed to police districts encounter only about 129,
Part T crimes in responding to calls for service, the

allocation based on equal effectiveness provides a good .
. base case.

" Effectiveness varies from district to district. Crime is
not uniformly distributed in the city. Certain districts
provide far more opportunity for all classes of arrests.
District populations vary. The economically disad-
vantaged citizens are crowded into a few districts.
Arrests for drunk and disorderly conduct and prosti-
tution are concentrated in a few areas.

Base relative effectiveness on ratio of felony arrests
to assigned manpower. The use of numbers of arrests
is only one approach to establishing ‘the output of
police units, It is not possible to measure the number
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o Table 3-11 Table 3-13 T Figure 3=1 : Schematic model of Chicago patrol force dllocation using * equal
{ Relationship Between Arrests and Manpower, 1969 Effect of Assum}::[tIi‘Ons QOn;:g;;mg Effectiveness effecﬁveneSS" and " different effectiveness" conditions cgd?nsf Part | or " index
‘ Force size: : . . .
District Relative Total Relative 1 crime." Allczations use weighted workloads but are not subjected fo a mathematical
weight arrests weight Equally effective Effectiveness—Felony | optimization process. In the diagram s denotfes " equal effectiveness" assignments;
o ) o i District arrests/Police assigned | 0-0-denotes " different effectiveness" resulting from the ratio of felony arrests/manpower.
.5 3. .48 : . . . . H -
1 .69 6.3 .91 Men  Percent Men = Percent | The Part | crimes are weighted according to Selin and Wolfgang and normalized Ly present
§ ‘2; gg '257; assignment and district population. Current allocations -[3—{}- are accurate for -
. . . Y )
4 .52 2.1 .30 1 374.0 .048 374.0 048 11 May of 1969.
5 .54 2.7 .39 2 469.2 .063 408.7 .055 = 0.97
g .‘;2 2 g .26 3 371.4 .050 302.0 041 : g
.70 3. .48 4 289.9 .039 253.1 .034 i 9 T /% J Part | Crimes as weignted by Selin
8 3 1.8 . ~ | ‘ [ y alized by
T T oo mE 8 cegomgmmer L0\ SmEmEm
[ sl 101
10 .79 4.4 64 7 395.3 .053 329.9 045 ¢ npower Allocations | : N X Indicates equal efficiency
11 1.00 4.2 .61 8 235.4 .032 162.7 .022 v —¥—3— Equal Effectiveness ] / \ | - —
12 .63 6.9 1.00 9 . . . . L 8 ] I i ¢ h
13 .67 3.9 57 10 i64 0% oo e ; 7@~ ~®- Different tifectiveness L Lop O e e
14 .52 2.9 42 11 550.7 074 631.0 085 ', / X i '
15 48 3.0 84 12 462.2 .062 719.3 097 L L /\ |_o
16 .22 1.1 .16 13 459.9 .062 501.2 068 i — —
17 .36 6.8 .99 14 419.8 .057 532.2 .072 1y | / Loy
18 41 43 .62 15 332.4 .045 302.0 041 [ b
19 .62 3.7 .54 16 235.0 .032 140.9 .019 o I X—x |
. 20 .32 3.3 .48 17 323 .4 .044 315.3 .043 3 ? ! \ \
:,\ 18 445.8 .060 477.6 .065 Y ! r‘ - N\
, 19 331.7 .045 320.1 043 [ Voa W
of crimes prevented by police activity. It is not known 20 282.0 .038 212.8 -029 B ! pf/ \ ' \
. 21 437.8 1059 465.9 03 i 9 ' N !
how many crimes actually occur. i1 = \ !
Furthermore, in terms of the total criminal justice S B AW
§ -
system, the law enforcement component has no con- 4 ‘{\
trol over the final disposition of arrestees. The law Table 3-14 E—g’_ { | = AN
- | y %
Table 3-12 Effect of Assumptions Concerning Effectiveness, I ; : : 0--= |
Effect of Assumptions Concerning Effectiveness [Foree eize: 9183] | | | : I
[Foree size: 7182} { | { | ] &_
, Equally effective Effectiveness—Felony ; ¢ ! t l, i -
Equally effective Lffectiveness—Felony District arrests/Police assigned ] | | ! I !
District arrests/Police assigned Men Percent 0 | | i | |
Men Percent Men Percent i ! } !
* ‘Men Percent i l E { i |
‘ f i ' [ i
l .
1 374.0 056 374.0 056 2 A o a0 I ! '| | : }
2 432.0 .063 376.3 .055 3 Tion 050 3600 041 P i 203 4 5 617 8 9l N 12 13l s 16 w7, W0
3 341.9 .050 278.0 .041 4 345 '5 '039 301 '7 '034 i Area | { Area Il | Area H1 i Area IV Area V | Areo Vi
4 266.9 .039 233.0 .034 5 388 '4 '044 361 '9 '041 i i 1 POLICE DISTRICTS
5 300.0 044 279.5 041 : : : . :
6 392.5 .045 392.4 .045 «‘
6 303.2 .045 303.1 .045 I %
7 471.1 .053 393.3 045 i
7 363.9 .053 303.8 045 !
8 280.6 .032 194.0 .022 ;
8 216.8 .032 149.8 .022 :
: 9 309.4 .035 282.0 .032 b
9 239.0 035 217.8 .032 i
10 522.5 .059 537.2 .061 i
10 403.6 .059 414.9 .061 S
11 656.4 074 752.1 .085 i
11 507.0 .074 580.9 .085
12 550.8 .062 857.3 097
12 425.5 .062 662.2 .097
13 548.1 .062 597.3 .068
13 423 .4 .062 461 .4 .068
14 500.4 057 634.3 .072
14 386.5 057 490.0 .072
15 396.2 .045 359.9 .041
15 306.0 .045 278.0 .041 P
16 280.1 .032 168.0 .019 P
16 216.3 .032 129.8 019 . : “
17 385.4 .044 375.8 .043 {
17 297.7 .044 290.3 .043 i o
y 18 531.4 .050 569.3 .065 ;
18 410.4 .060 439.7 .065 ; : s
19 395.4 .045 381.5 -+ .043 b E
19 305.4 .045 294.7 .043 i i
. 20 336.1 .038 253.6 .029 b :
20 259.6 .038 195.9 .029 3 g 08 P e
21 403.1 .059 428.9 063 . <059 35, -0 I
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enforcement component merely produces the arrests.

There is an intuitive, non-quantitative relationship
between the threat of arrest (and subsequent punish-
ment) and deterrence of crime. If that assumption is
made, the ratio “arrests per man” is a crude measure
of effectiveness.

Table 3-11 suminarizes felony arrests per man as-
signed from each district. Also shown are total arrests
per man. Arrest data is for the fourth police period
1969. Manpower assignments are those for May, 1969,

Other Measures of Effectiveness

Chapter 5 discusses mathematical methods to im-
prove the efficiency of preventive patrol assignments.
These methods involve determination of geographical
location of crime throughout an area, followed by a
scheme for working the crime cluster so identified to
maximize the benefit from assignment of manpower
is maximized.

Clustering and mathematical allocation into the
various cells in the city provide dynamic methods for
periodically revising the external of X in a district.
This potential represénts an important direction for
continual analytical and practical wokr for an allo-
cation scheme, locally or city-wide, based on the
consideration and is amenable to the same type of
administrative experiment as was carried out in the
14th District.

New Manpower and Effectiveness

The allocation scheme that embodies all of the
factors except geographical area is the gne that is
based on the minimization criterion of Shoup-Dosser
with the component index crimes weighted by the
technique of Selin-Wolfgang and normalized by dis-
trict population. It'is always necessary to divide the
crime in the district by current manpower assignment.

In the following tables, two additional effects are
shown. The first concerns the effect on the allocation
if effectiveness is (a) considered equal throughout the
City, and (b) considered proportional to the ratio of
felony arnounts to manpower assigned. Table 3-10
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shows the result for the basic patrol division of 6,708 | |
men. &
Tables 3-12, 13 and 14 show how additional patro}

resources might be allocated. For these illustrations, ¢
total patrol resources of 7182, 7769, and 9188 are |}
examined. The reason for these choices is to show |
how the objectives of efficient allocation of resources |

throughout the city might be established as criteria

against which actual police activity can be measured, |

Evaluating Street Activity

The choice of these numbers of the augmented |
patrol force is not accidental. Certain resources of |
police divisions in Chicago, and in other cities, are ;-

assigned on a police area basis. These other resources

are often used as street activity resources. Usually, !
however, they have specialized mission assignments, |-’
The preceding tables, in fact, show the allocation !

among districts of a patrol force reinforced by com-
ponents of Chicago’s other police administrative di-
visions. Such a reinforced patrol can be formed in the
following ways:

9188—All street resources including Bureau of
Field Services’ patrol, detective task
force, traffic and youth divisions. (Table

3-14).

7769—Patrol force plus detective force (Table
3-13).

7182—Patrol plus detective task force (Table
3-12).

A schematic répresentation of the effect of using

the present 6,708-man force under conditions of “equal |
efficiency” and “different efficiency® (the ratio of i}
felony arrests to manpower) is shown in Figure 3-1 | 4

along with current manpower allocations.
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CHAPTER 4
THE POLICE RESPONSE FUNCTION*

Response to citizen demands for service is the most
visible output of the Chicago Police Department.
Over the past decade, Chicago police administrators
have put strong emphasis on rapid response to any
citizen request. The stated objective is that any citizen
should expect response within about five minutes—
depending, of course, on the degree of emergency
that the request implies. Except at peak periods, this
objective was very nearly being met in 1969, although
demands for police service have doubled since the
objective was announced.

This chapter reviews the major results obtained
from analyses of the response function. The overall
purpose of the analysis is to improve the efficiency and
capacity of the Chicago police force to:carry out the
response function. The importance of this portion of
the activities of the Chicago Police Department is
attested by the fact that some 6,700 men of the Patrol
Division devote nearly full time to handling response
to calls for service. The urgency of the problem of
improving capacity is shown by the yearly increase
in zalls for service to which beat cars are dispatched.
The current rate of increase is 8 to 10 percent per year.

Unless corrective measures are taken, there is im-
mediate prospect that the Communications Center
will be saturated, the street response units overloaded,
and as a result, timely response to emergency situ-
ations—crime in progress, officer needs assistance,
etc—would be impossible. Even in 1969, police dis-
tricts found themselves with no response units avail-
able during periods of peak demand. These are po-
tentially very dangerous intervals of time for all
citizens. ‘

The material in the chapter discusses the response
function in general as it relates to this overall ob-
jective of the Police Department and defines the re-
source allocation problems that exist in planning for
the response function including measures of effective-

--ness, From these are. derived the conclusions and

*Principal authors: E. K. Nilsson; D, G, Olson, and A, M.
Bottoms, '

recommendations for immediate and longer term
action. Technical details of the analyses and computer
simulations appear in a separate section at the end of
this chapter. '

Allocation for the Response Function

The level of public demand for police service is a
factor that is, in general, not under the control of the
police department. All matters that possibly involye
enforcement of the law or: protection of life and
property must receive prompt response. In addition,
since the police are representatives of city government
available on an around-the-clock basis, police service
is often requested for matters in which the citizen
actually wants service from another public agency.
Depending upon the policy of elected government
and of the people they represent, the level to which
the police should attempt to render general public
service is subject to modification by police and public

administrators.

In Chicago, in the summer of 1969, the policy was
to respond to all citizen calls when the presence of
an officer can render service or assistance. Citizen
calls for service that are misdirected to the police are
referred to appropriate city agencies. Examples of
such calls include ¢omplaints about trash collection,
in which the caller is referred to the Department of
Streets and Sanitation, or requests for information on
driver’s licenses, in which the caller is referred to the
Office of the Secretary of State of the State of Illinois.

~About 35 percent of all incoming calls are referred to

other state or municipal agencies.

Even with this initial screening, beat cars are dis-
patched on about 8,000 calls per day. Nearly half of
these occur during the period 1800-0200 hours. Of
these 8000 calls per day, 74 percent do not specifically
involve law enforcement, although some do involve
emergency service or situations that could readily
deteriorate to an enforcement problem. Only about
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12~15 percent of all calls for service to which units are
dispatched involve criminal law eaforcement.

The discussions in this chapter deal with this situ-
ation and with ways to improve the capability of the
Chicago Police Department to handle the response
function. The assumption is made that response is a

function that cannot be delegated to any other agency;

however it may be amenable to some administrative
or policy adjustment. This response function, as con-
ceptualized by the term “response force”, contributes
importantly to three of the principal objectives of the
police department outlined in Chapter-1:

1. Protection of life and property. Maintenance
of peace and order.

2. Public service.

3. Community support.

The third objective, community support, is affected
by the quality of the service and is difficult to measure
in any quantitative manner.

Response initially involves the activity of the Com-
munications Center which receives the call, identifies
the problem and the location, and assigns a response
unit. - This step is called the Communications Center
response. The second part of the process.is receipt of
the assignment and travel to the point at which service
is to be rendered by the response unit in the field.
This is called field res[:ome Both processes are analyzed
in detail.

Effectiveness for the Response Force

Systems analysis of the police department has
identified police-community goals as the minimization
of crime disutility—the impact of crime—on an indi-
vidual in the city, One direct way of reaching the goal
is by the arrest of a criminal offender. The presump-
tion is that arrest will be followed by swift prosecution
and the levying of some punishment. When swift and
sure justice follows arrest, the threat of arrest itself
can act as a deterrent to crime.

There is considerable evidence that probability of
arrest is directly proportional to the immediacy of
response.  Consequently, one important measure of
cflectiveness is elapsed iime, the time from the occur-
rence of the criminal event until the résponse unit
arrives, -

This elapsed time s, in turn, influenced by the
Communications Center response time, the geographi-
cal distribution of the units in the district at the time
of occurrence of the crime, and the availability of the
responsé units. Geographical distribution affects travel
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time. The term availability refers to the response urit~

being uncommitted to any activity, and thus able to
accept the assignment. Most suggestions that result
from these analyses have the objective of increasing
availability.

The number of response units assigned during any
watch is fixed. The probability that a unit will be able
to accept an assignment without delay, the availability,
is strongly affected by the level of demand for police
service (calls/hour) and the total time that is re-
quired to complete the service. This last factor is
called the service time.

Service time is affected by the nature of the demands
for service, the distribution of various types of service
in a district, and by factors such as unit aggressiveness,
motivation, and individual initiative. An important
constraint on service time is the necessity to maintain
professional standards of excellence in rendering the
service.

Other measures of effectiveness of the response units
are those involving quality of the police service,
thoroughness of preparation of the case for follow-up
when arrest does not follow directly from the response,
and similar qualitative factors.

In the Communications Center, there are a number
of potential measures of effectiveness that describe
various aspects and attributes of the operation. Ana-
logous to availability of response units is radio channel
availability, measured by the percentage of time radio
channels are in use because of talk-out or call-in from
response units.

There are other features in the Communications

- Center that relate to the rapidity with which an in-

coming telephone call is answered. Prompt answers
are insured by furnishing a cascade of overload desks.
The magnitude of incoming call delays that may be
experienced in peak periods can be changed by varying
the number of answering ‘positions at the console or
overload positions.

These partial measures of effectiveness for both the
Communications Center and the field response force
ar¢ combined through the logic of mathematical
analyses to design the response force and to estimate
its ability to handle demand under a number of
different conditions. '

Use of the techniques of computer simulation re-

sulted in two major models. The first is a detailed

simulation of the Communications Center as it is
presently configured. The second is a simulation of
the field response force assigned to the 14th Police
District plus that of each police district contiguous
to Dist. 14, In effect, this second model covers most

of the north side of Chicago.

The purpose of the analyses was to ascertain which
administrative, procedural, or equipment changes
and improvements could most significantly effect the
response function. A second purpose was to provide
analytical and computer techniques for determining
the number of response units needed; based upon the
level of demand for service. An objective in improving
the methods for estimating the temporal distribution
of patrol resources to the response function is to in-
crease the amount of resource that could be released
for preventive patrol function. Close design of the
response force also permits modification of the tem-
poral distribution of prev~ntive patrol activity. This
is an important consideration since the heavy work-
loads  of district law enforcement personnel the
motorized beats, virtually preclude carrying out mis-
sion-oriented preventive patrol at the time of greatest
liklihood that criminal events will occur.

Analysis of the Communications Center

In spite of the fact that the Communications Center
is now handling more than twice the volume of calls
for which it was designed, the present configuration
and procedures regarding manning of auxiliary po-
sitions are very efficient. The modal value for Com-
munication Center response time is about 90 seconds.
The mean or average Communication Center response
time is found to be about three minutes, as measured
by response to robbery complaints in the 2nd District.
In that same robbery study, the total police responsc
had a modal value of four minutes and an average of
about nine minutes.

Of various alternatives in manning auxiliary po-
sitions, the maximum attainable reduction in Com-
munications Center response time was about forty
seconds. To obtain this small reduction in the overall
response time, additional personnel would be required
in the Communications Center,

The inherent operational problems of the Com-
munications Center make it necessary to -consider
difficulties posed by future growth. The continuing
increase in demands for service and related radio
communications is inevitable. Increased use of the
available radio frequency spectrum must accompany
the wider use of personal police radios, the assignment
of frequencies for emergency and command broad-
casts, and.the possible introduction of teleprinters in
mobile units. :

At present, in certain radio zones, a severe lack
of air time has been noted. The effect is to force the
caller or the street unit to wait. At peak times, more

than one call on radio communication may -have to
wait. This results in the formation of a queue and
causes delay in response. These communications
queues are in direct result of low availability or its
complement high utilization. Explicitly, the basic
questions are the following:

Is the Communications Center (CC) functioning
efficiently given “its design, both on the input
and output side?

How should projected growth in inputs and outputs
be accomodated (the growth-problem)?

As. previously stated, a simulation model was de-
veloped to analyze the efficiency of the processing of
telephone calls by the CC. The primary results: The
CC is very efficient on the input side, but significant
improvement on the output side cannot be made with
the current design of the CC except by increasing the
capacity or lowering the activity level through screen-
ing and stacking, At most, an average of forty seconds
can be shaved off based on the current design.

Addressing the second question, the problem is to
accomodate anticipated growth in calls to the Clom-
munications Center to which a unit is dispatched.
These calls are 1ncreasmg at the rate of 8 to 10 percent

. per year.

+

Alternatives to be evaluated are:

1. Maintain present CC design and capacity.

2. Maintain present CC design and increase the
capacity.

3. Change design to a conveyor type system or a
car locator-computer dispatch system.

An important point is that these alternatives have
to be evaluated with respect to the effectiveness of the
total response system, not the CC subsystem- alone.
There are important tradeoffs between the CC sub-
system and Field Response subsystem, -

The first question raised can be answered im-
mediately. Assume that (1) calls for service will con-
tinue to increase at the rate of 10 percent per year;
(2) the daily profile of calls will remain unchanged,
and (3) administrative and assist calls will remain in
the ratio of 1.33 to calls for service.* Using the base
case of 8,000 calls for service per day received during
the summer of 1969, a queuing analysis application
permits determination of the loadings (utilization) of
various alternatives. It is sufficient to conduct analysis
of radio transmissions without considering telephone
call input as a transmission bottleneck.

*For every 100 responses to calls for service, there are 133
other incidents the effects of which is to remove the units from
availability status.
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Table 4-1
Forecast of Calls for Service

Daily peak  Loading, Channels Chauanels

Year Total = per hr. w/8 for ,5 for 4
calls (CFS 4  channels loading  loading
admin,)
1969 8,000 1,285 .55 8 10
1972 10,600 1,707 .73 12 15

1974 12,800 2,064 .89 14 18

Total calls are predicted and the peak hourly input
can be determined {rom the profile of daily calls. It
is then possible to estimate loading on a facility
having eight channels to handle the transmissions.

Police administrators consider a loading of more
than 50 percent as undesirable. Great emphasis is
placed on short delay time before a channel is avail-
able for use.

The configuration and capacity of the present
system cannot cope with the anticipated increased
demands.

The number of consoles necessary for a 50 percent
and 40 percent loading level is calculated in the last
two columns. A substantial increase in the number of
consoles will be needed.

Evaluation of the relative costs and benefits of the
last two alternatives has not been undertaken since it
would first be necessary to model field response ac-
tivities so that response system characteristics could
be evaluated.

Analysis of Street Response

The effectiveness of response units is dependent
upon the operational procedures that place the man-
power where it is needed when it is needed. This
‘“where-when” concept is articulated in law enforce-
mient literature as *‘space-time.” - This recognized

jargon is adopted here and in the following chapter.
The factors that influence effectiveness of the re-

sponse force (units assigned to the response functions)
are the following:

Demands for service in space/time:.

Positioning of forces in space/time,

Assignment rules,

Organizational variables (such as supervision;
screening and stocking policiés, interdistrict dis-
patching, etc.).

The method that is used now (1969) for allocation

~of resources of the patrol division is based on the twin
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objectives of equalizing the response workloads in™

areas of the city and providing duty time for carrying
out preventive patrol. A further objective is to allocate
patrol division resources so that 50 percent of this

effort is devoted to the response function and 50 |

percent is devoted to the preventive patrol function,

Under current practice, the equalization of work- |

load is accomplished by the assignment of respective
weights of 4, 3 and 1 to service calls in categories of
Part T crimes, misdemeanors, and general public
services. The semi-annual geographic assignment of
manpower is based on experience during the same
seasonal period the previous year; i.e., Summer 1968
defines allocation for Summer 1969. A further as-
sumption is made that the average call for service
takes about sixty minutes. Boundaries of motorized
beats are drawn so that peak period (third waich)
workloads are equalized and sufficient units are as-
signed to establish an availability of .5 on the average.

In concept, the allocation procedure can be faulted
only by questioning the criterion that.street resources

" of a police department should be equally engaged in

response and preventive patrol functions. This ques-
tions the hypothesis that the response function aad

the preventive patrol function are equally effective

in achieving city-wide minimization of crime,

The Operations Research Task Force was unable
to substantiate any quantitative assertions about thz
relative proportions of patrol effort that should go to
response or preventive patrol. At this stage in the
development of knowledge about the process of law
enforcement, the question of emphasis must be de-
cided based on such comparative analysis and con-
firming experiments in the future. In terms of the
objective of lowering crirne to irreducible minimums;
there are no quantitative estimates of the relative
contributions expected from the response or the pre-
ventive function.

In 1968 and 1969, the overall activities of units
comprising street resources have been such as to make
distinctions between response effort and the effort
devoted to preventive patrol of little importance.
With increasing frequency, as the service demand
rises, availability of units for response assignments
decreases. This fact is documented in the “exceptions”
report that is prepared for command levels in the

Chicago Police Department by the Commander of |

the Communications Section. This report indicates
time intervals on each watch when no units are avail-
able for response to calls for service in various police
districts. Wian emergencies occur in-a district having

1o units available, response units from adjacent dis- {-

iricts are assigned.

RN
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Such situations are characterized by above average
response times.

With regard to the present allocation policy, it is
germane to note that:

(A) The weightings 4-3-1 used bear no relation to
the service time expended in 1969 on the Part I,
Part 11, and miscellaneous service calls.

(B) The city-wide motorized beat structure that
results from the weighted workload-based design
does not reflect the annual trend in calls for service
that has been increasing at the rate of 8-10 percent
per year.

(C) The beat structure ignores heavy fluctuations
in calls for service which overload the capabilities -
of the motorized beats; this makes the concept of
equal distribution of response and preventive patrol
meaningless.

(D) The goal of preventive patrol is handicapped
by duty time consumed by patrol units in routine
administrative tasks and in giving assists to other
patrol units; Routine administrative tasks consume
about two hours per unit per watch. (The number
of cards indicating “down” status for administrative
tasks nearly equals the cards on file for police re-
sponse to calls for service—nearly 6,000 per day.)

Assigned “assist” activities occur in 10-20 percent
of all response activity. There is no doubt that the
“assist” activity, whether assigned or spontancous,
has the twin effects of removing units from an avail-
ability status and causing occasional geographic con-
centration and rarifaction of response units,

FORECASTING SERVICE DEMAND

Demands for police service in Chicago as well as
in other large cities are predictable. In each geo-
graphical area of Chicago, strong correlation is ob-
served between levels of activity in any given week of
the year with the activity one year ago, two years ago,
etc. Comparisons among different weeks is facilitated
through the use of the police year of thirteen four-week
periods. This device eliminates irregularities in
monthly comparisons caused by variation in the num-
ber of weekends.

This seasonal correlation and a similar repeated
ratio between weekday and weekend activity has
made it possible to forecast demand for service using
merely the level last year and the observed upward
trend. Agreements with reality have been within
5 percent, :

A more sophisticated forecasting technique has been
used with success by the St. Louis Police Department.

Since the exponential smoothing technique, as the
mathematical method is called, does take in and
weigh all of the observed time dependent factors, it is
the preferred method. The exponential smoothing
technique will allow confident forecasts of activity
levels by hour of the day, Details can be found in the
technical section.

The OR Task Force is awaiting the results of con-
tractural work that will modify an exponential-
smoothing computer program proprietary to the
Control Data Corporation. Each week an hourly fore-
cast for the ensuing four weeks will be prepared and
that forecast will be coupled into a quening model to
suggest a range of unit assignment loads geared to
observed variability in the forecast. Once the modifi-
cation is made, the forecast to support assignment of
response units in all 21 districts of the City of Chicago
can be made weekly ior a very moderate cost. The
documented program and supplemental material will
be forwarded to the U, S. Department of Justice
since it should be of value to other law enforcement
agencies.

Due to the non-availability of the desired forecasting
techniques, linear prediction was used to demonstrate
the method and to provide a basis for the adminis-
trative experiment that was conducted in the 14th
District, '

From the forecast, it is possible to estimate the
hourly rate of arrival of calls for service, This is input
for the mathematical model for estimating the number
of response units required that has been referred to
in the gueuing model. This statistic is also an input
to the simulation model of the response foree.

DESIGN OF THE RESPONSE FORCE

As with the attempt to forecast, parallel analytical

methods were developed for the design of the response.

force, Le., the determination of the number of units
needed as a-function of time and activity. The ana-
lytical approach was the application of queuing
theory. The computer simulation of the response
force is an alternative method which does not require
therestrictive assumptions regarding the mathematical
form of the distribution of ‘arrival rates and service
times. ‘

The chief virtue of the analytical model based on
queuing theory is simplicity. This results from the
simplifying assumptions concerning the statistical form
of parameters related to level of activity and service
times. Although the assumptions are reasonably accu-
rate, an examination of the data does show some sig-
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nificant dapartures from the assumed form. Never-
theless; use of the queving model under the assumption
that calls for service follow a poisson distribution and
that the service is negative,~—exponentially distributed,
vields a simple graph that can be used to estimate
force requirements. Future analytical work will prob-
ably show that the data support the use of some type
of Erlang distribution.

Figure 4-1 : Estimating the number of patrol cars required to handle a known rate

of incoming calls for service is possible with this plot derived from queuing equations.
The rate of calls is carried across. to the appropriate line for the mean time needed

to complete a service request ; dropping down from the point of intersection yields

an estimate of the number of patrol cars needed to limit waiting for an available car

to .10 minutes or six seconds,

"3

The simulation model does not require any assump-
tion concerning the form of the input or output distri-
butions, It used the actual observed distributions.
This is a distinct advantage, particularly when it is
required to evaluate a new procedure prior to actual
field test. The results of the hand graphical method
for designing the response force follow:

,Figure 4-1 is a plot of solutions to the queuing

Table 4-2
Hourly Rates of CFS Projected for August, 1969 (Friday)
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Table 4-3
Patrol Units Available on a Typical Summer Friday, 1969

Third watch

Second watch

First watch

District

Area

Beat Sgt. Unit Sqdi Vice Tot,

Beat Sgt. Unit Sqdl Vice Tot.

Lt.

Beat Sgt. Unit Sqdl Vice Tot. Lt.

Lt.
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Table 44

Mean Service Times by District and Watch (Minutes)
[Data taken from August 1968]

District First watch  Second watch  Third watch
1 15 55 31
2 44 22 33
3 32 48 33
4 32 33 15
5 23 53 36
6 30 32 35
7 30 36 39
8 26 29 26
9 25 33 27

10 35 - 45 41
11 33 44 36
12 32 35 35
13 20 31 38
14 21 30 34
15 14 27 29
16 - 23 38 28
17 21 42 34
18 30 41 41
19 16 29 30
20 18 33 30
21 29 39 36

equations described later in the technical discussion.
However, when the hourly rate of arrival for calls is
known, along with the mean service time for the
appropriate time of the day, one can enter the graph

and read the number of beat cars required from the
horizontal axis.

Table 4-2 projects the hourly rate of calls for service
in each police district projected for Friday. Friday is
generally the busiest day of the police week. Table
4-3 shows Summer 1969 manning for each watch.

Table 4-4 shows the mean service time by districi
and by watch as derived from rough data from a
period in August 1968. Again, the assumption is made
that the characteristics of the calls for service in 1968
and the service times were similar in 1969.

"Table 4-5 shows the number of units required under
a “no wait” policy. Additional units would be needed
for special details and to handle administrative as-
signments. ot

Table 4-6 shows the district manning for Third
watch, summer 1969, compared with the projected
response unit requirements at times of peak activity.
There is little margin of safety yet the actual assign-
ment is supposed to reflect provision of approximately
50 percent of the assigned time for aggressive pre-
ventive patrol. Clearly such activity can occur only
at off-peak hours and is in competition with adminis-
trative and personal assignments. Examination of ad-
ministrative records for a period in August 1968 re-
vealed that the ‘average beat car spends 1.9 hours
per watch on adminjstrative assignment.

"The seriousness pf the situation is confirmed by the

Table 4-5
Cars Required To Handle Response Each Hour, Each District

Hour/District 1 2 3 4 5 6 7 8 9 10 11 12 13 14-15 16 17 18 19 20 21
1 6 21 1510 7 10 13 10711 16 13 10 8 8 8 5 6 13 10 12 11
2 6 18 13 9 7 8 11 8.9 1312 9 8 6 8 5 5 11 8 10 10
3 5161 8 6 810 7 91010 8 7 6 7 5 5.10 7 8 9
4 512 9 7 5 7 8.5 7 9 9 7 6 5 5 4 4 9 6 7 9
5 5118 6 5 7 7 5 7 8 7 5 5 5§ 5 8 4 8 5 6 7
6 4108 6 5 5 7 5 7 7 7 6 5 4 53 5 7 6 5 7
7 59 8 6 5 6 6 6 7 8. 8 7 5 5 6 4 5 7.7 77
8 511 13 .8 10 7 9 8 8 9 9 8 6 8 7 8 10 11 11 11 8
9 13 715 813 8 10 8 9 1012 11 10 9 11 -9 10712 12 13 1l

10 4 9 15 10 15 9 12 9 11 13 13 13 11 11 I1 10 11 14 12 15 13
11 1410 17 9 .14 9 15 10 11 15 15 15 11 11 11- 9 12 15 12 '15 13
12 16 10 20 9 14 9 15 10 Il 16 15 16 12 11 11 10 12 16 12 14 i3
13 1511 21 10 15 9 16 10 12 17 16 17 13 11 1211 12 16.12 13 15
14 16 11 20. 10 15 10 17 10 12 17 16 17 13 11 13 10 11 17 12 16 15
15 20 13 21 1116 -9 17 11 13 19 19 17 14 13 13 11 12 18 13 15 15
16 16 18 15 9 16 11 20 12 15 19 -21 19 .14 13 13 10 10 19 13 18 16
17 13 19 17 917 11 21 13 14 20 22 2117 15 16 11 11 19 15 18 17
18 13 22 18 1017 12 21 13 16 22 22 22 18 17 17 11 11 22 17 20 19
19 10 21 -18 10 17 13 22 13 15 22 23 22 18 17 17 13 .12 22 18 21 17
20 10 23 18 1019 13 23 15 17 23 25 22 18 .17 15 14 11 2 18 21 17
21 9 23.19 Il 19 13 26 15 17 2¢ 23 24 17 18 17 13 11 21 19 22 19
22 9 23 18 11-.18 13 25 15 18 23 23 24 19 18 17 13 11 23 20 23 20
23 821 18 10 17 13 .23 15 17 22 2223 18 18 14 13 10 22 18 923 ‘18
24 8 21 1810 17 13 23 15 17 22 22 23 18 18 14 13 10 22 18 23 18




Figure 4—2: Copy of Car Outage Report for 11 July 1969.
—n 0 Table 4-6 : /
COMMUNICATIONS SECTION DATE ¢ _ July 1969 "L Figure 4-2 is a copy of the car outage re
v - isted ; : . g port for
.; District Manning for Third Watch, Summer 1969 the t]:;)lrd watch; Friday, 11 July. It is introduced as
' . L3 (] L] CO i i 1
TO1 Commanding Officer, Communicationa Section . Units assigned Units required nerr(-) orating ?Vldence that the resp onse system 1s
District/ 8d watch,  Unitsrequired  at peak with aring saturation under normal conditions.
FROM: Lte ¢o Fltzmaurice , Watch Commaznder, Srd Watch Forces  summer 1969 at peak 305"’“““
Tm———— L reduction
SUBJECT: No Cars Available - Excessive Lunch Period Report | 14 % Concept of the Basic Beat
14
2 2g 23 16 _ Reference to Table 4-5 shows that at certain times
NO CARS AVAILABLE i fg ﬂ 14 of the day relatively few units are required. However,
5 18 19 13 the necessity to be prepared to respond quickly to an
Dist. Zone Start End Notification 6 15 13 8 emergency always exists. This condition is met in the
. _— i 6 ; .
007 monly 4605 1623 nene . o %g }g 1};lf'OPOS.ed reahgx‘lment of the beat structure into the
C09 only 1619 1 63 5 nens 19 20 18 12 \;‘e-mltnuiﬁ bfaslc lllneat.hThe phrase “five-minute”
BRT FYIHITX } 0 24 24 16 refers to the fact that the beats in each district are
003 7-only X747 1845 none ‘ }é fg 25 16 designed so that the maximum travel time uuder
018 2etotal 1756 1829 Capt. Cloherty 13 o4 f‘; ig non-rush hour conditions would be five minutes.
:{:ﬁ% g;{g %22% %gig E%t.ncggi,‘t 14 21 18 12 Since the beats are basically square, the expected
- » hedding £ 15 19 17 1 travel time is a litt] i
007 wonly 175L 1930 Rona P 18 o " 2 me 1s a little over three minutes.
002 5.’01{1?' 18 7 1507 none j ] 17 12 19 12 . An exampl.e of the basic beats for the 14th District
0i8 2~-total 181;.',7 1851 Capt. Cloherty W’/‘Gf %g - gg 23 15 Is presented mn CFlapter 6. Details of manning, as
0; 2 L=total $905 1978 Capt. Hines Wit " 24 gg }i calls for service Increase, are discussed there with
021 Soonly 2001 20114 none B 21 23 respect to the pilot program in the 14th Distri
20 1 . 1 District.
8%% %..tggal %8?3 %g; g Lt. Polit v/ : 4 Suggestions are made for reducing the strain on the
~-only §~ none’ response force and increasing the eff
002 , romen 1949 2058 ¢, Capts, Fogarty wHo o a deplo'yment due to arrest processing. This is pre- preventive patrol. § the cffort devoted to
021 8-only 1946 2058 ¢ Capt, Vojtech W/Gr 1 sented in Chapter 6. Thus Table 4-6 suggests that Either the poli iliti ;
00)‘- 6""t " "’il 2003 2022 Lt it - ot "?Iy/c fr . . ) . A - er € -police facilities (men and Commum-
Iy GUS o Vialsh om time to time there will be no cars available for  cation C h . i
- 011 Lstotal: 2016 2107 Lt. McAvoy Ww/s service. d n Center) ave to be exganded to keep up with
020 1-total 2103 2118 1t. Desse o emands or the policy regarding response to calls for
021 S«only 2059 2127 nono ' ' ‘
002 Seonliy 2109 2136 none , Table 4=7
8%8 gutoial %%%g %ggg Capt. Cloherty W/l Cars Required To Handle Response Each Hour Each District If 30 Percent Reduction in Calls for Service Achieved
2 on 220 none ' :
o1l 3 o 2232 2235 Lt. Pilet ~ W.C. Hour/District 12 3 4 5 677 8 9 1011 12 13 14 15 16 17 18 19 20 2i
009 5 only 2234 2237 none —
ool § only S2sk 5356 home Py - WO é A S I B I AT
, T ) 8 5 6 8 8 6
015 3 2202 221 Capt. Russell, VW.C. 2 310 8 6 4 5 6 4 6 6 6.5 g i i g g 3 2 g g
007 7 -on1PXCESSIVEZRURCH PERIODS 2225 none 5 5 8.0 4 3 453286 4433 2026445
007 7 only 2230 2239 none 6 ‘ $ 48 4 6 6 4 4 4 4 2 2 6 4 4 4
Ry . 3 7 6 4 3 3 5 3 4 4 4 4
Beat zZone Start End Notification g 3 6 6 4 3 4 4 4 4 5 5 4 g 2 i g g § § 2 §
8 8 810 6 7 5 6 6 6 6 6 6 4 6 4 5 7 8 8 5 &
: g 9 510 6 9'6 7 6 6 6 8 8 7 6 8 6 7 8 8 8§ 9
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Copy of Car Outage Report for 11 July 1969, 19 6 14 12 6 12 8 14 g }8 ii }g AREERT IR IS O SR
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detailed computer simulation of this present response - contributed by the Patrol Division Task Force andi- 2; g %g g g '}3 8 17 10 12 16 16 16 12 12 12 9 8 14 12 14 12
force discussed in the technical section. In that anal--  the District Tactical Units is inescapable. , 23 6 14 12 6 13 g ig %g %2 ig llg }g g g Ig 9 %1% a e n
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Graphical Representation of Potential Value of Adopti

an Austere Dispatch Policy.

.
.

Figure 4-3
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service maust be revised and a more austere policy
inaugurated. Expansion of the police force and aug-
mentation of the police communications system is a
long lead time alternative. An austere policy can
readily be established from the technical standpoint
but great care is necessary in the preparation of the
public to assure community cooperation. Figure 4-3
illustrates the potential for recovery of patrol time
that an austere policy in regard to police service
requests.

Detroit and St. Louis each have instituted controls
over the type of calls on which units will be dispatched.
In each city, citizens are asked to come into a police
facility for purposes of filing routine reports. Also,
there has been an increase in the referral of citizen
problerns that are of non-law enforcement nature to
other city agencies. Community acceptance in both
cities is reported as being good.

It appears possible to obtain about a 30 percent
decrease in car dispatches through restriction by
austere policies. Table 4-7 shows the anticipated num-
bers of units required for the response function if a
30 percent reduction in car dispatches for public
service type activities can be achieved. The third
column of Table 4-6 shows peak requirements that
could reasonably be expected to be met with presently
assigned available forces.

Reduction of 30 percent in car dispatches would
be achieved primarily from the miscellaneous-other
category of calls plus certain index crime category,
such as theft, auto theft and perhaps some residential
burglary. In these cases, it might be possible to defer
the response until a time when demands for service
were slack. Assuming a 6,000 call day, a reduction of
1,260 calls from the population of 4,200 non-law en-
forcement component calls would be the objective,
On a City-wide basis this works out to be an average
of about two calls per district per hour that would
be deferred, referred, or for which the citizen would

be asked to visit a police facility.

SIMULATING SEVEN DISTRICTS

A simulation model was developed for seven police
districts on the north side. The seven districts include

- the 14th District and its contiguous districts. The ob-

Jective was to create a laboratory where a car locator
System and organizational variables could be com-

- Pared under similar conditions,

This is a valuable approach. Computer simulation

: { Provides an alternative to administrative experiments,

especially when these would be difficult or impossible

to carry ouf. The model evaluates interdistrict dis-
Patching and screening of calls with and without a
car locator system. The following table shows the
characteristics of the alternatives and the real world.
Because of the shape of the response distribution
curve, the modal value is a better characteristic for
comparison than the average. ‘
Assignment rules determine which car should be
dispatched. The location of the call for service is
known, however, without a car locator system car
locations are unknown. The Chicago Police Depart-
ment uses a center-of-mass dispatching strategy. If a
car is available, it is assumed to be positioned at the
center of his beat since no other information is avail-
able. Eniergency assignments are transmitted on a
separate frequency to all cars in the area.
Requirements would include evaluation of a car
locator system where a nearest-car strategy could be
used. As travel time is an important ingredient of
response time, crossbeat travel should be minimized.

Conclusions and Recommendations

Availability of communications channels and of
response units is the key to response force effectiveness.
It is possible to increase the amount of effort that
can be devoted to preventive patrol through close
design of the response force.

A simulated high level of screening (33 percent of
misc. non-criminal) and interdistrict dispatching pro-
vided a great reduction in the modal response time,
and an increase in the availability of cars. The car
locator system affects some improvement in the aver-
age value and variance,

The conclusion is that significant imprevements in
field response are possible through administrative
policy changes. The car locator system, - however,

Table 4-8
Response Unit Av‘ailability Under Different Conditions

Standard Availability
of carg

Mean Deviation' Mode  (percent)

Normal...........,.. 8.5 10.3 3.0 35
Screening............, 5.92 6.98 3.0 45
Interdistrict

dispatching. ......,. 5.89 7.47 3.0 39
Car ' Jocator. ........ 4.82 3.73 3.0 35
Screening - and . inter- )

district dispatching. .. 4.53 4.37 2.0 48
Car locator system with

screening and ‘inter-

district dispatching... 3.66 3.10 2.0 48
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offers other advantages, nof evaluated in this model,
such as increased field supervision, and automatic
car dispatching by computer.

"1t is recommended that the Response Force be de-
ployed on the basis of design methods set forth herein,
followed by usc of the exponential forecasting method
when results are available. This includes adoption of
the basic beats (five-minute beats) on a City-wide
basis. Implemental procedures should be those dis-
cussed in Chapter 6.

The most important immediate action that can be
taken is to institute screening, referral, and deferral of
non-emergency calls for police service. ‘Such action
will simultaneously ease the strain of excessive work-
loads and frec resources for the preventive patrol
Tunction.

RESPONSE FUNCTION: TECHNICAL
ANALYSIS

Chicago Communications Center

There are three different types of Communications
Clenters (CC). One is the old conveyor belt type in
which calls are answered by a telephone operator, a
card filled out and sent on a conveyor belt to the
dispatchers. This system was introduced with the use
of police radios over forty years ago. In fact, the
Cleveland Police Department still had the original
Communications Center in operation at the time of
this study.

In 1961, Motorola designed a Communications
Center for the Chicago Police Department. It remains
representative of the state of the art; it will be de-
scribed Iater. ‘ :

The third type Is represenited by the SPRINT
system being designed by IBM for the New York
Police Departraent. It will include a car locator,
computerized dispatching and teleprinters in cars.

Richard Larson! modeled the first type of system
using data from the Boston Pelice Department. Surkis,
et al, have developed a simulation model of the New
York Police Department Communication Center using
GPSS® Rath and Braun® presented an initial systems
analysis and the structure of a Simscript model for
the Chicago Police Department Communications
Center, ,

The Communications Center 'of the Chicago Police
Department is a facility for processing information.
Information inputs include demands for service and
information requests from citizens and policemen.
Qutputs consist -of car assignments and information.
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When a Citizen dials PO 5-1313, the call is aute [ ¢
matically routed to a console which handles the ares|
covered by the telephone exchange through which thef 4
call was received. There are approximately 60 tele.] ]
phone exchanges in the city. Each console is staffed} |
by one or more console operators who answer cally} ?

and by a dispatcher who assigns police units.
- In addition to answering calls, one of the consale

operators, in charge of the computer on-line inquiry|:
unit processes, handles field inquiries about stolenf
cars - and persons wanted on warrants. The console}
operators can ‘also query the “hot desk.” This isal |
facility in a separate room providing 24-hour acces}
to files on missing persons and information stored in] }

Springfield, Iitinois, and in national files;

The dispatcher is in charge of radio communications; ..
with beat cars in the area assigned to his console. He} ‘|
receives requests for and transmits information, =}
signs cars, and maintains a status map of car avail!

ability. Car status is indicated on a beat map of the

relevant area. Fach beat has a small light on the con:
sole which, when illuminated, indicates the car i)

available for assignment.

There are seven telephone lines from the exchange] ki
to the console. When the call reaches the Communt |-

cations Center, a timer is actuated. If the console has

not answered the call within 12 seconds, an overload}

facility is actuated. The incoming call can now be
ansyere 4 at either the console or the overload facility,

The overload facility consists of seven desks which caaf {
monitor all 86 incoming telephone lines. Eight con-}
soles have seven lines each. The overload operator !
takes the call and fills out an IBM card. If the callis;. .
high-priority, the overload operator takes it to the}
correct console for dispatching; otherwise he actuates)
a yellow light requesting a messenger to relay thel-1
card. If the incoming call has not heen answered| '}
within 30 seconds, the call is permitted to. ring a]
the auxiliary desk, which has four operators. The: |
call is handled there the same way as at the overload}:’

desks.

The different zones (exchanges) generate approxi-|-
mately the same number of calls. The ratios among; {
console, overload and auxiliary is approximatelyj 1
50:85:15. (Table 4-9) Distribution of calls during !
the 24-hour period is about 0001~0800 (15%), 0800 -
1600 (85%), and 1600-2400 (50%). The volume di
incoming calls varies between seasons, lower in wintel} ¥

than in summer.

When calls are received relating to traffic accidenty"
or vice, they are delivered to the Traffic Division]
console or the Vice Control desk. In addition to the :
above functions, the Communications Center haj.

o

b

Table 4-9 x
Answering Statistics for Communications Center
[For 13th Period, 5§ December 1968-1 January 1960]
Zones Total No,
ol Under 12 Percentage To 12-30 Percentage Over 30 Percentage
1 30,360 10,461 34.4 14,048 46,26 3
. 26 5,851
§ gg,ggg ig, ggg ;?,gg 12,809 42,74 4,920 ifgs'i?
X 1986 ) 4,887 19.37 2,349 9.
4 24,858 13,961 56.15 9,262 3 ) o7
. 7.25 1,635
g 24,223 14,657 60.50 7,156 29.53 2,410 gg'gi
28,314 16,023 56.57 9,219 32.55 3,072 10.84
7 9,856 15,298 51.93 11,457 38.36 3,101 10.38
95,488 13,383 52 .50 9,444 37.04 2,661 10.43
Zones Grand total Under 12 Percentage " To 12-30 Percentage Over 30 Pérc’cntage
1 through 8 218,284 114,003 52.21 78,282 35.85 25,999 11.90

desks for maintaining radio communications with the

1 Preventive Force. If a call is of an emergency nature,
} such as a crime-in-progress or a policeman in need of

help, the dispatchers can send out a call to all cars
on a city-wide frequency.

Interesting statistics abound. For example, during
1968 3,261,738 calls were answered. Total calls to
which a car was dispatched amounted to 1,942,599,
In addition, there were 1,723,597 administrative and
miscellaneous calls handled. All in all, 837,943 in-

_ quiries were made on the on-line, real-time cowputer

inquiry system.

During the Fourth of July, 1969, over 15,000 calls
were answered, about half of them between four p.m.
and midnight. A normal summer day generates ap-
proximately 10,000 calls. ’

- ELEMENTS OF THE PROBLEM

The Communications Center represents a complex
System, as is evident from its description. It is difficult

10 convey the magnitude of this complexity. An

tnormous amount of short transactions of many differ-

4 ent types are continuously in process. The problem
- can be stated: . ,

L What is the present response time distribution?

2. Is the system operating efficiently?

3. Can performance be improved by changing -
the use of resources? ‘

4. Is a completely new system necessary?
Proposed changes include: : :

L. The assignment of manpower to consoles and
overload positians. : ‘

?» Handling of computer inquiry at a separate
facility. T S

3. Ir;creasing the number of trunk lines incoming,
. 4. Changing the step-up intervals for letting calls
ring at the overload and auxiliary desks,

The model structure and complexity are determined
by the system heing modeled and the output desired.
The previous section identified some of the questions
that the model should be able to answer, In addition
to the response time distribution, it is necessary to
know the average time to process a call and the per-
centage of calls answered at the three different levels
respectively. Operational data of interest include:

Airtime per console.

Operator working time.

Dispatcher working time.

Overload and auxiliary ‘operators’ working time.
Size of different queues within the system,

The modeling technique chosen was simulation.
Simuldtion was used because the physical structure
of the Communications Center made it difficult to
apply quening theory, and the necessary distributions
were not well-behaved, as is shown later, The model
is first discussed in terms of its scope, level of detail
and input desired. Then the structure will. be
presented. :

What should be the seope of the model? Should it
include field response activities, Be Hmited to the
Communications Center, or be limited to a specific
Communications Center activity?

"The analysis of the Response Force has been divided
into two parts: the Communications Center response
and the field response. However, the distinction is
not clearcut. Car assignment by the dispatcher is 4
function of field response characteristics.

Within the Communications Center, a useful dis-
tinction can be made between the handling of tele-
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phon¢ inputs and radio transmissions. The average

time that a call spends in the telephone input and *
handling stage of the process until it reaches the dis-

- introduces one more element of uncertainty as to the o

validity of output. 3
Input to the Communications Center has to be

patcher amounts to 85 percent of the total average characterized as to type (telephone call or PAX, the o )
call handling time. Queues form infrequently at the  city internal system), priority (emergency, non-emer- | | 2
dispatcher’s station. Consequently, it was decided to  gency and other), space and time. The events them- | - 2
concentrate on the processing of telephone calls. The  selves were available and were used. E‘”
total time span considered ends with the call (IBM Data was collected for the third watch on Friday, |, | T
~card) being put in the dispatcher’s queue. December 13, 1968. Data on exogenous events col- | { H W
The level of detail for the simulation model turned  lected for the model included radio dispatch call, |} <D
out to be a crucial factor. The main feature that  administrative calls, information inquiries, and no- & %
complicates the analysis of the Chicago Police De-  service calls. , ag
partment Communications Center is the interaction Figure 4-4 gives attributes of each call, keyed to | | L o - ! T
of a great number of events of very short duration,  the following numbers for type of call: o 4:1:-’ o o .§ » -
often no longer than 30 scconds. 1. Radio dispatch (Bell or PAX). S o o o R
Onc'of the main questions to be answered by the 9. Radio dispatch (radio or on-view). o 8- o ‘ 4 g =z :
fnod?l is the .scnsxtnfity of the system to the computer 3. No service (information). 5 o O¥ils
inquiry a.ctmty. T.l.ms process does not consume a great 4. No service (referral). '-n'—c; B
flcal of time, bat it c.ﬁ‘cctxvely reduces the telephone 5. Traffic accident. 0 g- o 5
input handling capacity. Co?sequently, it was decided 6. Vice Control dispatch. - S o0 — =
to model every transaction in the system. 7. Administrative call (radio). o E g
The next point considered: generation of inputs or 8. Administrative call (PAX). b o o}
exogenots evenls. In a simulation model, these can be 9. License. 8 :':_;
generated by the program or by actual events. When D ; ) 5 o
it is difficult or impossible to obtain data on specific Rad,m dispatch calls. represent calls for which a car} o >~ ael
events, or when events can be characterized by a was d.lspatched. Administrative calls represent calls| | ) ,§ o 8 o _‘1_0’ o
theoretical distribution, it is often advantageous to changing the status ,Of a beatcar, such as hmdf’ § > o 5 B e ]
generate the events. However, if the events are avail- personals, station assignment, etc. These come via - 5 2 5 5 (?5 S 6‘
able and cannot be approximated by a theoretical PAX phone or by radio. The ]atrf:r isincluded becau.se 4 o <
distribution, the real events should be used. The latter the operator, when not busy, will often help the dis-| ¢ —g { i | )
applied here. The output from a simulation model patcher handle administrative radio messages. : E 5
depends on how realistically the real world has been Information inquiry events consist of demands for v ) 52
modeled. Using generated events, when unnecessary, information regarding cars and peoplé, such as: Was G 5 - € 8 B
the car stolen? Was a person wanted on a warrant! |’} - 2 o e =
, : This information may come from the on-line computer |-* | & 5 3 =2 &
Ticure 4-4: Attributes of Exogenous Event Types inquiry system or via the “Hot Desk.” The Hot Desk s | ‘;’ E _% é '
Telephone Calls is a separate facility maintaining communication with } 15”: . o 5
1“ Type State of Illincis files in Springfield and FBI files in “— :
2, Schcdulcd time (in seconds from three o’clock); Washington. > 0 g
3, Service time; No-service calls are either calls which do not rcsult < '..é‘ 3
4 gcut car; in a beat car being dispatched (the IBM card isi. o N 4}
‘(; B:;f of Occurrence; rounted to the Traffic or Vice Control desks) or are] & 3 T
7. Verified Incidence Code. simply information requests from citizens or wrong : ic =
"Administrative Calls numbers. 1=
Data was also collected to determine, the distri:

1, Type (7 or 8);
2. Time out;

butions for performing different unit operations, such| ¥

3, Timein; ; .
as: .

4, Beat car} s : Y
5, Zone, Time to complete information inquiry for stolen} ”

{ = g
Information Inquiry cars, : 3 2
1. Type (9); Time to complete information inquiry for wari { 2 " o .,
2, Time out; rants. : ‘ g = 8) =
2,  Timein; . o < T 0
4 Zone: Both of the above operations. g9 e >
e t B . . - . p K
5 Type (1,2 3,4, 5) Time to give information request to Hot Desk: ot nd e
46 ) ’
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Time to handle return of information from Hot
Desk.

Service time for a normal call.

Service time for a non-dispatch call.

Waiting time uiitil messenger arrives to carry
card from overload desks to console.

Time for card to be walked back from overload
to console.

Time to walk from auxiliary desk tu console.

Another difficulty in constructing a simulation
model involves the choice of clock routine. The analyst
may either use a fixed step increment or a next-event
type of increment. The second alternative is often
faster than the former and permits an accurate specifi-
cation of when an event should occur. With the fixed
increment alternative, the increment determines the
resolution of the system.

In this simulation, a fixed increment of one second
was chosen, Because of the necessity of checking the
status of each queue for the 12 and 30-second inter-
vals, and the short duration of each event, a fixed
increment seemed justified: As the input data was
accurate only to the nearest second, additional accu-
racy would have been illusory,

The language used for the simulation is Fortran
with SPURT* subroutines. GPSS was not available
at the Northwestern University Computing Center,
and the Simscript compiler was not entirely reliable.

A simulation done in Fortran has several ad-
vantages. The language is easy, and its semantics are
well defined, although it does not have a rigorous
grammar. It compiles very.fast in comparison to
Simscript, and several subroutine packages are avail-
able for the simulation. SPURT is a set of subroutines
based on Fortran and provides the generators for
statistical summary macro-routines, special output
~ packages, and a clock routine.

Conveying the complexity of the simulation model
is difficult. The program is 2000 cards long, uses a
core of 120,000 octal words, and takes 11 minutes to
simulate eight hours of real time. A flowchart of the
model is shown in Figure 4-5.

STRUCTURE OF THE MODEL

The program is initialized by a separate subroutine.

This subroutine initializes relevant lists, reads in pa--

rameters, and brings up the initial events to be used
in the timing routine. The timing routine causes the
events (exogenous and endogenous) to appear as
inputs, Endogenous events include the following event
types, necessary for time-sequencing events and sched-
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2. Answering characteristic, i.e—operator does
not answer the call immediately, but may wait a
couple of seconds; this is modeled with a uniform
distribution.

8. Operator availability; operators leave their
positions for short intervals to coordinate response
with another zone or for personal reasons.

uled separately for each console:

Operator-one return.
Operator-two return.
Overload operator return,
Auxiliary operator return. i
Administrative-PAX queue to be answered by K

operat?r. . 4. Proportion of administrative radio messages
Information returning from Hot Desk to operator- handled by operators. The operators often help the
one. dispatcher by taking information and filling out

Completed information card putin radio-out queue,
Radio dispatch card assigned to dispatch queue, |
Administrative card put in administrative que for | ¢
dispatcher. '
Each call has 12 attributes as it is processed through
the queues, including:

the appropriate card.

5. Time distribution for answering calls. These
differ between consoles, reflecting the type of calls
and clientele demanding service. An operator may
work different consoles on different nights; thus the
difference in call handling time is a zone character-

’ istic.
1. Type.
2. Time-scheduled (final time for statistic). : :
3. Time-on-service. I VALIDATING THE MODEL
4. Beatcar.
5. Zone. The most difficult phase of constructing a simu-
6. Bea?-of-o'ccu.rrence. } lation model is the validation stage. A theory of vali-
7. V.erlﬁed incidence code. . |-3 dation does not exist, and guidelines are almost non-
8. Tl'mt‘: call CnthCd system. .1 existent. The validation process can be subdivided
9. Priority for assignment. into the following parts:

10. Time entering console. A
11. Presence of call console, overload or auxiliary [« {
queues, for purging purposes. 3
12. Sequential number of call, for purging.

Validation criteria.
Exogenous event generation.
Probability distributions.
Model structure.
Initialization.

Parameters.

The timing routine is simply a Fortran array. |

Incoming telephone calls are assigned to the tele- | .§
phone input queue, This permits loading of the system |- ¢
(more-demand, more trunk lines). If a trunk line is
available, the call rings at the appropriate console.
After 12 seconds, if unanswered, the call rings at the { {
overload position; after 30 seconds, at the auxiliary.:f
position. Fd

One of the console operators (called operator-one) | |
handles information requests which are of five differ-} ¢
ent types. An important question to be answered i}
the sensitivity of the system to performing this function }
in a separate facility. -Calls are answered, and, i}

Criteria for validating the model include the aver-
age time to process a call, and the percentage of calls
answered at console, overload and auxiliary desks,
The Communications Center maintains daily records

of where calls are answered. These records indicate
the following:

Percentage of— Dec. 13 Dec. Total
(total) . 1968

handled at the zone level, are put dirzctly into thef '} gz*:i?;gd ....... g? g§.25 "53.3
dispatch queue. If the overload facility has answered, | | Audliary.. ... 16 - 11 gg i"f?
the priority of the call determines if the operator on{¥ ———o

a messenger carries the IBM card to the dispatch;
queue. If the overload facility has answered, the
priority of the call determines if the operatorora |

The model includes several behavioristic param-
eters. These include: :

1. Number of seconds after handling a call until
the operator is ready to handle the next call. ;

It is noteworthy that the percentages do not vary,
The total volume of communications processed diffeys
g_reatly between summer and winter. A linear regrcs?
Slon was used to ‘determine the relationship between
number of incoming calls and peré‘ent‘agé of calls
answered at the comsole level. As can be seen in

. Table 4-10

Linecar Regression of Incoming Calls (3d Watch) Versus
Percentage of Calls Answered at the Console Level
[Sample size per zone: 63]

- . Y-  Regression Core
Tone X Y inter- coefficient T-value coefficient
cept
1 477 40 .67 —.,00056 —4.36 .49
2 452 47 2 —.00056 4,16  —.47
3. 401 WK 87 —.00035 -2.42 —.30
4 385 .58 J71 - —.00033 —2.28 - .98
5 378 .67 .87 —.,00054¢ - —2.65 .39
6 454 .60 .80 —.00044 —2.97 —. .36
7 463 .60 .89~ —.00062 -—-3.19 —.38
8 403 .58 .69 —.00027 ~1i.87 .23
X = Average number of calls during third wazch,
Y = Average percentage of calls answered at console,

"Table 4-10, the regression coefficients are all significant
at the 5 percent level of significance.

However the correlation coefficient is not very high,
I.t is apparent that the load factor is not the only
significant variable for explaining the percentage of
calls answered at the console level. Other factors
would include computer inquiry handling and the
behavioral factors mentioned above. The difference
between consoles; as shown in the table, can be ex-
plained by the differing nature of the calls and re-
sulting service times.

The average time for service calls to be processed
can be calculated. The mean duration of the different
unit operations and the percentage of calls answered
at the console, overload and the auxiliary desks are

knov;n. The average time was 81.9 seconds. (Table
4-11

Table 4-11

Determination of Average Time for Calls To Reach the
: Dispatch Queue r
{
Desk tl . t2 t3 t4 5 Proportion t6 t7
(percént)

Console, ... 36.2 25 2 0 0 53 63,2 33.5

Overload.., 36.2 25 2 13 91 31 97.2 30.13

Auxiliary... 36.2 25 2 30- 21 16 114.2 18.27
System average..,............. veeveae, eevees .. 81,90

tl = Time to take a call, seconds.

t2 = Time to fill out the IBM card, seconds,

13 = Time interval in which the operator decides to
answer the call, seconds,

t4 = Step-up interval,

t5 = Time to transport:IBM-card to console.

t6 = Average time at thjs level. ,

t7 = Weighted average,
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. The exogenous events consist of all the actual The random number generator was initialized with

A Q events for a given time period. Therefore this part of  different values to indicate the variance due to pseudo-
- the simulation model did not pose any difficulties. = random numbers. This variance had approximately a
The probability distributions for completing the unit  two-second effect on the average,
operations were determined by taking samples of their
— R o . N . L
g duration. These distributions were then used to specify =l
8 18 cumulative probability distributions which were vali- . RESULTS OF THE MODEL b
. o - dated against the original data by Chi-square tests.
—52 g An importan"c consideration for simulation models The questions to be investigated were priority T
g -1 is the start-up 1.nterva1. How long should the model  classes, number of trunk lines, step-up intervals, com- !
2 @ run befQ.rc the 1nﬂueflce of. th(? starting ConthQ,HS % puter inquiry at consoles and assignment ol manpower. s
o g not significant? By investigating the .iaws of the The validated model which becomes the reference =3
2 different queues in the niodel an hour of simulated point had an average of 83.1 seconds and a standard
g time was determined to be adeguate. deviation of 32.9 seconds. W ‘
o .} The model would not provide reasonable v:'ues A two-pricrity system will have a shorter response E
— Jd= - ¢ until the behavioristic parameters, mentioned carlier,  time for priority-one calls. The time saving is realized
8 — 4 were introduced. It was a‘s‘sumed tl}at the operator  ywhere the overload or auxiliary operator walks the "0
E] . . 3
= ~ would need a five-second breather” between calls,  IBM card over to the appropriate console instcad of ;
£ ~ ~ and that the administrative calls would be handled by aiting for the messenger to arrive. Since half of the i
= 2 the operator when he was not busy. Sensitivity ofthe  calls are not answered at consoles, and the waiting
o 4% 9 . model to t}le behavioristic parameters was determined,  time is eight seconds, the saving is four seconds plus
S -0 t;1 asshown in Tfible 4-12. L . the shorter wait in the dispatch queue. (Fig, 4-6)
@) £ o The answering characteristic and downtime for the - The current number of trunk lines is not a Jimiting
2 - [ different operators gave the best fit to real world  factor. Statistics are collected on the number of oc- i
._g_ N O [iig statistics for: currences when ail seven lines are busy and an
8 e :;' i 1. Answering characteristic equal to two seconds. ~ cighth-call tries to enter, It is infrequent in the real
g 5 = 2. Console operators away from their positions = world during winter season.
g 5 : for two minutes each, per hour. The step-up intervals are currently set at 12 and E
E —g 3. Overload operators not available for seven 30 seconds. By lowering the step-up interval, more
(@] o + ‘;.“ minutes each’ per hour. (ThlS is realistic as the calls will be answered at the overload. The time
15 ,‘ ™~ g . overload operators have other duties to perforrn.) before a call is answered will be leSS, but the 21 -second "';A
"'; = o= . average for being transported back to the console -
ksl = Table 4-12 would have to be added. (Assuming our reference &
e 3 e . . . 1
_8 o Sensitivity analysis of behavioristic parameters puint to be the trl,m population estl.mate, 4 i-test can ‘T
= be used to determine how large a difference of means
k7 i1 A B c D E F G H is necessary for the sample mean to be significant.
(] o At the 5 percent level of significance, a difference :
2 L2 2 940 400 94.5 53 41 6 between means of four seconds is necessary). The =
= Q 2 4 400 600 88.0 55 40 5 results:
" + 2 2 60 420 93.3 57 40 5 °
Y 2 2 120 - 420 83.1 54 41 5 . . ;
'S < g ;: 300 300 88.9 57 39 4 Varying Step-up Intervals 4
4 g 120 500 88.1 55 39 6 )
> ; g 2 300 600 91.3 55 = 40 4 Step-up interval
. I 2 120 300 .88.6 53 43 5 (seconds) - Average Standard
© 2 2 120 600  91.2 53 42 6 (scconds) deviation
| < i 2 2 120~ 300 85.8 52 44 5 1 2
d . 1 Actual performance Dec. 13,1968 81.9 53 31 16 .
h fl
) 3 . . 3 R .2
o ) A= Answcrmg characteristic in seconds at console. Ig gg gg g gg 1
W i B = Answering characteristic in seconds at overload. 13 30 831 39 .4
3 C = Seconds that operators are not available at console. ) ’

D = Seconds that operators are not available at overload,
E = Average throughput time.

F = Percentage of calls answered at console,

Step-up interval No, 1 = from console to

] ] ]

E overload desks. )

. ] , R G = Percentage of calls angwered at overload, ‘Step-up interval No, 2 = from consale to

& P ‘10 o [T} . H= Percentage of calls answered at auxiliary, '
&N — — i i - .

auxiliary desks,
B s|[pD jo JequnN R 51
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As can be seen, the current intervals are well chosen
for the kind of load experienced on December 13.

How important is the computer inquiry activity at
the console? The activity was deleted from the model,
ang thicre was no significant change.

Deletion of Computer Inquiry

Step-up interval Average  Standard
(scconds) S
(seconds)  deviation
1
i3 30 83.69 38.57
5 30 82.85 30.20

The deletion of the “omputer Inquiry activity did
not have a significant influence on the average

throughput time. - i
<~ Lastly, manpower levels were considered. The

second position at the console was augmented by one
man, and the overload desk brought to its full strength

of nine.

Manpower Augmentation

Step-up Men at- Men at Avéragc Standard

interval position 2 overload (seconds) deviation Comment
1 2
13 30 2 6 77.76 31.7 No

5 30 2 6 74.70 33.2 Sandf:r’s

5 30 2 9 73 .4C 30.34¢ Inquiry

FIELD RESPONSE SIMULATION

Field response is defined as the activities performe_d
by a police unit after it has been assigned and until
it has completed the assignment.

The total response time consists of Communications
Center response time and field response. It was pointed
“out in the previous chapter that the waiting time of a
call in the dispatch queue, until a car becomes avail-
able, depends on assignment policies and the avail-
ability of cars. It becomes convenient to consider the
impact of stacking and screening policies in the con-
text of the field response model.

The measures of effectiveness of the Response Force
wete defined to be:

1. The level of service for the Public Service type
calls. (This would include the rapid response needed
for sick and injured transport and the less urgent

~calls that could be stacked or screened,)
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2. The crime disutility represented by the cases not
dismissed by the court for incorrect police behaviay,
(This measure included the probability of appr f
hension and its qualitative aspects.)

It was noted earlier that the probability of appre.

hension is a function of the number of police unit
responding within a given number of minutes. Thi
refers to the use of trapping and search procedures fo
capture an offender. Police units would be assigned

from those available, including the Preventive and/ |
Follow-up forces. However, it is very likely that the} ¢
availability of the Response Force proper in an aref”
will be an important variable. R

The analysis of the field response activities entail W3
a complex analysis of the effect of the following varl| -

Table 4-13
Philadelphia Crime Prediction Factors.t v

Percent with 1.01 or more
Persons per room,

Percent married.

Percent foreign born,

Percent growth,

Percent decline.

Percent moved,

Day of weck.
Month,

Day.

Hour.

Phase of moon,
> Snow.
Visibility.

Precipitation, Percent of families (1 or
Wind speed. more under 6 years).
Temperature. Percent nonwhite,
- Relative humidity, Percent enrolled in school,
- Pressure Average income,

Age percent 15-34,
Age percent 60 and over.
Percent males unemployed.

Average persons/house.
Average rent.
Average school years

N : 74 Percent wage and salavy completed.
ables on Response Force efficiency: 4 workers changes, Number of transit
interchanges.
1. Demand: [ Percent owner-occupied Number of elementary
9. Service time. ©¢ - housing, schools,

3. Travel time. o
4. Number of units in Response Force.
5. Total number of police units in the field.

This section includes analytical methods for de ; 2 : )
termining the demand for services and the positioning! ! yield valuable inputs to a crime prevention program,

of forces, an analytical model by Richard Larson an s JLxely me o
a simula,tion model of field activity. Several alternat } could be pinpointed 50 as to receive increased at-

tives are evaluated, and the effect of response time} §

on the probability of arrest is shown.- '

In order to optimally allocate patirol manpower
space and time, with respect to future demand, pczlicf
must be able to forecast demands for service. Variow
techniqués are available to do this. .

The Philadelphia Police Department has tried
use multidimensional analysis and multiple regressio
techniques.® The former technique assumes that crim

occurrences can be predicted from factors which ¢}

occur with crimes. The objective would be to inp.ut
values of crime factors and determine a probabili

of a certain crime type occurring at a given spact 5

time. Table 4-13 gives thesé factors. .
However, estimating the likelihood of a crimin

event occurring in space/time requires knowing in hot,

. 1
many instances a specific occurrence of factors did n¢

1 Percent sound housing,

result in a crime. This information is not availab.lt
Consequently, use of this technique for predwtu\’
purposes for Respornse Force allocation is not recof

mended, i
Another  difficulty is that although  multi-dime

sional analysis is a very powerful technique, it ¢
only be as good as its input data. It is .extremd >

difficult to get up-to-date socioeconomic informatit

rate weather predictions. The weather- ‘ :
and accu p R Queuing analysis to show the numbers of service units

often an important explanatory factor.

‘”?of

Number of junior highs,
Number of senior highs.

Even with the above limitations, the analysis should

- The most likely locations and time of occurrence

¢ tention, The problem of preventive patrol is mainly
one of space/time coincidence between a police unit
and a misconduct,

Eorecasting police calls for service must precede
the actual implementation of efficient methods for
manpower allocation. Calls for service fluctuate ac-
cording to city Ircation, hour of the day, day of the"
week, and week of the year. This fluctuation in calls

a necessity to design an algoritkm for a time-varying
work force, :

Ff)r purposes of patrol allocation, any call for
Service that prompts the dispatcher to send a patrol

wiresources are equally taxed if a patrolman assists a

woman locked out of her house or if he takes a report

" an auto theft. Naturally, the types of calls will

etermine the relative numbers of one-man and two-

an squad cars for each district by time of day, day

Of week and week of the year must be forecast to

;determine the necessary numbers of patrol cars,

2 St. iLouis used one type of forecasting in setting up

s spht force, Separating preventive patrol from service -
/ orcq:?. The forecast for calls can be coupled with a

fmnish,. predetermined service levels.

for service causes a time-varying workload and, hence,

e

Service level refers to the expected waiting time before
a call receives‘ service. If large service forces are used,
a car could always be available. A call priority system
offers one way of reducing the service force while
insuring quick response to urgent calls. Under a
priority system, top priority calls receive immediate
response, and lower priority calls must wait until a
unit is free for service.

The St. Louis study used an exponential smoothing
technique to forecast calls for service. This model
included a multiplicative seasonal factor, but it did
not include an additive or multiplicative trend factor.
Since calls for service are generally higher in 1968
over corresponding weeks in 1967, a trend obviously
exists. While the St. Louis approach has worked, the
Chicago model included an additive trend. Thus a
change of police tactics or a change of criminal be-
havior will appear as a trend. The isolation of trend
will provide other management information relating
to the effectiveness of crime prevention efforts.

A simpler forecast method is based on the similarity
of a_given week’s activity with the same week for the
previous year. If a trend adjustment is made to the
weekly total calls for service for last year, the resulting
linear predictor is ‘highly accurate. This approach is
discussed in detail later. This indicates that the gener-
ation process of calls for service, specifically miscel-
laneous non-criminal calls for service, is remarkably
stable. '

SMOOTHING DATA FOR INPUT |

. Many techniques are used to smooth observed data
for computational purposes. The most familiar method
is the arithmetic average. If a machine is set to fill
sacks with 100 pounds of wheat, and five sacks weigh:

101.41 1bs.
101.05 1bs,
" 98.43 1bs.
99.75 Ibs,
99.36 lbs,

Total:  500.00 Ibs.

~ Then the average weight per sack is 100 pounds.
If a truck were loaded with 50 sacks, the total load
would be computed at 50 X 100 = 5000 pounds. In
this case, the smoothed or average weight provides a
better estimate of the truck load than ‘multiplyiiig

- any of the individual observed weights. 'Naturally this

assumes that the other 45 sacks were filled in the same
manner, :
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Another type of smoothing often used with time
series samples is the moving average. In this case, the
most recent N samples are averaged:

7 4 ‘4
1= 1+ X+ X+ Xy 1)
N
where N=4, and X1, Xo, .., Xi are the first, second
and % samples in the time series. My is the first .

moving average. M5 and M, are found by computing
as follows: ,

M= Cyt-Xo+Xat-X5 @
4
_‘_"_6:_+X4+X5=X6 ®)

o 4

The moving average will provide nearly the same
estimates as the arithmetic average if the underlyfng
process is constant, and if IV is large. If the u'nderlymg
process changes (suppose the machine loadmg wheat
in the sacks was changed to put 110 pounds in eac}l
sack) the arithmetic average will give a poorer esti-
mate than a moving average, which will average
samples taken exclusively {from the new process af'ter
N observations. As an example, consider the following
weights:

(Machine set to put 100 Ibs/sack)

X1 X X Xa X
101.41 101.05 98.43 99.75 99.36
(Machine set to put 110 1bs/sack)

X X4 XNs Xy X
111,29 108.37 110.09 109.20 111.05
The arithmetic average of the ten sacks is

500550

-=105 Ibs/sack

A moving average of N=4 would give estimates:

M4=100.16 Ibs/sack

M= 99.64 lbs/sack

M=102.21 lbs/sack

My =104.69 lbs/sack

My=107.28 lbs/sack

M,y=109.74 lbs/sack

Mio=109.68 lbs/sack
Thus the 10 sample weights provided sevcn_moving
averages, usirig four samples per-average. ‘1‘4-(;', My,
and Mg were responding to the change, but only Mo,
and My, were computed from data taken exclu,si‘vely
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from the new process. Since the data was arranged |-
to provide average weights of 100 and 110 pounds on
five samples, none of the moving averages gave these |
weights. If the number of terms in the moving average j.-1
were decreased, the averages would have shown the
loading process change more quickly. But the values
would also show more fluctuation about the 100-pound |
and 110-pound values. The trade-off between re. "
sponse and stability determines the best value of N, 1™t

The moving average follows trends, and the tech.- i
nique can be used to remove seasonal effects. In this .
respect, the moving average system could be used L
with the Chicago Police calls for service data. As seen -
by the numerical examples, the moving average re- .

quires the storage of N-data samples and a recompu:

tation with each new sample. For the police case, |-
calls in a given week in a police year correspond
better to the same week in the previous police yearj }

than the preceding week of the same year. Als,
Fridays behave more like the Friday a week ago} *
than the preceding Thursday. The same F)bs.crvatmn -
holds for hours in the day. This would indicate they |

need for averaging over several years such data with}- §

moving averages to remove the periodic effects o}

seasonal, daily and hourly variations. Moving aver-
ages would require the computer storage of a grea

many data points. . ‘
To avoid the storage problem, exponential smooth{:

the moving average is computed from successivel:.
samples .
XXX X X5 XX XsX0X10

XX+ Xt Xe
6= 4

where N = 4 g

The next moving average could be computed as. ]

My=Me—YXs+ 14X

= (X7 —Xs5)+-Ms

where X7 is the newest sample and X3 is the oldACS‘V'

. ol
sample in the time series. In general, the ¢ movi -
average is written

RG

1 :
M¢='ﬂ'r(Xt—Xt—n)+Ml—1

 In equation (6) the new moving average 1% cOl;
puted from the previous moving average, the newe; -
time series sample, !
used in the previous moving average. If the Oldf;
time series sample were not retained, the best &

and the oldest time series samPk
- Year. A forecast for period 7T, based on observation

‘mate of Xin is M. Thus, a similar type of moving
average could be computed as

!
1W1*=N(XL_ML—I)+MI—1 (N
If this method is used to compute all successive
moving averages, the equation is rewritten as

Sy=ox,+ (1 —a)Siy (8)

. o1
where a is a coefficient like % but not equivalent.

Equation (8) is the general exponential smoothing
form, and the only information retained for compu-
tation is the previous smoothed value S,, the coefli-
cient &, and the newest data sample X, from the time
series. The coefficient @ is a number (0 <@ < 1) which
increases the response to a change if large, and in-
creases the stability if small, The effect on the new
estimates, ¢, is to weight the older samples in an
exponentially decreasing manner. Hence, the reason
for calling this technique exponential smoothing.
Equation (8) works on a process which does not
change, or changes very slowly. Police calls for service
have seasonal, daily and hourly variations of an al-
most periodic nature. In this case, a seasonal effect
should be incorporated ta adjust the data. If a linear
trend exists, this term should also appear. St. Louis

;1 uses ratio seasonal and hourly (hour of the week)
ing is often used. Considering just a trend ¢mponent.

factors—but no linear trend component. Considering
only the seasonal ratio, this form is

¥ ,
Si=a W;ﬁ-(l —a)Si (9)
X,
where Wy=8 E——l— (A—BWer (10
5

In these equations, S is a weighted sum of the
current’ estimate obtained by de-seasonalizing the

4 current calls for service 1. the ¢ period, x, and the

previous period’s estimate, S;—1, of the smoothed
and seasonally adjusted calls for service. References
7-11A discuss this method further. The seasonal effect,
W, is again a weighted sum of the current estimate,

I ¥ 4 )
‘, E,‘ and the previous estimate W,.r, where L is the

- periodicity. If the periods of forecasts are hours of
' the Wftek, the periodicity is 168. Thus W, is adjusted
3 by using several years of data to obtain a smoothed

seasonal factor for each.of the 52 weeks of the police

through period £ is given by

86 T=SWirir (11)
St. Louis used a periodicity of 53 weeks. The
Chicago Police used a 13-period system for crime
reporting. Each period consisted of {our weeks. The
police year always begins and ends on the same day,
Thursday and Wednesday respectively; comparisons
between periods from different years and successive
periods of the same year have greater validity than
normal monthly statistical periods since each period
contains the same number of weekends: For this
reason, the Chicago system will use a periodicity of
52 weeks.

The police year of 364 days requires correction
since the date of the first day moves progressively
backwards. Christmas and New Years are kept in the
Thirteenth period to permit valid yearly comparisons
of this period. If the first police year began on 4
January 1964, it would end on 31 December 1965,
which splits Christmas and New Years. This problem
is avoided by starting the police year on 9 January
1964. A correction of one week is then necessary
after five years. In other words, a police year will
end on 1 January.1969 and begin on 9 January 1969.
While the usual comparison would not be made for
the “skipped week” since no exact equal exists; pre-
dictions of calls for service for the first week of the
police year will be used for this week also. This in-
stance arises only in 1969, 1975 and 1980 between
now and 1983.22 Christmas and New Years will split
into different weeks by this system. This difficulty is
not considered serious and can be treated exponen-
tially for manpower allocations.

In order to predict for hour-in-the-week, St.-Louis
used an exponentially smoothed series based on nor-
malized values of the average calls for service by
hour-of-the-week. The hourly factor is given by: ‘

T
Hk:"y ’?k-*‘(l _'Y)Hk-—m (12)
where £ is the hour of the week (1<k<168), ¥y is
the actual number of calls for the ;% hour, ¥ is the
average number of calls per hour, s is the perisdicity,
168, and (0<4<1) is the smoothing coefficient. The

prediction for the r# hour of the T* week, based on
data through week ¢ is given by '

S
168"

B 13y

This does not change the total prediction for the
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week since

168 :5‘ 168
S P="2 S Hy=8ur (14)
1 168 o

Here the index 7 is used instead of £ since k refers
to an hour of observed data in the t** week. The
hourly adjustment was based on the last observed data.
The quantity <§é§> is the forecast average number of
calls per hour for the T* week in the future, The
hourly factor H, distributes these calls in the same
manner throughout week T as the smoothed obser-
vations Hj which were based on hourly observations
in week 4.

Initially, St. Louis removed the seasonal component
of the data by hour of the week. Their model then
became

_f.L_+(1 — )8

I'Vt—LH k—m

Since St. Louis predicts 10 categories of calls for
rather small geographic areas, the Hin term became
very close to zero in some cases. Division of the first
term in equation (15) by a number close to zero

(15)

S¢=OL

caused instability with the smoothed series. For this -

reason, equation (13) was used instead of equation
(15) to forecast calls by hour,

Equations (9 and 13) do not consider a linear
trend. However St. Louis has used this equation to
successfully forecast calls for service by hour. Other
forecasters” point out, however, that if a trend exists
and the model does not account for it, then the
seasonal factors will soon contain a trend effect. If
the series of calls for service contain snort-run trends
of duration less than L (52 weeks), then the trend
effect incorporated in the seasonal factors is made up
of short-run trend effects from previous years’ data.
This can introduce erratic behavior in the seasonal
adjustment and the smoothing of S, that probably
will upset the forecast,

An additive or linear trend would alter equation
(9) to

(16)

S’L—‘—'Ot

v;?_ﬁ“““) (Sert R

where the expression for revising the trend estimate is
Ri=n(Se)+(1—n)Rey @<L (D)

~ which again weights the estimate based on current
data with the previous estimate. The forecast equation
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for the T week is written as

3y p=[St TRIW 147

Computationally, equation (18) would be imple-

mented by the following steps: °

(1) Record the actual calls for service during the

1 week—ux,.

(2) Use equation (16) with ;1 and R4
the last period and W, 1 from the previous
to evaluate §:.

(3) Using the hourly record of actual calls fo

service during the ¢* week—Y%, evaluate H;
equation (12), which will now replace Hg_ar.

(4) Use equation (10) to compute a new W,

which will now replace Wi-r.

(5) Use equation (17) to compute a new R,

which will now replace Ri-1.

(6) Use equation (18) to forecast the number o

calls for service in week 7.

(7) Use equation (13) to forecast the number d}.

calls for service by hour in week 7.

(8) Compute the error from previous forecast

by the formula

A,
e r=Xur—3Sr

(9) Using the error computation from equation

(20) compute the standard deviation of error

( ; et,l 1/2

N—1

Te=

where ¢ is summed over the set of V observation .

used for estimation.

Initializing the Estimates

The Chicago Police Department has records by} ;

district for daily radio dispatch cards dating back fo name%y, the trend factor.

several years. This data can be used to get smoothel

estimates of the seasonal factor and the linear

The only data not recorded (although available fron ’

computer tapes of the radio ‘dispatch c.ards)
hourly distribution by police week. However,

can be tested on portions of the older data.

(g

from i
cycle; '}

from}

(9}

@)

RN

trend} '}

is the 4
a fevp

ing steps:
(1) Compute the average calls for service each
week for the *h year, V;
(2) Compute the average trend Riast (or Ri
when in the ¢t period) as

LV —i]

Ripst=
last I:H—'L]

. (21)
(3) Use Sist— V4, the average calis for service
per week for the first year, as the initial estimate
Of S e
(4) Compute scasonal factors for each period
t=1,..., Haccording to
Xt

W= :

L+1
V‘i— <%—J)Rlnst

(22)

where the subscript 7 vefers to the year contained
in the H periods and j refers to the number of the
week in the ith year, hence t=(i—1)L4y

(5) Compute 52 values of W, for each week in
the police year and retain, using the average value
of corresponding weeks if more than one year is
used to initialize.

{(6) Normalize the seasonal factors so

52
> W;=52
=1
by
L -
Wi=Average W;[ 5 (23)
Z Ave W i
=1

Step (6) guarantees that the seasonal factors only

 make seasonal adjustments, and so the factors will not

Increase or decrease the average calls for service—

Selection of the Weights

The best set of values for the four weights (,8,7,7)

weeks of observation will yield the same —umber d o can be selected by a trial and error system. Following

: 1putin, i as severdt 1 , : .
s o COmpl.ltlng srfloothed eatmates thetl weight would be used to test the forecast against a
years of data will provide for the weekly smoothey. -

i i the weth jual
es.tunates.. The‘. ercx{or ar};alystl}sl f(irthlo u&f:elzlf forecasty | a.measure of the standard deviation of the forecast
will require this data, but the total ¥ Y fis error. The computer could sequence through all pos-

o1 sible combinations of weighting values (114=14,641
s " W B . weighting values ( ,
Using a portion of the older data, the first H WeSl & pocgie orper e o using values of 0.0, 0.1, 0.2, 0.3,

lowi8
(more than one year) are tgken to perform the follo¥ i 0_4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1.0 for each of the four

the cited practices,”® a matrix of 11. values for each

Portion of the known data. Equation (20) provides

.

weights), and choose the combination which mini-
mizes equation (20).

Winters and Holt, et al state that the function o is
convex in the area of the minimum. If the curve is
somewhat flat, a finer grid to locate values of weighting
functions beyond a single decimal (i.e. 0.13, 0,17 in-
stead of 0.1 and 0.2) probably is not worth the effort.
A flat minimum is indicated in the references.

Other criteria of error could be used instead of the
standard deviation of forecast error. In fact, the
applicability of this criterion assumes that the forecast
errors are unbiased so that an estimate of the standard
deviation of forecast errors is indeed given by equation
(21). If forecasts for several weeks were made, the
accuracy for the later weeks might decrease in im-
portance. Winters? suggests the minimizing of a cri-
terion function.

U= 2 (e iFase st-ase %) (24)
4
where a1>a:>u3 and possibly (a;+as+as)=1.0,
Since the application concerns a queuning model in
the Chicago Police Department, the criterion could
be the minimization of the absolute value of the error,
/ew,r/ or a minimization of the error caused by under-
estimating the actual calls for service; e7>0. The
latter criterion would minimize the instances of as-
signing insufficient manpower to handle calls for
service at the price of a somewhat wasteful allocation,
on the average. Once the error criterion has been

" chosen, the best values for the four weights can be

found by successive trials. ‘

Police departments with adequate data can im-
mediately use this type of forecasting by modifying
the output of two existing programs, one available
from IBM® and the other from Control Data Corpo-
ration'. Each program uses historical data to initialize
the seasonal factors and the trend factors in addition
to finding the optimum weights.

In the IBM Share Program the weights a, 8, 7 (in
this paper) are selected on the basis of minimizing
equation (20). The other program by CDC calculates
equation (20), but selects those weights which mini-

. mize the average fractional error (AFE) given in
equation (25) R '
‘Z“‘ee,r" |
 AFE=<Z

2 X - §25) ,

t

These programs can supply the forecast by the
week. The hourly forecast can be obtained from this
output by using equations (12) and (13) on pertions .
of the historical data. The choice of the weight ¥ can
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be selected as the one that minimizes the hourly fore-
cast error, Because of the form of equation (13), the
selection of v can be made independent of «, 8, 2.
While this method would not be used if a program
were specifically designed for selecting the weights of
an hourly forecast routine, the ease of implementation
with the existing programs recommends the approach.
The IBM program is a contribution to the IBM

Share Library. The program was written in 1963 for

running on the IBM 7090/94.

The CDC program is written for the 3600 and is
available to CDC customers. These programs are used
only once for the selection of weights and the initial
calculation of the seasonal and trend factors. The
user would then write a simple routine employing
equations (16), (17), (10), (12), (18) and (13) to
continue the forecasts and the updating of the seasonal
and trend factors.

Using Hand Graphical Method

The Hand Graphical Method permits estimation of
the necessary number of response units without using
a'computer, The strong seasonal character of calls for
service that was noted in The Second Quarterly Progress
Report of the Operational Research Task Force for

Table 4-14

Response Units Required To Answer Calls for Service,
Summer 1969

District 14

Time . .
Mon,  Tue. Wed. Thur. Fri. Sat. Sun,
o1 7 7 6 .7 7 i1 11
02 6 5} & 5 5 10 11
03 5 4 5 5 5 9 8
0t 4 4 3 4 4 6 7
05 4 4 3 3 4 6 5
06 3 3 3 3 3 4 4
07 4 4 4 4 4 4 4
a8 6 6 - 6 6 6 5 4
09 6 6 6 6 6 6 6
10 8 8 -7 7 .8 7. 5
11 8 7 77 8 7 6
12 8 8 8 8 8 9 8
18" 8 7 8 8 8 10 8
14 8 8 8 8 8. 10 8
15 9 8 8 9 9 10 9
i6 10 10 10 10 10 10 10
17 11 10 11 16 11 11 9
18 13 12 13 12 14 12 10
19 14 13 15 14 14 15 15
20 16 15 16 15 15 14 14
21 15 15 15 15 16 15 16
22 15 12 . 14 12 17 15 14
22 10 14 11 11 17 18 15
8 9 -8 9 13 10

24
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Jound that the calls for service on each day occur i |

w

A

Figure 4-7 : Number of cars needed to hm;t average

Chicago as a whole exists also in each Police Distriet,
: to five minutes,

Thus it has been possible to employ a linear predictor |
to estimate calls for service. Further, it has been §

wait for available car

a nearly unvarying pattern. Thus it is possible o |
estimate expected calls for service per hour for each B%
hour of the day and each day of the week. ;

35 , A B C D
I

Methodology for Estimating the Requxred

Units for a Response Force -MEAN SERVICE TIME

A= 20 minute

i

Figures 4-7, 4-8 and 4-9 graph the results obtained B= 30 minute ’
C= 40 minute f

i

J

by computer for inputs of the rate of arrival of calls |
for service per hour, for average service time, and |
the number of units. The graphs provide for a service §
level based on the criteria that an incoming call will §
have to wait less than five minutes before a unit is %
free to provide service. Plots are also provided for |
lesser average waiting times.

D= 50 minute

Instructions for Use of Beat Car Assignment
Graphs

(Figs. 4-7, 4-8, 4-9)

20—

1. Enter at left with number representing calls
for service expected.
2. Proceed to curve that represents district ex-
perience at time of day.
3. Draw line to intersection with bottom scale.
This tells number of cars needed.
Ex. Calls for service=5/hour
Service time =20 min.
Cars needed =56
For average wait of an available car less than
six seconds.

CALLS FOR SERVICE

hY

The constraint of minimum travel time is met by
creating square beats (within limitations imposed by
topography) in which the expected travel time does
not exceed three minutes.

Application of the Hand Graph1ca1 Method ‘was 3%
made to the 14th Police District. The level of calls &2}
for service per hour was forecast for the Summer of "3
1969 using a multiplication factor of 1,24 times the
daily level of 1968. Table 4-14 shows unit requxrements %
by hour of the day and day of the week.

I { i ] i | ‘ |

BEFATCARS REQUIRED

Positioning Patrols e =

The positioning problem (or manpower distril)utio,n, :
problem) has two dimensions. One is the assignment: .

5 10 15 20 5 30 ‘35'

59 .




CALLS FOR SERVICE

35

30

20

15

10

60

Figure 4-8 : Number of cars needed to limit average wait for availuble car
to 2.5 minutes.

A= 20 minute
B S minute  MEAN SERVICE TIME
D= 50 minute
A B C
J
4

| , | ] | 1 1

5 10 15 20 25 ' 30
BEAT CARS REQUIRED

CALLS FOR SERVICE

30

Figure 4=9 : Number of cars needed to limit averagé wait for available car to

0.10 minutes (6 seconds)

MEAN SERVICE TIME

A= 20 minute
B= 30 minute
C= 40 minute
D= 50 minute

5 10

15 20

" BEATCARS REQUIRED

25

30

35
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of police units to sectors—called districts in Chicago—
and the initial positioning of units within the sector,
the beat structure. ‘

Several possible criteria exist for assignment.’®

. 1, Equalize workload.

~ 2, Equalize weighted workload.
3, Minimize response time.
4, Minimize weighted response time.
5, Minimize delay before a car is available for

assignment. :
6, Minimize travel distance for beatcar,
7. Maximum travel time for five miputes and

similar workload per car (used in the Chicago 14th
District experiment discussed later.).
Eyualizing workload usually means determining a

‘workload such as four calls/watch/car and then di-

viding total number of calls over a given period by
four to determine tiye number of units needed. The
current method of allocating personnel in the Chicago
Police Department is a somewhat simplified version
of O. W. Wilson’s distribution method as developed
in his book Police Administration.®®

The objective function of his method is to equalize,
as far as possible, weighted workload for each beatcar.
The workload is a function of cells for service, required
premise checks, and preventive patrol. Preventive
Patrol is a function of miscoenduct hazards, assumed
to be reflected in the volume of calls for service.

The total number of beats is determined by dividing
the total number of calls for service (CFS) for the last
identical season. This will provide the average daily
number of CFS. It is assumed that four calls per
watch per beatcar with one hour devoted to each
call would be an appropriate workload, leaving “ap-
proximately four hours for preventive patrol during
a tour of duty,” counsels an official guide on assign-
ment method.,!” Premise checks would be included in
the preventive patrol time. ‘

The total number of beats for three watches is ar-
rived at by dividing average calls for service by four,
as each beatcar handles four calls.

Weighted workload is calculated for each district
by weighting calls for service as follows: Part I crime,
4; Part II crimes, 3; Other, 1. The weights are in-
tended to reflect the seriousness and the service time
required for the categories.

The number of district beats is determined by
multiplying the district’s share of citywide weighted
workload (CWW) by the number of beats.

District beats = DB

DB __ District weighted workload
w cwWw

% No. of Beats
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This statistic is subjected to the following con:
straints:

|. The district weighted workload (DWW/ 1§
CWW) ratio is compared with the District CFS/ o

city-wide CFS ratio; if the difference is great, the
reasons are determined with the object of main-
taining a reasonable mix of Part I, Part II and
Other calls for patrolmen.

2. Beats in a peripheral, residential district may

become too large for adequate response time and ¥
preventive patrol; therefore, extra beats may be #

authorized.

Apportioning the number of district beats among
the three watches is done by multiplying the Watch
Weighted Workload (WWW/DWW) by the district’s
number of beats. The beat structure layout is de-
veloped for the third watch because it has the greatest
relative workload. During the other two watches,

when the total number of beats in service is reduced, &
each of the eliminated beats is covered by an adjacent *}
car. In some districts (nine to be exact) overlapping w
waiches called “powershifts,” are used to match the
actual demand for CFS more closely with available .

resources.

Lastly, the numbers of two-man and one-man car
assignments are made. Attention is given to the num-
ber of incidents of resistance to police, multiple ar-

restees, deadly weapons involved and to geographical A

factors that affect easy access by neighboring squad

cars. A ranked list is produced, showing are allocated

subject to available manpower.
The criterion for judging a police system should, at

least in part, be its impact on crime. It is not possible, 3

at this state, to relate manpower allocation to criminal

activity. One can, however, determine how well the
system accommodates the functions of patrol with #

respect to the given objective function.
The present system is designed to equalize workload.

Workload is defined as a function of calls for servicg, ‘s
premise checks, and preventive patrol. The question

we address: How well does the present distribution
method achieve this objective? Three specific distri-
butions were scrutinized: Between days of the week,
Among watches and Between districts.

The week of August 16-August 22, ‘1968, was Q’I":i
exhaustively investigated. The total amount of time 2t
spent on calls for service and on assist-calls was tabt- &

lated for each car.
Minutes spent on CFS for the third watch averaged

40 ‘minutes per ‘call. Assist-calls were épproximatel)"

10 minutes shorter. The number of CFS per beatcs
per watch exceeded the torget of four calls per cah
in: most instances. e

Table 4-15
Percent of Calls for Service Answered by Beat Car

Day 16 17 18 19 20 21 22

By beat car. . .es e w2 23 21 23 24 23 24 22

{Wl 239% 22 20 19 24 23 25
(W3 21 22 23 24 25 26 24

Wl 189% 13 .11 -9 ‘9 8 8
By nondistrict car. ., (W2 21 18 14 17 15 16 15

W3 20 15 15 12 12 12 13

W1 = Watch I = 0001-0800 hours.
W2 = Watch 2 = 0801-1600 hours.
W3 = Watch 3 = 1601-2400 hours.

~Assists, in many cases, amounted to one additional
call per beat per watch. To be able to evaluate the
time spend on the CFS and Assist function, a “utili-
zation index’’ was defined.

Utilization Index = Ul

Ul __Total time on CFS and Assists

Total time on duty <100
This index was determined for both the whole sys-
tem and the individual districts by watch. The desired
utilization index (target index) of the present assign-
ment system depends on the assumptions made. If
four hours should be spent on CFS and Assists, and
if total working hours is eight hours, then 50 percent
represents the target index.
However one-half hour per shift is lost for lunch
during the total eight hours; along with a usual two
“personals” of 15 minutes each. Premise checks ab-

-

sorb approximately five minutes per beatcar per
watch. Therefore the target index becomes 40 percent,

There exists, also, another time-consuming factor,
travel time, The factor is calculated from the Time-out
and Time-in stamp on the radio dispatch cards. The
beat car still has to return to his beat if the assignment
was outside his area. Only 23 percent of CFS are
answered by the beatcar assigned to the ‘beat-of-
occurrence. A car outside the district will respond to
approximately 13 percent of the TFS. (See Table
4-15)

Demand for police service fluctuates regularly with
respect to the days of the week. Friday, Saturday and
Sunday are the busiest days.. Department policy,
however, allocates an equal number of men to each
week day. This demand pattern is shown in Table
4-16. The data here also reflect some discrepancies
with respect to allocation on a system basis between
watches. Most preventive patrol is performed in the
early morning, probably when it is needed least.

Results of equal manning can be seen in the indices.
Friday and Saturday, on a total system basis, exhibit
a greater proportion of time spent on CFS. The
difference is not great, and this should be expected
from a system-wide point of view since many districts
are residential. Table 4-16 also identifies a discrepancy
in preventive patrol, The figures seem to show an
allocation of 20-30-40 percent-in the watches for
weekdays, while the CFS workload is twice as large
on the third watch,

The main criticism of the present allocation method
must be leyied against the objective, stated function.

Table 4-16
Total System Statistics

Watch Fri, Sat. Sun,  Mon, Tues. Wed, Thur.

s 1 28 32 33 26 21
Utilization factors (in percent).....,vevevun, {2 43 34 28 34 30 %g g%
. 3 55 45 40 43 49 39 40
! . 1 1,151 1,232 1,408 4925 860 1,013 898
Calls for service answered by beat cars. ... Cas {2 1,849 1:455 1:303 1,481 1,379 1:415 " 1,402
3 2,616 2,356 2,031 2,158 2,279 2,123 2,205
Total,...... e o 5,616 5,043 4,742 4,564 4,518 4,551 4,505
. 1 348 207 303 280 220 258 263
Assists answered by beat cars..i v vvens.nn. {2 153 194 241 140 161 181 175
"3 272 362 428 314 290 321 311
TOMAl e sseeeeae e e r e 775 763 972 73 671 760 749
- _ \ 1 44 43 40 46 41 39 43
Average time (min,) per calls for service. . . .. . {2 46 45 41 45 43 46 . 42
\3 43 40 41 42 38 39 38
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The objective is equalizing workload, assuming that
four CFS per beat car per watch is the goal. Even this
limited coal is not achieved, as has been shown in the
previous sections, Between districts, the utilization
factors vary widely, as shown in Table 4-17. Only
the third watch is sliown because it has the highest
workload; it is quite evident that Districts 2, 3, 5, 7,
10, 11 and 13 need more manpower during peak
periods,

The more relevant objective of the department

should be to minimize some function of response time
and to maximize the probability of halting or pre-
venting a crime through selective preventive or tactical
patrol. This should determine the number of men in
patrol and how they should be employed.

Jt has been shown that the actual time a patrol
unit is available (counting lurch, personals, adminis-
trative and travel time as lost) is less than seven hours
per watch, Table 4-15, above, supports the view that
the beat car structure is only a good repositioning
device and a very rough positioning tool. Soon after
the beginning of the watch, the beat car will be off
his beat, and the value of knowing a particular arca
becomes lost. “Magnetic beats” pull cars into their
areas so that the depsity-space distribution of heat
cars approximates the real demand.

It is perhaps evident from this discussion so far

Table 4-17
Utilization Indices for Third Watch (in Percent)

August—

16 17 18 19 20 21 22

Districts:
e 71 31 26 27 31 28 27
R % | 59 54 54 52 47 39
b PR & 63 42 44 48 45 45
R 1 50 47 39 35 21 26
Siviienn. 62 60 41 41 51 43 40
Boveirvinnn 57 34 40 41 39 43 34
Tiveese.. D8 63 44 49 52 45 49
8.iavve.. 57 31 24 42 36 24 27
s IO 28 23 29 32 25 31 37
10,.......72 70 56 56 56 47 63
..., 87 52 52 55 46 48 44
2........ 65 52 36 50 31 41 33
18,0000v.. 73 52 40 43 45 54 48
140,004 60 38 32 47 34 46 40
15,...4... 86 40 33 50 41 33 42
16.00suv.. 64 29 35 31 42 29 28
17.00.,... 50 36 53 40 45 31 45
18........ 82 42 31 35 51 55 35
19...00... 37 31 40 49 41 34 42
20........ 57 45 36 37 39 35 33
2L, 00000 45 31 31 22 30 32 30
Bystem factors., 55 44 40 42 42 - 40 - 39
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that very little preventive patrol is carried out at a

time when it is needed most. For example, the Task §&
Force, a flexible tactical unit, works from 1800-hours B
to 0200-hours. Indeed it seems that the beat car {orce B

is in practice responding only to CFS and doing
minor premise checks. The Detective tactical units

and the Task Torce are responsible for tactical pre. @&

ventive patrol. When this state of affairs is realized,
the step to deploying a Force A and a Force B to
respectively carry out CFS and preventive patroi, asin

St. Louis, becomies obvious. The' current approach §/i
results in a waste of resources due to deficiencies in |,

the assignment method and the difficulty of control,

The most serious problem is using an average fig- | }
ure for CFS per day for the system for a period of §-
haif a year. This is really too great an aggregation, | }
Too much information which is relevant to the peak- {; |
ing of demands in the system is lost in the process, b
Even though the inclusion of assists will not change ki
the system demands as between days, it does change §

the needs markedly for beat cars in specific districts,

Other deficiencies center around the critical as- §
sumptions rnade, The average service time is 40 min- .}
utes, not one hour. Calls for service per beat car is

pot representative of workload, as assists often amount
to an additional call per watch per beatcar. The }
weights 4-3—1 are intended to reflect service time and
seriousness of the call; instead, there is often an in- §
verse relationship between seriousness of a crime and }
service time. A patrolman will write only a prelimi- §
nary report on a homicide, leaving when detectives §
arrive, While on a burglary case, he would carry out §
a more thorough investigtion.

JE

The workload criterion is a rough assignment guide' ¢ ¢
Optimally it results in an equal workload but in ani- 7} -

unequal service level of GFS.

Further refinements are possible by using responst '
time as a criterion. The appropriate analytical tech- 4
nique is queuing theory. The advantage is that it §{

views demands for service and police response as 2§
stochastic process, not an average as discussed previes
ously. Thus the interrelationships of demand and ®

e,
service times are modeled so as to minimize respons -

time. The queuing theory approach focuses on th

availability of cars. To minimize response time, ont %
e v s 3
seeks to minimize the expected average delay befort %

a car is available for dispatch within a given sector.

DESIGNING WITH QUEUING THEORY

A simple application of queuing theory was made;:
using a Poisson distributior: for service calls, a neg®

-

tive exponential service time distribution and multiple
parallel channels for service. Coupled to historical
service call data, this application provided compari-
sons with current beat assignments.

The mathematical treatment is similar to the
method employed by the St. Louis Resource Alloca-
tion Project!® and described also by Larson in his
work with the Bostonn Police Department.! Saaty
provides a more detaiied development of the queuing
problem,'*® but the formulas are included here.

Distribution of the number of calls for service dur-
ing a time interval is considered Poisson. A Poisson
input follows from two assumptions:?®

1. The total number of arrivals during any given
time interval does not depend on the number of
arrivals that occurred in the previous time interval.

2. In any interval (¢, +4t), the probability that
exactly one service call occurs is Adt+0(d?), where
A is a constant. The probability that more than one
arrival will occur is of the order of ¢! and may he
neglected. A represents the mean arrival rate (num-
ber of service calls per unit time) of service calls.
Thus, 1/ is the mean length of the time interval
between two consecutive calls.

These assumptions seem proper, since callers are
generally concerned with independent probilems. The
assumption breaks down when many people call at
once about the same thing (tornado sighting, sonic
booms, major fire or other disaster). More specifically,

Tahle 4-18
Service Time Data (0000-0800 Hours)

[Units are in minutes]

[——

Table 419
Service Time Data (0800-1600 Hours)
[Units arein minutes]
District Mean  Standard  Standard Range Sample

deviation error size

1 46,58 51.32 6.05 351.00 72
2 54.81 - 45.87 3.96 283.00 134
3 45.59 34.36 3.19 171,00 116
4 42.11 32.34 4,72 144.00 47
5 41.99 34,26 3.61 189,00 90
6 29.07 21.93 2,62° 136,00 70
7 39,91 25.31 2.29 132.00 122
8 49,52 48.01 6.25 283.00 59
9 38.28 36.74 4,39 211.00 70
10 47.90 33.56 3.56 192.00 89
11 39.87 29,25 3.03 177 :00 93
12 54,27 48.75 5,05 362.00 93
13 39.21 28.91 3.04 148.00 90
14 40.86 29,78 3.21 156.00 86
15 41.28 51.76 5.72 274,00 82
16 41.34 39.42 5.01 241,00 62
17 41.40 35.78 4.82 224:,00 55
18 40.81 33.90 3.39 212,00 100
19 37.10 32.56 3.31 172.00 97
20 36.53 37.02 3.42 252,00 117
21 43.88 53.43 6.17 404.00 75

if the time intervals between calls are exponentially
distributed, the input distribution is Ppisson. Expo-
nential distribution has a2 mean equal to its standard
deviation. Both the call intervals and the car service
times (the time difference between the Time Out and

Table 4-20
Service Time Data (1600-2400 Hours)

[Units are in minutes]

© 40.52

35.45 254..00

District  Mean Standard  Standard Range Sample District Mean  Standard Standard Range Sample
deviation error size deviation error size
1 32,78 24,87 5.19 91.00 - 23 1 44.62 37.52 4.55  210.00 68
2 51,65 38.18 4.7¢  217.00 65 2 46,95 33.46 2,24 207.00 224
3 47.49 49.97 5.85 351.00 73 3 41.75 34,25 2.48  237.00 190
4 36.58 29.38 5.28 - 114.00 31 4 39,17 39.59 4.37  247.00 82
3 43,60 36.42 5.31 204.00 - 47 5 44.52 37.88 3.21 242.00 139
6 66.89 64 .40 10.73 199.00 36 6 30.96 31.59 3.29 136.00 92
7 43.57 31.32 4.38 159,00 = 51 7 42,65 34.16 2.89  249.00 140
8 41.86 46.77 9.97 . 212.00 - 22 8  31.59 29.08 2.91 163,00 100
18 42.79 24‘.38 4.53 88.00 29 9 33.88 34.45 2.85  273.00 146
0 56.88 58.56 9.26  264.00 40 10 45.43 30.62 2.87 146,00 114
2 48.86 42.10 5.58 - 212,00 57 11 32,83 21,62 1,74 111.00 154
e 38.3:1' 26.86 4.99 116.000 ~ 29 12 41,17 33.60 3.38 240,00 99
14 :2.02 28.14 3.83 111.00 54 13 32.78 28.30 2,44 167.00 135
s 35.11 41.42 6.11 166.00 46 14 33.85 31.41 2,63  207.00 143
# s 33.00 23.99 4.80 176.00. 39 15 31,15 31.30 2,97 215,00 . 111
4 " 36 40 35.50 6.48 126.00 30 - 16 39.20 32.06 3.73 ° 175,00 74
A 18 4”r-BB 20.78 5.04 , 79.00 17 17 . 44.81 47,05 5.43  306.00 75
19 39.64- 52.70 6.69 ' 363.00 62 18 38.22 38,84 3.17  269.00 - 150
i % 3‘2;.48 36.82 5,11 199.00 52 19 30.14 26.16 2,11 236,00 154
3 21 40 35.96 4.21  177.00 - 73 .20 33.87 31.02 2.27 211,00 187
: - 49.91 7:.16 - 124.00 = 32 21 42.67 - 2,95 144
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Time In stamped on the Radio Dispatch card) were -

listed for all districts, From this information, the
means and standard deviations were computed. In
nearly every case shown, the standard deviation and
the mean were close in value. (Tables 4-18, 4-19,
4-20). Therefore, the assumptions of Poisson ifiput
and negative exponential service times for zhost
Chicago Police Districts seemed proper. The validity
of this hypothesis shows even more precisely when
Chi-square test was applied. (Table 4-21)

In the current beat system, an adjoining beat car
will ‘answer a call on another beat if the officer on
that beat is busy. From the point of view used in
queuing theory, each district is comprised of “¢”
parallel channels servicing all of a district’s calls.
Thus ¢ represents the number of beat cars. The nota-
tion used in the following Poisson formulas is given
below, from Saaty®, :

A = mean arrival rate (number of.calls per

Unit time) ’
mean service rate per channel—is the

3 =
mean time difference between Time Out
and Time In on the RD card)

¢ = numbers of cars for answering calls

n = number of calls in the district system

P = utilization factor for the district; o=

2w

Table 4-21

* Test for Exponential Scrvice Time Distribution by District
[For 17 degrees of freedoin]

" formula gives the probability that no calls are re

District Average service time X
(houys)
] .70 31.1
2 .70 113.0
3 .66 67.1
4 .55 30.8
5 .57 76.8
G o7 - 47.1
7 .67 78.0
8 .56 48.1
9 .52 41.3
10 .65 111.6
11 .68 73.2
12 .60 60.6
13 .58 51.0
14 .56 32,7
15 .53 40,6
16 .60 37.1
17 .57 39.0
18 .66 52.4
19 .56 36.6
20 .57 60.3
21 .67 - 36.1

. equation (3) to give the estimated number of' calIs_
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Py = the steady state (time indeperidud
probability that there are n calls in the®
district, both receiving service angd |
waiting for a service car

. P(0) = the probability of no waiting

"P(>0) = the probability of any waiting

P (>71) = the probability of waiting greater than
time 7.

" Lg = the average number of calls'in the queue |
awaiting service :

w "= the average waiting time in the system.

Mathematical Formulae

Under the condition that p<1, the following

celving service or waiting for service:

i
e
cp)* cp)t

and the number of calls waiting for an available car is

qﬂc!(l—p)z 0

The other formulas which give the probability ofa

delay in finding an available car,

(cp)*

p>0)=—lO @l

¢!(1—p)
the probability of a delay greater than 7,

P(>7)= exp [~eur(l—p) P(>0) )

and the expected waiting time (excluding the waiting {

time in service)

are listed for future use. The St. Louis Project used

serviced with a delay.
One of the next steps concerns a priority discipline

in the queue. In this case, more urgent calls (Priority |3
1) are taken on a first-come, first-served basis before }-

calls of a lower priority.

o
E |

W=Lg/) el

As an example, this paper compares the expected §

waiting times for a no-priority and a two-priority
system when .3, .5 and .7 of the total-calls are con-
sidered Priority 1. In this case,

. M= the mean arrival rate of Priority 1 calls

Ae=the mean arrival rate of Priority 2 calls

2
PIPYED)

k=1

(6)

Assuming the same mean service time, 1/p, for
each car and each priority call, the expected waiting
time for the kth priority is

i ©
(=525
o (Mwy ®)
v!(l—%/cu)[ zw.f)j+ Z::f,};{f)J] |

The last term in the denominator of equation (8)
can be approximated as

i £ 0= O SO0

lgd=e

jvw g=c¢ € e

_ W
¢!(I—p)

so that equatioh (8) becomes
N w)e

A1-p) SO e

= J! .

=

(10)

A
where p= —,
op

The condition of p=A/cu<1 is relaxed in the pri-
ority system to

il
27\k<1

k=1

(1/pe) (11)
for ‘the pth priority. In other words, A/pc<1 for
computing the Priority (1) case is a less demanding
condition than \/uc<1.

Computatz'anél Method

Equations (10) and (7) were used to compute the
expected waiting times with the condition of cquation
(11)-. Past calls for service by hour for a particular
day in the 3rd and 14th Districts were used in the
first rest. The total calls for the Ist, 2nd, and 3rd
watc,hgswere divided by (8 X 60) minutes to determine

Mg

“Table 4-22

Third District (A = 0.442; 1/ = 20 Minutes) 30 Percent

Priority I Calls
L Average wait Cars
Prmmfy‘ X (min,) Average wait, service
coeflicient priority I priority IT* time (min, )
.30 332.21 ~170.65 3
30 67 .47 ~55.76 ) 4
.30 29.82 —38.84 5
.30 15.72 —33.22 6
.30 8.86 ~33.70 7
.30 5.1 —48 .71 8
.30 2.95 . 166.49 9
.30 1.69 14.60 10
.30 94 4.83 11
20 .51 L9 -+« 12
.30 27 .85 13
.30 .13 .37 14

*Minus sign indicates an infinite queue is forming, or in-
sufficient cars to answer prioraty (II) calls.

A, the calls per minute. While the mean service times,
1/ for each district were known from historical data,
this time was varied from 20 minutes to 50 minutes
in 10 minute increments to test the sensitivity of the
number of beat cars required to provide the same
levels of service.

The number of Priority 1 calls, A/, was derived
from X by multiplying with the coefficients 0.3, 0.5,
0.7, and 1.0. In effect, these coeflicients cover circum-
stances where 30 percent, 50 percent, 70 percent and

Table 4-23

Third District (\ = 0.442; 1/4 = 30 Minutes) 30 Percent
Priority I Calls

Priority I~ Average wait  Average waig, Cars
coefficient {min.), priority II* service
priority 1 time (min.

.30 1552.72 —4990.37 4
.30 210.04 ~127.14 5
.30 88.63 —73.25 6
.30 48.89 ~54.67 7
.30 29.85 —~45.41 8
.30 ©19.13 —40.42 9
.30 12.55 —38.50- 10
300 - 8.30 —40.43 11
.30 5.49 —52.35 12
.20 3.61 ~—180.58 13
.30 2.34 44,34 4
.30 1.49 12,89 15
.30 .93 5.46 16
.30 .57 2.60 17
.30 .34 1.29 18
.30 .19 .65 .19

233 20

.30 <11

*Minus sign indicates an infinite queue is forming, or in-
" sufficient cars to answer priority IT calls,

¥ e
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all calls are treated as Priority 1 calls. As a matter of
interest, the number of calls received by the police,
and this includes all traffic accidents, were analyzed,
and it was found that Index Crimes (murder, rape,
serious assault, robbery, burglary, theft over $50 and
auto theft) and non-Index Criwmes accounted for less
than 30 percent of the beat car dispatches.

As shown in the following tables (4-22, 4-23), the
priority systeni does not offer a major saving in beat
cars if Priority-I calls receive service without any
waiting, (For the tables, a no-waiting service level
was defined as a 10-second mean waiting time. The
tables also show that Priority-I1 calls exceeded by a
factor of three the mean waiting time of the Priority-T
calls. However this waiting time amounted to 30
seconds. ,

The resuits of the high service level case indicate
that the priority system offers a saving of perhaps one
car over the case of all calls receiving a high service
level (low mean waiting time). Notice, however, the
case when forees are reduced. In these cases, for Ay,
equal to different percentages of A, the Priority I
calls can receive an available car in less than a min-
ute, while the Priority T1 calls wait longer. Thus when
the normal forces of a district are reduced because of
a mobilization for civil disorder, an emergency plan
or for any other reason, a switch to the two-priority

Table 4-24

Third District (A = 0.442; 1/p = 40 Minutes) 30 Percent
. Priority I Calls

Priority I  Average wait  Average wait, Cars
coefficient (mimn) priority 1I* service
priority I time (min.)

.30 562.1% -~288.77 6
.30 200.99 ~131.73 7
.30 . 109.30 —80.33 8
.30 68.33 ~—70.85 9
.30 45.66 —59.45 10
.30 31.63 —52.09 11
.30 . 22.36 —47.24 12
.30 15.97 —44 .36 13
.30 11.44 ~43 .54 14
.30 8.19 —45.86 15
.30 5.83 —55.57 16
.30 4,12 —103,01 17
.30 2.87 161.84 18
.30 1.98 28.52 19
30 1.34 11.58 20
.30 : .89 5.65 21
.30 . ,58 2.97 22
.30 . .37 1.61 23
30 .23 .88 ) 24
30 .14 .48 25 .

*Minus sign indicates an infinite queue is forming, or in-
sufficient cars td answer priority X1 calls,
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Table 4-25

Third District (A = 0.442; 1/p = 50 Minutes) 30 Percent
Priority I Calls

Priority I~ Average wait  Average wait, Cars
coefficient (min.) priority IT* service
priority I time (min.)

30 1677.67 —777.72 7
.30 405.29 ~229.95 8
.30 208 .45 —143.21 9
.30 129.68 —107.17 10
.30 87.92 ~87.13 11
.30 62.47 ~74.23 12
.30 45.65 —65.22 13
.30 33.93 —58.65 14
.30 25.47 ~53.82 15
.30 19.22 —50.42 16
.30 14.52 —48.41 17
.30 10.95 —48.10 18
.30 8.23 —50.,44 19
.80 6.14 —58.52 20
.30 4,55 —86.86 21
.30 3.33 ~-733.92 22
.30 2.41 61.78 23
.30 1.72 a1.84 24
.30 1.21 10.50 25
.30 .84 5.63 267
.30 .57 3.17 27
.30 .38 1.83 28
.30 .25 1.06 29
.30 .16 .62 30
.30 . 10 .35 31

*Negative sign indicates an infinite queue is forming, or in-
sufficient cars to answer priority 11 calls,

system offers a means of maintaining service on im-

portant calls. It also offers a means of predicting the ;
waiting period for less important calls as a function }”

of the cars available. .

The tables also show, above and in Tables 4-24 | -
through 4-29, below, the importance of a low mean L §

service time, 1/u.

In some cases, an average reduction in the mean }
service time of 10 minutes will provide a saving of six |
cars to the district on a particular watch. While the { |

Table 4--26

Third District (A = 0.442; 1/p = 20 Minutes) 100 Percent .
Priority I Calls S

[All calls taken on a first-come, first-aerved basis]

" Priority I Average wait (min, ) Cars service

coefficient priority I time (min,)
1.00 117.43 9
1.00 10.72 . 10
1.00 3.67 11
1.060 1.53 12
1.00 .68 i3
1.00 .30 14
1.00 .13 15

Table 4-27

Third District (A = 0.442; 1/p = 30 Minutes) 100 Percent
Priority I Galls

[All calls taken o a first-come, first-served basis]

Priority 1 Average wait (min,) Cars service

coefficient priority I time (min.)
1.00 31.74 14
1.00 9.47 15
1.00 4.10 16
1.00 1.99 17
1.00 1.00 18
1.00 .51 19
1.06 .26 20
1.00 .13 21

priority system will save cars under adverse condi-
tions, the greatest overall savings will result from de-
creased service times, or of course, a decrease in the
number of calls receiving squad car service. These
effects are summarized graphically by Figure 4-10.

Current Beat Comparisons

The direct use of the queuing analysis in place of
the current method of beat car assignment will re-
quire more work, Briefly, the current system attempts
to devote half the time of each beat car to preventive
patrol. The beat car driver spends 30 minutes in roll
call and eight hours vn the street. Normally each
beat car is allowed another 30 minutes for a meal
during its watch. A review of lunch cards, adminis-
trative cards, premise check cards, and car service
cards for District 8 and District 14 during a 24-hour
period on 3 September 1968 showed an overall aver-
age of nearly two hours out of the beat system for
every car on each watch,

Table 4-28

Third District (A = 0.442; 1/ = 40 Minutes) 100 Percent
Priority I Calls ’

[All calls taken on o first-come, first-served basis)

Priorit‘y I Average wait (min.) =~ Cars service

coefficient priority I timte (min.)
100 114415 18
1.00 20.56 19
1.00 8.51 20
1.00 o 4.22 21
1.00 2.25 22
1,00 1,24 .23
1,00 .69 24
1.00 .38 25
{ .00 .21 26

-00 11 a7

Table 4--29

Third District (A = 0.44%; 1/p = 50 Minutes) 100 Percent
Priority I Calls v
[All calls taken on g first-come, fivsteserved basis)

- Priority I Average wait (min.) Cars service

coefficient priority I time (min,)
1.00 43.97 23
1.00 15.80 24
1.00 7.72 25
1.00 4.20 26
1.00 2.39 27
1.00 . 1.39 28
1.00 .82 29
1.00 48 30
1.00 .28 31
1.00 .16 32
1.00 .09 Yo

In District 3, the 22 premise checks made in the
period took a total of five hours and 10 minutes. In
addition, one beat car was detailed to one location
for nearly 10 hours. Another was detailed for a period
of six hours and 28 minutes. By comparison to the
various types of administrative cards and car service
cards, the time off the air for premise checks was very
slight. The time spent on premise checks and some
traffic violation stops is consistent with the goals of
preventive patrol, So this time cannot be considered
lost from preventive patrol time.

Clearly, the average time of two hours subtracted
from eight hours of watch time leaves only about six
hours to answer calls for service. (The average time
per beat car spent on premise checks only adds back
five or 10 minutes.) The mean service time for calls
in District 3 runs about 50 minutes. Since the number
of beat cars assigned to each district assumes answer-
ing four calls per watch, only two hours and 40 min-
utes remain throughout the watch for preventive
patrol. Currently, many districts average more than
four calls per car per watch. In addition, most of a
car’s calls occur off the assigned beat. Since the car
usually returns to its beat in the most expeditious
manner, this travel time further detracts from the
available time and effective conduct of preventive
patrol. Effective preventive patrol requires the car to
patrol areas of high criminal opportunity or high
criminal activity. The mere sight of a police car pro-

~ ceeding down the street would seldom, in itself, deter

a criminal act unless revisits were frequent and
random. ‘ :

In the preceding, averages were used. An actual
day in District 14 showed 2.5, 4.5, and 6.4 calls per
car for the first, second and third watches respectively.
In this case, a great deal of time was available for
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Figure 4-10 : Cars Required to lnsure An Available Car for all Priority (1) calls
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preventive patrol from midnight to 0800, less from
0800 to 1600 and very little from 1600 to 2400 hours.
How the cars were actually assigned is shown in
Table 4-30 (Winter) and Table 4-31 (Summer).

These are the most recent beat assignments by
watch and district. v

Since the time of occurrence and the length of time
a car i§ out of service are needed to construct a com-
plete queuing model, the effects of administrative
cards, car service -cards, lunch cards and premise
checks cannot be negiected in either an analytic com-
putation or computer simulation of the beat car allo-
cation problem.

Currently, the four categories of cards are not key-
punched for data processing. Only those - irds which
indicate the dispatch of a beat car to a complaint
call are keypunched and recorded on computer tape.
Therefore, the queuing model must rely solely upon
the Radio Dispatch (RD) cards to establish the work-
ing force level. If Chicago adopted a split force (one
force for answering calls, another to conduct preven-

tive patrol) the time-outs for premise checks and

some of the traffic violations could be handled by the
preventive patrol force. The fact remains, however,
that these categories represent very little of the time-

Table 4-30

Number of Beat Cars Assigned Each District From November
© . 1967 to May 1968

0000~ 0200~ 0800- 1000- 1600- 1800~
0200 0800 1000 1600 - 1800 2400

Watches......, 1 1 2 2 3 3

District: )
| SO 7 7 13 13 11 11
L 27 15 15 97 30 30
., 8 17 17 28 31 -3l
4......... 13 I3 13 13 f13/5 $13/5
Sevevinas. 11 11 15 15 18 18
6.0uni. .14 14 14 14 14/4 114/4
. 23 14 14 22 26 27
8., v 15 15 f15/1  t15/1 f15/4 f15/¢
9.0 12 1 16 16 19 19
0., 20 . 13 13 20 23 23
1. ..., .. 23 16 16 23 26 26
12........ 10 10 15 15 16 16
B....... 12 12 18 18 23 23
4. ..., 100 10 16 16 19 19
B5........ 9 9 17 17 18 18
16........ 9 g 11 11 11 11
o 9 9. 13 13 13 13
8%, ...... 21 13 13 21 22 22
I C 15 15 22 922 25/5 95/5
20........ 21 14 14 21 25 25
2 1 19 19/2 19/2  19/5 19/5

* Eower‘ beats, .
il Saturation /beat cars.

Table 4-31

Number of Beat Cars Assigned Each District From May 1968
to November 1968

0000~ 0200- 0800- 1000~ 1600- 1800~
0200 0800 1000 1600 1800 2400

Watches,...... 1 1 2 *9 3 - *3

District: : i .
} 7 7 13 13 11. 11
2% e, 29 16 16 27 27 29
3% ..., 26 15 15 26 27 27
4..0..... 13 13 15 15 t15/5 115/5
S.iiaiinnn 10 10 15 15 17 17
G,iviiinnn 15 15 15 15 T 15/4 T15/4
¥ .. 22 15 15 22 20 .27
8urnnnn. 15 15 15 15  $15/4 {15/4
9orrnnnn, 11 11 16 .16 20 2
10%,...... 22 12 .. 12 22 24 24
1. 24 14 14 24 2 95
12,....... 10 10 16 16- 16 16
13.,...... 13 13 19 19 23 23
4.,..,... 10 10 16 16 20 20
15...,.... g 9 16 16 18 18
16.,... A 9 9 10 10 11 11
17, 00vsen 9 9 12 12 12 12
18%,...... 21 13 13 21 22 22
19........ 14 14 24 24  $95/5 t25/5
20....... .27 16 27 30 30

16
$923/1 +23/1 +28/7 t23/7

—_—

* Power beats,
1 Saturation/beat cars.

out for the beat cars. Before the actual implementa-

_tion of a queuing analysis for beat car allocation,

more study of these categories will be undertaken.

Notes on Queuing Approach

Richard Larson' uses a weighted response time
criterion. He assumes interdistrict dispatching and
minimizes travel time. His model will be discussed
later. -

The diff culty with the queuing theory applications
lie with tae assumptions that have to be made to
make the mathematical models tractable. Larson
showed that for Boston® the assumption of Poisson
input was a good approximation. In most cases the
Chi-square test for the Poisson hypothesis was signifi-
cant -at the 5 percent level. His exponential service
times did not fit the real world data very well. In
Chicago both empirical distributions are significantly
different from their theoretical equivalents (Table
4-21 above). :

How should a response force be positioned, and
what assignment rules should be used -for selecting a
car to service a .call? There ¢xist no models for evalu-
ating the initial positioning of police units once the
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sector assipnment has béen made. The beat structure
provides a rough positioning tool.

The assignment decision is usually left to the indi-
vidual dispatcher. Most often, with a beat car struc-
ture, it entails a center of mass dispatching strategy.
This means that if the beat car is not busy, he is as-
sumed to be positioned at the center of his beat, This
is erroneous, of course, but no' other information is
available with a beat structure, There ave other com-~
plications. Tor administrative reasons, interdistrict
dispatching is not allowed except for emergéncies or
il a district is out of cars. Another difficulty is the
judgment of the number of men/cars to send in on a
call.

Organizational variables are a very important
factor of system efficiency. Due to the nature of police
work, it is very difficult to maintain effective super-
vision. In New York, for example, The New York
Times reported that some policemen were found
sleeping in their cars during the first watch, If super-
vision is lacking, service times tend to increase, and
the availability of cars decreases. Most quetes are
very sensitive to the service time variable. Tt was
found that a 10-minute decrease in ‘service time
amounted to a saving of six cars out of 30 assigned to
a district.*

THE LARSON MODEL

The Larson model is still the state of the art with
respect to field response models, It is an analytical
model which determines the mean value and the
density function of the response time distribution. The
madel development is too long for presentation here,
but its assumptions® and results are worth detailing:

1. Patrol sector geometry is described by a rec-
tangular grid or equidistant streets.

2. The positions of patrol and the incident are
statistically independent.

3. All points on the grid are equally probable,

4. The patrol car follows a shortest route to the
scene of the reported incident.

5. A patrol car is available to service a call with
probability >0.3.

6. The city is large enough so that no gueue of
digpatches ever forms.

7. The dispatcher uses a *‘closest-center-of-mass”
dispatching strategy since the exact positions of the
patrol units are either not known or not considered,

8. The expected travel time is equal to a “start-
up time™ and expected travel distance divided by

" ‘the speed of the vehicle.
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The first assumption was necessary becauge the
model wag developed for Boston which is known for &

its absence of a rectangular street grid. The next as-
sumption permits him to ignore the deterrence effect
of police presence on calls for service. The third
assumption is a convenient one, and he shows that
his result is insensitive to it, Larson assumes an avail-
ability of cars greater or equal to 0.3; this assumption

of the four adjacent beats, ‘
Assumptions Six and Seven imply that interdistrict

dispatching is permitted, and no stacking of calls is

allowed. The dispatching strategy is the same as the

one used in Chicago. If a car is available, he is as- ¢
sumed to be in the center of his beat, This is not true, §
of course, The police officer may decide that an adja-
cent beat warrants more preventive patrol than his §

ownt. In addition, when returning back to his beat
after assignment to another beat, it is physically ims
possible for the assumption to be true, This is prob-

ably the most crucial assumption and involves the g3

organizational variables of the system.

Lastly, to use a continuous approximation to his
originally derived discreet formulation of expected
travel distance function, he adds a constant term
called “start-up’ time. It can also be used as a linear
factor when fittirig the curve to real data,

For the expected travel time Larson gets:

2 \/2
Eu=t+ 3.5 VK (Q“P)

where: ‘ -

tt= travel time

ty= start-up time

§'= speed

A= area for which cars are dispatched
K= number. of police units

p= availability

Larson also derives an expression for the density
function of the response time distribution.

o) = BB o/ B/ B+ 3 PLBw T/ B

F=1

+ 20 PLE:fa,/ Bald/ Esy)
[=2
where
P, r(El) =p

Po(Ba) = (1—p)H0-3(1 — (1 —p)?)

" implies that at least one car is always available in one §%

k=1,2.. 4

N L

3 ;;;;_r,.‘x L

o

PAE) = (1= p) -2 = (1 ~p))  (=2,8,.00

‘There are essentially three different cases we must
consider to derive the probability density function
Of dr:

Ey—Patrol car (0,0) assigned to service the call
Ey—A patrol car (0,¢) or #0) assigned to service -
the call (7—non-zero integer)
. Ey—A patrol car (i,]) assigned to service the call
(iy—non-zero integers).

~ He shows that:_ .

4d = 4?38 0<d<1

Jueid/ ) =4 16/3 ~8d+4d2—24%/3 1<d<2
N O . ~‘ - .
d"*—d'3/3

otherwise
| z|—1gd5| Z|

Saie @) Bag) =4 24'3)3 — 442174 —3
o igdg] i)
| —=d'3/34-3d"2— 94/ +9
[il+1<a<)i|+2
0 otherwise °
where &/ =d—| { |

faye
i 1+17 | ~2<d< i [+]j[~1
(—3d"*+124"~124'+4) /6

Jineniid'/ Byyj) = ]+ 171 ~1<dg] i [+ ]
) (Bd'3—244"*4-604" —44)/6
i+ 1<d< i)+ ] +1
9~—d’3+12d’2—~48d’+64)/6 .

[1{4]7|+1La<) i |+ [+2
otherwise -

where

d'=d—|i|-]|;|

d=travel distance in terms of sector lengths

To fit his functions to Boston data, Larson was
forced to assume a multiplicative delay factor, In
eﬂ‘e‘ct, he is reducing the average speed at which the
POllf:e._unit is responding to a call for service. This is
realistic because if a car is not on his beat, where he
should be, the travel distance will be longer, or to
fit the model, the effective travel time would be
longer,

The m.qu response time data available at the Chi-
¢aga Police Department was collected for an experi-
ment condueted in the 14th District. As the Larson
Ziieyl’.assumes interdistrict dispatching over the area
o Q{ned, although'. not the dispatch policy in Chi-
“980, 1t would be logical to apply it to a single district,

. by a non-district car,

Interdistrict dispatching in Chicago is allowed only
for emergencics and when the district is out of cars,
Checking Radio Dispatch tapes revealed that 20 per
cent of all calls for service in a district are answered

"The Larson model was fitted to the response curve
shown in Figurc 4-11, The best fit (lowest Ghi-sq‘uaré.
va?ue) occurred at a speed of 12 mph and an avail-
ability of 40 per cent. The Chi-square value of 42.98
forl nine degrees of freedom indicates a high prob-
ability of an alternative response curve, Likely this is
duc to two factors: The 20 per cent of interdistrict
dl.spa_tching which does not permit viewing the 14th
District as a self-contained area and to the fact that
the availability function is violated ;'on a Friday night
availability drops below 0.3.

CHICAGO SIMULATION MODELS

We have seen that the Larson model does not
exhibit a close fit with Chicago data. The model is
very restricted, evaluating only a very Tunited set of
alternatives. Flowever, the application of 3 simulation
approach is ideal. In the real world, many experi-
‘ments are very difficult to carry out, partly because
of undesirable ill effects if the experiment fails and
partly because to the difficulty in collecting data on
system performance. A simulation model thus be-
comes a very convenient t0o] when evaluating a large
set of alternatives. Once the better alternatives have
been-determined, they can be tested in the real world.

A model should permit evaluation of:

1. Demands for service in space/time (i.e. stacking).

2. Positioning of forces in space time (i.e. beat
structure), ‘

3. Assignment rules (i.c. center of mass versus car
locator system, interdistrict dispatching),

4, Qrganizational variables (for example a decrease
in service time, more on-beat patrol, less car
down time for repairs on the third shift, etc.).

The simulation model used here has 2 modular
structure developed to accommodate all of the above
alternatives,

What outputs are desired from the model? The
model should permiit an evaluation of the center of
mass and the use of car locator dispatching strategies
for different alternatives. By a car locator strategy,
we mean the existence of a system that will provide
the dispatcher with actual car positions; the closest
car is chosen under the assignment rules. The evalu-
ation of the benefits of a car locator system is,im- -
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Figure 4~11 : Response Speed Distribution ; 74 observations,
{ Mean: 6,6 mph, standard deviation 4.78)

number of responses

first is the beat car. Its 13 attributes are:

1. Reference point x.

2. Reference point y.

3. Delta x for rectangle specification.
4. Delta y for rectangle specification.
5. Number of officers in car.

v 6. Availability, O=busy, 1 =available, 2=not in

0

portant because it is a fashionable hardware item for
police departments. The systemn represents a great
commitment of resources, and its possible benefits are
not too well understood. )

Fach output from the model inctudes response tlfne
distributions for both strategies for the altc?r.nat.we
being evaluated. This has the advantage o}’ facilitating
comparison as all stochastic clements will have the
same value. In addition, the travel distance saved by
the car locator system is exhihited. For Valid.ation
purposes, the model provides such operational infor-
mation as: .

1. Percentage of ¢alls answered by beat car or

~ district car respectively.

2, ‘Average number of calls/car/district. o

3. Minutes spent on calls for service and adminis-
tration,

4. Number of car services, car repairs, lunches and
personal breaks, ’

%

T R
speed in mph

To judge system performance, we computed (a)
average availability for the system as well as .for the
14th District and (b) the probability of choosing the
closest car using center-of-mass dispatching stretegy.

The scope. of, the model has two dimensions: the

number of districts and the set of activities to be .
included.

Focal point of the simulation model is the l4th

District and its surrounding districts (eight in all)

The reason for its selection was the availability o

14th District data as compared with the extreme .

difficulty of collecting data on other districts.

service.
7. Car is O=outside beat, 1=inside (uniform),
2=inside (constrained uniform).
8. Current location .
9. Current location y.
10. District.
11, Beat.
12, Time of last computation of location.
13. Carlunch.

Attributes 14 define the beat. It is assumed io be
i rectangular. Reverence points x and y represent co-
= ordinates for locating the center-of-mass of the beat;
& Delta~x and Delta-p are the distances from the center
: to the beat boundaries. -

/"' (YI X)

AX

s — —

2y

R - The next attribute refers to how many meu are
} assigned to the car., This is necessary as imput to the

4 car assignment subroutine, Availability provides infor-’

_ mation on car status. If equal to two, the car is not
' in service that evening. Attributes 7, 8, 9 and 12 are
%necessary for determining the position of available
. cars in the system. These will be discussed further in
- the positioning subroutine section, Attributes 10 and
11 permit the program to gather statistics on car
- performance and relate these to the administrative
2 f ftructure of district and beat numbers. The last item
#1152 control variable to keep track of how many
Personals a car has had and if its crew has Iunched.

This is done conveniently  through the following
coding:

iheny B

o)

o Gy

paty

There are two types of entities in the system. The

Calls for service have the following attributes, shown
as the Input Format of Exogenous Eventst =

- Type of event radio dispatch 189,
. Time-out,

. Time-in,

. ‘Beat of occurrence,

. Arrest: I =arrest, 0=no arrest,

. Quadrant.

. X-location.

. Y-location.

Day.

10, Number of cars. .

11. Number of men necded (1, 2, 3, 4).

The type of event is based on the 13-category
coding used by the Chicago Police Department for

OO N

Index Crimes, miscellaneous noncriminal cases, ecte.
- The time-out and time-in jtems schedule the event

and provide the service time for handling the call,
The arrest variable is necessary to take a car out of
service when handling an arrest, usually 1.5 hours,
The next three items determine the Igcation of the
event. The ninth item is included to permit simulation
of more than one day at a time. The last two factors
represent the astual number of cars and the number

of men assigned to-the call. This is used in the assign- -

ment routine to determine the number of cars to send
in. The program’s structure is diagrammed in Figure
4-12, : .o .

The initialization routine sets parameters, zeros out
the necessary lists and reads in the car attributes.
The advantage of this arrangement is that alternative
positioning methods can be specified easily. The clock
routine schedules the events, either calls for service or
administrative calls. If the former, screening or stack-
ing may be employed before the call Is assighed to a
car.

The subroutine assigns calls to the subroutine
Center which generates the center-ofemass locations of
all available cars in the system and ranks them on
distance away from the event:s iocation, The ranked
list includes the distance, district, beat and manning
for each available car. ,

Assign next calls subroutine Cazs, Given the number
of men needed, Cors chooses one or more cars accord-

The scope of activities includes the handling of' cfalls % eraonals
for service and administrative down-time. In aclldltxo:r, : |
tive patrol activities are modeled so that ¢ : ) ‘
}palof;’t(ino]n\c,énpbe determined when the caris considered -’ Ne Yes (1) Yes (2)
for assignment. It is convenient to include the (:xtraf ; | ‘ ,
waiting time in the dispatch queue as a result 0 ar No 0 2
stacking procedures. Screening is easily handled be:'

reducing the exogenous events.
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Figure 4-12 : Flowchart fo

Screening &
Stacking

Inivial

Determine
Center of
Mass

Location

Schedule car
back up after
administrative call

Compare
Assignments

Determine
Car
Pasition

Case II, (The Constrained Uniform Case)—If a car

¢ Simulation Model of Field Response

that the car returns by the shortest route to his beat
and that there is a rectangular street grid.

Alternative I: From point A, the car will proceetl
along the same y-coordinate until the boundary of
the beat is reached. If not enough time has elapsed
to reach the beat boundary, his location will ke
(x+Atime X speed, ). If there is extra time, item
7 is set equal to 2, item 12 is set equal to the travel
time needed to reach the boundary plus the original
time, and transfer to Case II is made.

Alernative II': The same calculations are performed
for the y-coordinate for an initial position of 3.
Alternative ITI; For the third alternative C, some
simplifying assumptions are made. The car is assumed

¥ to travel North/South or East/West until his extended

beat boundary is reached; from there he follows the
boundary to the beat corner. The initial direction is

'L determined by a random function with a 50 per cent

- chance for either direction. As before, the distance

: to be covered is determined from the time and speed.
KL When the car reaches the beat boundary, proper

transfer is made to Case II.

A

After the actual locations of thé cars have been
determined, a ranked list, as before, is generated.
The same assignment routine with the same assign-
ment rules is called, although the cars are not actually
assigned. The positions of the center-of-mass assigned
cars are used to compare travel distances between the
two strategies, since the actual locations of the center-
of-mass dispatched cars are now known.

Administrative calls are events such as; Car service
for gas; car repair (radio, tires, engine); personals
and lunch.

The initialization routine takes 25 per cent of the
cars out of service, as soon as the watch beging, to
fill gas tanks. The rest of the car service calls are taken
during the watch. When each car becomes available
after a call for service or administration, a uniform
randem number between 1 and 60 is drawn to de-
termine when the car should try to take a personal,
lunch or car service break.

Distributian of lunches as a function of time were
used to determine cumulative probability functions
for taking a car out of service. (Figure 4-13)

y s speci enerate the st . : i
ing o e et Tl e is assigned to a call inside his beat, item 7 is set 04,

ectangle whos
his Jast lo§

actual travel distance for the assigned car, Assign gallg e to the time when he comes back up, ax;{d Figure 4-13 : Distribution of Lunches for 24 Hours :
. ' ation of a : . it 4"
Position, which gefmrate? th.ﬁ actvﬁal Lochcart of the items8and 9 to the coordinates of the event..lNgllturis 1; Nomber of H
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Assume a rectangular beat with its center (%, back up. His location can be generated by determinit | | :

the union of the beat rectangle and a r

and sides 2 Delta y and 2 Delta x. '
| ' sides are equal to the time clapsed since

i i 1. It is now possible t
cation, times speed of travel. 1 w possi &1‘
i i i distribution, ¥ |
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. st 1
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entered in item 12. _ . e
Three distinct aiternatives are apparent: 5

<loc = Randin (x =A%, x +Ax)

&
.07
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yloc = Randin {y=8y, ¥ +Ay)

(yex) A | {100

‘I'hree main cases can be distinguished for generat-

ing a car’s location.
Case I, (The Uniform

Casey—If item 7 of the car

attributes is equal to one, the car is patrolling inside
his beat. His location can be determlqed by a draw-
ing from a uniform distribution (Randin).

x loc=Randin (x—A%, x-+Ax)
y loc=Randin _(y—Ay, »+an

’ . I | N

o
12 14 16 18 2 22 24

o
O

rection of A~ %
al) We ast? )

The car may be in the general di i
or C. (The argument is symmetric

Time of day 1
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Figure 4-14 : Service Time Distribution for Lunch Breaks
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The service tims was a uniform number between
10 and 20 for personals and car service and for an
empirical distribution for lunches (Figure 4-14)

VALIDATING THE MODEL

Ideally, the simulation mo(,lel would be compared
with actual response times 2ad key characteristics of

" the real world for all eight districts. However response

time data is available only for the 14th District. The
maodel nust therefore be validated against the l4th
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. | Figure 4-14: Service Time Distribution for Lunch Breaks

300 |

Numbser of |ﬁnches

1 L P 1
24 28 30 34 40 44
Length of lunch breaks

. is i : a‘
District data. A great obstacle to this is the fact thl i

14 16

The service time was a uniform number between ncludiz

. Frequency '

when assigned. Knowing the response time permitted
the determination of the response speed. The average
speed was 6.5 mph. This clearly indicates that a
location was given which represented where the officer
thought he ought to have been. In fact, both the
response speed and the distance covered were higher.

The -conclusion must be that the shortest route back

to the beat is not taken.

Neither the response speed nor the start-up time
are kniown. The start-up time represents the time for
receiving the assignment and reporting time of arrival
to th/: dispatcher.

It is necessary to include this so that comparisons
can be made with actual response times. The start-up
time is set equal to 30 seconds. Fixing the return
speed at 9.2 mph and determining the response speed
which yields the best response distribution fit to real
data yields 9.6 mph and a start-up time of one minute.
(Chi-square is 6.00 for 15 degrees of freedom, sig-
nificant at 2.5 per cent level.)

The dilemma is resolved by assuming that depart-
ment policy is followed. After completing an assign-
ment, the beat car will proceed at preventive patrol
speed following the shortest route to his beat. The
response speed is assumed to be 12 mph. Larson used

this speed in his model, and experienced palice officers .
felt that it was a good estimate. o o

The simulation model, therefore, is a picture of
what the real world would be like under department
policy and the assumed speeds. This is a valid prpblerri
formulation for this reason: The beat structure fanc-.
tions as a rough positioning tool and car locator
mechanism. It is this system, working as it should,
which is compared with a car locator system. |

The model is validated against the following
criteria: L

1. Percent of calls for service answered by beat car
or district car. ,’

2. Minutes spent on administrative calls.

3, Number of car services, repairs, - lunches, -
personals. ‘

The average percent of calls answered by the beat
car is approximately 23 percent, for district cars 63
percent. However these figures cover only August of
1969. , \

Demand has increased approximately 10 per cent,
so the figures are closer to 20 per cent and 60 percent
respectively. The simulation model yields 17 percent
and 55 percent.. . ’

Figure 4-15 : Fourteenth District Resbonse Times

10 and 20 for personals and car sex.‘vice and for an
empirical distribution for lunches (Figure 4-14)
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Table 4—-32
. Test of Random Number Secds To Inmate Simulation

System variable 14th district

Test 1

Test1 Test 2 Test 2
Mean response
time (min.)....... 8.50 7.87 6.44 6.13
Standard deviation,.. 10.32 7.59 5.81 4.99
Availability : . :
(percent),,.....,. 35 35 - 33 % 38

The simulation model generates the administrative
downtime. Two weeks of data on administrative calls
were collected in February, 1969, and downtime is
related to behavioristic parameters. So it is safe to
assume that these data will be representative. Approxi-
mately 69 minutes were spent on administrative calls
per car/watch. The simulation model generates 64.3
minutes during eight hours of simulated time. The
number- of administrative events: 121 car services,
1 car repair, 127 lunches and 162 personals. '

There are 182 cars in the simulated system, and
almost all need service. during an eight-hour tour.

* Just about every unit had lunch and registered one
personal each. It is not necessary that all cars get
twe personals or lunch. Sometimes an officer skips
lunch, and personals have to be permitted by the
dispatcher. If availability is low, permission is not
granted.

Different initialization periods were used: one-half
hour, one hour, and 1,5 hours. One hour initialization
period was sufficient to load the system. Real-world
response times for the 14th District gave a mean of
7.68 minutes and a standard deviation of 5.65 minutes.
{See Tigure 4-15)

Statistics generated by the simulation modcl are
random variates. An important question is the change

that may be attributed to a different random number

seed, Values are given for the key characteristics:

Table 4-33

Comparing Real World Performance and Simulated
Performarice Using Department Policy

Real world. Simulation

“1.fean and standard deviation of the response time |

districts) performance against that predicted by the ,

Table 4-34 ‘
Comparing Dispatch . Strategies With Normal " Assignment
Rules and Workload
Mean Sta;ﬂdard Mode Availability’
(min.)*. deviation (min.) (percent)
CM: System..... 8.50 10.3 3.0 35
14th district...... - 6.44 5.81 4.0 33
CL: System...... 4.82 3.73  Looaeciidn v

*The car locator reduces the wmean response txm~
substantinally.

distribution -and the availability of cars for all eight
districts. (See Table 4+32)
The results of comparing the actual system {eight |

sitnulation model following. department policies is §
shown below. (Table 4-33).. The distributions are r¢
markably similar. Given the scope’ of the response §
distribution curve and relatively low number of obser
vations, the mode is a better characteristic than the
mean.

The alternanves to be lnvesngated are center-of

mass (CM) and car locator (CL) strategies with
respect to:

1. Present assignment rules with (a) normal work-
lIvad and (b) reduced workload.

2. Interdistrict dispatching with (a) normal work
load and (b) reduced workload.

Case 7-a (Present assignment rules, normal work-
load): The statistics for the present system following
department policy under a center-of-mass dispatching
strategy is compared with a car locator system. The
only difference between the two alternatives evaluated |
is the knowledge of the exact lacation of the car.by
use of 2 car locator. The important characteristic
are the average response time, its standard deviation
and availability. Availability is related to the abilly
to carry out trapping and search maneuvers. (SCC
Table 4-34) The results are shown graph1cally in
Figures 4-16 and 4-17,

Table 4-35
Comparing 2 Dispatching Strategies With Reduced Worklost

i

Mean response time (min.)....,.. 7.68 6.44 _
ﬁiﬁiard deviation. .. \uiuvenss Z gg 2(8]é Mean Standard | Mode Availabil ‘
Number of observations. ......... 454 8t (min) doviation  (min) (pereet)
. Availability (percent), ... ...,... 35 ‘85: ‘ - T v
Percent of calls answered: CM: System...... 5792 6.98 3.0 45 ;
a. By beatcar, uuuivveonis 20 17 “14th district...... - 4.68 2,94 4.0 43\
b. By district car, . ....... . 60 - 55 CL: System... ... 3.77 2.87 C20 e

~ Figure 4~16 : Response Times for Diqufchir;é Strategies
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Comparing 2 Dispatching Strategies With Interdistrict

Dispatching
Mecan ~ Standard = Mode Availability
- (min,)  deviation  (min.) (percent)
CM: System:, ... 5.89 7.47 3.0 39
14th district...... 6.16 9.97 5.0 39
OL: System... .. 4.37 3.90 3.0 i

Case 7-b {Present assignment rules, reduced work-
load): One cflective way of increasing availability and
decreasing response times is to decrease the number of
calls to which one responds. This policy has been
instituted *in St, Louis and Detroit. Inconiing calls
are evaluated by an experienced police officer who
- determines if police service really is needed, A 30
. percent reduction of miscellaneous-other calls is as-
% sumed. Probably this would represent an upper limit

1 of call screening as indicated by the data. The outcrime

; is a reduction in response time that is greater than
& that shown by using a car locator in the previous

% case. (See Table 4-35)

Figures 4-18 and 4-19 show this dramatic reduction
n call response time.
Case 2-a (Interdistrict dispatching, normal work-
. load): Interdistrict dispatching means that the nearest
car is dispatched, even if the car belongs to a district
4 different from the loczfion of the. call for service,
5 Current department policy, for reasons of adminis-
*, trative efficiency, does not permit this alternative.

: Comparing the results of this strategy (Table 4-36)

% with the earlier case, makes it clear that reduced
’ workload has a larger effect (because the availability
< factor is much greater) than simply allowing inter-
4 district dispatching. (See also Figures 4-20 and 4-21.)

. é Case 2-b (Interdistrict dispatch, reduced workload):

. ' The possibility certainly exists of combining the two
4 alternatives. This was done, and it is clear that still

-4 more improvement in response time occurred. How-

ever availability did not change much from Case 1-b.
(See Table 4-37 and Fig. 4-22) :

Table 4-37

"f Comparing Dispatching Strategies With Interdistrict
Dispatching, Reduced Workload. ’

JSRCE e )

Mean  Standard .~ Mode Availanility

(min.) deviation  (min.)  (percent)
..... 4.53 4.37 2.0 48
3.86 1.85 4.0 47
3.10 2.0 .00

Table 4-38

Comparing Dispatching Strategies .Wit]:I Interdistrict
Dispatching Under Reduced Workload With Car
Locator Assignment ‘

Mean Standard Mode Availability
(min.) deviation- (min.) (percent)
CM: System.. . ... 4.43 4.36 20 Lol .
14th district. . .... 3.69 1.97 2.0 50
CL: System...... 3.89 2.96 2.0 48

The fact that cars were actually dispatched using

. the center-of-mass strategy introduced the possibility

of a hidden uncertainty. What bias is introduced into
the car locator strategy results by not actually dis-

_ patching according to a car locator strategy? To de-

termine this, cars were dispatched using the car locator
agsignment criteria for the interdistrict, reduced work-
load {Case 2-b). Itis evident that the error introduced
by evaluating a car locator system when cars are
actually dispatched according to the center-of-mass
strategy is negligible. (See Table 4-38)

Combined Stratégies Favored

It is clear that the car locator system does not im-
prove system efficiency greatly by itself. At most, two
minutes are saved. When interdistrict dispatching or
screening are allowed, the average value falls by ap-
proximately 2.5 minutes. When bhoth policies are
used, the saving is 4 minutes. ,

By making an administrative change, interdistrict
dispatching will increase the average availability from:
35 percent to 39 percent. This saving is realized solely
from less cross travel since everything else remains
the same for the two alternatives. R

The most spectacular result is achieved by combin-
ing the two major alternatives. The average response
time and standard deviation drops in half, and the
modal value drops by a full misute. At the same time,
the availability factor increases from 29 percent to
48 percent. The car locator offers a saving of an

.additional minute. ‘ :

The conclusion must be that the greatest savings lie

~ in policy changes rather than hardware. However the

car locator system might be worthwhile, given the
other changes. For the car locator, in addition, offers
great opportunities for supervision. This  probably
would result in shorter service times, more time on
beat patrol and release of supervisory personnel for

other duties. o ‘
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Figure 4~18 : Response Times with Reduced Workload
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Figure 4~22 : Response Times for Interdistrict Dispatching with Reduced Workload
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‘Blue Fence'—Coordinated Trapping

The probability of arrest is strongly related to the
elapsed time between a criminal event and the arrival

B police on the scene (time-late). The probability of
B arrest dropped significantly in a study made by the

B Los Angeles area when time-late increased from 4 to
80 6 minutes, Everyday traffic congestion alone increases
¥ the difficulty of reducing time-late to as little as 4

B minutes. Certain barrier and search tactics were tested
¥ in Chicago under the code names Operation Blue

¢ Fence and Operation Blue Rake. The tests were re-

vealing in regard to the number of units required in
various situations.

The number of units required to contain an offender
in an,area and institute methodical search can be
estimated by use of analytical relationships. Quantities
ca be verified by actual test. A knowledge of absolute

¢ force requirements is a prerequisite to cost-benefit

b analyses and the allocation of resources among comni-

B peting alternatives.

The Chicago Police Department employs cooper-

ative tactics, based on voluntary response, for “Look-
out” or “Flash® messages. This involves the patrol of
quadrants to seal the scene of a crime rather than
having all units proceed to the scene by the most
expeditious route.

This tactic has the advantage of minimizing radio
traffic, thus enabling a zone dispatcher to handle
other calls for service. A disadvantage is that the
assigned beat car and his supervisor do not know the

extent to which containment has been effected by |

the dispatcher,
In 1960, the St. Louis Folice Department experi-
mented with coordinated tactics known as the “St.

B¢ Louis 100 Plan.” This employed hexagonal templates

e

20,000

based on elapsed time to position blocking units,
Experiments showed better than 60 percent. success
i apprehending individuals attempting to elude the

§ Police. To date, the Chicago Police Department has

¢ made little use of coordinated tactics,
The methodology of such coordinated tactics deals

- % with an “are of uncertainty.” If the criminal is not

strained to follow streets, the area of uncertainty
¢ fthe area of a circle whose origin is the scene of the
- Criminal event and whose radius is given by the
gproduct of the zelosity with which the. criminal can
flee and the time-late. In this somewhat dbstract case,
the area of uncertainty (A) is given by

[ A=n(TLV.)?
4 Where

; Tz=Time Late

7 Vo=velocity of the criminal.

This case might approximate the situation where a

criminal having familiarity with a region can flee in
almost any direction by using gangways; basements
and rooftips as well as streets.

When ‘the fugitive is constrained to streets and
alleys, the geometry of the area of uncertainty be-
comes mjore complex. Along a single road, the area
of unccrtainty is a rectangle having as its long axis the
distance equal to twice the product of time-late and
the escape velocity,

2Ty V¢

At or near an intersection, the geometry and dis-
tances are depicted below,

27 Ve

If criminal flight is not constrained to streets and
alleys, blocking force requirements will be determined
by the perimeter of a circle, or:

C—nd=27TLV,

The perimeter is the important parameter in this
case because escape can be made at any point of the
perimeter. Blocking wunits must be positioned uni-
formly around the circle.

A case of practical importance oceurs ‘when flight is
constrained to streets and alleys and the blocking
positions are the intersections of streets and alleys
with' the perimeter of the area of uncertainty. Geo-
metrical problems can be reduced further if infor~
mation exists about the quadrant and dominant di-
rection of flight, Naturally a knowledge of the entire
area involved is of great importance in all “hot
search’ tactics, -
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Search Theory Considerations

The outceme of a search of an area for suspects is
described in terms of the probability of arrest. This
probability is the result of the joint occurrence that
the subject is detected by a searching unit, that the
subject is identified as the individual being sought
and that a physical arrest is made. In order to make
use of the probalistic concepts in estimating how
many searching units are needed to yield acceptable
probabilities of success, it is necessary to state the
probabilistic events in terms of quantities that are
physically measurable.

Let P be the probability of successful search, identi-

fication and arrest of a suspect; then:

Pd = Conditional probability of detection given
search in a suspect probability area—SPA.
Pi = Clonditional probability that the suspect will
be identified if detected.
Pa=Conditional probability of physic il arrest
given identification.
These conditional probabilities can be computed
as follows:
(a) Pa—TIt is assumed that the conditional
probability of physical arrest given identifi-
cation is nearly unity. Some possibility exists
that the subject will break free or that one or
more subjects will escape in a multiple arrest
situation.
(b) Pd—This quantity is related to the de-
tection Jaw that governs a policeman Je ect-
ing an individual in his immediate vicinity.
In general, the eye is the detection device
although on occasion aids such as dogs or
night vision devices may be used. The most
cormmon situation, unaided visual detection,
may be described to a first approximation
as following a definite range law.

The definite range law states that all targets existing
within Range X of the detecting unit will be detected;
none beyond Range X will be detected.

Studies of the process of visual detection have pro-
duced empirical methods for estimating detection
range in terms of contrast between target and back-
ground, relative elevation of searcher and target and
the extent to which smoke and haze are present.
For street application, it is important to know contrast
and whether the search is a daytime search or at night.

Each searcher will be able to search area of Qxrt-fma’
where X is the effective detection range

T is the duration of search

r is the rate of search

90

&

A single search unit, searching for time T wil § A

search a fraction of the total SPA, 4, given by

QartA-mAt Pd(2eri-ma?) <4

Assuming the definite range law, the above is aly |
the probability of detection for a suspect who may be §1

located anywhere in the area. When n units are search

ing, and under the assumption that there is no ap: g1

preciable overlap in their search; the Pd is estimated
by

sarpmyt) P vhen riritm<d
4 1 when n@xrt+mx?>A4

The same relationships hold if the problem is con-
sidered from the standpoint of the criminal and if he

uses his detection range of the police to avoid contadt,

If X!, the criminal detection range for the police, s
greater than X, the police detection range for the:
criminal, the criminal can avoid detection waiess the
searching units are coordinated so that it is impossible
for the criminal to stay outside any of the polic
detection circles.

It should also be pointed out that criminal attempis

to use radical evasive actions may serve to call ak’ 4
tention to his presence; this increases effectively the 7

value of the police detection range X.
2.4(c) Py

The probability of identification of a suspect de f
pends critically on the nature of the information. I‘, 3
js particularly important that distinguishing infor {
mation be obtained. A person in bizarre dress o :;,f
employing a distinctive automobile for escape maybe i
identified simultaneously upon entering the detectior =
circle. In other situations, identification may be po& i
sible only by searching the individual, This actre {
quires the searching unit to approach the suspect and
expend some time in the search. Time expended it »f

approaching and interrogating suspects is time lo

from the basic search, so the formulae in the preceding
i . %
section must be corrected to account for delays due

to “‘false” targets.

Let (¢f) be the time expended in search of {1
nonproductive street stops. The effective covers |

then becomes
n2xr(t—mty) +wx? ‘
A =P

if all searching units are similarly deployed, This co*
rection is valid if (mf;) is smaller than . ‘

a9 o A A T

et gt
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When the total of (m¢,) approaches (¢), the searching
unit becomes immobilized, and the patroling officers
can investigate only a fraction of the targets detected.

Field Measurement of x

The range of detection, (x), will vary with the local
environment, presence of other people, location and
number of obstructions, etc. Clearly, no single number
describes (). At the same time, some method of esti-
mating searching force requirements is desired. Quan-
titative estimation of force requirements depends upon
knowledge of physically measurable quantities.

Consider the following experiment, By interview or
by actual field test, obtain estimates of the distance
at which 4 suspect was initially detected. Use as large
a sample size as possible. Divide the sample into those
searches occurring during daytime and those at night.
Subdivide the sample further to account for major
factors that would affect detection capabilities, such
as night-street-crowded vs night-street-empty.

For each environmental category chosen, form a
frequency distribution of the initial detection occurring
in 0-10 ft., 1020 ft. and so on, out to the maximum
reported detrr¥on range. The result could resemble
the following hustogram (Figure 4-23):

Plot the cumulative distribution frequency of de-
tection by range (Xi) where (i) refers to the range
interval. (See Figure 4-24.)

It 1s expected that the cumulative probability of
dctcc‘txon curve will approximate a rectangle if the
definite range law applies and if the conditions that

existed when the sample points were chosen were
rcasgmably common to all. An operational approxi-
mation of the average detection range for the specified
conditions is the abscissa corresponding to the ordinate
of Probability of Detection of 0.5. Determination. of
the appropriate operational detection range under
the different conditions that can be expected is the
first step in designing. search tactics and computing
forces required to execute the tactics.

The blocking geometry is determined by the speed
at which the criminal flees the scene of the crirdinal
event, V/;, and the time-late 7. In this contéxt, time-
late has a different composition than is commonly
e‘ncountercd in police tactical doctrine. Normally,
time-late is measured from the time the criminal
event (#) occurs until the first investigating officer
arrives on the scene. In this present case, time-late is
measured from the time of commission of the crime
u.ntil most of the blocking force can be positioned.
Since this positioning of the blocking force will involve
summoning of police resources from points away from
the beat of occurrence, it is to be anticipated that
this elapsed time will be greater than is experienced
in the immediate response to the victim.

Since both the perimeter of the area of uncertainty
and the enclosed area that has to be searched both
deperid on the magnitude of time-late, as read in this
context, it is desirable to develop operational pro-
Cf:dures that minimize the time response for po-
sitioning the blocking force.

Time-late will have to be established on the basis
of experience. Flight velocity can be estimated from
knowledge of traffic conditions in various parts»f the

Figure 4-23 : Range of Detection, x, in ft.
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of
Obs, d
C
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a
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city and at various times of the day. When flight is on

foot, the sustained rate would be about three mp1.1. _
When information about the occurrence of a crimi-
nal event is delayed (The victim does not call police
immediately.), this delay must be added to.the time
_ required to position blocking forces. Delay mcrea§ed
. the perimeter that must be covered by the blocking
force as well as the area to be subjected to hot search.
In practice, it is considered that.a family’.of tem-
plates corresponding to different values of. tirfxc-late
could be provided the dispatcher to assist in’ po-

sitioning of the blocking force. ' o
In Operation Blue Fence, the force requirements.
to set up blocking positions for the quarter-ellipse
were depicted on a table. Entries on the table were
determined by placing the ellipses that determined
“the SPA oa a map and counting the numbers of
intersections of streets with the edge of the elli;}se.
The region of the Second District chosen was typical
of the residential areas lying east of State Street.
Force requirements will vary in various parts of the
city, depending on the size of blocks and the-presence
of diagonal avenues, such as Milwaukee Avenue, .

Intersections of alleys on the edge of the ellipse

also represent sites where blocking units might be.

stationed. However, it is assumed that ad¢q34t¢
coverage of streets and flanking alleys can be obtamed
" from one two-man unit. The table used in Blue Fence

is shown in Table 4-39.
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Table 4-39

Unit Requirements for Blue Fence on F,unctiot} of Speed of
Escapy and Time-Late for Quarter-Ellipse i

ﬁdt Search: ‘Biue Rake’

Miies per hour Minutes Un;ts
3 15
5 5 4
3 15 ';
10 5
15 15 9
5 15 _ g ‘.
3 30 .o 11 s
10 ' 15 . 16
5 30 15
15 s 24

Once the bldcking force is positioned at the pe - :

rimeter of the SPA (Subject Probability Area), the
next step is to ¢commence methodical search of the

SPA.

the kind of environment. A form of general ared.
coverage, for example, would be appropriate foriopcn
areas such as parks or vacant land. In the builtup
arcas that consist of single-family detached homes .
search tactics would have to include yatds, alleys and
outbuildings, such as garages. Searching units should

be pairs of men in order to provide mutial support. .

and to prevent the suspect from eluding search by

moving through side yards not covered’ by Pohcf?ﬂ,

Tactics for carrying out the search will vary with g

One important aspect of search is that the actions of
the suspect are constrained so as not to arouse sus-
picion. Thus he only succeeds in drawing attention
to himself by running or by driving fast.

Dense neighborhoods consisting of row houses or
connected store fropts present an easier search problem
than does the detached single-family dwelling neigh-
borhoosi.” ‘There are no interstitial spaces between
structures. However, if the suspects are able to invade

premises or move through coanecting basements or |

over roofs, the region becomes very difficult to search,
and it has all the properties of a sanctuary.

In the sanctuary situation, police effort is concen-
trated on making contact with residents in the hope
of obtaining information on the identity or where-~
abouts of the subject. Willingness of inhabitants of a
sanctuary-like area to assist the police with infor-
mation is a direct measure of the effectiveness of the
various public relations and community support pro-
grams. It is anticipated that the on-scene commander
with knowledge of a particular area would know to
what extent search should be attempted in a sanctuary
area,’

A method by which the operational probability of
detection can be calculated from observed data will
be discussed in connection with development of pre-
ventive patroling tactics. ,

The necessity to stop and interrogate individuals
detected during a search slows the effective rate of

_coverage in an area. In crowded areas, an even more

significant effect is that many individuals may be de-
tected but escape inspection or questioning because
the searching units are busy with other subjects. In
many cases, it may not be feasible to detain passers-by
uniil they can be examined. -
Continuing with the effort to obtain quantitative

* - guidelines for estimating forcés required for a given

assignment, it may be worthwhile to review the infor-
mation available in an area or about the interrogation
process that has been or can be measured. One method

-of estimating searching unit requirements is to regard

the process as a gueuing problem similar to the one
used in designing the response force. Rationale for

the approach is this: \ '

The act of interrogation or stop-and-frisk may be.

thought of as a service performed by the searching

unit. It is possibie to obtain the-service time distri-
bution by observing street stops. It is also possible to

3 discover in various areas and at various times of the ~
- day the number of people enrcute as a- function of

time, Thys it is possible to obtain arrival distributions.
X ?f the searching unit is considered as a single server,
1t possible. to: calculate the delay that the citizens

N

on the street will experience if they are forced -to

await interrogation. If it is infeasible to have peaple™*

wait to be interrogated, the probability that a person
on the street will have fo join a queue and hence be
lost can be estimated. In this latter case, the efficiency
of the search is estimated by the probability that the
encounter cannot end in interrogation.

Force requirements to carry out any predetermined
level of search can be calculated by considering each

. additional search unit as a parallel channel. The effect

on efficiency of search of various policies concerning
the length of the queue that will be allowed to develop
can be estimated from the queuing approach.

If the observed statistics concerning rate of en-
counters and the service time distribution' fit the case
of Poisson arrival and negative exponential service,
the standard formulae can be used to estimate s¢arch-
ing force requirements. Computer simulation of the
multi-server case is readily carried out for cases in
which the arrival and service statistics cannot be
approximated by simple analytical expressions.

Time is of the essence in positioning the blocking
units. Efforts should be made to erect the barrier
simultaneously with the dispatch of the beat car to
respond to the victim. Undoubtedly some procedural
changes will be required in the Communications
Center. The question is whether the disadyantages of
tying up a Zone Operator for a few minutes are offset
by the increase in the probability of apprehension of
the criminal. Under what conditions is it effective to
institute blocking procedures? '

The discussion in' the previous section showed some
of the geometrical considerations. Under some situ-
ations, it is conceivable that not only the direction of
flight but also the quadrant may be surmised from

knowledge of the areas. For example, it has been noted -

that high incidence of robbery occurs in areas con-
tiguous to public housing projects. It has been sug-
gested that the housing project acts as a sanctuary for
the crimihals. The orientations of blocking patterns
should fake this into account. ' »
Although several search alternatives. may be set up
for experimentationn or implementation, only two
(Close Control and Broadcast Control) are discussed

. ‘here. - Prior. to-'experimentation or implementation,

the coordinated hlocking tactics would be-explained
to all Field Forces which might participate. To mini-
mize interference with this assignmeént,- }0-12 units
might be alerted to expect blocking force duty at the
beginning of the watch. Time could. be saved by
calling an alerted unit, giving him the blocking po-

-sition assignment  and having him receipt for the

assignment after he is in position. There is risk that
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the unit will miss the call and the blocking will not
be completed.

Close Control (Alternative 1) requires these pro-
cedures from the Zone Operator at the Communi-
cations Center:

1. Zone operator obtains time, place, brief descrip-
tion, direction, and method of flight for use in
flash message.

2. Zone operator assigns beat car to respond to
victim, obtain amplifying information, and com-
mence hot search in immediate vicinity of crime.
Do this on Zone and Simulcast.

3. Zone operator selécts appropriate blocking tem-
plate. Selection based a priori estimate of how
long it will take to position the blocking force.
This determination will be based on experience
and general knowledge of travel time in affected
area. :

4. Zone operator consults line-up of motorized
units from District T'actical Units, Task Force,

Detective, Vice, Umbrella beats and Squadrols

available in the zone.

After the blacking pattern has been established, the
responding beat car issues any amplifying  infor-

mation, and the on-scene commander initiates hot

search by using the responding unit, by contracting
the blocking perimeter and by using other mobile
units that may be available in the area.

Broadcast Conirol (Aliernative 2) takes into consider-
ation this situation: At time of peak loading it may
be infeasible to tie up the Zone Operator to position
blacking forces, or insufficient blocking units are avail-
able. Then it may be useful to modify the Close
Control process. In the Broadcast Control operation,
the zone or city-wide operator gives the position at
which- blocking units are desired. He uses an ap-
propriate template. The blocking positions are filled
by casual units as they report. As time passes, and the
area of uncertainty grows, the dispatcher. should
select a larger template and give the new dimensions

- of the area of uncertainty. It would heip for mobile
units to be equipped with maps and grease pencils to
assist in maintaining a working plot of the developing
tactical situation. » A

If any new information Is received zbout where-
abouts of suspects or direction of flight, such. infor-
smation can be used to update, contact or shift the
SPA. Provided there are adequate .blocking and
searching units, and provided that they can be repo-
sitioned, information update is equivalent to reducing
time-late. In this manner, update will lead to concen-
trating the search in “profitable”-areas.

04

Since it is likely that those interested in systems

applications of these techniques, the Operations Task -
Force suggests standardizing nomenclature along these

lines:

Operation Blue Fence (Containment exercise).
Operation Blue Rake (Search of the SPA).

SPA (Suspect Probability Area).

Sanctuary (Area virtually impossible to search).

k3

A great variety of ellipses are available in standard
templates. However it is more likely that experi.

menters will want to develop a standard template to

fit their local map scales and assumptions or to con-
struct templates on demand. Directions for construc-
tion of an ellipse are included here to avoid a niggling
search through elementary texts.

. Locate foci sn major X axis of ellipse.

. Cut string doubled at length.

. Attach ends at foci of ellipse.

. Trace ellipse with grease pencil in bight of string
stretched tight. =

. Cut out transparent acetate template using con-
structed ellipse as a pattern.

[ I N
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CHAPTER &

THE PREVENTIVE PATROL FUNCTION* R

In structuring the problem of allocating patrol
resources, attention has been focused on three princi-
pal functions: Response, Preventive Patrol and the
Investigative  or follow-up function. Methods for
allocating resources to carry out the response func-
were discussed in the previous chapter. The resultant
allocation can release . manpower resources  for
specific assignment to the Preventive Patrol function.
These resources, termed the Preventive Force to
distinguish their employment conceptually from other
potential uses of resources, can be allocated so as to
maximize potential results, ,

For purposes of analysis, the assumption is made
that these resources would be deployed against the
serious crimes, felonies that are most susceptible to
detection and prevention by the police. These crimes
are robbery, burglary, and auto theft. _

This chapter is particularly important in that it
represents an-attempt to develop analytically and
quantitatively based methods for the use of resources
that are freed for preventive patrol. Much remains
to be done. in developing the theory of preventive

" patrol. The ideas and techniques presented. res.ult
from spe‘é'iﬁg){éeds that were perceived in conducting
. studies of bus robbery, street robbery, and task force
activities. The methods reported in- this :chap?er are
increasingly significant when evaluating major re-
sults of the administrative experiments carried out in

the 14th District. P

Providing meaningful mission assignments for the
specially identified preventive patrol units referred
to as strategic patrol units in -Chapter 6 proved
difficult. It is noteworthy that the St. Louis Police
Department - encountered  the - same - problem in

implementing the split-force concept.. - :

The system model .of the crime control function

shows a comprehensive model of: crime control. The -

model is not all inchisive since ecrime . control ac-

*Principal aﬁtho;s: David G, Olson, ‘Walter Strauss, Sgt.
' Donald Clem and Caywood-Schiller Assaciates.
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an individual must then decide whether or not

*  tectives may be undertaken as follow-up. Preventt?

B

tivities of the criminal justice system and other parts

of society are not included unless there is 2 definite ;7
interaction with the police. Chapter 3 discussed thiy. -

model in greater detail and also offered a conceptua ' . :

model for the overall criminal justice system.

Certain social, psychological, economic and en- .
vironmental variables generate or maintain indi-: -
viduals in the population with a potential for criminal. *
action. These same variables create states of the e

for the member of the potential criminal population,
The environment also alters the distribution of gain - ;
in time and space. As an example, the price of 1. )
Corvette is considered a state of -the environment:
that provides a measure of gain to a criminal 4
Corvette is more valuable than a Corvair. Statesof © :
the environment also place the Corvette in an em-
ployee parking lot between the hours of 0900-1?00
and in a residential area during the late evenin
and early morning hours. States ‘of the environmeat . |
are beyond the immediate control or influence of tht -
police system. The conceptual model also account;
for crimes of passion, or crimes committed for psy-
chological reasons. In these cases the gain is probablj -
best described as emational rather than material. ’
Given a state of the environment that offers a gait,

commit and to execute a criminal event. Thve':dif"
tinction between these veceives elaboration later, T
criminal event can be directed initially agad
propefty, as in burglary or theft, or against p'er‘S.Q“s- :
as in rape or murder. In either case an individi
becomes ‘a victim. Unless the police detect ﬂ“ 5
criminal event, this victim, another individual, orat: «
alarm system must report the crime in order for the.
police system to respond.. i
Response to a reported crime is isually handl

by the beat patrolmen. Later, a cold search by &

patrol, however, is neither response nor follow-up- P ©
ventive patrol is detection of the criminal, if Pfﬁv‘?“

bility

g tive "patrol‘ failed to prevent the criminal event,

without * the alerting by an individual or alarm
systent. , , ,
Figure 5-1 shows two decision points for an in-
dividual: the decision to commit a crime and the
decision to execute a crime. The decisions can occur
simultaneously, or days apart, depending upon the
criminal and the crime type.
~The decision to commit a crime is undertaken
“}I‘hen the state of the environment produces am
épportunity which an individual perceives as g

. chance for material or psychological gain, The de-

csion to. commit a crime is alsn affected by the
individual’s estimate of the likelihood of apprehension
and punishment, or deterrence, Past success in making
on-view arrests by the preventive patrol force can

-+ act as a deterrent at this point, hence, the on-view
¢ arrest is seen as an instrument for crime prevention,

Deterrence is shown as an output of both the

! police and the courts and correctional instututions,

. i The perception of risk could be based on prior ex-
vironment that provide some type of perceived gan. -

perience, knowledge of the criminal justice system

! or a unique and possibly distorted sense of the Sys-
- tem’s effectiveness. The decision to execute the

criminal event is affected by an immediate percep-

tion of deterrence and the relative ease or immediate

* availahility - surrounding the commission of the
: criminal event. In summary, the decision to commit
+ acrime depends on an individial’s ¢ priort assess-
. ments; the decision to execute a crime depends upon
the-individual’s assessments of deterrence and availa-

: bility in the immediate time and space surrounding *
| the imminent criminal event.

‘Preventive patrol units must alter the immediate
availability or the immediate deterrence: factors so

i }that the individual decides not to execute the crimi-
. nal event. Failing’ this, preventive patrol must detect

and apprehend the criminal, This latter action, is

i assumed to alter an individual’s perception of deter-

tence 5o that the individual, or ‘other individuals’

¢ learning of thig result, will not decide to dommit a

crime in the future, ,
The state of the environment provides opportuni-

- ties Qharacterjzed in part by the degrees of availa-
Or ease of committing a criminal event. Ag an .
- ©Xample, a derelict sleeping in an ‘alley offers more
| Mmediate availability for committing robbery than
- @ man walking down a well-lighted street. A corn-

. mercial establishment with an unlocked door after

}I‘SW'CSS hours offers more immediate availability
an 2 securely locked establishment. Immediate
Vailability represents specific invitations to commit
fnminal evenf;— - B R :

Deterrence comes in two parts: immediate deter-
rence perceived by an individual about to execute a
crime, and deterrence based on an individual’s
overall perception of the criminal Jjustice system which
determines whether or not he will decide to commit
a crime. In both cases deterrence is the perceived
risk of punishment or personal injury. Technically,
the courts and prisons punish; so the police can only
increase the perceived risk of punishment by in-.
creasing the perceived risk of arrest. On-view arrests
by preventive patrol units are assumed to increase
the perceived risk of arrest, and are therefore con-
sidered a valid objective. Certain criminals, such as
-armed robbers, must consider the police c‘éxpability
‘to inflict injury or death since this criminal type
sometimes provokes a gun battle,

~Arrest constitutes a long term deterrent if the
remaining parts of the criminal justice system (the
prosecuting agency and the courts) promptly prose-
cute, convict, and sentence the criminals. This point
is important since police patrol can identify and
capture a criminal, but destroy the chance to con-
vict, by illegal stop and search procedures. The legal
procedures, then should pravide constraints on the-
proposed tactics ofpreventive patral. An improper
arrest often will result in release of the criminal
without any further action by the criminal justice
system. This result probably will not have a sufficient
deterrent effect on the Criminal,-assuming that the
processes of the criminal justice system can act as a
deterrent.
. If the courts and correctional agencies choose to
emphasize deterrence rather than réhabilitati(m, the
decision is irrelevant to the preventive patrol function
but not to the size of the criminal population. Re-
habilitation is mentioned to assure readers that it hag
been considered. , ; '

Tt is, however, a judicial.and correctional function.

According to the President’s Tt askForce report on.

corrections,! . “Such treatment ‘is often, though not
always, less burdensorae and unpleasant than tra-

~ ditional imprisonment. Rehabilftaﬁon efforts, there-
- fore; may to some extent conflict with the deterrent

goal of the criminal justice system.” Unfortunately,
little is known about the relative metits of deterrence
or rehabilitation in reducing the criminal population,
In the preceding paragraphs; opportunity, de-
terrence and rehabilitation have been discussed with
the intent of defining their use, The term “criminal -

" event” has been used more frequently than the word :

“crime.” Criminal event refers to a set of incidents
or circumstances susrounding a crime that makes
the criminal and the crime evident to the police
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observer. The police . observer might observe 2
burglar smashing a window to gain access, carrying

deterred youth from becoming first offenders, the
resultant saving to society would be enormous, At

R stolen goods or reacting to casual police surveillance any rate, it represents an area for action by preven-
te o = in a suspicious manner, In this case, the police ob-  tive Patrol units if the ordinances are in effect.
52 o 9 2 serve the criminal. Perhaps the sight of a parked car It secms reasonable to assumme that the police
EES AL 2 = ‘at 0400 in a commercial aréa, or a broken glass  effect on deterrence is maximized by increasing the
window, will alert a policeman to investigate further apparent likelihood of arrest for the criminal, In some
- 04 g k) _09" .4 and discover a burglaty in progress. In this case, the  restricted types of crime and with certain types of
§_ 3 ‘:% ke 8- EBEE ¢ police observe physical circumstances surrounding  criminals (professional bank rcbbers), - the police
Ey ZE2ol}|RwEwn i -the criminal event and are thus led to detection of capability and readiness to wuse weapons affects
, the criminal event.’ Since the response time is mini- - deterrence. Unfortunately, the apparent likelihood
‘ i / mized by police detection, the probability of ap-  of arrest does not deter all types of criminals. Chicago
r '?I“ R | < - prehension of the criminal is very high, but not unity., police clear more than 90 percent of .the murders
I g i 3 ? % A 45-year-old policeman may observe a l4-year-old  and 70 percent of the rapes, yet police universally
RSEPORY ISy AR| S g i Y g snatch a purse, but the ensuing foot-race may be won  regard these crimes ag nonpreventable.
Y r | i 3§ & o t = + by the 14-year-old. ‘ Another aspect of deterrence concerns how great
s i Tl 7| e g ¢ A Biitish study® uses a different definition for  the Iikelihood of arrest appears to the crimipal. If
% = | E | - g + § detection. The reason is operational: “, | .in all cases deterrence s relevant, perventive patrol units can
) o g a .l g = : L ) i 3 cavered by our data, whenever a crime was dis-  use different methods to increase the perceived risk
2 $38 z 9 -1 ¢, 8 | o covered by the police, it was always cleared up by  to a criminal, As an example; the police can an-
£ oL o= i 2 = lé i the reporting officer, if it was cleared up at all.”  nounce that an area will be covered by a number of
£ | . For purposes of eventual simulation, the Operations  men in plain clothes. Unless a great deal of publicity
"g ~TTTTTTIETTTr "~ Tagk Force model wishes to isolate detection of the  or success (on-view arrests) accompanies the . influx
A 02 . criminal event from apprehension, of plain clothes officers, the tactic probably would
o fg: ig ig g‘-; ¢ The role of Preventive Patrol units centers on  not increase the perceived risk to a criminal. The
;_‘—f L= <-32. 2 5 gxﬁ ; immediate availability and immediate deterrence. same number of men in uniforms»might Increase the
£ 15 :S S b £ %'g ' 5 Specific actions which reduce immediate availa- perceived risk since the revisit-time of a patrel would
% §'§ £Ens e * bility are premise checks, removing incapacitated  be cut. If, however, uniformed pqﬁce do not have
G - \ | persons from the street and enforcement of laws or success in making arrests, they will not deter crimi-
'-g o or city ordinances, such as thase forbidding motorists ~ nals either. '
£ 9 - " from leaving keys in the ignition of untended cars. ‘The apparent likelihood of arrest eventually be-
% - 5 & " -g :Cities and states can pass regulations which limit'  comes a function of both visibility and effectiveness.
n 9 o 5£%§ . ‘immediate availability and long-run opportunity  Even if the mathematics of detection and search
. & a g-* 382 : for a criminal event by fining the potential victim. theory show a Iow,probability of arrest, a few pub-
U . ) Such a person, for example, might be the individual licized arrests couid increase the perceived risk to a
"2\ ER o + »Who leaves an expensive camera in plain view on his * criminal over the actualrisk, - e
5 2 ;ocar seat. Such ordinances could permit definite The final role of preventive patrol is dctcc’tionhqfv '”
- ;E’ 5 8 . ?A.:PI‘»CKCQtiyf: police action. Otherwise, police can affect criminal events. At least one source does Qot:agrée - <
. - . s = ! availability only through education of the public to  that this, falls in the category of g:gime“'prevm‘tioﬂ; R
' / , £ 2 © the risks of negligent actions. o authors-of the British study? speak. of detection as a
, :§ % Re_diicing availability-opportunity as an approach . “good result” “of police activity, ‘but thén they state,
- ‘% 2 O - to crime prevention might strike some scgments of  “detecting crimes and arrestix‘xg. or reporting the ;
2 E s ‘ S?le?ty-as highly unreasonable, The point of men- offenders ‘is, in some ways, similar to Preventmg
= 2 k= | toning this method is that it does exist-in practice  crimes like the possession of housebreaking imple-
s z g i a.nd in theory as one of the options for crime preven- ments, since detecting a erinte seems' to havi little
& - é 5 tlor;x. Citles, for example, often have a park curfew value in itself, the value being in the crimes pre-
E ; which is” directed toward the prevention of crime, vented. Crime detection, as such, does not, therefore,
U Som}?‘States will give a citation to the owner of a  appear to be a valid outpot to include in our measure,.
- I | Stolen car if the Police discover that a key was left  and it is rather the crimes that are prevented by
8 -~ ! - n the ignition. Insurance companies penalize cus-. virtue of detections that should be incorporated,”
- 228 i l tomers who provide ample opportunity to criminals; 'If one does not consider on-view arrests or de-
. ?5?8- %ug‘ . - the Companies' raise premiums or deny coverage tections as valid output to measure effectiveness, the
:,6‘3. §§§ i ' altogcﬂl‘t?r;’ If reducing the immediate availability = crimes prevented (perhaps deterred ,or’postp’oned)
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is the desired output. Unfortunately, this number
seems difficult to measure. Apprehension is not
considered here as a valid output of preventive patrol.
Apprehension of a criminal does reduce the at-large
criminal - population, however, and provides cor-
rectional institutions with a chance to rehabilitate
this. particular criminal or to deter the criminal
population general by its treatment of the particular
criminal. On-view arrests can also - increase the
criminal’s perceived risk of arrest and; hence; act as
a deterrent for future crimes.
- Many cities, in addition to Chicago, have specia-
lized units devoted to preventive patrol. In a larger
sense, the entire police system is supposed to prevent
crime. The arrests' resulting from the investigative
efforts of detectives add to the overall deterrent effect
of the police. This latter type of response, however,
is not universally effective against all types of crime.
Crimes against property, when committed without
human observation, have very low clearance rates.
The role of preventive patrol units in these crime
arcas is to appear as an effective detection and ap-
prehension system. In addition, the units can lower
‘the immediate availability of a location by con-
spicuous and effective premise checks and by edu-
cating potential victims to the threat. ‘
- Preventive patrol units are aimed at the prevention
of visible crimes, such as those committed on

streets, in public conveyances and in areas where

police can patrol. Beat. cars, responding to calls for
service, do not have enough continuously available
time to execute effective patrs! plans. Tt is not claimed

that only special units perform preventive patrol, but -

but it may well be that effective amount$ of preven-
tive patrol can be administreed best with spicial

units. . - ] ) e

S, Lo L s LT . N
- S e Vo,

Preventive Patiol Activities . - e

The term Preventive Force includes,  in gej‘xi,éral,
all police field resources in’service that -are: mot
specifically designated to respond: to calls for service.
In Chicago, the preventive force is composed ‘of the

Patrol Division Task Force, District Tactical Units, -

Patrol Division resources assigned to police districts
while they are on preventive patrol and of elements
of the Detective Division and Vice Control Division
wlien they are in an unassigned status. In this chapter,
specific attention is given' the Patrol Division Task
Force. At the present time, the Task Force is; the
largest permanent comporent of the Preventive
Force. C .

The Preventive Force, as-its mame indicates; is
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employed to prevent crime. While the cutput of every
unit of the police department is' directed in some
manner towards the overall fight against crime
and, hence, crime prevention, units such as the beat
patrolmen and detectives usually respond to a crimi’
nal event. Ideally, this response will prevent future
crimes in some manner, but, has not prevented the

.criminal event requiring this response. The Preven- -
tive Force attemipts to prevent crime by patrolling an -

area, investigating suspicious persons or circumstances
and checking the security of likely targets of criminal
attack.

The goal of crime prevention is unquestioned;
however, it seems prudent to investigate types of
crimes, locations of crimes, and legal restrictions
associated with preventive activities of police units,
The Preventive Force, represented generally by the
Task Force, performs patrol. The Task Force patrols
streets, alleys, parks, public buildings and other public

3

‘weapon and examine the interior of a car if he sus-

.- pects imminence of deadly attack. People and

SRS G el e s S e L

arcas. While laws differ in various states, the police
i rence, the risk; as perceived by the criminal, of

are generally restricted from patrolling private areas
unless there is strong evidence that the law is being
broken or a clear danger to life exists. Under these
circumstances, however, the police are responding to

a criminal event, not preventing it. Thus, the crime - °

prevention role of the Task Force is restricted to
public areas which can be viewed by police in a patrol:

car.
Crime prevention by a Tasl: Force unit is directed

. toward street crimes such as robbery, assault, and

auto theft, or crimes which may be detected in prog-

erty are observed. The major crimes of murder and
rape are most often committed- in regions denied fo
police patrol. Most categories of white collar crime, -

such as tax evasion, consumer frauds, usury and:
© embezzlement, cannot be detected or preventedby.
“Task Force patrol. -Similarly, only the overt actians
- at the lowest echelons of organized crime, such as-

vice activity ‘arid narcotics traffic could be affected,
by preventive patrol.; Normally, Task Force units

event in progress. Some argue that this is not crime
prevention, but instantaneous response. This poin
will be discussed later. _ L

Task Force units can make arrests and claim that
the activity prevents a more serious crime. Examples
include arrests for possession of burglary tools, carry
ing a concealed weapon, possession of an unregistered.
firearm and possession of dangerous drugs or nar
cotics. - These arrests, however, require Stop and
search actions.

In Chicago, a police officer can frisk a person fora .

- . marked ‘cars and wear plainclothes, the emphasis is

- vehicles can be stopped if they fit descriptions of

persons or wvehicles involved in a reported crime.
Routine iicense checks and name checks during the
issuance of a citation for a traffic violation can also
result in an arrest if the vehicle is stolen, or if the man
is wanted. This type of emphasis on crime prevention
requires an aggressive patrol strategy of frequent
traffic stops, stop-and-frisks, and street stops with
license checks.. Since the high street crime areas are
often characterized by poor socioeconomic conditions
and populated by minority groups, some activities
associated with preventive patrol are viewed as har-
rassment by (¥nority groups.

If aggressive preventive patrol is not used, the Task
Force either relies upon visible deterrence to_prevent
crime, waits for a crime to occur in its presence or
responds to a reported crime to make an arrest. The
only mechanism of crime prevention becomes deter-

capture or injury by police.

What actions can the Task Force take?
‘.We have discussed aggressive preveritive ‘patrol
with emphasis on stopping suspicious persons and
vehicles. The Task Force could also conduct high-

* intensity patrol. This is a strategy which  secks. to

" ress when forced doors, broken glass, or stolen prop- .

| ofrequéng, .The police’ it

deter a Cfiminal by an’obvious display of intense
patrol activity where the patrol units used marked
cars and wear uniforms. If patrol units used un-

on arresting a criminal in the. act. If this tactic is

publicized, it may also deter crime in an area. High .

Intensity patrol has been effective, but .the number

~of units necessary limits “the area of coverage or the

amount of time a particylar area can recéive intense

-owergge. High intensity-coverage may be indre. ac-

Giptablejommomtygroupssmcg vehicle -stops witlh .
- 2ccompanylng: seareh “and, frisk, wauld ‘be -less
s. would. spérd -hiore time

RS S LI R R
. - . AR o .patrol_ and: wold th*ave. more .tl}rl,e;fér premise
~ are considered successful if they detect a crimina: : :

Checks;-. Atrests - for, carryig, concealed. weapons,

 Possession ofnaircotics, persons wanted on warrants,

ﬁ}rlld possible auto theft naturally would decrease. The
thoice between the two tactics may be dictated in

i E;xilcular cases. For instance, during periods of
l M . - ¢
¢ g7 racial tension, the saturation strategy with less

i

direct confrontation between  police and citizens

“ Woul ]
'Patro(,:ll. Prébably be less abrasive than aggressive

i(’ieA ‘third tyl?e of préventive patrol can also be
defntlﬁ?gl? It is a form of stake-out or fixed-point
“ense. “Foot “beats; ‘stationing police’ in subway

-

stations, guarding banks, and placing police on sub-
way trains and. busses are all examples of this type
of deployment. Foot beats are the most costly type
of deployment since the area of coverage is very
small, and the general usefulness of these -police
o-fﬁcers to support other officers in a coordinated ac-
tion is drastically limited by the lack of mobility and
communication. (The communication problem is
e'ased if personal radios are in use.) This type of
patrol can also change the emphasis from deterrerce
to arrest by the use of plainclothes officers. Phila-
delphia has used a random placement tactic of stake-
out teams at banks. The units operate in plainclothes
anc.l never announce which banks will be covered.
:I‘hf.s tactic has been successful in decféasing' the
incidence of bank robberies within the city limits of
Philadelphia..* The use of this type of déployment is
just.iﬁed only when the area offers a great oppor-
tunity to criminals or if criminals have repeatedly
operated in the area.

In the preceding discussion, three types of pfe—
ventive patrol deployment have been mentioned:
aggressive preventive patrol, high intensity patrol,
and a form of stake-out. The choice of deployment
depends upon the*number of ‘;S-éft'réfﬁnits available
‘police knowledge of criminal intentions, the type of
crime which the police wish to prevent or suppfess,

" acceptance by the public and whether the police, "
desire to “deter-icrime by a visible presence or by T

de.mqnstratimg-su(:c‘ess in capturing criminals "in'.4"
_criminalact, . P
‘ qup.etic_ion‘ for manpower exists withifi the.police
_department.- The establishment or eni’argehiéﬁt of a
preventive patrol force ‘must consideér -the” benefits
‘'to the police department, and the community, if the

- manpower were used-to increase the response force,
- the .detective force, police community -workshop

-efforts, or a non-police function with the city govern-
ment structure. Ideally, the material in this chapter
should facilitate an analysis of the trade-off between
the preventive patrol force, the response‘ force and a -
detective force to obtain the optimum mix of these
forces, The measure of comparison would be the
probability of arrest or some measure of crime deter-
rence. In addition, community service aspects of the
response force and the benefits of the recovery . of
stolen property by the detective force would. also
need to be considered when allocating manpower
a police department.

*The Evening Bullet;'n, Philaclelphia, Pa,, “*Stakeout Squad
4 Years Old; Rizzo’s “More Than Pleased’” 9 Sentomtos
1968, p. 13, Section B, . eo» 9 September
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Unfortunately, time did not permit field verifica-

tion of the patrol models discussed here. For this
reason, manpower tiadeoff between different usages
that are based only on:the probability of arrest could
not be determined. This suggests further work, par-
ticularly to permit structuring a resource analysis
budget. The analysis in this chapter should assist
in identifying trade-offs between different deploy-
ments of a preventive patrol force. In short, if a police
department either has a preventiize patrol:force or
contemplates establishing a preventive patrol force,
this chapter should help achieve maximum ef-
fectiveness, 'The -analytical » 3thods estimate the
probability of placing a polic’ . st at the same loca-
tion during a criminal event or immediately pre-
ceding a criminal event. If this probability is maxi-
mized, the police have the best opportunity to effect
an on-view arrest or to deter a criminal action. The
relative amount of discussion given each type of
deployment reflects its amenability to analysis' and
the amount of timre devoted to its study.

No attempt was made to assess the community
value of each type deployment. As a qualitative
judgment, departments should insure the adequacy
of the response force before structuring a. preventive
patrol force. For major departments, this chapter
provides a discussion and analysis of methods of
deployment which improve effectiveness.

DEPLOYMENT OF PREVENTIVE
PATROL UNITS

The Ghallenge of Crime tn a Free Soclety® states:

“Preventive patrol— thie continued scrutiny
‘of the community by visible and mobile
policemen—is universally thought of as the
best method of controlling crime that is -
available to the police, However, the most
effective way of deploying and employing a
department’s patrol force is a subject about
which deplorably little is known.”

The goal of this section is to state conclusions and
recommendations for the deployment of preventive
patrol units, The detailed mathematical develop-
ment and the resulting computer . .programs are
described in a technical section at the back of the
chapter. : :

The Challenge of Crime in a Free Society further con-
cludes that a patrolman would observe a robbery-
in-progress only once in fourteen years. A more
detailed "analysis supporting this - assertion is: pre-
sented by Blumstein and Larson.t

102

This result was based on a condition where crime 8
and police are uniformly distributed throughout 3 §&
city having twice the area of Chicago and a police £
force half the size of the Chicago Police Department, i

Without challenging the assumption of uniform
crime distribution, Chicago could anticipate a four

fold improvement based solely on area and the g

nuniber of police. :
- The point remains, however, as to a level of on- &

view arrests that police administrators expect when

forming a preventive patrol unit. The overall roleof &
a preventive patrol unit considers outputs other than
on-view arrests. When planning deployment, how- §&
ever, the probability of achieving an on-view arrest §&

should be maximized. The probability of space-time

coincidence or the probability of placing a preventive §#

patrol unit at the same place and time as a criminal
event should be maximized. No contradition exils}

the position is taken that this action will also provide J§
maximum deterrence, reduce response to crime in @
progress calls and place preventive patrol units in §
the areas most susceptible to police actions intended §§
to' reduce opportunities for criminal acts. Thus g
while the probabilities of space-time coincidence for &
representative numbers of preventive patrol units J§¢
will never be large, they will be maximized to im- &

prove the overall effect of preventive patrol.

MAXIMIZING SPAGE-TIME
COINCIDENCE

Coniputer simulation of a preventive patrol force g6

in Chicago was the tool used to estimate the proba-.
bility of space-time coincidence. The effort assumed

a uniform distribution of crime throughout the city &
and used simulation to determine the number o @&
“units in patrol status when a robbery was reported $¥

In the simulation, both actual times of a robbery and |

the actual number of units in patrol status were used B8 i
- likely rectangular cells for a crime occurrence, fol-

when computing the probability of space-tine g : i
1 i;)wed b.y ,z‘dlocatxon’ of men to these cells in 2 manner
] > Mmaximize the probability of space-time coinci-
nce, demonstrates a potential result, not an actual

- Tesult, This occurs b i

; L ecause assignments a

] }he basis of 24 re made on
information,
cells of the
Compute.: the
on is ‘i

0 the basis of actual criminal activity. Under these

- test condiie .
: tonditions, the potential value of the space-time

This is generally referred to as an exponential satu B cincidence

coincidence.

Analytically, there is a difference in the proba'

bility of space-time coincidence for units assigntd §

10 a specific sector or if more than one unit can patf"1 |
the same area. When specific sectors are not assigned, B 3
two or more units could arrive at a location at tht ¥

same time, This results in overlapping patrol activitf

~and a reduction in the probability of space-tint§

coincidence for the total number of patrol unib

tion law of detection. In this report, sﬁf}gc-ﬁmﬂf

coincidence rather théh detection is the Qutﬁﬁgbﬁ o2

e

B maximize the

to the'waly,

jective. For illustration, a comparison of the assigned
sector and the non-assigned sector methods is shown
in Figure 5-2. The dashed line indicates where liftle
difference exists.

The miles of streets and alleys in the section of the
city used in the preventive patrol simulation were
considered in the model for computing the proba-
bability of space-time coincidence described in the
technical detail. This simulation considered robbery
and the probability of space-time coincidence as a
function of the number of miles of streets and alleys
the assumed time that elements of a robbery aré
visible to patrol units, and the assumed speed of
patrol. As such, Figure 5-3 is specialized.

But it demonstreates that little difference exists
between the linear and exponential saturation laws
under these conditions. It also shows the probability
of space-time coincidence against the crime of rob-
bery as a function of manpower. As a reference point
the probability of space-time coincidence for twent;f
pat.rol units is shown as less than 0.010. If teq rob-
beries occurred in this region per day, the expected

number of space-time coincidences would be nearly
0:10, or about one every ten days. This number is
given for comparative purposes; it assumes a uniform
distribution of crime and police.

Uniformity is not a very good assumption, A

» compufer program incorporating the exponential
sat.urg.tlon model for randoin patrol, a method for N
asigning patrol units to regions in a manner to
: probability of space-time coincidence. .
and a subroutine which groups eveits occurring in a;
iarger region into small rectangular cells is described
\:;tznigzeiglalym showed a tlustering of robberies
of the highest crime areas,

g Of three weeks grouped in approximately one-half
of the area,

high' crime areas of the city. In one
robbery data for a period

The grouping of crime data to determine the most

historical information—hence perfect
I'Xmore valid test would assign men to
highest predicted probability, and then
probability of space-time  coincidence

e With twenty men reached 0,0265 for
e Xegion, This value is not directly comparable

e obtainied from Figure 5-3 since they were ...

e

calculated differently. The values should be com-
p.a'rt‘d, however, when estimating the relative effec-
tn:cm;iss of preventive patrol in achieving space-time
coincidence using different deployments. In another
area of the city, the probability of space-time coin-
clxdence attained 0.0515, approximately five space-
txme‘ coincidences every ten days for twnety units in
sex:vxce.,More than tenfold improvement could be
gained by changing the size of the cells and the
number of units in each cell,

The relative increase in space-time probability
warrants attention. In some sectors of the city, cer-
tain crimes may not cluster. Preventive patrol units
sl}ould probably not be deployed in these sectors.
Sm'l.ilarly, preventive patrol may not be effective
against certain types of crimes which do not cluster
in space.

TYvo probabilities enter into the allocation of pre-
ventive patrol units. One is the probability that a
crime vyill occur in - a particular region, and thé
sec.ond 1s the probability that a preventive patrol
unit will achieve space-time coinciderice when pa-
trolling the region where the crime occurs.

The allocation of men against street rohbery and
the allocation of plainclothes bus riders against bus
robbery was considered, The first instance concerns
allocation of men to likely cells of criminal activity
lelere the probability of achieving space-time coin-
cxd.ence in a given cell is dependent on the number of
units in the cell. In the second instance, space-time
coincidence is achieved only when a rider is on a
bus when the robbery occurs., The problem in bus
rob‘be.ry concerns the choice of the targets to protect,
This is a typical fixed point defense. In the street
robbery strategy which uses random patrol’ units,

_Space-time .coincidence is not guaranteed even if

units ‘are in a cell where a robbery. occurs, The
method for deploying preventive patrol units is given
below:
. (1) Rank the probability of a crime occurring
in a specific sector, bus, location in decreasing order,
(2) If a stake-out (bus rider) is used for this Jo-
cat.ion, multiply the determined probébility by
unity to obtain the probability of space-time coin-
cidence. 4
(8) If a sectar or cell is to be covered by random
patrol, use the probability determined by a pro-
gram similar to the one presented here, The
pr‘obability of space-time coincidence cari be ob-
tained, given that the erime occurs in the sector,
and given a specified number of men - in patro;
status. Muitiply the determined probability by the
probability of achieving space-time coincidence.
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(4) Rank the products computed in (2) and (3)
in decreasing order.

Deploying preventive patrol manpower to the
places in order of this ranking will result in. the most
effective placement of men to maximize the overall
probability of space-time coincidence. In addition to
considering effectiveness, - a police administrator
should consider the importance placed on specific
crimes by citizens when prescribing deployment.
While citizens regard murder as the most important
crime, it cannot be significantly affected by preven-
tive patrol. Therefore, the police administrator should
consider only crimes amenable to patrol when weigh-
ing his allocations by citizen reaction. The scores for
different crime types are taken from Selin and
Wollgang’s The Measurement of Delinquensy® which
used a survey of university students, police officers,
and juvenile court judges to develop scores. For the
same amount of money ($10-$250) and with no
injury to the victim, the survey gave scores of 6, 4, 3,
and 2 for armed robbery, strong-arm robbery,
burglary, and auto theft (auto recovered undamaged),
respectively. Ranked probabilities of space-time
coincidence depend upon the type of crime. If the
- ranked probabilities are multiplied by the Selin~
Wolfgang score and then re-ranked, the result is an
allocation of preventive patrol units based both on
citizen concern and the ability of the police to achieve
space-time coincidence. ' ‘

The methods for allocaiing preventive patrol re-
sources discussed in this chapter were employed to a
limited extent in the study of Patrol Division Task:

Force Activity in- the First Area, in the study of

Robbery in the 2nd District and in the evaluation
of the effectiveness of preventive patrol during the
administrative experiment in the 14th District.

The near capacity commitment of computer fa-
cilities of the Chicago Police Department precluded
introducing additional computer programs to which
could furnish timely, periodic information relating
to clustering and ' geographic -transition of specific
crimes as well as to suggested preventive patrol as-
signment to the commander of the Task Force and
district crime coordinators. ‘

- When the Chicago Police Department obtains its

third generation computer, it will be possible to -

expand. the methods developed by the ‘Qperaiions
Research Task Force and provide planners with
necessary material to determine increasingly effective
- deployments, Thus, within abeut one year,  there
should be many opportunities to test efficacy of as-
sighments in the field.
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With the prospect of being able to provide the
necessary information at some [future time, the
evaluation scheme devised for the administrative
experiment in the 14th District takes on added
significance., One of the most important aspects of
the quantitative measure chosen is that it allows
comparison of patrol operations in a district pursuant ,

apparent likelihood of arrest to g would-be criminal
{deterrence) aor (3) detecting the crimihal event and
apprehending - the criminal, Different tactics of
preventive patrol would alter the emphasis given to

ic‘nown ’by the police, Non-reporting of crime is men-
loned. in reference,! and the amount of non-reported

crime varies with crime type. The National Opinion
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: ‘ : f weduce crin: @ © e units. The operationa} Sweep rate  stant. This means that . e 1 et con-
y comparing the amount of reported crime in3 written as: sible t ire diveatlys mnpones B e A
as w € 10 measure directly, - unle °ys. similar -
s 85 surveys similar to -

particular category to that of a comparable period. ; a N
In some crime categories only one-half of the actud: 5 - Qop = CA () ORC are undertaken for thig purpose.

district 4t other times. Such comparisons made weekly
could constitute a time series.

MEASURES OF EFFECTIVENESS

The criterion for selecting the best allocation of
preventive patrol resources has been the probability
of space-time coincidence. The reasons for selecting
this measure have been stated previously. In the
practical sense, the police are interested in whether f
they increase arrests or whether crime does down §
Citizens are interested in whether they are subjec
to a high risk of victimization. Within the police §
system, the preventive force should be allocated to
units which best reduce the victimization rate, which
is what the public is really concerned about, Lowering
the victimizatiogn rate may or mayv not involve a
increase in arrests; but it certainly involves a decrease &
in the amount of crime per hundred thousand of §
population (a measure of the victimization rate).

If attention is constrained to the preventive patrd
force, the measures of effectiveness center on the
number of arrests and the total amount of crime. The
police can only evaluate their efforts to reduce crimt g

crimes are reported to the police. A change in public _ - - NT- The reason for introducing Equation (1) is ¢
behavior concerning crime reports could potentially ¢ Where: ~ Propose a measure of effectiveness which cou 1e2
double the number of crimes known to the police, s i th.c observab.les of on-yiew arrests and reported.crli]me

Besides the problem of crime reporting, compat ® { - é’ _ fﬁ) crational sweep rate with the objectives of preventive patrol. Consider
v = the number of enemy contacts redefinition of Qop where e

sons from one period to the other on reported crist. A=
= the area searched

bt . R = T g C = Ny :
period is compared to the same period last year. 1t* = the total time spent by the search unit A= umber of on-view arrests,
: inarea A ; = The areas patrolled,

this case, the trend must be isolated. Usually, poli¢: t= ’
, ¥ T = The total time spent. by patral units in

ST N: thi o .
management wants to learn whether a change it : e probable number of enemy units in
ST ‘o e . . Com; lhc area, . i area A.
proceuure is beneficial as quickly as possible. Gofr.. Tos s . N = The amount of ,

. ) " . ;oo 5 y . : - ly) 4 3. - :
paring pre-change and post-change periods meril); uitn USI,nglthls equation, everything can be measured time Criol(llnT? reported - crime during
on the basis of reported crimme, then, has mayf. .:,q ¢ Pprecisely except N, the probable number of  and P area A,

s T : © . itne s ‘ of -
complications. . - 3Vaef11Y Units in the area. This number was based on e
Previous discussion of preventive patrol’ assﬁf“ﬁ ;ousintelligence estimates Qop = as befk
§ A st es. : op 7= o efore.
Wilar problem  exists with crime  statistics. - NT

that police initiative, or preventive patrol, can OC{
in basically three ways: (1) reducing the immedidt

olica
asica ays : el . know‘thc number of reported crimes in the
availability for ‘a criminal event, (2) increasing * .

2 The Atniusi e, The rati ; PP
‘hc“amo’unt‘ -of ‘actual erime, however, is not tio of G/N gives.an indication of the ef-

fectiveness of the patrol tactics in catching criminals
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The incorporation of the arca and thf: time ‘C:f pg:/xé)é
activity shows the cffect of pa,Frol unit c}cnsx Y]{qbility
the effects of reducing the Emtr‘lcdlatc. fzwa abity
and increasing the zzp)parf;ntl lxkijlf;l;(z:c;rz, r:;;:l .
ar in equation (1)—if the cliects are BT
gi)l;icght of t%c nature of rep.ortcd crime, A ;CL\}V\;EUZE
in reported crime N will increase ¢ o will o
increase in the number of on-view ax:rcsts. ‘oi o
effects of the threc activities of prevcnt'n{e. pﬂa?m, (\m !
increase the number, Qop, if the ac?xwtlg; mcrrtec,1
on-view arrests ot result in.a rcc}ucuon of replo e
crime. If a large shift is observed in Qup b.y ac :)2; bglgy
in preventive patrol tactics, .the change‘ 1sd p{: ;(m-
significant—cven if the ratio of reporte ,
sorted crime is changing. o
rel?f‘);x;cc::xact form of Qop can vary dcptmsthng‘;ﬂ‘upcc;nt
the intended purpose of ’the' measure. ‘If chl et;éd.
{actics for a given police district are veing ?VS'?rarcn’t
no numerical value of Al ne.CQSSary: I di com-
districts are being compared, or if Qop 18 being c:ﬁ -
pared to some theoretical model of a preven vs-
pa{rol scarch rate, a numerical value fo’r .Arlswnlecc':m
sai')'. The type of crime and the nature of patrol W "
indicate whether an area measure or a ‘mcas.\irlvc-1 =
the miles of streets and alleys is more relevant. : ?hc
“the ratio measure, Qops gives & box scor¢ resu t, e
aumber should be used with a separate enumcrad '
of C and N. This permits the reader to determin

Figureb=4 : Hypothetical Relationship

" Total Patrol Time,

(Reported -t~ Region
Crime)

| |

Linear

whether Qup increased as a result of deterrence o
on-view arrests. Also comparisons V‘Vlth large dif
ferences in the number of patrol units are suspec,

For instance, the deterrent effect is proba};ﬂy not a
function of the number of preventive pat[?l :
units, Suppose reported crime varied as shown i s

linear

Tigure 54 e -~
gA comparison of Qun's with T in the non-linca

dtv show a difference in§
range would not necessarily shc b eansing
the effect of increastng the i

tactics per se, but rather ne 1
density of patrol units, Unless N and T art kn%*@

to vary in a lincar manncr throughout a wide rang,
a compariton of tactics
the T*s ave close in value,

The measure of effectiveness, Qon :
e applied to specific crime categores, strong-ar
robbery, auto theft, etc., rather than ovcralll crime,
One type of preventive patrol, by nature of the {ime
and place conducted, . ' ve aga
one (I:rimc type and ineflective against another crxm‘cl
type. Testing this tactic by using figures of overa

' » sk its
reported crime could mask :
a rZ\inst one type. Of course, actions that deter burglas
cguldy also deter robbers, and the additional- bencft
would not be measured in this manner. .

It would be highly desirable to grapl} Qop_aT’l
function of T (the number of patrol units r; —{'l
could also be used as a parameter where t is the um

=

between Reported Crime and the

Non-Linear
Region

"

L1

T=nt

(Total Patrol Time)

should be done only when |

probably shoulf |

could be very effective againgt

particular virls

of search for one unit) in an effort to describe the
degree of improvements as a function of manpower.
This could provide estimates of marginal productivity
as-a function of the tactic and the manpower already
committed.

Preventive patrol forces also participate in other
police functions such as emergency responses, fast
reactlon to civil disorders, felonics in progress, and
the recovery of stolen property. The recovery of
stolen property is a measure in itself. Certain ag-
gressive patrol tactics which use traffic stops as a
means of initiating a personal and auto search for
weapons are also self-measuring, namely the number
“of weapons confiscated.

The measures of effectivencss discussed here deal

' specifically with preventive patrol units, The citizens

' of a community, however, may be less interested in
the arrest to crime ratio, or the percentage increase

| in.crime, than in the victimization rate: namely, how
- many persons per hundred thousand will be vie-
timized in a year, In the long run, preventive patrol
will decréase the victimization rate if Qo continues
to increase, In this regard, the chosen measures of
effectivencess for preventive patrol units are consistent
with a measure of effectiveness for comparing dif-
ferent communities.

To summarize, this paper asserts that preventive
patrol should decrease crime or increase on-view
arrests. The use of Qop provides a box score type of
a measure of effectiveness for these objectives. If
police management considers the recovery of stolen
property, or the confiscation of weapons important
ends in . themselves, their numbers serve as the
measures of effectiveness. If these latter activities
have any relevance to the commission of crimes, the
resultant value of Qg will reflect this relevance.

-0 MEASURE APPLIED TO THE 14TH
DISTRICT -

This experiment split the men assigned as beat
fficers into two forces. One force was assigned to
nsyver calls for sérvice in the same manner as pré-
ousty. The other force did not receive radio as-
goments from the Communications Center but

: i:COnducted preventive patrol. When the first force,
- the responge force, was not answering calls for service,

e Walso was supposed to conduct preventive patrol.

T=nt (Total Patrol Time)
n = numbevof preventive pairol unifs

t= amount of patrol time per uni‘l'
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: While the total time for preventive. patrol was ex-
. Pected to increase, the major difference was that

Some units spent all of their time on preventive patrol

e ";a M would thus I5¢ expected to be more effective.

A modification of Qg was used,

¢
Q =Xt

C was the number of patrol arrests, N was the .
number of reported crimes and T was the total amount
of time for preventive patrol activity. Arrests were
taken for all criminal offenses and also separated by
crime type—as were the reports of crimes. The Q
statistic was run for one week periods.

The total available time for preventive patrol was
computed by multiplying the total units assigned for
a twenty-four hour period by seven days and by
seven hours. The normal watch is eight hotrs, but
previous study in the district showed that lunch,
personals, and car service reduced the available time
of a unit by an average time of one hour. The time
out of service for answering calls is recorded and
keypunched on IBM cards each time a beat car is
dispatched. This has been a normal procedure for
several years in Chicago. The total time out of service,
as obtained from these records, was then subtracted
from the amount of available time. In formula form:

T = (units X 7 hours X 7 days)

— (Service time on calls)

Table 5-1
Q Values for Different Crime Categories®

Miscel-
Overall Serious - Auto lancous

criminal Robbery assault Burglary Theft theft criminal

1968 MEAN

78.938 61.047 270.646 40.441 66.859 31.852 102.229

1969 MEAN

84.386.50.186 205.571 41.792 64.636 34.918 118,355

1968 STANDARD DEVIATION

14.757 64.476 177.450 20.104 29.967 21.546 22.727

1969 STANDARD. DEVIATION )

16.098 70.657 112.110 25.645 34.096 18.195 29.626

* 1968 values are based on.a sample size of 11 weeks while -
the 1969 values ‘are based on a sample size of 12 weeks. The
values of Q are always less than unity in these samples. The
actual Q value is' multiplied by 102 for ' casier comparison.
There are 21 degrees of freedom, ) .
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Table 5-2 :
Analysis of Change in @ Values From 1968 to 1969

¢'Test Change significance
T

i - ne of  the changes
gzﬁgﬁ; t‘lmc» \' ?)g%gg Noc.:n .be considercdgas
Serious assault. . ... 1.0132 significant at the 5
Burglary .o eooererent <~0,1333 percent level,
Theft,assoaereveoesre 0.1581
Auto theft, ... ocovvrs —0.3538

iscellancous
Mzcs:i(r:xlxinal‘ e . =—1.,3903

Thus, Q is adjusted each week if unusual demands
alter the amount of time for preventive patrol.

For twelye weeks in 1969, the summer of the 14th
District experiment, Q was computed for overall
crime, serious assault, robbery, .thcft, auto thef?,
burglary, and miscellaneous cririnal offenses. (This

latter - category unfortunately lumps yarious crimes

such as criminal trespass with more serious CriMeEs
fraud, etc.) For

such as kidnapping, treason, arson,

correspondingpwseeis during the summer of 1968, the
same Q values were computed. The means and
standard deviations for cach Q category for 1968
and 1969 were computed. A Student’s t-test was’
used to determine if significant changes occurred
between the Q values of 1968 and 1969. Table 5-1
summarizes these Q value results and Table 3-2

gives the results for the Student’s t-test and the F»rat‘xo

tests.

The mean values of Q for 1969 increased over the

burglary, auto theft and miscellanieous criminal
categorjes. The Student’s t-test, however, doe.s xfot,
permit us to reject the hypothesis at the ?z% signifi-
‘cance level that no change occurred. Tlns same:re-
sult holds for those categories where the Q value of
" 1969 was worse than that of 1968. In short, the ex-
perimenter cannot assert that the different procsdures
of 1969 caused either an increase or decrease 11 the
Q values for any of the crime categories.

Table 5-3
£ Preventive Patrol Time for 12 Weeks in 1969

Ci arison o
A ome : and 11 Weeks in 1968

“Minimum  Maximum

T, average weekly weekly
hours per  Standard value value
- week, deviation {hours) (bours)
: ] 45 - 1255.72
69, v 100415 169.36 831.75
igsg. ...... 876.74 67,16 - 768.77 9B1.57
110 |

mean values of Q for 1968 in the overall criminal,

One of the major aims of the 14th District experi -
ment was to either increase the actual amount.of ;-

Table 5-5
Calls for Service by Category in District 14

; e i r intervals ‘
preventive patrol time, or 1o permit longe ervals . Serious

of time_ for specific units to COndf.ICt preventive Police period (1969/1968) Robbery assault Burglary Theft Auto theft mdgcoct::il

patrol. These two objectives were achieved. In 1953,’ g -
forty-six units were assigned for patrol dUty €V 6 34/ 31 33/18  209/174 68/ 72 173/119 523/ 417
twenty-four hours. In 1969, this numb«::r was forty- | g ....... PR Ve g(l),/! if 23/91 194/205 o 173/119 sy 417
nine. After subtracting the amount of tima spentby ;¢ = N R TR 24/24 2137162 e e 153/ 43
the units in responding o calls or service, 118 IWHAR Total (3 periods)......... 135/104 80/63 616/541 192/187 - 428/427  1,465/1,334
time available for preventive patrol increased by an .- o,

average of approximately 125 hours per we'ekq Tabke -
5.9 summarizes the comparison of preventive patra -
time, T, for 1968 and 1969 in terms of weekly vz.ﬁu\gg A
Since some of the units in 1969 were not. assigtied ‘
radio calls for certain time periods of the}'r wateh,
both the actual number of hours for prcver}tlve pairl | %
was increased as well as providing uninterrupted |
periods of time for preventive patrol. Table 5-4 show &
+he average number of arrests per week for' 1968 f’md B
1969. For the sixth, seventh and eighth police perxqus,
of 1968 and 1969, the calls for service in the 14t _

District for different crime categories. are 11st§d B farmests did mot imcrease, or if erime did not decréase.
Table 5-5.

S Asmentioned earlier, the statistical test on the weekly
“These categories do not all correspond to headlnig ..-Q values showed no significant differences between
in Tables 5-1 and 5-2 because the. radio call e 2 ! © 1969 and 1968. The increase in T and the increase in
~data for miscellaneous. criminal events and over %", reported crime-calls for service would have decreased

: ized i The
crime were not summarized in the same manner, be : | Q unless the mamber of amests increased, Table 5.4

if the ratio of reported to unreported crime decreased.
Over the last few years, calls-in' Chicago from citizens
‘have increased by nearly 109, per year. The popula-
tion has declined slightly ‘during the same period.
Therefore, the citizens do not appear relictant to
seek police action, and it seems safe to assume that
the ratio of reported to unreported crime has not
decreased to any significant degree from 1968 to
1969. The major objective of the experiment was to
'~ increase T during the experiment. With the increase
in T, Q would decrease in 1969 in the 14th District

is that reported incidents i -

rnajor point, however,

i i i ions Y
creased in all categories used in the Q calculat incace oty offes the ofber vasiables tending fo

: . rrence i I TR . .

This does not necessarily rmean th"’g detgecreas | décrease Q. With more time for preventive patrol
abgent, since the trend rmght have been by 10% : '1 and‘with an increase in criminal activity, arrests
The percentage increase, however; runs about *%d o would be expected to Increase. The increase, however,

i i efth® 3 . i
in all categories except rape, auto.theft and th 0 s insuffcient to domonstrate an improvement in
the 14th District for these three periods.

... ¢ the Q ratio. Thus, by this measure, the experiment
" From this example, it appears t%xat the dlfﬁ(‘m’j}?e; % which increased previntive“ﬁatrol ;ime didp not :—
in making meaningful mnission aimss1gnments, fgg . crease preventive patrol effectiveness. '
strategic patrol made it im}oossxble to efplmt L 1fQ in the 14th District were to be compared with
substantial amount of additional preventive PA% . another district, a measure of the arca of patrol—
efort. ’ o - such as square miles, or miles of streets and alleys—
The drawbacks of Q with its dependence ngh’{‘g should be used. In?other words, Qop, as gi\lf:fin
the level of reported crime, has been mentontl: X ¢ equation (1) permits comparison with other districts.

M T i 3&“ « RN R )
in 1969, all other things being equal, would incf L Care must be taken if the types of crime or the types

. Table 5~4 L

A Comparison of Arrests for 19 Weeks in 1969 and
i ‘11 ' Weeks in 1968

: ?ff Qup for burglary in two districts would he doubtful
if all the burglaries in one ‘district were commercial
nd burglaries in the other district were primarily

tstdential. A m i AR
; : ore )
Avyerage : re valid comparison in this .case

number of ' Minimum o \' “’9_“1!'1‘ be' arrests and reported incidents of com-
arrests per zta‘.‘d?rd ‘ﬁ;‘;g - galit E}C,ﬂilal burglaries with A limited to portions of the
Mw st B o;smm zoned for commercial property. The measure-
: 0 o 28 Qe holds great potential, but the analyst must
1969....... 33,73 5.80 - 25.0 70 . veware of jts i . P, Anak
1968, ...... 27.18 5.91 Yo.o0 41 - VA ofits invalid application. e

; does show an increase in arrests during 1969. This

 ofbuildings are different. For instance, a comparison =

Chapter 6 d’escribes all aspects of the Fourteenth
District experiment in much greater detail,

BURGLARY AND AUTO THEFT
IN 20TH DISTRICT

A study was undertaken to determine methods of
improving the effectiveness of police patrols against
auto theft and burglary. It was decided to focus on
these crimes rather than study all crimes amenable
to patrol because of the short duration of the study.
Auto theft and burglary were chosen because of
their high incidence, The data on' these two crimes
city-wide is voluminous, so District 20 was desig-
nated the area of concentration. The - techniques
used in the study and the suggestions for improving
patrol effectiveness in District 20 can be applied with -
suitable modification to any district in the city.

The patrol . cars currently respond to calls for

. service as well as patrol aggressively to prevent crime.
Under consideration by the CPD was a split patrol
force. The A-patrol force would be dedicated to the
response. function, and the B-force would perform
aggressive preventive patrol. Whether performed by
a special patrol force or.not, the purpaose of preventive
patrol i to deter crime and to apprehend offenders
in the act. To be most effective patrols should be -
located in the areas where crime is likely to occur at
the time it is likely to occur. That is, a-desirable
distribution of patrol foce during the Ist watch may
be a poor distribution during the 2nd watch. Good
distribution of the force is the first consideration in -
maximizing ' patrol effectiveness. The ‘second. con-
sideration is the tactics that should be employed
while on patrol. Tictics include the frequency of
patrol on specific dtreets and alleys, frequency of
street stops, and location and frequency of premise

" checks. ~ ;

The characteristics of burglary and auto theft in
~ District 20 were-studied to improve patrol allocation
»and tactics against these crimes. The study dealt with
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the general crime problems of burglary and auto
theft. 1t did not deal with allocation of mien and
tactics against specific crime patterns. The continual
review of cases on a day-to-day basis is necessary to
detect crime patterns and to. deploy against these
patterns.

District 20 is approximately three miles east to
west and four miles north to south. It is located on
the lake at the far north end of Chicago: The northern
boundary of the district is Evanston.

The neighborhoods included in the district are
Edgewater and Rogers Park in the northeast, West
Rogers Park in the northwest, Lincoln Square in
the southwest, and Uptown in the southeast. District
20 is very heterogeneous in “ifs socio-economic char-
acteristics. Its inhabitants include transient workers
in the urban renawal area of Uptown as well as
executives living in eingle family dwellings in West
Rogers Park. ‘

Uptown is the southeast corner of the district. Tt
is ‘characterized by the highest crime rate within
the district. It has a concentraticn of Puerto Ricans,
Indians and Appalachian Whites. The dwelling units
are almost exclusively two and three-story apartment
buildings.

Edgewater and Raogers Park, in the northeastern
portion of the district, and Lincoln Square, in-the
southwest, ~contain primarily two and three-stary
apartment buildings with some single-family dwellings
having a median value of $19,300 (1969). High-rise
apartment buildings are Jocated in Edgewater and
Rogers Park, along the lakefront on Sheridan Road.

West Rogers Park, in the northwest part of the
district, is a middle class neighborhood with a median
income of $9,000 (1960). The dwelling units are
predominately single family residences with a median

yalue of $24,300. ;
The sources of information for the study included:

Land use maps for the City of Chicago.

May 1, 1969 beat map for District 20.

Data from CPD period tapes for all burglaries and
auto thefts occurring in District 20 from period 8,
1968 to period 7, 1969 inclusive. .

All case reports for cleared and on-view cases from
-period 8, 1968 to period 7, 1969 inclusive.

All burglary and auto theft case reports for-Apuil,

May and June, 1969.
Numerous discussions with members of the police

department,

A study of the trbulated index crimes for each of
- the 21 districts in the city of Chicago was conducted
to gain insight into the general nature of crime in the
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city and to aid in the selection of a district similar 1o
District 20 to act as a control district in an exper. §

ment.

yearly. totals by district for ‘each index crime, and
the Police Period Crime Summary Reports were used
for period totals and weather data for burglary, aut
theft and theft over $50. A later study of miore de. ;
tailed data on District 20 confirmed that these totali " &

&

The Ohicavgo Polite Annual Report 1967 yielded

are uncorrected statistics. For example, the number -
of burglaries reported is the sum of new reports of
burglary and other crimes now reclassified as burglary,
less the number of burglaries now reclassified as other {#
crimes or unfounded. Therefore, if one is interested in
the number of dona fide incidents in a period, the police {#
period statistics must be adjusted. The crime levels &
observed were influenced by changes in some district }3
boundaries in 1968 and, more importantly, by us-
usual events, such as the Martin Luther King, Jr. H
assassination or the riots in the summer of 1966. Us §&
of the data in a statistical analysis must take unusua fg
events such as these into account. An additiona [
reservation in using these statistics to estimate the
level of crime is necessary since as much as one-third §§
of some index crimes are unreported.® :
The yearly statistics showed that a district witha'
high incidence per 1,000 residents of one index crime §
usually has a high incidence per 1,000 residents of 3
other index crimes. The only exception is theft over
$50, which is more independent of the other crimes
The high correlation of index crimes supports the:
widely heid belief that crime rates are dependent oi’
the socic-econamic conditions of a neighborhood.
Ancther conclusion supported by the high cor
relation of index crimes is that coffenders generally:
do not travel long distances to commit crimes: I
offenders traveled outside of their districts to commit
crimes, we would expect a district high in one crime
category to be low in another. 4
The period statistics were examined for long it
and yearly periodic:trends, In addition, the co
relation by period of the various districts Wiiﬁiiéﬂk
other was studied. . S
The city statistics are dominated by a few high fa
crime districts, While the city shows an increast® :
burglary from 1965 to 1969, this increase is accountd * *.
for by only five districts. Half the districts show?:
decline and District 20 shows the greatest declitt . © -
(See Figure 5-5) Auto theft and theft over $50 sho¥ [ ¢
an increase over the city but for these crimes Eb‘ T
change is more uniform from district to disti® .
Burglary is not seasonal, while auto theft and theft 0% *

Incidence of Burglary in District 20
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KN.lﬂl, lespcct to bulglat s b DlStI‘lC ( - ﬁf | m‘ ak]n' g de‘ ections M . '
v t 19 to .I hAc . A . . . H Of con]lllercial’ ) lgU (5] 5 . CompU e !O h W L A
[
b . 14

trict 20 in that, if the level of burglary in one is high,  glaries than residential. The police detected 17 bur Burglaries, Reside s
the level in the other tends to be high also. However  glaries during routine patrol. All 17 of these were - § ; Residential
the correspondence was not strong enough to use  commercial incidents even though there were twice To determine the streets whi h i :
District 19 as a control distriat. as many residential burglaries as commercial bur commercial burglaries o experienced unusual caoncentrgtions of
‘ ’ h A . . . oo ] r Q program was developed to p) h it
In the year studied (period 8, 1968, to period 7,  glaries. ;fc;"m_e in District 20, Available on the perﬁzd f piot the focation
1869), there were 1,858 burglaries. On the case re- Commercial burglary scems to be amenable to coirdo;zsz;m o: Eth incid?m, The location is SPecC}i)\?f:gfbfhe ‘EIP]g §
ports each burglary is classified by type of premise. ~ patrol activity because signs of the burglary are 3 sixths and fﬁg nu;\l/)Ve:: oc;rfﬂm.qfe' E.“h City block was divi)cli:d l'r::’.fo
All burglaries were placed into one of thre(; groups: frequently visible to patrol vehicles. To increase the plotted. A fransparenfo OLZ‘:;:;Z;:O‘\:I'?)GC; Sixfh. of a block was
1,140 Residential or residential garage. - eﬂ‘ectwen(?ss of patrol against commercial bufglarzr, names was used with the plot, 9 the main streets and street
599 Commercial. » pgtrol'umts should be Iocatec{ where the ’cnme is
: . X . most likely to occur. The precise effect of increased P
126 Miscellaneous (including schools, churches, L 4 i
g patrol on the level of crime is unknown and could be fi . ) 3
officers, and warchouses). . . . ) it i ]
» the object of experimentation. However, it seems §i ; L
7;3;8- reasonable to assume that increased patrol will deter . et § ]_1_ Ll P2 : )
’ : crime. This is supported by the observation in Distriet i =2 :
Residential and commercial burglaries were studied 20 that the incidence of crime in a four-block radius §t ’ 2] ] !
separately because their characteristics differ, and the  surrounding the District 20 headquarters is among f :
use of patrol against the two should be different. the lowest in the district. S '
The offenders in burglary incidents can be placed in =~ Patrol against commercial burglary is primarily §§ = | 1 !
three gencral categories: dope addicts, youths, and  the responsibility of the lst and 3rd watches. The f “i-” ; 2 J 2 __J 1 2
professionals. The severity of a residential burglary - breakdown is time of day of the 592 commercidl B S — 2 L imamand EY ] ‘
is probably greater than that of a commercial bur-  burglaries studied is: B /, m 5 —
glary. However, commercial burglary seems more . | 212 g o
A : 337 Night L 1 [
i« amenable to patrol than does residential, In terms of 43 Da E 1 1 : - 3
{ ) economic loss, the average loss in a residential inci- : 919 Un)lfmown | 1 J T2 2
; dent was $461, while the average loss in a commercial 5 i [ 4 . 1 111 2 ’
incident was $343. Moreover, the personal loss in a Increased patrol will also increase the chance of J& |
g residential - burglary is usually greater than the  detecting a burglary in progress. In the year studied e ] 1 ! '
economic loss because many items that are stolen are  there were 17 patrol detections of commercial bur- 5 i
irreplaceable because of their personal and senti- glaries. Eight of these were detections of hurglaries
mental nature. The psychological effect on the victim - in progress of which six resulted in an immediatt ; 1 ) 2 .
is also greater in residential incidents, Having one’s  arrest. It is difficult to determine the exact time of 2 g I r 1 T2
home invaded probably causes more anxiety and  commercial burglary because only about 3 percent §f
makes a more lasting impression than having a = of commercial burglaries are detected in progress. It §f
L business burglarized. most cases, the burglary is detected by the ownerot ¥ N IR N
T Patrol against commercial burglaries’ is easier = an employee upon opening the establishment in the §+ - r“ '
o because there are about 35 miles of commercial morning. -, 1
property with 592 burglaries, or about 17 com- ~ The definition used here for a patrol detection /4 - i!
mercial incidents per linear mile: per year, while = that a unit detected an unveported burglary Wh'lIC:‘ g L
j there are about 150 linear miles of residential prop-  onroutine patrol. ' - i{ 122 ,
: erty with only 734 residential incidents per linear mile . Figure 5-6 shows the southeast part of a plot Of( : 2 e
per year., Therefore, the opportunity for a patrol carto 'day residential burglaries. The plot of ’commcrciai' : 1 ':__j A .
detect a residential burglary in the same distance  incidents showed a concentration of burglaries Ojf £ '
traveled is less because the burglary density per  Devon, Broadway and Lawrence west of Ravenswot)f,l 1 8 L g
5 linear mile is less. Moreover, many residential bur-  Burglary incidence was concentrated on these strci?ﬁ i 3
ol glaries occur above the ground level, with no signs  even though heavy concentrations of commer¢dl 1
R of the burglary Visible from the street. On the other  property also exist on Lincoln, Western, (llark.,i“'d 1. by co
 hand, most commercial burglaries occur at ground  Howard. (The complete set of plots generated injfhis i  « - :
~ level with signs of forced entry making them more  study were given to the Chicago Police Deparh{,‘em‘ ; _ 1 by
“detectable by a police patrol. . as a supplement to this report.) : Lk =
Assuming that during the year the police did not The risk of burglary varies significantly by pf{[“““ z Z gi ‘fcj)?
~ ’ : : SN e > 9
‘ ok
: 4 g B '
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type. The number of burglaries of each premise type
was divided by the total number of these premises in

. District 20, as shown in the yellow pages, yielding

‘the following:

Table 5-6
Chance of Premise Being Burglarized

Establishment Percent
Tavern or liquor store. .o cvuvyues .o Craeaes ‘ 26
. Restaurant......... e aieaeen, Chenean 23
Gas station, . ,u..uveen heeedsan e e 22
Laundromat. ..o cesereeionsnriiecaanais 17
Supermarket., . oo il Cerees PR e 15
Cleaning store, ....vvvcvvvss PR N 12
Church,........ e v 16

Therefore, on the average, 26 per cent of the
taverns and liquor stores in District 20 are bur-
glarized every year. This suggests that patrolmen
check taverns, liquor stores, restaurants and gas
stations.

Another tactic which could be used to reduce
commercial burglaries is more active patrol of alleys
behind commercial property between the hours of
1800 and 0600. Table 5-7 shows the point of entry
and exit in the 146 commercial burglary incidents
in April, May and June, 1969.

Assume the detectability of a rear entrance is the
same as a {ront entrance. Approximately the same
number of entrances are made in the rear as in the
front and almost twice as many exits are made in the
rear. Therefore, there is a greater chance of detecting
burglaries after commission by patrol in the rear
and an equal chance of detecting a burglary in
progress through patrol in the rear. However, of the

Table 5-7
Entries and Exits for Commercial Burglaries

Point of entry Percent Point of exit Percent
Rear door.,,..... v 24 Reardoor......... 36
Rear window....... 8 Rear window...... -5
Front door.......... 23 Front door......... 19
Front window..,.... 5 Front window,..... 3
Side door.....iiuues 4 Side door..ove s 4
Side window........ 6 Side window. .... . 3
Roof or skylight. .... -5 Roof or skylight., .. 3
Basement., ., ... ... 3 Basement. ... .. ..., 3
Other...vvvverennns 7 Other............ . 6
Unknown.,..cvaeses 9 Urknown.,..... RS |

" Docs not apply, ... .. 5 Does not apply..... 7
Total. v oo inivnnn . 100 Total,..... See. 100
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17 commercial incidents detected by patrol, 11 were
detected in the front and only three were detected
in the rear. In the remaininm three cases, the point
of detection couldn’t be determined from the narra.
tive. This indicates that, at present, patrol is heaviep
infront.

After an examination .of commercial property in
District 20, the assumption that detection can be [
made as readily in the rear asthe front seems reason:
able. In general, the lighting is 1ot as good on the
alley side of commercial property as on' the street
side. However, commercial buildings abut on the
alley or have a parking and loading area in the rear,
Auto headlights or a spotlight afford good visibility
of rear doors and windows. Usually a vehicle can Jij
drive very close to the doors and windows for added §
visibility.

Since more e¢xits occur in the rear than the front,
suspicious persons or vehicles are more likely detected
in the rear than the front.

There are specific signs of burglary the experienced
police officer seeks; broken glass, opert' doors o
windows, unusual sounds; lights on when they are k
usually off, or lights off when they are usually on
These are obvious clues. In checking a premise from
his vehicle or on foot, the officer can spotlight door i}

locks and window ledges to detect pulled locks ar Bt

pry marks.

Residential Burglary

70 percent of the residential burglaries occurred
in apartments and 30 percent occurred in single B2
family dwellings. The times of occurrence of the b
1,140 residential burglaries were: '

641 Day
.~263  Night
* 9236 Unknown

The daylight burglaries occur in both apartment ¥
and single family dwellings. Night time burglﬂfiﬁ; o
concentrated in single family dwellings. The shift i §
location of day and night residential burglaries & i
be seen in our' plots of day residential bprglariﬁ
(partly shown in Figure 5-6). The high incidence o "2‘
day burglaries between Sheridan Road and Broads g
contrasts with a low incidence of night burglan®
in -this area. In the same plot for the entire disti%
an increase in the incidence of night burglaries o g
be seen in the single family dwelling units in ¥ i
northwest part of the district. RERS.

The point of entry, point of exit, and Jocation ¥

- Front door, .

) fear window, , | 4
{  Side door op

viciim 4t the time of bur i
at t glary is sho i i
hevglaricoin T y wn for residential
In bulld{ngS with four floors or less, 47 percent of
the burglaries occurred on the firt floor while on] 31
per cent occurred on the secong floor. Since t}}:erc-

apartments as first floor 5 ,artnients, the risk of
T ] S,

burglary is 50 percent
greater on th
the second, e first floor than

Twenty-one percent of the burglaries in apartments

Ml of four floors or lesg occurred an the third fleor. How.

ever, it cannot be concluded from thi

ever, it 1§ that 3

is less likely on the third figor apartments aburglaly
floor apartments, " 8 second
hIxcxl h;g.h r'iscs (buildings with at least five floors)

the data indicates that burglary is Jesg likely at highe;

.+ floors. The percentage of b i
s e 1 I '
| o i T o g urglaries at each floor is

floors, but the exact risk depends on the number of
apartments at each floor, This number is unknown

! at this time,

bu;l;;;yef.i;ectivznes; of patro} against residentia]
18 probably much less thap i

. & against com-
mercial burglary, It i impossible, of course, to meas-

ure the deterrent effect of residentia] patrol, The

Table 5-8

‘ I:OC . ST e .
. Location of Entries, Exits and Victims for Residential Burglaries

Point of entry Percent

Front door. ... .. ... 38
Rear door. ., ., ... 30
Basement.,,, .., .. 6

windotr, ,
asement, , |, :

.......

Location of victim
( at P
time of the crime creent

Work. ..,

Visiing |17 1o
- Out of house (miscellancy
Achome. - mseellsncous)... 14
Shopping, ... .’ R 11
Outof town. . , ... L 7

Table 5-9 .

Burglaries in Hj, i
gh-Rise Apartm
by Floor P et
— T .
e
Floor , Percent
| -
§ ................. 23
3 ....... Ceaen, 24
gl Seeviua 13
6 ...... 12
gl Craeain PPN 3
I EOST g
o ........ Veeeaa, 3
10, ..., oo 3
11 or higher. . | . .... o Z
I BN b
Total. .. ... el '1—5(-;

AUTO THEFT IN CHICAGO

i 'flh¢ nfumber of incidenis of auto theft is almost as
82 as for burglary. In the year studied there were

« 1,602 incidents of auto theft in District 20. There are

' joyridin
:;znagirs and pl:ofessmnals. Ninety-tlxree,pirzellt o%'
o stolen at{tos in the city in 1968 were recavered
S ce prt;fesswnals usually cannibalize the autos or
15pose of them out of state, it
%, 1t 1S reasonzb]
sume that most recover ’ en by jen.
. red j
e autos were stolen by Joy-
N xfsc.cordmg to t%le auto theft section of the detective
t\;wzon, app;:!)mmately 40 percent of al auto
; I:) En tvsfereQ(s)iolg;} with the key left in the ignitionS
tstrict 20, the fallowin ' '
Stric g was found regardin
1,602 incidents of auto theft in the year stugdied 8 the

420 With key in ignition,
33 Without key.
1,129 Unknown. |

Therefore at least 25 percent of the autos stolen

were stolen with the key left in the ignition

It is suggested that Regulation. 27-968 of the

Mux:ticipal Code of Chicago be enforced. This law
r;qulres that the key be removed from the ignition
Ot an unattended motor vehicle, It is believed that
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enforcement by traffic officers on three-whecled
motorcycles would be easy.

Consideration should also be given to empowering
meter maids to enforce this law. It seems that people
would be more likely to leave the key in the ignition
on a commercial street where the car will be unat-
tended for 5 to 60 minutes than on a residential
strect. Therefore meter maids would be especially
effective i enforcement. In response to a request, a
survey was taken by meter maids throughout the
City. In the areas they normally work, they counted
the number of vehicles in a block and counted the
number with keys in the ignition, Of 4,352 vehicles
checked, 314 percent were unattended with the key
in the ignition.

There is evidence that the steering column locks
e have reduced theft of autos. With steering colummn
& locks joyriding should be deterred. However, these
¢ locks will be ineffective if individuals continue to
4 leave the key in the ignition of the car.

o The greatest opportunity for apprehending an

: auto thief exists in the hours immediately after the

1 theft and, frequently, before the vehicle has been

; reported stolen. To aid in this apprehension process,

consideration should be given to a direct access

terminal to the computerized auto registration file

in Springfield, Illinois. In this way the owner of a

vehicle could be determined in minutes. At present,

it may take several hours to check an auto registra-

tion,

Rapid access to autc registrations encourages of-
ficers to use the file in street stops or at the time of
issuing a traffic citation. This terminal would also
avoid the delay in acquiring new registrations at the
beginning of each year, since the registration would
be available to the police department as soon as they
were issued in Springfield. The cost and benefits of
a diréct access terminal or some other system of rapid
retrieval has not been carefully studied but it is sug-
gested for further consideration by the CPD.

In District 20 the areas of highest incidence of auto
theft were along the southern portion of the district
south of Foster and along the corridar between Sheri-
dan Road and Broadway from Foster north to Devon.
(Plots of the location of auto thefts and auto thefts
with the key in the ignition were presented as a sup-

plement to this report.)

T

R
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Proposed Experiments

Four experiments are proposed to test the con-
- clusions of our study and to study the effect of patrol

of the level of crime.
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Experiment 1: Patrol units should be specifically
assigned to cover the areas with a high incidence of
commercial burglary. These might be special car
or the regular beat car. This activity should take
place between 1800 and 0600 on weekdays and on
weekends, Patrol activity should be split between
front and rear and activity reports should be main.
tained. The effect of patrol on the incidence of com.
mercial burglary in these areas should be studied
and the relative value of front.and rear patrol should
also be studied, If the intensity of patrol was increased
only in certain areas of District 20, the degree to which
commiercial burglary is displaced to other areas with
less patrol activity should be observed.

Experiment 2: All patrol units should intensify patrl E|
against commercial burglary. The patrol should in §i
clude both front and rear patrol. The crime plois
should be used to make the officers aware of the aress

S S T A

T

where commercial burglary is most likely to occur I or
Activity reports should be kept to aid in the evalua J4 .
tion of the patrol. :;__g

Experiment 3: Patrol should be intensified in the §§ g_'

corridor between Sheridan Road and Broadway from
Foster to Devon. The officers should be made aware §&
of the crime problems in this area and the effect of §i
the intensified patrol should be evaluated.
Experiment 4: An experiment using a split patrd
{orce, similar to the experiment performed in District
14, should be conducted using the knowledge of
crime location and tactics developed in this study,

m

dence of Burglary

Measures of Effectiveness ,
Intuitively, the ultimate measure of effectivenes
of police work is the number of crimes committed.
Unfortunately, the number of reported crimes$
highly variable from period to period, and thus 1}!6
effect of a change in police tactics may not be 2P §
parent. Several methods exist to increase the vis: }
bility of a change in crime level. o
First, a time series analysis can be conducted #
detect long term and seasonal trends. Figure M3
showed the number of tabulated burglaries in ' &
20th District from the 4th period of 1964 to the T %
period of 1969. The scale runs from 0 to 300 bu. 2
glaries. The long term decrease in crime level & @
be readily seen, while there are fuctuations put -
seasonal trend. That is, the average number of b
glaries in the summer is about the same as in Y.
winter. There is no indication that a decrease in Cﬂ:m‘; i
level from one period to the next or from a sim¥ £
period of the previous year is an indication of greatt B

police effectiveness rather than just a random ﬁuctlll' i

tion.
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A second method of analysis is to designate a dis-
trict that is similar in the numbers of crimes each
period as a control district.: While the Town Hall
(19th District) is most similar fo the 20th in that
there is the same long term downward trend and the
peaks and valley tend to be similar (See Figure 5-7),
there is still much difference between the two.

A more detailed description of the crime level
would have to make assumptions about the nature
of crime and take other data into consideration. This
approach may be made necessary by the fact that
periods of high criine levels tend to be followed by
similar periods and likewise for periods of low criine
levels. Unusual events, such as riots, and the fact that
the data are obtained by subtracing reclassifications
as well as counting incidents, would both tend to
create high levels of crime followed by low levels and
vice versa. The observable tendency of crime levels
to persist wenders the normal statistical protedures
invalid and indicates that some undefined process
is at work. : .

Other measures of patrol effectiveness are the ratio
of detections of crimes by the police to the number of
reported crimes or the ratio of crimes ¢leared by ar-
rest to the number of reported crimes. Since police
patrol has two functions, detection and deterence,
these measures of effectiveness measure only part of
the patrol function, namely detection, They have the

crime increases due to better police work.

N RN ST il

Improvemént in the CPD

A direct access auta registration file should be
maintained comparable to the present HOT file.
Rapid availability of auto registrations would aid in
apprehending  aute theives threugh street  stops,
Officers would ‘be encouraged to routinely check
registrations when issuing a traffic citation. A ter-
‘minal with direct access to the auto registration file
in" Springfield should be considered. This would
obviate the delayin the CPD obtaining new registra-
tions from Springfield. x :

considered. This file vould aid detectives in checking
‘property believed to be stolen. By keying into the
system a description or serial number of the property,
the file would be checked for stolen property matching
the description or bearing the designated - serial
number, - ,

Plots of the location of crime similar to Figure 5-6
could be generated by computers for any district or
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- the CPD.

advantage of not being rendered invalid if the reporied

A random access stolen properiy file should be

beat, for any crime or combination of crimes and f’c\;‘y ;
any time period. It is believed that these would aic}?‘t \
in understanding the crime problem of a district. The i}
commander or tactical unit could allocate men more
effectively, ‘

The cost and benefits of an expanded Manage.
ment Information System should be considered by f&

Figurg 5-

Consideration also should be given to using secre. i
taries and clerks to perform many of the tasks noy Bt
performed by police officers. Many times, these highly
trained and highly paid police officers perform tasks ;
which could be done equally well or better by lower
paid personnel. Utilization of the investigative skills. it
of a detective would be increased if a secretary typed k&
his case reports. To save the time of writing, a dicta- ¢
phone might be made available or a portable re. il
cording device used at the scene of an investigation }
to make notes that would become the supplementary .
report. Portable recorders are relatively inexpensive, §
costing less than $100. B

Use of {orecasting models to predict calls for ser'yy ~
vice and incidence of crime should improve the at 3
location of the patrol force and the general effective §
ness of the CPD. These forecasts should be made, at
least, for each eight-hour watch. An area may haw
a relatively high incidence of crime on one watchand §
a relatively low incidence on another. This ws '”
noted in the incidence of residential burglaries. The' g
separate forecasting of calls for service and crime & -
incidence is particularly useful with a split force for ¢
response and prevention. : R

The forecasts should be broken down further by §
type of call. Knowing the average time required & 0
to service each type of call enables one to determine % .
fairly accurately the workload in an avea. The work g -
load then detérmines the number of men required ’

Number of Crimes

| V—

the arep of command of one segeant. The sergeatl .-
would then disperse the men within the area, ¢ %

8: Fi theti i
First hypothetical relationship between patirol and crime levels

pending on the type of preventive patrol needed, § )
 Models of the effect of patrol activity on cilt ¢ gnal effectiven
might be studied by mathematical techniques and 3 (A‘) bfffore'the
experimentation. It is important to know the eﬂ'f-‘ff & CS;:asc i Figure 5.9,
of patrol activity on crime levels so that the prevenfi® :* _
patrol can be allocated most effectively. One si® § R ,
mathemzatical model is discussed in the folloWi § 'OBBERY IN
technical section. This type of functional relationship Do
between intensity of patrol and crime levels is rep® = The Second
-sented by the graph in Figure 5-8. o
Another possible relationship is depicted by e
‘next graph. In this model, crime again decreas?

the number of patrol units increases, but the s

f’b"

N

ess of each unit increases to o point
marginal effectiveness begins to de-

THE SECOND DISTRICT

Police District b i v
o Se : as experience
gh incidence of both arm ? Y

xa °“{”‘°ﬁ,e and- one-half

No. of Patrol Units
ring in the
chronic situ
Division to

-Dext highest district in the ity, Thi
ation prompted the chief of t(l:ieszirlt)lls
i : request the Operations Research Task
Loree to  lend _wh-atever ‘assistance possible toward
i svstlz?ogn tlvlféznagrg;ude‘ of the robbery problem. The
vas readily accepte ]
ttfe specific problem y.o,f robpbef;r ?r? ttl?:,l?éetc%:sr%at‘
trict but a.ls.c; because of the botential of ‘gcncrali ing
any promising results to the reduction of all st?erzzgt

within a ’]arge urban

ed and strong-armed

‘times the num cur- : strict | »
’ | bgr occur The Second District is the most densely populated
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Figure 5- 9 : Second Hypothetical R

No. of Crimes

elationship betweer Patrol an

d Crime Levels.

Figure 5-10 : Police Response Flow Diagram
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sergeants, and 464 patrolmen. These figures include
all officers, vice detectives, tactical unit personel and
detail personnel. This number is higher than that
of any other district in the city, For comparison, the
second largest city police department in IHinois,
Peoria, has 188 police officers.

A better understanding of the deployment of
palice within the Second District may be had from
sudying the work shifts. At 2300 hours, one-half
i of the first watch patrol complement reports for roll
b1 call followed at 2400 hours by the remaining half. The
- second and third watches report at 0700, 0800  and
1 1500, 1600 hours respectively. Second and third
¥ watch power shifts report at 1000 hours and 1800
. hours respectively. Power shifts are. patrol comple-
$¢ ments which aliow assignment of beat cars to every
. one of the district’s thirty motorized beats. In ad-
§ dition, there are three umbrella (single street) beats,
i five squadrols, five sergeants, two vice cars, and one
+ field lieutenant assigned to all three watches.

E  The Second District employs two tactical teams,
§ one reporting at 1000 hours and the other at 1800
E hours for exclusive preventive patrol. The special
F employment' teams are utilized from 1700 to 0100
§ bours in the second district. The First Area Task
i Force preventive patrol personnel are often assigned
¥ vithin the boundaries of the second district because

e

No. of Patrol Units

district in Chicago, with 154,831 people living n';

4313 square miles, accordingr ;o ,t’hc lgi'ief:;r;uzf
¢ of the Department. is fs an 2

?; gcl); people per square miles as compafed g)f g:;

Ci’(:y-‘i’?dé average of 15,318 per square mile, e

swenty-one police districts in the city; the Second

: th 1 jation and nineteenth in
:‘f é?i?\::::e?;:l E’larclcgi\?uDiétﬁct ac;oqms {or only
4.45%, of the City’s population and 1.9%
City's arca but contributes 8.6%
crimes and
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: niq{xes for preventing

of the
of the city’s?igdex )
13.9% of the city’s total robbeides. In

. B of the high crime rate.* Thus, there may be five
E district teams, plus the Task Force, patrolling the
- Sccond District during. the third watch.

9,553 robberies in the Second Div. A nine-block flow diagram depicts the relationship
1967 thc?re \;ert,zrh;rd District ranked second in rob- ¥ ol significant time events of police response following
e \ine:cin for"1,696. s atobbery. (Figure 5-10). R
D ‘gb ORTFT was to survey the teth | g In most instances of robbery, the victim himself
e A robberies and/or apprebendi® - 2 ¥rves ag the detection device, except in those cases
oular attention was attached to 2. %‘Vh@re he is unable to notify anyone: If he or some
offenders. Partict Reactive Force and Preventi® & other person is unable to notify the police directly,
understanding of Keac ' 4 2considerable delay could result. Otherwise the time

i istrict. ;
edures in the Second Dis V :
e & fficers assigned to the Second * §

" There are 506 police 0 o thte &
Rt Lo istrict commander; -
District including the distrie enants; ¥

wch cormanders (captains), six lieut " e Pirst-Arca inclisdes Districts 2, 21 and 1.
wa : R R .

of detection can be considered synonomous with the
cominission of the robbery.

Assuming the police do not witness the robbery, a
finite interval will elapse before they are notified.
The notifications may be effected by telephone or
by hailing a passing police car.

The telephone call from the victim is switched
automatically to the appropriate zone operator who
dispatches the nearest available beat car to the scene.

Depending upon the distance to be traveled and
existing traffic conditions, a variable time internal

will elapse before -the police actually arrive at the

robbery scene or the physical location of the victim.

The investigating officer will interview the victim
and complete a Robbery Case Report. If a reasonably
detailed description of the offender(s) can be ob-
tained and a relatively short time has elapsed, a
“Flash" message may be sent over the police radio

. network. Depending upon -these and other characs

teristics of the robbery, hot search procedures may be
initiated. In the Second District it has been the prac-
tice to reconnoiter the immediate vicinity with the
victim to see if the offender(s) can be observed.

At some point in time following the arrival of the
beat car, the detective division will be notified of the
robbery and its details. » _ . :

Detective  action is formally initiated following
notification by the: patrol division police officer.
Usually an interview with the victim and any wit-
nesses will be made by the assigned detective. A
suspense date is assigned for completion of the de-
tective investigation. :

After -the prescribed period for investigation has
elapsed (usually- seven days), the detective must
submit the results of his investigation in the form of
a supplementary report which recommends that the
case be closed or request additional time for con-
tinuing the investigation. ‘ ‘

if at any point in the investigation an arrest or

other type of clearance is made, the sequence is

terminated except for court appearance.
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Methodology of the ORTF

The initial effort was directed toward describing
the robbery problem in greater detail so that effort
could then be specifically directed toward the more
promising areas of endeavor. Not only did this ap-
proach prove effective in identifying the promising
areas; but also the detailed, unequivocal description
of the characteristics of these crimes proyed useful

in itself. These descriptive statistics helped dispell -

what could be called the “myths” concerning the
nature of the robbery problem. ¥or instance, it was
a common belief among the police officers that the
overwhelming majority of the robberies occurred in
locations not amenable to street patrol. The detailed
statistics indicated that approximately 65 percent
of the robberies actually took place on the open street.

The specific data elements which were identified
as pertinent to the robbery study are enumerated

below:

A. Record document number.
B. Street address and rectilinear coordinates
of place of occurrence.
C. Beat of occurrence.
D. Day of week.
E. Date.
F. Time. ‘
@G. Time Police Communications Center was
notified.
H. Time beat car was dispatched.
1. Time beat car arrived to interview victim(s)
and witness(es). '
J. Time Detective Division was notified.
K. Time assigned. : _
L. Dollar value of the articles (or cash) taken
from the victim(s)-
M. Number of offender(s) participating in each
robbery and victim(s)- : '
N. Race(s) or offender(s) and victim(s).
0. Sex(es) of offender(s) and victim(s).
P. Estimates  age(s) of offender(s) and
victim(s).
Q. Number arrested.

R. If arrest(s) were made, the branch of the

Department which the arrest; for example, -
beat car, task force, detective.

S. Type of arrest; for example, on view, re-
sult of flash message.

T. Arrest delay time from occurrence.

U. Location of the -robbery, whether street,
vehicle, business, or residence. :

V. Armed or strong-armed.
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¢ percent of the robberies on the first watch occ¥

1f armed robbery, type of weapon em-
ployed. . ’ N
If arrest was not made, type of escape; such °
as foot, private vehicle, taxi.

Figufe 5-11 : Fre ‘
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treatment, :

Whether or not the victim(s) had been

drinking.

Occupational status of the victim(s). .
BB. The type of occupation of the victim(s) if

related to the robbery; for instance, news- 95

boy, insurance collector. -

W.
X.
Y. Whether or not the victim(s) required medici| ('
Z. i
AA.

00%0-0000
0080-00%0
00Zi-0080
0091-0021
000Z2-0091
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00¥0-0000
0080-00+0
00¢1-0080
009Z2-00Z1
000Z~0091
00yZ~-0002
00¥0-0000
0080-00%0
0021-0080
0091-00zI
0002-0091
00¥Z-000Z
00¥0-0000

Source documents for the above data were the
Robbery Case Report, the Supplemental (Detective) :
Report, and the Record Document card filled out x
at the Communication Center.

All of the data elements identified in the previous :
section were punchcd onto a standard 80-cotumn
1BM card. A coding form was prepared to facilitatt
the recording of data from the source elements.

After keypunching, 2 reasonably complete da
base was available for computerized analysis. T
statistical - program library at Northwestern Uni
yersity’s Vogelback Computing Center was utilized
to produce the usual statistical outputs such as mean ? E~
standard deviations, Cross classifications and to car’
duct multiple discriminant analysis. In addition, * ;
graphical output for histograms was obtained. b

The final sample came to 418 robberies, of whid £
939 were armed robberies and 175 strong-arm ok 2
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beries. There were eleven cases in which this armed i
strong-arm dichotomy was not entered. In thisca%
asin all others in the study, the “good” responses Wet :
used as a 100% sample. '
- Saturday showed the highest frequency of 1ob *
beries, followed by Sunday and Friday; 60 of ,
robberies were committed on these three days, it ? co S
from midnight Thursday to midnight Sunday. T - 1600 and 2000 hours, The four-hour period 1600
days and Mondays had the least number of wob §° ?OQO hours had a higher frequency than an hto
beries: 30 and 34 respectively. i l:Ju,r-consecutive-hour period. Over 25% of *ot;rl o
The greatest number of ‘robberies occurred i fer of robberies occurred during these fgu'r I;o m%m-
tween 7 and 8 pmi;iand midnight and 1 am, o' equency of robberies for four-hour peéiods Itlll;i'ougﬁ

3

hours between 6 and 8 a.m. had the lowest frequen : the week is shown in Figure 5-11. The first four hour.
s

. : .- Ot Saturdays, midni
of robberies. Only si% robberies occurred during the ® o rdays, midnight to 4 .
it : Be it frequency (26’robberi§s). am. had the greatest

i

éaflljy morning hours. X it Geographieal

‘here were 115 robberies -between midnight 2.5 ically, ‘the robberie

0800 hours, 126 between 0800 hours and 1600 hot .’Iv:i:“’,a'rd the west than the east sisdeogcf:qtrl::dd"m?re.

and 181 between 1600 and midnight. Sixty&! Vé:];.::f the six beats with over twenty robbériezsif:rté
. ’ wa Wa ;:nt to State Street. Across State Street all the

during the first three hours, from midnight o & - % from 35th Street to 55th Street is the 27

After 0300 hours there were few robberies until i ﬂ;’PF‘laf¥°F% Robert. Taylor Housin Proj y ’900

hours when they picked up and rose to peak bt Y ha\re been 4 sanctuary for somegof thiegitfe:ét:?

B - . - ; '
bleatk219 with Ewenty robberies in its five square
, oct:hsl was particularly dangerous. On  the north
~ south line the robberies clustered ’ .
e i ob ‘ toward the cent
| Zf?; rzlhes district with a high - concentration bctwe:; '
o mtreet lz;,lr:)ld 55th Street. Washington Park. was
nost robbery-free area, havi 1" i
beries on its two bea nco. this stady oxar e
: on . ts. Since this study examine
;C/)Ibbe;ms during ‘the cold months of Fe)l,)ruaf;m:relg
Marc when few people are found in the park, thi
is not a surprising result. e
c]e'i‘ge cht&re of robbery in the Second District shows
y in the m i
sleard ap of beats (Figure ’5-12)‘ and Table
Officers have had the b 1
; est arrest results on B '
205 where the most robberies were committed. Th:: :
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Beut N\dp of CPD District No. 2

Figure 5-12:

e
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Table 5-10

District 2 Robbery Locations
{See beat map, Fig. 5-13]

‘Beat Robberies  Beat - Robberies Beat Robberies

201 14 211 1 . 221 15
202 19 212 17 222 22
1203 14 213 11 223 21
204 7 214 10 224 22
205 23 215 10 225 3
206 5 216 13 226 6
207 9 217 18 227 18
208 19 218 9 228 12
209 9 219 20 229 13
210 20 220 17 230 11

were twenty-three robberies on this beat for which
ten people were arrested, six by beat officers, one by
detectives, and three by citizens.
The losses in these crimes ran from several thousand
dollare in one robbery to 25 cents that an older boy
tock from a student. In a substantial number of the
“robheries, especially those on Friday night and Satur-
day morning, there were cash losses of over $100, and
~in most cases it had been what was left of a weekly
or bi-weekly pay. In one case a group of post office
employees. were having a Friday night party in a
third-floor apartment when three men entered armed
with 2 shotgun and revolvers. Six people, all of whom
4‘ had just been paid, were robbed.

" There was not a high percentage of good responses

premises on which the crime occurred, Of the 136
good responses, 65% took place on the street, {49,
in residential hallways, and 8% in business establish-
. ments. Ninety-two percent of the strong-arm rob-
beries occurred on the street. No strong-arm rob-
,bFrles occurred in. any business establishment. All
were on the street or in a hallway or in a vehicle.

ROBBERY’ S VICTIMS

i
i
§
%
i
2
:
i
%

¥ ] The Victims

The victim, in 969, of the cases, was a lone victim.
This does not mean that he was not in the company

cases, a store owner was robbed while a customer was

dn the store, and only one victim was recorded, )
Robbery victims were 939, Negro; the reader is

Teminded that the residents of- the district are

Were white,  These “white victims WLI‘& generally

=,

for the category where robbed, meaning that type of '

of someone but only ore person was robbed. In some

Vistually 1009, Negro Only 27 or Lhe 405 victims

people who went to the district in the course of their
employment, i.e. truck drivers, insurance men; etc,

Victims were predominantly male: 83%,. The male
victims outnumbered the female victims 336 to 67.

‘The average age of the victims was a little over 34
but the most frequent victims were thirteen (23
victims) and fifteen (22 victims). These were generally
newsboys and students who were strong-arm rob-
bery victims of peers. An 88-year-old man was the
senior victim and two 8-year-olds the youngest,

There were 390 good. responses showing the oc-
cupations of the victims. From these it was found that
the majority of the crimes were related to the oc-
cupation of the victim. That is, the vietlm, while
working, had something of value in his possession,
usually cash collected, - through his job, and the of-
fender was after it. There were 204 people in this
category: 94 local businessmen or their employces,
21 taxd drivers, 9 CTA (Chicago Transit Authority)
bus drivers, 9 delivery truck drivers, 5 insurance col~
lectors and 66 newshoys.

Many newsboys, geterally between 8 and 15 years
of age, do their own paper route collecting in the area.
These boys are highly vulnerable, They are usually
robbed by one, two or three boys, a few years older
than themselves. They are usually approached in a
hallway and threatened with a beating by a lone boy
or held by one or two boys while another reaches into
the newboy’s pocket and removes any cash in his
possession. In most cases the 7 wsboys do not resist
and they are not injured. Thi* losses are from a few
cents to several doflars. - ‘

Thirteen percent of the victims had been drinking
at the time of the offenses. This figure may not show
a true picture of the actual offenses: on at least one

. accasion, several patrons in a tavern, all of whom had

been drinking, were robbed. On the other hand,
victims who had been drinking may not have an-

-swered the question truthfully.

Forty victims, or 109, were injured to the extent -
that they required medical attention. Twelve percent
of the strong-arm. victims were injurcd as: opposed .
to 8%, of the armed robbery victims. Only two women -
were -injured. Eleven percent of male victims needed
medical attention and 3%, of female victims.

The Offenders

The offenders were all Negro. They had a tendenéy :
to. offend singly (160 worked alone}, in pairs (123

-warked with ‘a partner), and in trios; there were 93

groups of three. Only 27 of the robberies were com-
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Table 5-11
Armed robberies, District 2 (February and March 1969)

Number of oﬂ'endcrs‘

Total
Age 1 2 3 4 5 Over
5

Under 14, .0eeeiies 4 5 4 0 0 g }g

14to 16,00t o701 3 1 1 0 3

17t019....... oo 15 17 13 1 1 R

2010 22.. i v .15 20 13 2 (: 5 -, 0

23025000 einenns 18 7 3 i ’ 0 o

0610 28.. 00 eioeree 11 9 2 0 0 0 g

29t03l,.. 0.0 ... 8 13 0 0 0 ! 2

32t024....... ..o 6 2 1 0 0 0 g
Over 35..cunevvne L 15 4 04 0

39 5 3 2 226

Total,...... 99 78

mitted by more than three people. This offers no
guarantee that large groups will not rob. Two persons
found this out the hard way when they 1eft' the car
at home and took the subway to a south side auto
show. When the train stopped at the 22nd Street
station, approximately 100 ’students who ha_d b{,‘in
attending a basketball game boarded the train. X e
students proceeded to rob everyone on the train | e-
fore it reached the Indiana Avenue stop. Victims
lost their wallets, money, rings, watches, and clothes.
The victims felt that a good many attackers got at
f the loot.
leaIS{to%?;rc; were almost certain to be male (389 cases)
or-in mixed company (15 cases). .There was the one
exception; three 16-year old girls broke thc. 1sex
barrier with a strong-arm robbery of another girl.
The offenders were in general much yeunger than
the victims, averaging slightly und.cr 22. A g?eat de}a;l
of the ages data are, of course, estimates mac'hi by fc‘ e
victims. The greatest frequencies come (\,f!‘,.t.nl‘l. the
ages 14 to 25. There were 67 perf:ent within this ag(}
spread. The age 18 had the highest frequency ©
offenders. There were 31 at this age. The youngest
offenders were six and the oldest fifty. (A person who
has not- attained his 13th birthday cannot be con-
victed of any offense in Illinois, but the the purpo;z:1
of this study we are considering any act that wou
be defined as a robbery, not whethe}' the pefpet}’ator
is legally of sufficient age to be convicted of a crime.)
The strong-arm robbers were younger as a group
than the armed robbers. The strong-arm robbers

averaged 19.1 years of age, while those who used 2

weapon averaged 23.3 years old. Sixty-nine perqcn;
 of the strong-arm robbers were 19 or under comparz
to only 32% of the armed robbers. The armed 10 (;
beries occurring most frequently ~were perpetrate

128 .

99 years olds working alone or in groups of
Ec)v):rolr/c'n*t othrez Forty-one percent of the. armed rob.
beries were .committed by people of' this age group
and working in these numbers. The highest frequency
of strong-armi robbers was in the. 14-16 age group.
Thirty-one percent were committed by this age
group, again| by a single youth or groups of two or
three (See Tables 5-11 and 5-12). |

It has already been shown that 579, of the rob.;'-
beries weré armed as opposed to strong-arm. Thn{;
most frequently used weapon was the revolver, fo’{}.
Jowed by the knife. There were 128 revolvers use;}l,

i nid 6 shotguns. :
52\/1;!;11225’;(: crime gwa; complete; t}}e offen.der{s)
left the scene on foot in 234 cases and in a vehiclelin

7 cases. One offender came into a lunch couriter

armed with a revolver. He leaped over the couiter

and opened the cash register which to his chagrin was -

empty. He then told the countergirl that he would

return after she had taken in some money, leaped . 1

hack over the counter, and left on foot. The man had
not returned by the termination of the study. ;
A total of 105 of the 418 crimes were cleared by th

arrests of 192 people. There were 59 single offenders  §

arrested, 20 pairs, and 17 trios. A group of four people

was arrested on six occasions; five, twice; and there :

were eight arrested for one crime.

The district patrolmen made 589 of the arresis.

The detective division accounted . for 2‘%%. Seven
percent were made by district tactical units and the

area task force accounted for 5%. Foux: wm%ld.-bei, ;
their potential victums

robbers were OVeErcome by
and held for the police.

Almost half of the arrests (44%) were made witilin‘ i
an hour following the offense and another 24% |

within the first twenty-four hours.

Table 5-12
Strong-Arm Robberies District 2

Number of oftenders

Total
hge 1 2 3 4 5- Over
. o 118
Under 14...00. .40 9 4 4 e
14nt: r16 ........... 21 14 15 3 ({ ‘11- a
17t019...... Lo 10007 8 i ! . 5
201022, i cininnnn 2 5 7 ’ 0 : o e
9340 25.0 i 6 3 6 1 0.0 <0
2610 28. .. ivseenn 3 2 4 g : . .
29t03l... . e 3 1 2 2 g o
324024, iainans 0o 0 1 0 0 o ,
Over 35, viviaavis 3 3 1 s
: 159
Total....... 57 39 48 6. -3 6
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Table 5-13

Comiparison of Crime and Arrests in Chicago and Los Angeles

Los Angeles  Chicago’s
» 2d district
Total crimes.......c.vuvien e 1,905 418
Cleared by arrest. . ....oo.vivciin. 482 105
Percent cleared by arrest. .. ....... 25 25
" Percent of arrests made by
patrol force........ Fhee i, 91 *70
Percent of arrests made within
1 hour following the crime. . ..... t43 44
" Percent of arrests made within
Ist week following the crime. , ... 167 86

* This includes district and task force personnel.
t Approximate figures taken froma graph.

- The Challenge of Crime in a Free Society docurients
a study of 1,905 crimes examinec in Los Angeles n
which 259, were cleared by arrest.® This study in-
cluded all crimes, not just robberies, but there are
some similarities which may be shown between that
study and this second District robbery study.

Since the Los Angeles study included all crimes,

. many of the offenders were known to the victims. Of

the 482 cleared cases in that study, 639, involved
suspects named in the original case report, that is,
either offenders known to the victim or offenders
arrested at the scene of the crime. In the 2nd District,
less than 59 of the robbery offenders were known to-
the victims: 449, were arrested within hours following
the crime. Only 149, of Chicago arrests were made *
after 2 week following the crime while one-third of
the Los Angeles arrests were made this late. Detec-
tives made 44 arrests, three at the scene of the crime.

(Table 5-13).

Results and Operational Suggéstions

The principal findings are termed tentative be-
cause it is felt further research and analysis is neces-
sary before unequivocal results can be stated. How-
ever, these tentative results should allow operational
fuggestions to be made,

Analysis of the frequency of occurrence by beat
showed that robberies had a tendency to cluster.
Also, the computerized tabulations indicated a high

‘Percentage (65%,) occurred on the street and are
- tnsequently amenable to preventive patrol.

These results were the main factors in prompting

_th‘?i‘emphasis,given to the incorporation of graphical

difplaysrin a police management information system.
In addition, much’of the analyses of the preventive

force was predicated upon' the likelihood of space—~
time coincidences (related to on-view arrests) shown
plausible by these preliminary findings.

The general conclusion based upon this fact is that
a geographic graphic display should be provided,
whether produced by hand methods (incident map)
or by computer, and that preventive units can and
should be positioned so that the highest probability
of on-view arrests will result.

An obvious. desired result is an increase in the
percentage of robberies resulting in either on-view
or subsequent arrests. Various techniques of statistical
analysis may be used in the attempt to identify those
factors which are related to an increase in arrest
percentage. It appears as though patro! response time
is an important factor. However, further analysis is
reg-ired before it could be stated that response tire
did .ot interact with other factors surrounding the
robbery phenomenon,

The most promising statistical technique sug-
gested to perform this type of research is known as
multiple discrimminant analysis. Such methods would
allow the identification of interacting factors which
discrimirate between robberies which result in ar-
rests and those that do not. (Computational details
and some illustrative calculations -appear in the
technical section of this chapter.)

ROBBERY AND THE CHICAGO TRANSIT
AUTHORITY ' ‘ S

The Operations Research Task Force collected
data pertaining to the problem of -the fixed-point -
defense situation discussed earlier. Specifically, -the
problem was to place preventive ‘patrol officers, in
plain clothes, aboard Chicago Transit Authority
buses, Riders were considered because bus- drivers
were reluctant to use flashing signal lights, and the
robbers often ordered drivers not to use these emer-
gency flashers. Even when flashers were activated,

- delays in reporting the signal to police often prevented

apprehension of the robbers. Time ran out before
an application could be made of the data, but the
material is included here for use in other projects.
The approach can be generalized to other fixed-point
defense problems, such as deployment of bank stake-
out teams. o

During a 1968-69 period, the Chicago Police De-
partment concentrated on bus robberies. . The rob-
beries received ‘a great deal of newspaper publicity.
Although few of these robberies had been directed
against passengers, public trust regarding safety
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aboard CTA buses aeclined because of the publicity
and the effect ‘upon passengers who witnessed an
armed holdup. Previouly, CTA subway stations
were targets. In the stations, both waiting riders and
ticket booths were targets. When a portion of the
GPD Task Force was Jevoted to subway patrol, the
problem was reduced. Similarly the Task Force
devoted some of its manpower, along with extra men
from District forces, to the bus probl¢m. Robberies
decreased. o

Obviously, the greater goal of increasing the sense
of public safety on.all CTA facilities must include
factors other than robbery. Assaults, purse snatchings
and other disturbances also affect passengers. Recog-
nizing this limitation, the ORTT discussion centers
on CTA bus robbery since the data was gathered and
processed for this specific crime. The nature of the
analysis makes the method applicable not only to
bus robberies but other types of crime.

CTA bus robberies provide an excellent example
for describing preventive patrol activity in terms of
the modeling method. More importantly, several
methods of patrol can be examined from 2 theoretical
basis. While the particular methods have not been
applied as yet, their development will later provide
assistance in planning manpower allocation for similar
crime campaigns.

Different approaches and tactics have been under-
taken to combat the hus robbery problem. The
Chicago Police Department announced that plain-
clothes policemen would ride the busses and -pay
fares in an effort to appear as regular passengers.
(Chicago Police can use the CTA without payment
when in uniform or by showing identification or
badges when out of uniform.) This tactic was widely
publicized by newspapers and radic. Police hoped
for two outcomes: Increase in on-view arresis and
deterrence of robbery through publicity-

The number of on-view robbery arrests after a
trial period was extremely low, although  on-view
arrests were made for reasons other than robbery.
The tactic was modified to permit plainclothesmen

to show their badges or ID and ride without payment.
This deterred any observent potential robber on the
bus or boarding at the same time as the officer.

Obviously this medification would - not increase

: on—viyew‘arrests.‘Thc greater policc/vi"s‘ibility, however,

caused a shift of bus robbery activity to the areas of -

the city where preventive police tactics were not being
carried out. However, city-wide, bus robberies de-
creased over the previous reporting period. ‘

During the same time period, uniformed police in
marked cars were. s0Dpping the buses at bus stops,
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boarding the buses and talking with the drivers. The
intent of this tactic was, again, deterrence. The
frequent stops of buses and the heightened level of
patrol car activity in high crime areas along the routes
were intended to deter by raising police visibility.
While the increased density of police would provide
a quick response to.2 robbery in the area, the in-
creased visibility lowered the chances of police
actually witnessing 2 robbery.

In comparing these tactics with the role of pre-
ventive patrol; as described earlier, the police con-
centrated on the deterrence factor to prevent the
criminal event of a bus robbery. Except for an initial
attempt, the tactics emphasized visibility of the police
presence. in the highly probable bus robbery areas
rather than displaying their effectiveness through+
publicized on-view arrests. :
no way to determine which tactics contributed the
most to the decrease. Since robberies in general
decreased throughout the same areas where - bus
robberies had been most common, the decrease in
bus robberies might have been for reasons altogether
different from the bus campaign. :

In labor negotiations with the bus drivers union,
“the CTA promised to install an exact fare system by
late fall of 1969. The system
installation of a securé change
driver cannot open alters criminal opportunity

container that the bus

+o make bus driver robberies virtually impossible. "

/R

L

While the police were forced to continue s0me level

7

of deterrence until the exact-fare system went into” §

effect, the individual victims, drivers, forced the CTA |
to remove opportunity. This shows how preventive
patrol force operates and how victims can alter the
initial opportunity for a potential criminal event.
Mathematical attempts 0 allocate patrol man-
an optimal manner for the bus robbery
also emphasize the probability of space-
effectiveness.

power in
roblem
ime coincidence as the measure of

U'sing plaincldthes riders of buses is a heavy drain i

on police resources since-it involves two men and an
unmarked car to cover one bus. Because these M
were drawn from the Task Force during the hours
1800-2000 in high crime arcas, the amount of 2§°
gres lf%‘{i/qurevcntive patrol was reduced greatly, except
on the buses. :
Police management needs answers to sevesal
questions. Where should men be assigned? How many
available men should be assigned to specific ares
to maximize the chance of capturing 2 robber in the
act? And what is the probability of capturing a b
cobber as a function: of the manpower assigne
‘ride buses? Available data concerning past bus TObf

was not specified, buty .

Unfortunately, there is% ¥

soas

e Chicago Transit Authority
o h:l:rdand Trolley Buses Scheduled by 15 minute Perfods
eekday Operation as of Friday, December 29, 1967
f 4

Figure 5-13
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beries and information on bus scheduh.ng 'was f?lfc_
to estimate the likelihood of bus robberies s a

of ti ce in the city.
ion of time and place in the C .
tlO'II“IN: search effort to detect the btlls ?:bdbf;);hl;
' ) is limite
' lainclothes passenger 1s 3
ProBe DY s, Do : e interval Ay, of a day,
i . During a time 1n i :
[agting g more, one man could ride
1 the order of an hour or , one cot de
chcral different buses through a high c'mm:nzrthc
Depending upon the frequency of bus s;:lrvxfcciﬁc e
i an could cover all ol 1A ,
Jength of ride, one man . scs
tragcling through a section of route Axi. S0

i Axi
aumber of buses that one man can ride through
in Aty is expressed as "
n=n(Ax:, AL} (
In like manner, the total number of buses, N, traveling

through Ax; in Al is expressed as
N=N(bxi, AL)

Figure 5-13 emphasizes the time-varying nature of

treets.
e number of buses on the s .
thpr a section of a bus route has NV buses traveling

i uses
through it in time Atjand one man cc;ulfccl’rrlfllclzen ;)nﬁre
sumi i th directions) for u
assuming travel 1n ho re : tire
gength Ax;, then the probability of detecting 2
roblery—given that one occurs in segme

Atj—is % per man. If two men covered t

did not ride the same bus s

\ 2n
ditional probability would be %

K%Sl, £=1,2,3..

- Now the probability that 2 bus r
in Ax; during Atj—given that
some bus in the Cigy—can b
the total numbcr? g
month (or

g:lr [:1:? cft?:xtng At; and dividing by the
of bus robberies for the s
occurred during time At :
estimate this probability by usin
qg';?gzhprobabﬂity will be written as P(Axs, Ats).
Given that a robbery oc?u
being on that particular bus 1s

nt Ax; during

:e area and

multaneously, the con-

obbery will occur
a robbery occurs on
e estimated by taking
{ bus robberies that have occu;rcd
me other historical record)
total number
ame historical period that
of the day. We can only
g the relative fre-

rs, the probability of

and ;
n(Axi, Alj)
———_—_"’

= u(Axs, At)S1 for alli
u(Bxi, Atj) = Nars AL aiu(Bxi, Bl

which is the ratio of the number of buses to ;};f‘t;s:; ¢
traveling through Ax; in time Afj th?.t ﬁonte (ass;min B
ride. The probiem of police plam‘nn‘g is firs s bilitg :
i1l use yiders) to maximize the‘pro ability |
B being o s that will be robbed given 2 total

* heing on a bu ; tot
Oif‘ B; p%licemen as riders. Mathematically, maximuze
o :

Max P(B/R) =Max| SO PlAxs AtHawu(Bri, At))

k==l

At Azi |

@7

subject to | &
M " 5

ar=0, Z ar=M ( ‘;

Constraint (38) simply insures that we do not assign ’1‘ 4
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The intent was to take different assignment rules
and different manpower levels and use the time and
location of actual c¢riminal events to calculate the
probability of space-time coincidence. The calcu-
lation of space-tirtie coincidence follows the mathe-
matical procedures discussed in a previous section.
The allocation methods against street robbery would
have been used to assign men to specific geographic
sectors in the simulation; When a crime occurred,
either the number of men patrolling the¢ region of
the crime or the status of the unit specifically assigned
to the sector of the crime would be checked. Prob-
ability of space-time coincidence would be computed
on the basis of unit availability.

Time did not permit using the Task Force simiu-
lation at its full potential to test different assignment
rules by comparing the computed probability of space-
time coincidence. The results of the simulation de-
scribed here assume a uniform geographic distribution
of crime and do not identify patrol units with specific
geographic sectors within the larger patrcl area. The
area used was realistic in that the actual miles of
streets and alleys were entered, as were robberies
actually occurring in this area and the actual times
of occurrence, to calculate space-time coincidence.

While the results of this simulation do not show the
potential performance of preventive patrol in a high
crime area, the details of the simulation are included
for several reasons. First, a great deal of descriptive
information concerning the nature of aggressive-
preventive patrol by the Task Force is contained in
this simulation discussion. Second: the ability to model
and to verify a simulation of a preventive patrol unit
might interest other researchers.

Simulation provides opportunities to study alterna-
tive methods of preventive patrol without the com-
plexities of field tests. This does not mean that the
field tests are unnecessary; it means that effects can
be better anticipated and some alternatives discarded
vithout a field test.

The Task Force, unlike the beat patrol force, dees"
hot receive assignments from the Communications.
Center. Task Force officers take “flash” messages
concerning crimes-in-progress or descriptions of
wanted vehicles or persons involved in just-committed
¢rimes for the immediate area. As a consequence, no

© Gata bank existed, at the time of the study, showing

the amount of time spent on street stops, .arrests,

. Vehicle stops ‘and premise checks. So the actual num-

ber of Task Force units actively patrolling an area
Was unknown. The commander of the Task Force
and g police member of the Operations Research
Task Force developed a simple activity report. Each

unit assigned to the First Area Task Force was re-
quested to note the nature of the activity, the time it
began and the time compléted.

The initial results were sufficiently interesting that
the Task Force’s commander suggested a longer test
period. All of the activities recorded in the first period
were consistent with department philosophy regarding
aggressive-preventive patrol. By the simple procedure
of blackening a time-square #n the report sheet for
activities such as premise checks, vehicle stops, ques-
tioning suspicious persons, car service, lunch, etc., the
recording was simplified. However, the blackened
portions of the report sheets, when consclidated,
showed that a much smaller percentage of the de-
ployed force was in an active patrol status at a given
time than Task Force managers had assumed. This
meant that few units would be available to detect a
street crime-in-progress at any given time during an
evening. In many cases, units that were not in active
patrol status would also miss “flash” messages broad-
cast over the radio. These “Down Time’ results are
shown in Figure 5-14. Each black represents time
out-of-service,

During the additional test period, the Task Force
units were requested to register the odometer readings
of the patrol vehicles to the nearest tenth-mile at the
end of each activity, Thus a distribution of patrol
speeds could be obtained for use in search models.
The total data used in the simulations consisted of
three weeks of activity reports from the First Area
Task Force for the period 9-29 January 1969. While
some Task Force units were deployed during the day,
the activity reports were taken only for units on duty
from 1800 hours te 0200 hours.

Activities which remove Task Force units from
patrol status are self-initiated unless they are re-
sponding to an emergency or “‘flash” radio message.
From the activity reports, 17 categories of activity
were observed which had frequencies of occurrence
from 459 to 3 during the recording period. For the
21 days, the overall average of down-time was 32.7
percent. This refers to all reasons for going down from
patrol. The average is possibly useful for adminis-
trative planning purposes, but the actual distribution
of availability shows certain times when the number
of units in patrol status is very small, The data were
used. to determine ‘the relative frequencies of different
activities. ‘This frequency rating is shown in Table
5-14.

Normally, arrésts resulted mostly from the first
three activities: stop-and-frisk, - street-stop/license
check and traffic stop. A police officer in the Oper-
ations Research Task Force did the categorization of
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Table 5-14
Summary of Task Force Activity

—_— 7

Number of Minutes
occurrences - expeneled

] (total)
_ﬁ‘—"\—%——-“___“____'-—ﬁ_____
Stop/frisk e, 7,917
Street stop/license check. . . | el 1,135
Traffic stop 4,787

11,925
2,130
2,010

370

Figure 5-15 . Stop~and Frisk , Service -
Time Distribution
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Figure 5-17: Traffic-stop service time
' distribution
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-1 the Task Force units, were simply taken from one
- week of activity reports filled out by the officers.
~ This type of simulation could be used also with the

radio dispatch summary tapes to determine patrol

The deterministic simulation was programmed for
several reasons: to estimate the space-time coincidence

probability using actual data, to investigate the effect
on patrol time of excluding certain Task Force ac-
tivities and to verify the results of a stochastic simu-
lation. The principal disadvantage of the deterministic
simulation is the inability to study the change in
estimated space-time coincidence probability by vary-
ing the manpower. This was the principal reason for
developing to stochastic simulation.

Stochastic simulation, as its name implies, uses
empirical distributions for activity occurrence and the
service time for the activity. In addition, the speed of
Task Force unit patrol and the timie of duration for a
robbery were selected from distributions. The service
time, speed of the patrol car or the duration of a
robbery was selected from a distribution by the draw
of a random number generator in the computer.

To select the mean time between any activities for
a particular Task Force umit, the total number of
activities (excluding arrest processing and lunch) were
divided by the total number of units deployed for the
21 days to determine the mean times between these
activities. Activities or (endogenous events) were as-
sumed to follow a Poisson distribution in time. The
endogencus ¢vents were then generated by drawing
a time from a negative exponential distribution with
a mean equal to the mean time between activities

Figure 5~22: Car service, service fime distribution.
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three activities: stop-and-frisk, street-stop/license
check and the traffic-stop. Each time one of these
occurred, a draw was made to determine whether
an arrest would occur. On the basis of the 21 days of
data, 13.6 percent of these cases resulted in an arrest.
If an arrest occurred, the subroutine selected the
amount of time required to process the arrest. This

was added to the Task Force unit’s time out-of-

service,
Lunch could not be handled as a randuin event

since the data showed a marked preference by officers
for certain cating times. Whernever a car was free in
a particular time interval when lunch was eaten,
the unit went through a draw function which assigned
the same percentage of units to lunch as shown in the
original 21-day sample. If fewer than the normal
number were actually assigned during a given interval;
the probability of drawing a car in the next interval
for lunch was increased. This resulted in an almost
certain assignment for lunch in later intervals if a
unit had not received lunch during the earlier inter-
vals, As the data revealed, not all units took a lunch
break, and this simulation could result in some umnits
not receiving lunch, Lunch was always given a time
of 30 minutes, In the simulation, no unit could be
assigned two lunches, ;

As in the deterministic simulation, the number of
units in patrol status at the time of a robbery (an
exogenous event not generated inside the patrol unit)
vas obtained and used to compute the probability of
space-timé coincidence, Each unit in the stochastic
simulation was given a unique number. This was done
so that particular cars could be assigned to definite
geographic areas,.and the status of cars in the par-
ticular arcas could be determined. This permits the
testing of different assignment rules and does not
require assumptions about unifprm distributions of
crime or Task Force units. : '

Verifying the Results

Verification of any simulation is a process open to
debate, One of the main purposes of the Task Force
simulation was to take units in and out of patrol
status in a realistic manner. No.verification problem
exists with the deterministic simulation unless the

aceuracy of the data is questioned. Since the data

covered 21 days and consisted of 278 reports, the
sample size and makeup was considered adequate.
The deterministic simulation was then used as the
-real-world, and the stochastic simulation was com-
pared to it. - ‘
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The deterministic simulation covered seven days,
9-15 January 1969; the number of Task Force units
on the street varied from seven units to seventeen
during this period. Two factors were used for com-
parison: average car availability and distribution
throughout the eight-hour period of available cars,
Expected values of car availability are the only inputs
necessary for analytical studies such as those discussed
in the preceding section on mathematical modeling,

More realistic treatment would consider differences
of car availability in different time periods of the
watch, For uging the analytical expressions, a com-
parison of car availability as computed from the
deterministic and stochastic - simulations was "con-

sidered adequate. The more stringent test of car = :

availability throughout the watch tests the assump-

tions of endogenous event occurrences and the service - ;
time distributions. Verification of this criterion permity .
us to use the stochastic simulation as the real world, !

insofar as car availability during a watch is concerned,
~ The Chi-square test was used to test the hypothesis

that no difference existed between the deterministie  *

and stochastic simulation values. To test for any
dliference between the average car availability, the

mean number of units available were compared. .

Samples of car availability were taken every 15 min-

utes from the eight-hour period for both simulations -

and the mean was computed, The value obtained

was 1.2220 for six degrees of freedom. This means |

that the hypothesis that the deterministic result and

the stochastic result are generated from the samé

process and cannot be rejected at the 5 percent level
"This is interpreted as a very close agreement betweet -
the stochastic simulation and the deterministic sim-

lation, as far as mean car availability is concerned - -

(See Table 5-15)

Table 5-15 ) :
Comparison of Deterministic and Stochastic Simulation Resuls

Stochastic

Task - Deterministic
January— force . simulation (mean sitnulation (me
units  cars available) cars available) .
g 10 8.41 8.18
10 9 7.71 6.98
11 9 6.73 6.73
12 14 9.65 9,58 -
13 20 13.31 16.09 - B
14 7 5.01 . 5850
15 13 8.04 . 9.86

Computing the Chi-square statistic as
[Deterministic mean value (j }—Stochastic]? mean va

- Deterministic mean value (i)

tie {1 :

| ’ Table 5-jg
B Ghi-Square Test Results

Januavy— " og force Chi-square
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10
i 11 5 27.958 ggg
; 12 > 46.085 o

T ——

To verify car ay
ber of‘avaﬁable cars for both

Table 5-17
Probabilit C Table 5-]
: ability of Space-Time Coineidence Pmbabﬂity of Space-T; h 8. . _
~N“mbér Nu’ . ) . Garuzsaci)géi’x?cncc With Adjusted
Ol unije - “Ttmber of e " 4 :
it age robberies sﬁfff ‘2,3312"?3 bility o Number —
v in area T arcl:Cldcncc of unitg fNumlze‘%- Mean probabil
: IO in aren Q jlx;obberlcs sPace-tfme' coéiln :u'tity of
2 —_— area : N - acnce
. g 6 0.00567 0 - \\J‘f‘m\
14 g 0.004‘51 : 9 2 ) - .
% 6 0.00096 b 6 G.00567
5 8 0.00556 " 3 g.00462
3 6 00504
s R , 29 6 gg%sgo :
. -01039
13 3 ' 0.00336

. M‘—.—
3 . ,
10 43,459

pared to the act
fiays, This is beg
0 2 uniform my

T i s e

S s .
Pace-Time S1mulation Estimateg

Using the assumipti

dGioing ¢ Ptions of 5 ypi
a4 ;»tr;?:;gm[? of rabberies in the patlfcillf:
o D! a A}ltlcs of space-time coinci
2 or the seven days of th
atzor'x. (See Table 3-17)

es of thesevariables, 12 patro}
' Space-time coincidence
trol when ygine
1y, the availabﬂit;
“In-progress and tq
Wering descriptions
their arrests over
on hardly firg the

M geographic
rea, the follow.
dence were ob.
e deterministic simuy-

this estimat
ed figure, B i
. = But thi i
Preventive patre] mode], o

As a compar;
parison, 50 bercent of the stree

{risks were deleted on 5 t-stops,

chance

unit spent ip Preventive p

These p i
Umerical regyltg Cannot'be direct] .
o cotly com-
: Task Force perforaiunce on th
use the Tagk Force o

141




to ]
. d. Further study
. its is recommende 5
RELT bbery does appear  ventive patrf 1 uﬁ;: is also recommended.
e ime of the robber : verify actual va
S of manpower. The t.lmthc calculation, however, since erity
i i CNce mn

to make a differ

B sk is not . . ICAL
the mean probability of spacc;‘tln;e czgl;;ie;cem i PREVENTIVE PATROL: TECHN
e Iy m ) ' '
S p ing levels o i S j
consistent with V::lyvflue on the second day, Wltg ANALYSI is of the preventive patrol i -
example, the mzd was less than the mean value o This technical analysis othe period of the rescarch g
' ssin » ) over A .
nﬁncj rxlega‘; wgith 1’3 assigned. incidence is di-  function was de\g:]?apifsd systems analysis of preventﬁve
the las o -time coinci ject. First, a de ine the relationship
- of space its in the  projec ’ determine the
The probability ber of the units in undertaken to olice depart-
L the number assigned  patrol was , t of the police dep ;
roportioned to t in the non-assigne i trol 4o the yes g
;:igm% sfctor case, and nearly sz ;; t};vhen criminal  of prevcr:ltlJ:’: sl;icify the possible outputs of the pre- §
! he robbery example. atrol . ment an ivity
sector casc; for the and when p i L activity, j ddees
events cluster in tnm:1 and isgﬁz’ simulation would verlen:z fﬁzr;tent of the overall project was to a
: . : uniformly available, e
units are not uni

models haye been subjected tq field tegt verification
of the accuracy of thep numerical resyts, Both of
these situationg indicate the need fop further work,"{
The latter failure of verifying the models: numerical /
i serious in relation o ¢ of

for future wor,

verlapping These symbols and definitionsg will be used through. - PJ
their activities Since two units would the coyer twice  out the discussion:
: ' ematical models i y o ) .
ide better estimates of space-time the resource allocation problem, ma‘f; ht, Unless the §§ 25 much paltlr cg suriace as onz umit, t};s type of plaf:e 2y (Probablhty of space-time coincidence, )
be expected to pro‘t’;’e analytical expressions St;ted of preventive patrol activity were sat};gematical sense, | Tent s called a linear oq tton of coverage wiey ' (Number of Preventive patre) units.)
£ han the iables. These ibed in some m itative B - Manpower, S (Speed f 11, ;
coincidence i f the variable ivity can be descri . titative L . (Speed o Patrol for a unit.)
p alues o0 ) ctivity ca . in a quan i 11 , 3 . L .
carlier, using cxl?ccted'v . hence, simulation looks ah aﬂ};cation of police resources Ir ocfl preventive The second type of Placement adds additionat unitg T (Time that a criminal event g viewable to 5
itions hold in GhmagO,_ ! id be used - the done for the function i :f0a larger arey g that overlap between each patro] ! uni : d
conditions hese simulations cou o ner cannot be don laboration on the | , patrol unit in 4 Manner that Btves evidence of
like an excellent tool, Tbcli ility of space-time coinci- ma‘tn b Thé patrol models were e ?;i o 'uantitativc ¢ Uit can occur, Thjg type of placement results in ap " 2 criminal event,)
L it : atrol. er ; i - A
; for estimating the pro abLIE 1 events by changing  p { previous researchers. Qt T q te pre- £ © €XPonentia} addxtlon.o_f patrol surface Coverage rath-er (Numbey of miles of streeits and alleys per square
types of crimina ibl ~work of p v be used to allocate p E than the linear addition eage This is illustrated jn ; ;
dence for othcf YP’ he criminal event and, possibly, odels or measurements can dels were chose - cay . mile of the city.)
R the time duration 9f the ¢ : mode atrol resources, but the mo £ crime de |} Figure 5.9, presentec% carlier. For the only nNumerical Area in square miles of the overall patyo]
4 the patrol speed distribution. endations for the de-  ventive %f their explicit consxderat'lon o g §  txampleg (patrol against street' robbery), there ig very region.) >
The conclusions and rccomlmunits are based on a  because e type and method of police Patrz s is e | little difference in the Probability of space-time coinci. - duct B4 is useq
ployment of preventive patro tive patrol role, an  sity, crim s}:xred output of the patrol mo € net i dence for these pyo methods. This wag Hlustrated in 1ehpro 16t B4 s used in n
. ventive The mea - e. This is an est- B K since the acty
lysis of the pre d the results irs space-time coincidence. & - Figure 5.3,
| systems ana ) dom patrol ac bability of space tive patrol unt
: deling of ran : and bus  pro ility that a preven
analytical mo ics of street robbery of the probability
; iled studies o mate
of two detaile

. ; ter in high
: crimes will clus .
. In brief, some ¢ istorical data
ro'b b(,:r)., ions of t’he city. The use of hx;tosred on o
- wgethod of manpower allocation ba
and-a m

E  There coulg be a much Ia
: the g
ame time as =
- ’ e spot at thC 8
will be at the sam

) . ‘types of crime such ag burgl

of a ¢riminal event. This section }Clhsclgssg ¥ time Span for éomrnission, or
ceurrence is probability should ikl " *
. re detail the reasons this prob 4 i 1 cantl.y 'large.r numbers of pa
s a potential gain of as  in mo e trol ore, ;Admmxstratlvely, the
. S a i imized. : . i atro L
analytical patrol mode.l Oflfe’" robability of achieving ng;:iréa o-had am established vaen?welztion g
ruch a5 & factor of 10in '};eepabsolute improvement, h Tasngorc& A digital computer simu
: : incidences. Th the
space-time co

r8er difference for othey  Was taken fro
ary, which has » longer =~ The average value B
for a case where sienifi.  for specific sections,

trol units are gvaiié’ble. * Placement of pairks
linear addition moege; will be

tty used in 4 Computer simy-
and the exponentia} latien tg indicate the number of units
] ‘ it will permit aus addltllgn model will he ca}lled the non.—assigned sector ifl patrol status at 5 given nstant of
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B

time coincidence is

In equation (1), X is the number of assigned secfors
as well as the number of patrol units. The total ST ST
number of miles of streets and alleys in a patrol sector 1~p 54 Bd <1 )
is BA/K, and the number of miles covered by the 2
patrol unit during the time the criminal event is The probability of none of the units achieving ~ Q
viewable is §7". The fraction ‘composed of §7 divided  space-time coincidence is S U %‘
by BA/K is the probability of space-time coincidence oT\E ; TR 3 s
in a sector, As K increascs, the assigned sectors of (1_p__> 6 —~ 9 a i)
patrol decrease in size, and the distance ST covered , B4 : 30: 8 %" <Lf
dur;mg a crimi?al event covers a greater proportion Ly Eis the number of patrol units in 4. In this ARY) o
of the sector. If a patrol unit is in patrol status with , el : o : a o
the probability p, the probability of a particular unie  C-o, (e probability of at least one unit achieving e owa 5
» h'p Ohabuity Pti pr poos Yb par space-time ¢oincidence is : = % <l( %
achieving space-time coincidence becomes ; = ¢ & e
KST KST Psz'—'l—(l—n}gz) © I a9 £ =
Pa= T g @ ‘ 1y T 7 =7
If K is a reasonably large number, equation (6) s - 2 <>( ] ) 9
In a computer simulation that assumes a uniform  closely approximated by the expression. 2 o i :)n: =
distribution of crime throughout 4, the probability s : KT} < ' \lo -
of achieving space-time coincidence is computed from Po=1—exp <_ P K AT> o ~§ f 6‘2 v e
B o - s, LY
- a > Q > ()
TFUNITS)ST (TFUNITS)ST ) , : 0k 0 :
Pu-“—‘( 7 ) , ( T ) <1 (3 In computer simulations TFUNITS is used in place Ex= @ .‘EILD' %
of the product of X and p. 3 27 v
. . " . . - vl
Where TFUNITS is the number of patrol units While thcj, dlﬂ:CI‘CnCC for the partx.cx,}lar crime type b 5 o U
out of K that were in patrol status at the time of the  Of robbery in this paper shows negligible diffecences §— & &
criminal event between the assigned and non-assigned sector cases, o &L
* . ol . . » [§]
I the location of 2 criminal cvent is isolated to a  Other situations would result in greater cl'lfferencc§. <5 2
particular patrol sector in a simulation, the probability For that reason, a more thorough discussion of th 0 _"; -
of a space-time coincidence is either 0 or dlﬁerenc{:s appears warra:rxtefi. o 28 &
Assuming a uniform distribution of erime in 4, =l w
RST criminal event will occur in a particular sector with €090
3 P . . Py
the probability 1/K. Considering the probability that |50
) I.M ] ) thispparticulai p/atrol unit Is ign paltjrol statuz, the ; ‘(5).':62 5
depending on V\{hcther the unit {or thc' particular probability that P, =0 is P
patrol sector is in patrol status at the time of the =2 g
criminal event. To summarize, this formulation is (1=p) (8) o 5
useful for simulations that use the time and location K N §°¢©
of criminal events with the patrol status and patrol v . L . ion ) 0
sector Jocation of preventive patrol units. Otherwise Pfc is equal to the value of equation @ o
In the non-assigned sector case the probability that 3
' iy

“Bquation (3) is useful {or a simulation which does
not consider erime location and ‘assumes a uniform
distribution of crime throughout 4 and an equal p
for all K units,

Equation (2) is used in analytical formulations
which do not consider time or location of criminal

cverts,

Non-Assigned Sector Model
If the patrol units were permitted to patrol';at

vandon instead of remaining K assigned sectors) the
probability of a particuiar unit not achieving space-

144 ,

P,c=0 is
@

Which is the event that every preventive patrd
unit in 4 is out of patrol status at the same instanf.
The comparisons of equations (8) and (9) for different
values of X and p are shown in Figures 5-27 t}’{{oﬂgh L

530, Except for cases of low p and small values of £ : )
as illustrated in Figured 5-27 and 5-28, the no% . : "\\\ i !
assigned sector casgnormally gives the greatest chane® o - i i .
' 8 Q e ’
‘ c© o = o
. . 0 Ch S
. < &
4 pe

of achieving a nox(iizero value for P, D
Since the differences between Py; for the assigned i

and non-assigned sector cases for the robbery e;faml’]f
is mnegligible until X becomes very large, the now N

3 ‘ .
DNEIGDN!OD INLL-30vds oN 40 ALY yd

- (g‘

s
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N Ketor case would double:: For Figure 5-3, the prob-

This would not be true when equations (2) and (7)
give widely different values for the same values of K,
¥ 5 B, 4, §and 7. As a modification to the last set of
§ “equatiops, Elliott! used the average revisit time, 7,
¥ and the time required o carry out the crime, plus the
‘time that the perpetrator remains in the area and is

detection by random patrol. The probability in this

agsigned sector method appears generally superior.‘ -

identifiable, ¢, to estimate the probability of crime

 0.020. An even more dramatic increase would occur

for the crime of burglary. If the patrol speed of 9.2
miles per hour were reduced by one-half to permit
more careful examination of buildings for signs of
forcible entry, and the assumed value of the time
duration (7) were increased hy a factor of 40 to 30
minutes, the probability would increase to 0.2 for a
force of 20 mien, The increases for the non-assigned

20.000

7 rasK FORGCE UNITS

}2.000 .

.8.000

4,000

case is written as

espression’ when

B4
KS
. isregarded as the average revisit time, and the symbol

s
T in this paper is given the same definition as ¢ in
lliot’s equatior:. Then

p=1i—exp(—T/(BA/KS)).
=1—exp(—EST/B4). (11)

Both Blumstein and Larson* and Elliot'® use the
§ same model, one which depends heavily upon a
; ’ realistic estimate of the time to commit a robbery
| or the time that the criminal is identifiable. Elliot .
L provides a set of curves for different values of ¢/ 7.
-§ Figure 5-3 was computed from values of S, 7, and
3 B4 that are typical of Task Force units operating in
§ aparticular high-crime area for the crime of a street
| mbbery. This.example is an extreme case, both from
¥ the standpoint of no difference between the assigned
& snd von‘assigned sector cases and the small values of
. Wce-time coincidence. :
_+ Inthe robbery example, an average time of 45
“keonds was assumed for a robbery, and a patrol -

L ;595“1 of 9.2 mph was used to estimate the coverage
- -thone_unit, This patrol speed was the mean of a

- ;Sstribution of patrol speeds recordtd by Task Force
1M for a period of about one week. The total miles
+ Wstreets and alleys for the two districts comprising 4

W5 measured as 242.9 miles. (While robberies do

- not occur as frequently in alleys as along streets, the
+ 1% are also looking for burglaries, auto-stripping

fﬂd other crimes; these require the patrol of alleys.)
L4 the assumed time of the robbery were doubled, the
: ﬁpmb,a‘blllty' of space-time coincidence for the assigned

- iy

This formula is the same as the Blumstein-Larson?t

sector case wauld be somewhat less.
These numetrical examples show that patrol effec-

; tiveness as estimated by the probability of space-time
p=T~exp(—1/T), = <1 (10) coincidence is directly proportional {for the assigned-

sector case) to 7. Hence the estimated effectiveness is
Jargely dependent upon the type of crime, since T
varies with crime type. Another consideration for the
robbery example is given next, the realistic estirnation
of T for robbery. ‘ o :
The time of 45 seconds for a robbery was based on
estimates by police officers, but it represents only the
;- time of confrontativn between the robber and the
victhm. It does not necessarily represent the {_ima#’éf
the criminal event which could alert a police ‘officer
to a possible crime. As an example, one Task Force
unit spotted a suspicious person and began ques-
tioning him. During the conversation, the victim of a
robbery appeared on the scene and identifiedt the
suspicious person as a robber. In-another’ case, a
running man spotted a Task Force car and abruptly
changed direction, throwing an object (a wallet) away
.at the same time. The person was captured, placed in
the car and driven back in the direction of flight.
Patrol officers then observed a man talking to another ~
police officer. When they stopped, the man on the
street identified the individual in the squad car as the
person who had just robbed him. In these cases, the
45-second estimate would underestimate the prob-
ability of space-time coincidence, The criminal event
includes all actions and circumstances by which police
can connect a criminal to 2 crime. R
Experimental verification; most likely by derivation,
of T for different types of crime would be useful, Both
of the above examples were taken from on-view arrest
reports by Task Force units deployed in the districts
used in the simulation. The cases occurred within
days of each other. Since the examples show post-
crime behavior of the criminal as the viewable evi-
dence of a criminal event, the estimated tinte of the
criminal act is meaningless. If on-view arrest records
recorded the time between arrest and the time of the
criminal act (i.e. the moment of victim-robber con-
frontation), the effctive time duration of criminal

: v _ events could-be estimated as a function of the crime
. -would increase from approximately 0.010 to . type. This “effective’” time duration, T, could then
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be uscd 1t would reflect criminal behavior as well as

confrontation time.

Estimation and Verification

T] ‘ f i3 . :E'”,:':if ces
[&8) s‘dcr]]l (7 ang l t he (a1 :(;\l[‘rcﬂce Of cr mulal
. . .
1 ]E * + ] v 1 f :

KST p N/BA

{or the assigned sector €ast. The
least one space-time coincidence

events in 4 s
-

in a computer simulatio?, equation (112) I‘Z :Qi:ii
by computing the space-time pro&?abl 1tyT i

Yiend 1 event as 2 function of available 1as
crimina ’ | i
d using the average value in place of MB I

(12)

Probability of at
out of N criminal

szT\N 13)
/

“P BA

units an

for a paurol unit de-

Introducing the probability, F the average

tection given a space-time CDlnC}denCC,
pumber of police detections is written as

PpKSTN
D=t
BA

Verification of the model becomes 2 plrzzgcx; rc;t_’
data collection -and the proper stat1$t1cade pterire
tation of the data, The moﬁdel is manpowg;—b ﬂ;gt)y dents
and it is supposed 10 estimate the pro

frequent events. Becau
to investigate tac
. N . xp

of police patrol, an ex 3
model i8 warranted. To accomplish tht
36 CX 3 which will
he collected whic rov
events, the ‘mumber of on-View arrfests
of patrol units, The probability of atta

" number of on-view &
time coincidence pro the
computed. If the computed space-time ¢0
too Jow to yield the num

(14)

gime Tp will be ';n;:rease
fitted in this
(s:uz’nr;prt?bns’of truly randon} patrol and
of robberies will be gxammcd.
* From historical data,
for a particular crime typ
 found. An on-view arrest’.representls‘
coincidence and & detection by poli

150 .

......

<c a model of patrol is 1}eeded
tics and to extimate the eﬁcctxyeness
enditure of effort to verify the
is, data should
provide the number of criminal

’ 7nd the number
ining the actual
arrests with the estimated space-
ability from the model will b.e :
incidence 18
ber of actual arregts, the
d to determine if the curves

manner, In addition, f.:he Qas-
the distribution

the number of on-view arrests
e by task Force units can be
poth a space-time
ce. This is written

as

(18)

(Implicit in this formulation is the a?sumpt;?; ;}é:;t
the conditional probability of arrest; gvaen %:his ! noi
tection (P(4/4)); is unity. As 'sta:ced before, Findin
necessarily true, but the value: 1s.close t(:ican and
the data to estimate (P(4/d)) s %ra;: rmugfaﬁon‘;
existent. Therefore, it is neglect.efi in the ; e )

Using the definition of conditional probabliity,

P(d, st)
Pat

Where P is the probability estimate og Sga?e-tl:}:z
coincidence 2as. computed from the models in ths
tion. ' >
Secff there were n criminal events zmd1 m ontw;\; ‘

i { criminal event, '
: hat specific type. O it, th
BT et : probability of arrest, given.a

initial estimate of the : :
1<:I:‘iminal event, is m/n. Out of n robberies, the pro

ability of m arrests is given
as

Pa =P{d, st)

p—p(d| st)= an

n(

— e P A”'U —P A) {n—m)
mi(n—m)!

9

i iminal eveat -
if the probability of arrest — given & crimin

i = P(d, st). ..
? 11)3; thi(s’equation, as long as 0<P,:1v:;,n 222;31
always a finite probability of m arre;)ts, ng‘he e L
events, regardless of the valu(? of Pa
then to determine the best estimate Pa o e
of acceptable values for P,A aroun s
From the nature of the gata, no sing :
i ined; instea (
Y;Ea:)iaﬁzim\fg;ézsl brief description 40{ the ap
proach is given by Blumstein an.d Larsori;iew
Tf o criminal évents resnlted in n op-
an initial estimate of

be )

The expect6d~nurﬁijer of arrests oud o beld 7
events in a second sample of 100 WO\S h ,
The difference in ‘the. actual number J
the expected numbef’ of arrests 1o this s
set of 100 criminal events would be

{100 Pa—ma |

mber of arrests in the

where m1 is the actual nu O amother S ?E "

set of 100 criminal events.
criminal events were

' ber of
expected nUM _
worse if the number of arrests was equ

equal 0.0
be eq .

' vould
Caryests v e grca

by the binomial distribution - '

of P4 and arang

there will be 2 range

arrests,
would
bility of arrest wout - |
the probability - Correct use of this equation is dependent upon the
o
¢ of 100 crimitd
£ arresis. A
d samplt
)

secnd

[

than 100 P4+ 100 Py—my |, or if the arrests were
equal to or less than 100 Py—| 100 Py—m: |. In equa-

~_tion form, the result would he worse if -

100 PA‘%"I 100 P, —Mni ]_<,m2

or l 100 PAI-—IVIOOPA*—?MIng

(21)

where m;p is the number of arrests in the second set

" - of 100 criminal events.

At this point, the use of the normal distribution to
approximate the binomial should be discussed. The
“normal distribution approximiation is introdused for

: 'Z\"later computation of the “reasonable” range of Pj.
- Tables exist for the normal distribution that permit

“an easier analytical representation of the distribution
of estimates of P4 computed from different date
sample sets.

The value of P4 will be quite small. As such, the
sample size of the data used to estimate P4 shouid be

large to reduce the error of the niermal approximation.

For values of P4 as small as 0.02, a sample size of
1000 is large enough. The examples given here use a
sample size of 100, but this should be increased if the
first estimate of Py is small, The sample. size as a
function of P4 to obtain a ¢lose approximation of the
normal to the binomial distribution is given in many
standard statistical texts and will not be repeated here,

Approximating the actual distribution of arrests in
the second sample set of criminal events with a normal
distribution, the mean would become 100 P4 with a
stander ' deviation of

o= (100 Py (1—P))! (22)

‘The probability that another sample set would
show more disagreement than the first set is then
given by the equation

O

m1~100P 4 lo

exp(—~35:8) dx  (23)

aumption that the normal distribution provides a
clgsc approximation to the binomial distribution. It
this aysumption is justified, the general use of this

- Muation for this purpose can be written as

&
T/ tmnPalfo

: o= (ﬂPA_(l —PA))I/‘Z

exp(— 18«8 dx ~ (24)
vhere ;

LW

@)

with : al}']miisfhen ber of arrests out of » criminal .
) ment Wit umber of ar. _
selected, the agree 0 ut

.The f‘rgzasgnabigi’wl'imit is traditionally set at a value
o 7'0'5’ If there was no difference between the esti-

mates of arrests and the actual number of arrests, the
value of the integral would be unity. An estimate of
P, which gives a value of equation (23) greater than
or equal to 0.975 is then considered reasonable. Values
of P, giving this result gives the range of values which
can be accepted at the § percent confidence lével for
a two-tailed test given the null hypothesis. :
The initial estimate of P4 can be obtainéd in
several ways. The most straightforward is the number
of arrests out of 100 criminal events. This can be
tested in the manner described in the preceding para-
graphs with other samples of 100 criminal events.
Another estimate could be obtained by the compu-
tation of space-time coincidence. If this estimate fell
within the “reasonable” range of an estimate of the
probability of arrest, given a criminal event occur-
rence, the c¢onditional probability of-detection and
. apprehension is close to unity, given the assumptions

" of random patrol underlying the space-time coinci-

dence.

If the prabability of space-time coincidence is higher
than the upper limit of a “reasonable” probability of
arrest, then the probability of detection and appre-
hension, given a space-time coincidence, is signifi-
cantly lower than unity. Finally, if Ps <Py, cither
the values for 7 or § are incorrect or the entire
formulation of the random patrol model is wrong.
The first approach is to check the value of 7 to see if
the results can be improved by increasing 7. The
examples of two on-view arrests for robbery in the

“earlier section show that the value of T could be
casily underestimated. ,

To summarize, the prabability of space-time coinci-
dence, Py, gives an upper boundary on the prob-
ability of arrest, if the models and the values in the
models are nearly correct, as used to estimate P
The probability of arrest, P, and an estimate of the
“reasonable’” range of P4 can be obtained from his-
torical police data. If Py is less than Py, the model ar
the values must be examined, since P, should always
be greater than Fy. ; L

Since Py will have a range of values, and a range of
values can be computed for P, by estimating ranges
of the values for 7 and S, then a range for P(d/st)
can be estimated by the use of Monte Carlo tech-
niques with a digital computer. Otherwise, the ex-
pected values of P,; and P, can be used with equation
(17) to estimate the expected value of P(d/si). If this
analysis shows P(d/s!) to be quite small, while a good
deal of faith is placed in the values of Py and Py, a
program of training or the design of different search

.procedures would seein necessary.
p b

This verification procedure was not undertaken
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with Chicago data. The method is suggested, however,
for test by other researchers.

Miximizing Space-Time Coincidence

In the mathematical development for computing
the probability of space-time coincidence, both linear-
and cxponemial' saturation laws were used. Here is
described a mathematical method for allocating search
effort to maximize the probability of space-time
coincidence. ‘

In this application; the probability of space-time
coincidence is maxiriized. If this maximization 0cCurs,
the police units, if marked, will maximize their im-
mediate deterrence effect, and they will minimize
their response time to 2 crime-in-progress call while
maximizing their opportunity to make an on-view
arrest, The allocation of a limited amount of search
effort was investigated by Koopman' a number of
years ago. He offers 2 graphical means of solution.

Charnes and Cooper™? gave 2 mathematical Ppro-
gramming solution to Koopman’s problem, and this
is used here to solve the allocation with a digital
computer. Deployment of units against the strect
crime of robbery serves as the specific application.

Assuming an exponential-saturation {aw of spaeg-
time coincidence which corresponds to random patrol
with non-assigned sectors and assuming further that
the probabilities of a crime occeurring during 2 certain
time intervalin a region of the city can be estimated,
then the problem is to find the optimum manner of
distributing the search effort. The search effort, in
this case, is the total number of police units available
for preventive patrol assignments '

In a more precise statement of the problem, the
probability density p(x) is given. The quantity p(x) dx

is the probability that the robbery will occur between

x and at-dxs

sz, [ pde=t )

The amount of search between X and x-dx is repre-

sented by a.search
_ properties :

density Q) which has - the

a0, [ o de=2 @0

@ is a positive constant which is the measure of the
“total amount of search available. According t0 -the
‘”exponﬁntialvsaturation law, - the conditional prob-

- ability of #'space-time coincidence given thata robbery . .
occurs at x is p(x) (1—exp(— Q(x)) dx- Thus, the prob-
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ability of space-timc coincidence in the interval x to

xtdxis .
p» QA —exp(— Q) dx (28)

The overall probability of space-time coincidengcv"‘l

for the entire patrol region is Ly
p= [ poni—ee(-@@d

The mathematical problem is to find the distribution
of search effort function Q(x) which maximizes P.
For the discrete case’? the problem is to minimize

nZ h; exp(— O‘Qj)‘

j=1

Subject to

=1

.  : l[ ’

S 0s=1, Q20 @)

where a>01is 2 constant relating the allocations, Qs :

of search effort to the total amount of search available.

- In this case
k=20

S k=1 (31)

=l

_ where h; represents the relative frequency of criminal -
_events in the jto rectangle to the total number o

criminal events in all rectangular cells composing’t‘nc

search area. It is used as the known probability,

replacing p(x) dx, that the target will be in areaJ.
(Use of rectangular areas is arbitrary,

in very general notation. Here the expressions

1 —exp(~ Q) & & anda O

are ieplaccd 'by

. f KS K;
1—exp (—-&—Z , U, f]—J’ and

. BA BA

U represents the total number of patrol units available
The models for space-time coincidence an 1
allocation of search effort were combined with a®

1

robbery data from different regions of Chicago

and " the 5

reasons for choosing them will - become apparent. |
Occurrence of crime within each small rectanguld -
cellis assumed uniform. The miles of streets and allep
for a cell is used with the patrol model 10 estimate the-
probability of space-time coincidence within a cell) -
So far.the sllocation problem has been discuss®

UsT: @)

R T A SIS s £

S o S B

oal was to maximize space-time ‘coincidence betwe?: 1 ~40,000
a police unit and 2 robbery event. Allocation of &% 1 -

effort assumed that the probability of a robbery ¥,

EAST-WEST ADDRESS ( X10!)

- curring ina pa‘fﬁdular regi i 7
£ ; gion was given. In reduci
;:: g}}:l}:::?ch Eo a practice, robbery data was analll C;Ielg
mbabirtmg in space and in time for estimatin y‘tl
p bt c:ﬂy of a robberY in a particular region‘ 5
i thazwgg analysis yields the conditi?maﬁ. prob
| , iven a robbery in a secti )
| 8 ) ction. of t i
| zle;l ;;)btkery will occur in a smaller subsectioll:lxe '?}tly,
’ e sime as estimatin 2 >
ame 2 ng the actual probabili
;thatt a robbery will occur in the su’bsectiolzl ';lablhtY
Eu :.}rl program, CELCOUNT,® had been deQelcomci
‘Vzrsite ie%g.raphy department of Nosthwestern %Jr(:'
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80, 000
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probability of a robber ’
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. The program then count 4
Pty s the data points whi
. ;/)v;tz;r:l teach AX by AY cell, The progpram o:\;htft};
o 0,_ age of cells that have one, two, three pt
o d'lf)i ints. Foranalyzing therobberyprob’lem eral
("i[‘ 11 cations were made to CELCOUNT prevset
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These aré given in addition to the time of occurrence, :
type of call and other information. Cards for robbery  § Th '

calls were obtained daily. Boundaries of several high | * € subroutine CELC
crime areas of the city (each representing about 4-5
square miles) as well as the time periods of 1000-1800
and 18002000 hours were specified in the computer
program. Robbery data meeting these qualifications
. were then used in CELCOUNT.

Originally, CELCOUNT used floating point data,
For the study, fised-point arithmetic was used because
many of the data points fall on boundaries (streets) of
the cells, and round-off errors would result in anas- 4
signment to only one cell. Also the original program §

" coded as 525 North by 100 East. All streets have a
numerical designation in the Chicago Street Guide.
In addition, an increment of 800 in address numbers
represents 4 mile with only a few well-defined excep-
tions. Madison Street and State Street divide the city
into North-South and East-Wesgt sections, respectively,
In the program, Quadrant-1 is the northwest section,
Quadrant-2 is the southwest section, Quadrant-3 is
the northeast section and Quadrant-4 is the southeast.

All callg to the police department that require the
dispatching of a police unit have the quadrant number
and the numbers representing the north-south and
East-West coordinates of the complainant’s address.

OUNT wag bhanged to assign
To use CEL.-
0t purposes, each cell was

and the fraction of police units out of th
were then calculated, using e
in t}le section on search allog
a different valye for

Figure 5-33; 2ng District duly 19 - July 25
[ 4

of the total numbey
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Figure 5-32; 2nd District June 21 - June 27, 1969 46 Robberies
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and alleys. Since the overall probability of space-time
coincidence depends on this value, an iterative method
of varying the cell size was used to maximize the
overall probability of space-time coincidence in the
high crime area. Values of AX and 47 were varied
as 100, 200, 300 and 400, This gave 16 different
cells varying in size from Ig4th to }4th square miles.

Quite frequently, an increment in street address of

100 corresponded to one city block, but in many areas -

of the city there are half-blocks. As such, the values
for the number of miles of streets and alleys for a
given cell size is not necessarily constant throughout
the city. Constant values, however, were used in this

program. Sixteen different values were used since

half-blocks occur more frequently in one direction
than another. Hence the values would differ for a
cell 100-x-200 and one 200-x-100, even though the
area was the same. v

The probability of achieving a space-time coinci-
dence for all 16 cell sizes was computed by multiplying
the probability of space-time coincidence, given a
robbery in the cell by the conditional probability of
a robbery occurring in that cell, and summing over
all cells which had units assigned. The maximum
probability was used, and the assignment were made
with the corresponding cell sizes and cell locations,

Figure 5-34: 2nd District July 26~ August I, 1969 46 Robberies
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Fiiures ‘5-31 through 5.35,
o ;1 5];:; xgaziner,.'thc Program sorted citywide rob-
e g ¥ location and time, estimated the prob.-
e ea;l r(;bbgry occurring in 4 particular cel)
ogned ts‘ lor Patrol, determined the fraction o;'
e patrol units for patro] in each cell and calcy-
: the fwera]l probability of 5 Space-time coj i
ence. This was done for 16 different cejj sizesof?‘lczlt;

Figure 5~35: 2nd District August 2 - August 8, 1969
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through the end of the study period. In addition, the
cell count data for 100-x-10 cell sizes was punched to
beused in a simple Chi-square test to determine if the
¢rime distributions changed from one period to the
other. Lack of time prevented an evaluation based on
a calculated maximum probability of space-time
coincidence over the robbery data time period. This
evaluation would check the accuracy of robbery prob-
ahility forecasts and whether the Koopman allocation
method significantly increases the probability of :pace-
time coincidence over current assignment methods,
The final phase of evaluation would include a field
test, One of the basic assumptions in using the Koop-
man allocation method is lack of knowledge by the
opposing forces of the scarch deployment or an un-
willingness to change their mode of opération in light
of the search deployment. The reaction time of the
criminal population to a change in police deployment
is unknown. While the crimes of robbery are largely
opportunistic and unrelated to each other in the high
crime areas, a significant number of potential robbers
might rapidly perceive a shift in police patrol strength
and concentrate their collective efforts in regions of
minimal patrol strength, For this reason, the Koopman
miethod might not apply to Chicago street crimes, If

Table 5~19

Table 5-20

Comparative Probabilities for Space-Time Coincidence Using
Differing Celi Sizes in a Region. Calculations Based on Avail-
able Search Force of 20 Units, With No Allowance for Down-
Time (District 18) '
[Time period May 1-21)

‘ 10001800 hours 1800-0200 hours
cen .
size Number Probability Number Probability
for'search h forsearch

100 X 100 4 .0404 3 ¥ .0426
160 X 200 4 t.0335 *3 0392
100 X 300 4 .0303 i 0374 .
100 X 400 4 .0198 1 .0353
200 X 100 - *3 .0267 2 .0376
200 X 200 2 0185 2 .0301
200 X 300 2 0229 1 .0330
200 X 400 4 .0133 1 .0288
300X 100 *1 .0230 *2 .0282
300 X 200 2 .0168 4 1 .0217
300 X 500 1 0211 2 0272
300 X 400 3 L0127 1 0223
400 X 100 2 .0193 2 0304
400 X 200 4 .0143 1 0233
400 X 300 1 .0226 1 0262
400 X 400 1 .0126 1 .0199

* More areas sclected for search than used for actual assign-

ment and calculation of the probability.
T Probability caleulated using fewer units than were actually

available, due to round-off error.

i

for several areag covering the time periods of 1000

1800 hours and 1800-2000 hours demonstrate the

flgst(.frmg of f'obbery events and the order-of-maenp;
ude increase in the theoretical valye of ﬂm probabigl?tl};

- assigned. Actually, fractions of manpower could he

;i;sxglned to cells since they would spend only a fraction
eir eight-hour watch in 5 particular cell, This

Table 5-99

Comparative Probabjlig ,
Differing Cell Sizen i » & 0" SPace-Tiine Coinci ;
d sizes in a Region, Caleulats ence Using
Bt o 20 o g oo o
{District 1 . fi-Lime

Cell size Tithe period 1000-1860 hours

P

Number Probabili e
forsearch - ety fgl;:;[zg; Probability

_—
100 X 100 T ——

4 .0

1100 X200 g ) g‘;g 5 .0212
Jg:g §<< 200 %3 ‘0143 g 1 .0195
moxio 5 tOm g ‘o134
200 X 200 3 -0175 4 l.0 6
200 5 a0 2 L0147 2 '01169
200 X 400 - L0114 1 ‘o159
300 X 100 5 -0i42 1 o1
300 % 200 4 D155 5 010

300 X 300 0114 ] V109
300 X400 5 009 2 0005
100 % 105 2 .0107 i -0088
400 5 300 2 0135 9 '8090
400 X 300 2 .8091 1 :oégg
400 X 400 1 Oggg i} ,0090

—— T .0082
—

*
More arens selected
for sear.
menIt) and c:}lf:ulation of the pf‘;;)igaltl?\?n tred for
. T‘I robability calculated using fcwe:r
vailable, due tq round-off ¢rrop.,

actual assign.

units than were actually

eight- j
ght-hour watch, Probably this is not true, but it

| Compariv Dol fo Spac i Conidence USHE e robbers in some collctive sense have good knov s
; Torce of 20 Units, With Ne Allowance Made for Down-Time  edge of police deployment, some other allocation Comparative Probabili; could be
(District 2) method should be used. Perhaps this deployment Differing Cell Sizes in lf'iff‘}gf Péc;:«TimF Coincidence Using Th aCCommc?dated. :
Timo period May 15=Tua 4] might be based on game theory or on a rapid updating Force of 20 Units, Witk Ng }xui&ﬁlnacté‘}'ﬁ%sed on Search o o t]i Problems with round-off were quite infrequent
10001800 hours 1800-0200 hours of robbery data to predict the nextregions of clustering. i [Timepigiitria 18) own-Time high o :1 ;‘f:u;ts show'dramatically that crime, even ih,
Cell In addition to a street test of the forecast for robbery © ¥~ _ © J‘{“_Y 14-June 4] the 16 giff reas, W1‘ll cluster in space. Even within
size’  Number Probability  Number Probability clustering, and any resultant criminal response, a test & 1000~1800 hoy T time cof e}";nt cell sizes, a ten-fold increase in space-
for scarch for scarch. of the Blumstein-Larson patrol model is necessary Celt 8 - MO hows show & :}Cl cncc. was achieved. Ti probabilities
100 % 100 *8 0207 t4 + 0261 a?so. This would require a corn?arison of actu.al on- | A sz fg}‘s‘;t;zi Probability  Number Pm from theg,:izrizl;ii ;ncrea.s ¢ over the results obtained
100 X 200 5 ‘0181 2 10265 view arrest data to a theoretical computation of \ML bution of eriy gwhmh assumed a uniform disgri.
100 X 300 2 0173 9 0173 space-time coincidence. This data is available, but‘ 100 X 100 3 Tables 5.19 NE and the preventive patrol units. (See
100 X 400 4 f.ons 1 .0163 insufficient time existed to check the patrol model ‘?IIOOX 200 3 :821957 8 .0311 =19 through 5.92) :
: ggg ;’é égg g g%gg g :g‘?ég 'The Koopman allocation 'linked to the Blumstein- 1 [38 ;( 233 11 .0420 g 833255
T 200 % 300 1 .0198 9 0146 Larson model of patrol produced laige numbers of  MX10 3 .82113 2 o REFERENCES
S 288 X ‘l*’gg ; giml) é ggg patrol forces assigned to rather small cells. Since on- 2288 )>§§00 1 :0333 *g .0290 ;
PR gOQ >>§ 200 4 :0139 ) :0168 view arrests are quite rare and the density of patro_lt Fomx 4gg ll .0338 I 8221497 I Presidents G )
- 300 X 300 2 0117 1 0156 forces in these areas is already quite high, the resulis i Wxio o 0250 1 “0251 Ministr. atio;?’??mgqn on Law Enforcement and Ad-
' : igg X '}‘gg *2 ngl{f’lg’ : é g% ég could be correct for these high-crime regions. Many- 5 3333 >><< goo 1 ;8?273 *g .0235 2 s Corrections, (Washinrgliz::aél%’it‘f;é? Task Force Repory:
400 i 200 1 0117 1 .0120 of the captured robbers have previous criminal & & g & 438 } -0329 2 '8%? R:'?e;{)ﬁﬂge Operations and Bualuation of Ty Effectiveness
400 % 800 ) L0110 1 ,0127 ords, and the monetary gains from each robbery a¢ ¢ #x 15y 0225 2 .0192 ivision Ofntht: (ifc’me Office Project of the Lanca';ii
4o R 400 ) ©,0088 1 .0079 often quite small. This would seem to indicate thf‘t £ :gg X200 :gg;g 3 .0264 ment of Operatior?aﬁai}ezgzrsgm{?'{umr?’ by the dopart-
- " : ~—— the deterrent effects on the criminal population 8 £ 400))5 Zgg 1 .0283 ]2 .D232 3 (Novaxu’nbcr 1967), pp. 22-30, ° mvmni of Laricaster,
* More areas sclected for sgarch than used for actual assign- these areas are minor. ‘ s _ I .0167 1 0206 resident’s Cﬁ’mr‘ni{sion on Law Enforeem :
-ritent and caleutation of the piobability, ROBASIN, th : . . ,\\\ :0219 Btration of Criminal Justice, 7%, ch ent and Admin. ‘
, the program described here, was T o Means more areas 1 R Zree Society, (Wastingon, GBO, 1957!1”%&”0’"”8 ina .
‘o d calculation ef pror Se22ch than used for actual - Blumstein and" 2, G, I:arson,’ Chap)tg: E/'Igi' Oterations |
1

Research for Pubies Sycts
MIT Pres, 1967) pp. 160- 100, "> ° (Cambridge:

.} Probability ealculated using fewer units than were actually ; . : fis
for several sections of the city. The computer Tesui®

available, due to round-off error, _oment and calculation of probability
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CHAPTER 6 B

i
DEMONSTRATION EXPERIMENT IN RESOURCE ALLOCATION* | Al

The culmination of the Operations Research Task
Force effort came in the -demonstration of the split-
foree concept in District Fourteen. Basically, this
was an experiment in administraticn that produced
changes in the street operations of the police. Other
demonstrations were carried out, including those
related to robbery (District Two), burglary (Police
Area Six) and, in the same area, auto theft and the
Blue Fence power tactic. Improved procedures for
tommand and control of police resources under
emergency conditions were evolved through the help
of the Communications Center personnel; these

- procedures were put into practize at the time of the

Democratic National Convention in August of 1968,
“Demonstration is an essentjal step of a prsject such
as this one, involving the creation of a split-force for
response and preventive patrol. Demonstration is
also a difficult step, moving from suggested practices

“derived from analytical methods to production or

operational implementation. This can be accom-
plished only through detailed staff planning. Prepara-
tion of an operation order is the same process, whether
in a- major city police department or in the military.
The difference lies in the degree of adequacy in

‘Maffing; in law enforcement agencies the staff com-

Ponent is either non-existent or, at best, seriously
indermanned. Chicago’s police department is no

- tiception,

Preparing operational plans and coordinating

- them through the DPolice department’s command

Umicture fell to police members of the Operational

‘Ressarch Task Force. Under the overall direction
-of Capt, James P. Moss, implementation of the

———————

th‘Pﬁ{‘CiPal authors: A. M. Bottoms, Sgt. R. W. Wagner of
ReChicago Police Department and Dr. Charles W. N, Thomp-
%, Northwestern University. The differing obscrvational

., Minty of view show up most clearly in this chapter in the com-

e

eitary by the first two authors, “inside” the experiment and

® “outside” comment by Dr. Thompson. The separate
“““alyucal cfforts also reflect the professional disciplines (police
Jer and academician) and:the boundaries of the experiment
Bien by each viewer. .

tions Center were modified so that the relay system

District Fourteen expcriment was carried wout by
Sgt. Robert Wagner of the ORTF. The steps are
instructive for those contemplating futurc demon-
strations and street experiments,

First, Sgt. Wagner forccast the expected calls for
service for each of the police periods that arrived i
during June, July and August of 1969. He based il
this forccast on a lincar extrapolation method de- b
veloped by the project director. This method added R
a percentage increase for 1969 calls for service to the
observed summer scason of 1968 receipts of calls
for 'service. Hourly distribution was estimated [rom
historical records. In the event, the method proved
accurate, within a few calls, at 300 per day.

Next Capt. Moss and Lt. Berry developed a
“basic beat” map for the district, (In the process,
they also developed a basic beat configuration for
the entire city and showed a reduction of about 70
motorized beats.) The basic beat was a square whose
diagonal represented a five-minute travel time
under representative conditions. Capt. Moss and
Lt. Berry prepared the beat structure from Chicago
Transit Authority bus schedules and from their own
knowledge of the city. Topographic features pro-
duced some compromise of the basic heat’s square ;
shape, .

From this basic beat structure, Sgt. Wagner de-
veloped  recommendations for assignment . of patrol
units to the response function and to the preventive
patrol function. The concept of the basic beat in-
cluded reinforcement of areas that require most
police activity, Throughout the demonstration period,
the preventive patrol function was the responsibility
of the district’s Crime Coordinator, This asiignment
was based on the district’s crime activity, reflected
on pin maps showing burglary, auto theft and. crimes - ;
against persons. T

In the next step, procedures in the Communica-

could accommodate both the experimental designa-
tion and- the normal motorized beats. Other modifi- =
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cations included the development of procedures for
stacking and deferring non-emergency calls for-police

service.

Fourteen personnel on the scope and dbjectives of
the demonstration, Throughout the demonstration
period, review sessions with district personiel were
conducted by the ORTF. A professional evaluation
of the experiment, called an “administrative experi-
ment,” was carried out by Fundamental Yystems,
Inc, of Evanston, Ill., under a subcoriiract to
Chicago Police Department,

e e R cbta i e

Now representatives of the ORTF briefed District

The procedure, modification and concepts of the

demonstration are feasible in the Chicago Police
Department. The assuraptions and analytical bases

are sound, Given the various implied criteria for
operations, these results were obtained:

(») Although a 30-sccond increase in average ..
response time to emergency calls was recorded, this
was not deemed significant even though the average
response time remained below five minutes.

() Deferral and stacking of non-emergency calls
to increase police availability was shown to be .
feasible and acceptable to the community. ‘

(+) Scheduling of units to the response function
was flexible, and there were no reports of outage
during thy, demonstration period.

(¢) Results from the preventive patrol function
were¢ disappointing because there was little discernable
increase in filing arrests or reducing the reported
felonies; however, an increase of about 100 per cent
in the actual effort applied to preventive patrol was
seen. This increase was even greater during times
associated with high crime, and this result under-
scores the conclusion that major effort should be
devated - to crime-specific preventive: patrol. (A
similar experience was reported by St. Louis,)

(¢) An increase in police morale was an unex-
pected result, occasioned by giving patrol officers
more vesponsibility to make operational decisions.
Participating officers received the experimental pro-
cedures well, This may be thought of as an experi-
ment in team policing, and a significant contribution
of team policing procedures may be the restoration
of morale and initiative to operating level personnel
by increasing their own perception of responsibility.

The result was the creation of a Strategic Patrol
Force, using police units made available by reducing
the demand for police service during specific time
periods. Although the primary goal of the federally-
funded grant pragram was the study of problems

facinig the large municipal police’ department, the

results and methods are applicable te any size police
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agency. However the most” important- contribution
is not readily visible. Meetings and dialogues between”
academicians and police officials resuited in out-
standing displays of cooperative effort toward sharing
the information and knowledge in each fiell. The
implermentation of the Administrative Experiment
in District Fourteen (Shakespeare area) is an example
of the blending of various disciplines and separate.
‘studies into a flexible patrol ppérations design,

the  chapter, the experiment will be discussed as:

maximize the contribution of each department mem-

In the technical division, found later on in this

1, A simple mathematical prediction model of
calls for police service.

2. The utilization of queuing and probability
theory formulae to determine the level of police
response service.

3. A design of a static geographical beat struc-
ture based upon distance traveled in a limited
time. ‘ : g
4. The evaluation of increased amounts of 3§

strategic patrol. :

Failure to continue the Operations Research Task
Force prevented capitalizing on the lessons of the
demonstration and denied the opportunity of ac-
quainting the command echelons of the department
with the operational potential of methods developed

by the project,

BACKGROUND: STRATEGIC PATROL

The police administrator has one basic problem:
How to best utilize the primary police resource, %
manpower. Crime and public service, as two scparae §

and distinct functions, require particular skills and } .

knowledge on the part of those involved. The police i
administrator must create an organization that will §

£

ber.

the patrol force since the beat patrol officer in his ;

¥

daily contact with ihe citizen creates the image of . :
L Serviee § i
I¢e in order to arrive at a “halanced’” workload

the department, determines the effectiveness of de-

partment policy and establishes the environment g

&

between the department and the citizen. The Cf -
ficiency of the beat officer and the entire polict ¢

Crime and public service are the responsibility of ¢

agency depends upon those activities he is requif® ¢
to perfoim, what organizational restrictions ¢ ©

imposed upon him, and what information is avaiable } :

to him and the police administrator. Each of th
problem areas was considered in the planning for \‘hc f

experiment.

i

ot b, 4

Ille‘ dIVEISlty Of 1 %) lty S 1 IUS“ in
t‘ he de‘/eloplnellt Of th-e I{CSDQI ce Al}al&SlS Budget

[t)}éztic%ﬁ;z: ,dgpaftx_nent. Concurrent analysis of the
‘forvmed rs' act,\xfxty revealed that many tagks per-
faraned are in fact of a service nature. The 1989
mp'.r ment hProgram Budget indicates that a:
-proximately 75 percent of the total budget  will ife

" Emphasis
Phasis was placed on the assumption that ar as.

:llgnment of the beat officer Will “cost” the polic
;zpfirtmcnt ‘the services of that officer for a ppe:rio§
ot tme during which he jg unable to perform the

~patrol function, ie., he is not avajlable to apprehend

the criminaj i

nor is he “visihle¥
. et ; "
eriminal as a deterrent, © the potential

1\11}’ plO ram thelefore, must take IMto ac Oullt
g > C

Cof the numbher of calls for police service angd must

consider the amount of time
ide me he can be f; ’
;esIEmctlon of the radio to perform patrolmed from the
'ortunatelx, the data bank of the Chicago Police

thﬁ 24‘-11() 1. Y A -
‘ ur pD 1ce da . .ddltlonal lnfoi‘matlon re.
ga[dlng IIluItlpIC arrests, and lnciden g
tS Of reSIStln
BHC‘St and Other aSSauIts on OhCC Oiiicefs are cor-
p

IS fOI‘ ser vice to dete‘ll'nllle the

mannnlg Stlengtll Of SpeCiﬁC beat VethIES.

- Analysis of the data bank included a study of the

nformati i i
“pat rxz’llati)on f?mpxled for use in creating the reporting
cat” structure. Current practice is baged

" .
pon the weighting of crimes and calls for police

for 2 1
oy i};’;al;iculér beat. The weighting effect is evident
€ size of a beat, an inverse relationship.,

~maller ¢ i
i a;ﬂ;he beat. Ul‘lder analysis, the system indicates
ough the “serigusness’ of a crime receives

Comy 3 . A
mbu};;gzatmn with a higher numerical weight, the
big, 3, n of all reported incidents eliminates the-

3 @ result, an area with few calls for service

tthey ¢ NN
er than major crimeg will have the same attention

as an ar i s
2 minore&; ;2::1 a éa;gednumber of calls for service of
Y € lhe discreparicy j i
n The Y 18 obvious:
‘I(nm.:hheﬁ‘ort and time is needed to handle on: Pi{ (t“;
wei inci § in
dCmsg (t 4% 1nc-1dent versus four miscellaneoys inci
s eczlrcss weighted-1);-ora Part 11 incident (each”
e versus three mj
eight nuscellaneous callg for ser-
Th fonshine
o c x;elatxor'xshlps between police activity and
gc ‘ }f 1:1} ormation must e analyzed i 5 far great
N - ¥ » er
& é:] han curtently CXStS in - practice., Numbers
1. € Cannot determine the most efective use of
fgnxsci:t'manpower. Assigning a psiice officer toa be.:t
ponsi ing of two square “lacks in an urbane area can
be ne;n;xmous waste of manpower if the officer ig
g ccause of a number of crimes over which

ot}g;‘g‘;hgn :}11‘501‘}’ analysis of quantitative data
Nization of the patrol force i d '
C : € 15 based upon t
fg;l;ttelz;v tlmodel, w.1th the hierarchy structfred It];
e ingi"iﬂga aftlg);lty and responsibility of positions
nals. Lhe city is divided int .
‘ ‘ i ‘ 0 geographical
g::;;:;ataezcas and police districts; - Each. gof‘ pthese
a semi-autonomoys comm
: : iand
to delineate the extent of command rrruetare
The police district normally retains a stable geo

graphical boundary, with the limits based upon

] . N
Ieiﬁietma‘ considerations such as natural barriers, cit
1 . . ‘ -
Il.rmts,t “main urban'transm routes, telephone fa,cilit;r’
ations, etc., which would affect patro] o i
and communications, perations
S .. » ai
tureu%efgsxgx fol'lows the military autharity - struc
0] aptain. down to if i
paxe fiou ta . e rank of Sergeant.
> It(})lw tl}ll.s rank is the police patrolman, The iltent
X e mi Hary structure is to allow maximum flow. of
senzg;nuanon through  the police organization kl‘is
18Lly, a supervisor has the ibility to act
: responsibility to act
:i ;ez;c[;far' for his patrolmen. His tasks are toy0'vefsec
T Cuvity, make immediate coprens:
corrections; ' and
ensure that any tagk i “co .
. T 1§ performed i
efficiently and effectively, e oempleton
A ical i
o <s:x"gls tp_l;c:mzlu €xperience, the ideal situation doeg
- tatrolmen, onee they Je h '
the dispron oiro Y leave the roll call and
he 100, operate with only min;
Vvision. Supervisors, despite offor Y i
s despite efforts to maxjmi i
effectiveness, ca lete control oyer fat.
» CADNOt exert complete control i
subordinates. The yadio di o assiings (b et
. adio dispatcher asg
o : ssumes the role
Th:upe'rvxsor thj:ough the communications systém
+he assignment of a begt vehicle, through radio corn:

.
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- munications, unavoidably usurps the command struc-
. ture; however, the dispatcher also maintains a means

‘sariction. A velicle not responding to an assignment

~ he is instrumental in instigating such action.

_ relationship between the street supervisor and the

production and sales information. The intent of these,
two processes are the same: To prepare the organiza-
tion for a given level of activity and to control the
resources expended to reach a specific goal. The
difference between the operating characteristics of
these organizations is that a police department’s
financial structure is static within a time period. A
specific amount of money is commitied to a police
agency. The private enterprise commits a portion of
incoming revenue, and this may, if necessary, be
increased (or decreased) if conditions allow or de-
mand such a change in budgeting. The peculiar
aspect of police work is that, unlike most industrial
and commercial enterprises, in-excess of 90 percent
of the police budget is for personnel salaries. There-
fore there exists a longer lead time and transition time
before the revision of a budget can be converted fato
useable resources; personnel trained, special hard-
ware acquired. The immediate acquisition of ad-

of reinforcing his authority role through the use of

is “red-lined” by the dispatcher. In this instance, the
the dispatcher. reports. the. nonavailability of a ve-
hicle to the District Commander. Although the
dispatcher is divorced from the disciplinary system,

The result is a negative, or at best an inaefinite

beat officer. Add to this situation the increasing
frequency of calls {or s¢rvice with beat vehicles being
assigned to incidents far removed from their assigned
beat areas, and the experience is disconcerting. ;
Supervisors complain that beat officers are seen once
“at roll call”?, and beat officers complain that “patrol
is non-existent” once they are on the street.
Providing the public with both protection and
other service requires the police administrator to
schedule his resources over time and area. In order
to accomplish this task, the administrator must also
determine the “balance” of factors working against
the realization of department objectives. The place-
ment of a police officer in a small geographical area
is the simplest manner of deterring crime. If the arca
is small enough he can simply walk over to apprehend
a criminal. The question is whether any city is
financially able to afford such resources. The officer
may be assigned a larger area. Aided by increasing
his mobility (a vebicle), increasing his support
facilities (radio, computerized information) and by
increasing his auxiliary assistance (prisoner trans-
portation, legal staff, -sociologist, evidence experts,

ete.); he may perform his task fester and remain
available for calls for service. However, such spe-  (SLPD) program with the splitforce concept of

cialization may “cost” a department the additional  patrol operations led to the basic design of the ex-
patrol force resources that would eliminate other  periment. Since 1966, the SLPD has been operating
problems. Suchi additional patrolmen might de- g‘ a program with the patrol force divided into a ‘“calls-
crease travel time between assignments, cause some for-service” force and a “preventive patrol” force
deterrence to crimes of opportunity, and reduce the  The SLPD program utilizes a computer program
amount of paper work created by individual officers,  designed by the Harvard Laboratory for Computer
In essence, the problems inherent in the police» - Graphics, known as SYMAP, The computer- output
department require that they be studied as a totality.  is in the form of maps of each reporting area; these
They have been presented singly so that each could = maps note the intensity of selected criminal activity.
be regarded apart from the tota! scope of the experi-  In addition, other programs compute the predicted
ment, level of calls-for-service activity for each beat. This
Tt is statistically impossible to predict with any . information allows command officers to.determine
degree of accuracy the location, type or time of oc-  what number of officers and units are necessary 1
ewrence of any individual criminal incident. The
total activity of a police department can be predicted  did not take into consideration the psychologic
within reasonable limits, however, in much the same
fashion as private industry and commerce can predict

government procedural channels or at the expense of

other police programs. :
The lack of sophisticated data processing equip-

ment and the determination of the Operatioss
Research Task Force to operate with only practical
methods limited the scope of the experiment. No-
additional resources were to be committed to the
experiment, The design and conditions of the test

would be of a practical nature.

DESIGN OF THE EXPERIMENT

The success of the St. Louis Police Department
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ment, personnel experienced in handling such equip- * §

o
o I

ditional resources is accomplished only through

¥
é

¥ bty

L g i s, s s §

respond to calls for police service, The SLPD system

a plevelltlve Patlol fOICC II'IISSIOIlS aga]ll‘, (:l[“l]nal
2 3

- activity,

. based upon the hang method of creating beats eg-

|- Bblished in 1961; daga s ‘analyzed and beats are

.created by totallin i
reate . Ing calls-for-service yntij
| '};‘ﬁ?anly derw‘ed “workload” is established flor :nbez-
. +h1s method is based upon the idealistically derived‘

;:,?H f})r sgar‘vice, workload requiring one hour for
Omc:: our timeg ber tour of duty, allows the beat
“r one-half of his toyr of duty for pre i
o Preventive
Gh‘iif.c\;zgoq;eslt}pnsDare immediately apparent in the
» olice Department s i
0 epa ystem, - What
productivity of an Individual police officer? Wl;a:}:

< : =
. he standard f’f one-half of a beat officer’s tour of
Y 00 preventive patrol is 2 measure designed to

, of duty as com istri
; pared to the district’s average of five

. talls-for-servi i
2 1sa cx{cér’ts‘ervxce during an eight-hour tour of duty
ca‘rs. Onl :‘on,. tl:l’ese magnet beats pulled othep ubeat.
o < assist™ calls; vehicles in the 14th District
swerin;;m;;ﬂasfmuch as 60 percent of thig time an
-alls Tor service and provid; i :

g calls. & broviding assist service,
i 1(: 1rf1teresL.;1g aspect of the 14th District analvsis
Pl fc act that the “service time” (time to answe

L& ~ r
o or Iserwce of any nature) was about 26 minutes

Of';) Ir;ent Vv, _aft.er further analysis, the service time:

JaneouarF I 'mcxdcnt Wwas less than that of g miscel-

otﬁer rse Smcxdent. (This characteristic is noted by

ek Piz;ch, arj:I Ithe Same relationship ig brought
cessor Allen Bristow in hi
: is book: 7
foch Manpower Ultilization) 1 "ok Efectie
: be,

s tz celm become so small, or so large, that dis-
o : ve ed..becomt.es a relevant factor of patrol
; geog;a ﬁle police vehicle can cover only so much:
: Phy and still be effect; ‘

e ive. The one-

Fig ' marn versus

i Saf;n car al.'gument now becomes an argument
Y, effectiveness and efficiency versus depart

effect of beat boundary changes on the patrol officer ~Tsearch has Jed to the.¢con i
. . L . ; e Lot ~concept of ““joh- s ey
or the preliminary planning and designation o *Practiced by the General Blopic é(é?nixaiayns%i;

riteri «“ ’ vic
criteria of “faur calls-per-servige per beat car.” Such

gi‘fgluqulc;n Pprocess; o see the results of his labor
8N irom start to completion. Another signifi-

Patrolman Qualificationg, Baehr stipulates, amg
. s ng

other things relating to the police officer’s task that

ot ¢ ;

pi:i;; Sesa;ntlal that a l?atrolman: + - . endure lon
oe o mon.otony In routine patrol yet re %
Ic:rlll:)(‘:lv 1yd(almost Instantaneously) to problems. g:i(;
'pmb]ein -gszl;).f his patr?l area. . , exhibit i‘n‘itiative,
pro - ing capa}cxty, effective Jjudgment, ang

imagination. ... Police Officers. . . refer 10 }

showing street sense.” .
thgile ;:‘?it:r?ment to e.ndure monotony is well taken
e Wing the size of some beat structures
A Irom the present system in Chicago. Beats

range fro i
ang m one mile square to two blocks square in

for two reasons,
. In. practice, beat cars are shunted throughout the
] I;stmctf because of calis-for-service and the assign.
» gxilcta ct> C;he ha;ssxst car. (A sample of one “fagp» distfict
€d that a beat gar o
nswered only ab
i : out 5
p ‘cent, maximum, of the calls for service on it
assigned beat, ) s
The b i .
. eaau‘:: t?‘f{itcer 18 supposed to aggressively pursue
¥ 1y, attempt to ' seek DI {
e temp and - apprehend
OS¢ persons who commit 3 crime and remoye the

dispatched on a task. )
The : .
" };e m.tent c?f the experiment wag to establish a
o uaf ton.in which calls for service created the sjze of
; force necessary. to respond to requests for police

gt(; 11?;1.@1(;i g refonsibility for ‘beat occurrences on the
at ofhicer. As a result, the ORT
from poncer. As , th E researched data
police sources and
> ; government and com.
mercial transpertation sources. The Chicago Transit

%\;er m(eitrop(z{litan roadways during all time periods
A1 end product of the stud '

. ct ¢ Ay was a beat map ssruc.

ture based on distance travelled within a spccilf;c time
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¥ lancous-Other” calls varied less violently but still

- period, Each beat was constructed with the emphasis  the same skewed model peaks for weekend data and
i - that the vehicle assigned could traverse the farthest ~ the same normal peaks for weekday data. Abnormal
-7 distance of the beat within a five-minute time period.

) peaks, of course, were not accounted for by this
Care was taken to adapt natural and man-made  method. Although the predicted data tended to sug-
barriers to cross-beat travel.

, gest-a higher one-time expected peak in the number
Design of the experiment as a problem was re-  of calls for service, the actual data did not indicate
duced by the preparation of the “five-minute-beat’’  any such experience. '

map. The problem was now to simply determine the Prior to beginning the prediction for the Summer
tim¢ and in what quantity police units would be 1969 period, an additional graph was plotted for the
assigned to the patrol structure. :

1968 period. The total daily experience of calls for
In reviewing a standard department report, the

d : service in the 14th District was extracted and graphed
t . “Suymmary of Police Activity -by District by Hour,”

(Figure 6-2). This chart showed no particular trends,
a remarkable stability was nated to exist in the per-  with an exception of ont day with an éxtremely
- centage of cally for service by hour and by day of  abnormally high call for service. The decision to
week. This stability was limited only to the category = implement the experiment during the sumumer, as
of the ‘total calls for service. Tabulations of Part I  opposed to winter, came as a result of this chart. The
and Part I crimes fluctuated erratically, “Miscel- - variations in daily calls lent themselves to calculating
an average in calls for service that could be handled
with a change of not more than 1 percent of the total  without extra resources.
number of calls. Seasonal and annual data displayed Processing the prediction for the Suminer 1969
similar frequency distributions. (see Figure 6-1).. period followed the same mechanics for the previous
‘A prediction was made for the Winter Period  winter prediction. The results were tabulated, charted
- (1968/1969) based on the historical data of the pre-  and graphed as before. At this point, however, the
. ceiding season. Methodology was kept simple as all  other disciplines became involved in the procedures
calculations were made on a standard office calcu-  to be established for the experiment. A program was .
lator. The total calls for service were multiplied by a

o

£W
P

developed to compute the probability curves of

predetermined factor representing the expected in- service time as related to response time, versus units

ceease in the number of requests for police service. available for service. The program graphed a linear
Simply, it was noted that calls for service had in-

extension which stipulated the number of beat ve-

creased or decreased at a constant rate and tended _ hicles (response units) needed to answer a particular

to follow historical seasonality patterns. For Sumamer-  number of hourly incoming calls for service. For

. to-Winter,  calls -tend to decrease; for Winter-to- . example, should calls for service (in the 14th District)
Symmer, calls tend to increase. Each of these varia-

be received at the rate of five per hour, and should
ti(}ns it subject to the annual trend toward increaseas = it be decided that a vehicle should be -available
experienced throughout faw enforcement. within six seconds to receive such call, the 14th Dis-
‘Examination of these trends revealed that the City

4 trict would have to maintain five beat vehicles in
- .of Chicago had a seasonal multiplier factor of 1,094

contrant readiness IF the normal mean service time

fm" the Winter Period and a 1.115 multiplier factor =~ necessary to handle a call was not to exceed 35 min-
- projection for the Summer Period. In keeping with  utes. Should any one of these variables experience
thiese data, the Winter 1967/1968 statistics were '

, deviation, the entire equation would deteriorate.
~ ¢ miltiplied by the factor 1.094; the hourly and day-of-
; Week data were derived from the percentages indica-

The entire experiment now depended upon the close

~ cooperation of all concerned. A process flow chart

tide of the proportion of the total, and an houily ~ was designed to establish the responsibilities of each

. birdiction by day of week was gained for the Winter  of the department units that would have to partici-
, 19”58/’ 1969 ’period. The predicted mean level of  pate in the experiment, A feeling for the amount of
a‘l‘givity was 20 calls-for-service per day. Actual rate

S ‘?OYC dramatically. In both cases the data exhibited

coordination required is given in the pilat program’s
[3207 calls-for-service per day for the district.

L chart of “Responsibility Areas” (Figure 6-3).
/‘/The distributions of the calls-for-service as a total

i

The allocation of beat vehicles to the five-minute

i ;«d by day-of-week were graphed for both actual - beats was determined partially by raw figures de-

8 predicted data. In both cases, the only obvious  rived from the present personnel strength of the dis-
: ':'{1S°Tépancy was in the range; predicted data tended

trict. However, additional resolution was gained by
oflatten (increase inrange), and aciual data peaked . conferring with the district commander, the deputy

chief of the Police Area involved and with the super-
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visors of the district. The 14th District in its original
beat configuration consisted of 21 beats on the 3rd
watch (1600 to 2400 hours); the new five-minute
beat structure called for only eight “Response Force”
beats.

The personnel assigned to the watch complement
were to be assigned to vehicles categorized as either
“Response Force” or as “Strategic Force.” The
new Response Force personnel had the basic respon-
sibility to answer calls for police service as dispatched
or encountered on-view. The Strategic Force per-
sonnel had a primary responsibility to complement
the Response Force in answering calls for service, but
would be utilized as a strategic, aggressive patrol
force against specific criminal activity at particular
houis of the watch. This concept demanded that the
level of police activity be known for every hour of the
watch and that the criminal activity most susceptible
to patrol by marked police units be identified and
made the: subject of mission planning.

In order to motivate the district personnel, the
latter objective (mission planning) was relegated to
the District Tactical Unit; this organization had
relevant data ‘as to the incidence of specific crimes
in the district. In effect, the new program would

. assist the Tactical Unit by allowing it to concentrate

upon the more obvious criminal activity .a strength
and by still providing a patrol force capable of cover-
ing a lesser defined area without using up Tactical
Unit resources.

Using the predicted calls for service data and de-
termining the relative characteristics of each beat
area (anticipated criminal activity and arrests ‘as
depicted by: statistical data and as described by dig-
tedct personnel), vehicles were assigned to beats. An
initial assignment of a Response Force vehicle was
made to each of the eight beats; each beat was as-
signed one or two officers per car as personnel were
available and historical characteristics ol the beats
was  determined, The remaining officers were as-
signed to one-man vehicles, designated with a letter-
suffix, to a particular beat; Beat 1403 (a two-man
Response Force beat) would also have beat 1403-A
(a one-man Strategic Force beat) to complement it
at certain hours of the watch. At a predetermined
hour of the tour of duty, the Strategic Force beat
vehicles would be withdrawn from service. These
vehicles would then, under the direction of a Super-

visory Sergeant, be assigned to a specific area of the -

district for a specific mission. The Tactical Unit of the
14th District would provide a composite outline of the

- major crime problems of the district for each day of
the experiment. ‘
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It was recognized that the Commounication Center
operations would play an instrumental role in the
experiment. To ease the transition from the normal
operational role of the radio dispatcher to his new
role in the experiment, the supervisors and dis- |
patchers were invited to participate in preliminary
discussions. The meetings resulted in a dialogue
regarding the priority of assigning vehicles, and the
communications personnel structured a priority
schedule for assigning wvchicles to various calls for
service. By “stacking’’ such' calls, depending upon
the urgency for police attention, the dispatcher, in
effect, applied his knowledge to a situation, ‘The
direct-talk-to-complainant concept employed in the
Chicago Police radio console operation allows the
dispatcher to ‘evaluate the reported situation per-
sonally.

Data generated by field units would not change in
content; however, it was also recognized that such
data would take on new location and responding
unit identification. The problem was resclved by
making the only change necessary in the five-minute-
beat map design. A new map for the 14th District
was created with the assistance of department car-
tographers., The new map followed normal depart-
ment reporting beat boundaries so that only a minor
procedural change had to be made in reporting
method. (See Figures 6-4 and 6-5.)

Major emphasis was placed on creating a positive
attitude on the part of the beat patrolmen in the 14th
District. Change of any form is resisted to some de-
gree. The intensity of resistance is an inverse function
of the amount of information regarding the proposed
change. In deference to this proposition, the person-
nel of the 14th District was apprised of the entire
experiment. Under the designation of a Pilot Program,
the proposed experiment was explained in detail to
all supervisory personnel in personal discussions and
at meetings. The final presentation was made at 2

meeting of all command and supervisory officers of

the district. This session covered the theory and design
of the Pilot Program’s conception, reasoning, and

implementation,
The issuance of a department directive officially

created the Pilot Program. The Department Noti¢
outlined the duties and responsibilities of the par
ticipating units, with emphasis on minimizirg formal

structured directions to police personnel. The intent £
of this approach was to induce & climate of freedom
 ofintent of action and movement on the part of the .;;-
beat officer and field supervisor. In essence, the beat of
officer and the Field Sergeant were to experience |
police version of “job expansion.” By structuring the g-
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o Field Lieutenan

' Sergeant Beap

1% Squadrol Beat |
i1 Squadrol Beat 1|

L

Beat

‘!_401
L H01A
140y

F Hos4

T

AT R TR

Table 6-]
Supervisor’s Manning Table, District 14

141y DISTRICT/ 5T warer

at Beat 1490

t 1480: Beats 1405~140¢
t 1481: Beats 1401~1409--
t 1482; Beats 1404~1407~

Field Licutena
Sergeant Bea
Sergeant Bea

1403
Sergeant Bea

1408

AFTER STRATEGIC FORCE 17 EFFECT

t Beat 1490

Sergeant Beat 1480: Area Rast of Homan Avenue and 1 orth of
North Avenpe

Sergeant Beat 1481 . Area ‘West of Homan

Avenye in District
Sergeant Beat 1482, Strategic Force Super

visor

2D WATEH anp 3p WATCH

eat 1490

0: Beats 1405-1406
1481 Beaty 14021403
1482; Beats 1401-14p4
Sergeant Beat 1483: Beats 1407-1408

Field Licutenant B
Sergeant Beat 148
Sergeant Beat

WHEN STRATEGIC FORCE 1N EFFEQT

{ Field Licutenans Beat 1490
Hy Sergeant Beat
i Sergeant Beat
i§ Sergeant Beat

1480: Beats 1405-1406

1481: Beats 1401-1402-1403
1482; Strategic Fopce Supervisop
Sergeant Beat 1483: Beatg 1404-1407-)40g

14y DISTRICT/SQUADROL BEATS
470: Beats 1405-1405
471: Beats 1401-1402-

1403
472: Beats 1404~-1407~

Squadrol Beat 1 1408

Vice Bear 1455
All beats within Radio Zone 3

Table 6-9
Waich Manning Taple
—
Weekends Men

per
-0730/ car
0-0830

First

Weekdays

2330~0300/ 0300-0730/ 2330

-0400/ 0400
300 0300-0830 (o3

0-0400 040

4094
M3
1403
3p
oy
f04A
g5

HosB

1

1

2

1

1

2

1

g, 2
i

T

jWJMWJmW[W]mw{wa

1

1

8
1x11w1ww;ww;w;ww1wfw T
(wflw;wx;wijjwij;w
N R IR T TR VI

=

Rz Tesponse vehicle, § = strategic vehicle.

Table 6-3
Second Wateh Manning Table
. Weekdays " Weckends Men
Beat per
073()-1300/ 1300~1530/ 07301 3co/ 1300-1530/ car
0830-1300 1300-1630 0830~1300 1300-183p .,
1401 R R R R 1
1401A S R S R 1
1402 R R R R 1
14024 S R S R 1
1403 R R R R 2
1403A R R R R 1
14038 — - — ~— —
1404 R R R R 2
1404A — —_— — — —
1405 R R R R 2
14054 R R R R 1
14058 S R S R 1
1406 R R R R 2
14064 R R R R 1
1406B S R N R 1
1407 R R R R 2
1407A S S S R 1
1408 R R R R 2
—_—

R = response vehicle, § = strategic vehiclp,
response force size and personnel stren
officer could assume ‘that the caj[s
ded to a5 g

gth, the police
-for-service tagk
I operation, In

Table 64
Third Watch Manning Table
- Weekdays

Weckends Men

per
-2000/ 2000—2300/ car
1630-2000 2000-2430 -

T T————
R

Beat
1530~1900 / 1900-2

330/ 1530
1630-1900 1909

~2430

1401
1401A
1402
14024
1403
1403A
1403B
1404
1404A
1405
14054
14058
1406
1406A
1406B
1407
1407A
14078
1408
14084

=

R
S
R

R
S
R
R
s
R
S

WWVJNW‘Z’WW} AR ARAR R

s
R
R
S
R
R
R
R
R
R
R
R
s
R
R

2
I
2
1
2
1
1
2
1
R 2
R 1
— |
R 2
R 1
R I
R 2
R 1
S 1
R 2
R 1

R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

/

R = response vehicle, %= Strategic vehigle,
»
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fective use of these units relative to the current district
situation. The situation at any point in time would
not remain static since .calls-for-service would fluc-
tuate (increase or decrease) by hourly (or shorter)
increments of time.

A supervisor, therefore, would have to remain
cogrizant of the situation in order to create a balance
in his patrol force; he would be forced to a decision
regarding the makup cf his field units. For example,
if calls-for-service increased abnormally at 0200
hours, as indicated by the number of Response Force
units “down” assigned by the radio dispatcher, the
supervisor must decide to release his Strategic Force
units to act as backup responsc units or to retain the
status quo for a period of time and rely on a proba-
bilistic return-to-duty of response units. Conversely,
if a calls-for-service per hour rate was low, as indi-
cated by few radio dispatch assignments, the super-
visor must decide whether to withdraw his Strategic
Torce unita from response mode and have them begin
the strategic patrol mission early in the watch or lose
some cffective strategic patrol opportunities.

The directive authorizing the experiment began
the Pilot Program in the 14th District. It was decided
to end the experiment on a specific date. The total
Pilot Program would have a life of three police
periods (28 days each) in which data could be
generated, compiled, analyzed and evaluated by the
ORTEF. In addition to the directive, each supervisor
received a Manning Table to guide them in preparing
daily work sheets for beat personnel, a chart de-
picting the number of beat cars (response units)
required to handle a level of radio calls of assign-
ments, and a number of daily report forms to be
issued to their Strategic Force personnel. (Tables
6-1 through 6-4.) :

EVALUATION OF THE EXPERIMENT

Evaluation implies comparison, the existence of a
means by which the relative effectiveness of innova-
tion can be measwind. Law enforcement lacks a
single, absolule measure of effectiveness. - Those
quantitative statistics generated at present within the
Criminal Justice System are, at best, only an indica-
tion of the magnitude of failure: The failure of the
police agency to detect criminal activity prior to its
commission; the f{ailure of the judiciary and the
corrections system to deter participation in criminal
activity, and the failure of the citizenry to accept the
obligations of responsible social association.

The oft-stated goal of the police agency is to
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“prevent crime.” Analysis of resource eéxpenditures,
however, reveal the emphasis placed on public
service. The availability of the police officer, the
emphasis on the record keeping function of the police
agency, serve to ensure this emphasis on public service,
Relatively little time is actually spent by the indi-
vidual police officer to prevent crime. The experiment
in the 14th District was created to alleviate this
situation.

The experiment stated as its objectives, to: *, . .in-
crease the effectiveness of aggressive preventive patrol
activities while providing normal police service,” and

L@ s morv e e yves:

‘. ..provide a pilot study of an analytically-based
resource allocation technique for possible city-wide
application.”

In addition to these stated objectives, there were
sub-goals pertinent to the department’s planning

function:

1. Acquire expertise in the design, implementa- F '

tion, and evaluation of such administrative experi-
ments.

2. Add to the knowledge of department mem.
bers—information regarding police organization §
and operations under controlled conditions.

3. Examination and assessment of existing data
and data sources in order to determine future areas
of planning.

4. Assessment of the concept of predicting calls -
for-service and the applicability of this meth
odology.

5. Assessment of the Strategic Forcc/Response
Force concept of patrol organization and the}
reaction of field personnel to this form of opera-;;%;,,
tions.

* As a practical matter, two proofs were necessarji ;

before the experiment could he considered a success:}

W
a decrease, or at best, no increase in the relanveg how,

proportion of numbers of index crimes, and 1

deterioration in the district’s level of operations. & * 0
The experiment in the 14th District can be termed’ " the.

successful. Analysis revealed that
1. Calls for police service (CFS) increased &

predicted. The error experienced in predicting ﬁ}’_ (resp
mean CFS per day was less than 2.0%,: Predict®% - Visor

mean CFS = 285.6; actual mean CFS = 24 ‘k Pariyj
error = 1.08%,. 3 Geefy
2. No deterioration occurred in response to- radg ‘In
strred.

assignments. Service time per CFS ikcres

slightly to twenty-nine minutes per call versus”> St

previous twenty-six minute factor. The “No Bfﬁ T&T;
¢l

indicated a loss of about 5.0 minutes per wa», ‘Hen .“

Car(s) Available” reports for the three pcﬂf_

S
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3. Index crimes increased as expected due to the
increase in the CFS. However, the recorded in-
‘crease during the experiment is significantly less
than expected in the categories of rape, auto theft,
and-theft under $50. It is suggested that these
categories are subjectively more amenable to the
“visibility” of the police officer deterrent. The
jntroduction of the “Q” analysis indicates . that
“arrests in all index crime categories increased, again
adding to the deterrence effect. In line with these
concept assisted by making more actual _patrol
time available; and that the experiment allowed
the District Tactical Units to concentrate on

- specific crime patterns, by providing visisble beat
_units to attack less defincd areas of criminal
activity. : '

Two results “ar¢ most important. Most  striking
from the position of the ORTE:is the stability ap-
“parent -in the CFS. The accuracy of the prediction
suggests that police activity is amenable to proba-
bility analysis and prediction of workloads in report-
“ing areas to a degree greater than is now accom-
plished. The introduction of sophisticated equipment
in order to correlate additional variables regarding
an urban area may assist. the police agency to de-
velop a program to predict patrol and investigative
workloads by crime category, as well as simple calls
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Force/ Rf:s)pjh
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error = 1.08%: to rath ;

call vers® by

“er WAl
5.0 minutes pfit W

for service, as seen in Chapter 4.

Perhaps the most important qualitative results
gained from the experiment is the effect of the or-
ganizational change  introduced in the Strategic
Force-Response Force concept of district patrol
.operations. To the Chicago Police Department this
was a radical departure. The reports of supervisors,
‘however, were enthusiastic regarding the change with
- positive comments about the elimination of the
Static ‘beat structure and the introduction of “in-
the-field”  authority to make operational decisions
toncerning the deployment of patrol units. The
beat officer rapidly adapted to the split-mission
‘(TCSponse or strategic) role he was to play; the super-
visors accepted the. additional responsibility to pre-

paii:,-,glmi‘s‘sion assigriments- and making operational

e

! E'.".{fm not providing more analytical definitions of
Uitegic Force mission assignments. ; ‘
The error, however, is one of deliberate omission.
e fexperiment intended that the mission assign-

i

. less desirable arrests for drunkeness, vagrancy, etc.)

" were established as a specific mission. (See Chapter:5

visory personnel. Providing the data from minimal
sources would only have served to detract from the
experiment as a test of police 'capability to adapt td
a- changing condition. Again, it was i_ndica{tive of L
the experimental posture of the program in the 14th e
District for this responsibility to be adopted by the L
personnel of the district and carried out. B
As previously stated, the police agency lacks a el
singlé absolute measure of effectiveness with which [l
~ to compare performance. By borrowing frora anti-
submarine warfare (ASW) techniques, the ORTF
devised a partial measure, the “Q* Index, which
related arrests, manpower, and criminal ‘incidents = |
occurring within the district. This partial -measure
of effectiveness presumed only to measure the change
inherent in the performance of the beat officer(s), |
relative to the availability of patrol units. In example: 1

“Q” -

number of arrests ;
(Hours of patrol availability) (number of crimes) L :

The value of “Q” in time period No. 1 would then S ‘
be compared to the value of “Q” in time period 4l
No. 2. In this manner, previous time periods (prior el
to “the experiment) could be serially - compiled to ‘
provide a gross measure to be used as an Index for
the experiment periods. In a like manner, pre-ex-
periment and post-experiment data could be utilized
to analyze the effectiveness of the spiit force organiza-

. tion concept of patrol unit distribution.

The computer-based analysis of the 14th District
beat officers, through the “Q” measure, indicated
that the beat patrolmen energetically applied their
efforts towards the split force role.. The ORTF ex-
pected some significant changes that might ‘have
indicated of a “Hawthorne” or “Halo” effect .(per-
haps an increase in so-called “efficiency” based on

or other activity. intended .to project a better image
in productivity. The results of the analysis showed
no ‘such. effect. In éssence, the beat officer applied
himself to the implied mission of importance pre-
venting criminal activity and taking action when
opportunity presented itself. Apparently.the ability
to be independent of the radio was the cause of re-
duction'in rape and auto theft; Strategic Force unit
miissions explicitly identified auto theft goals and, on
one particular watch, the local parks and playground .

for ‘}‘uantita'tive results of “Q” comparison.) .
: T/le experiment ‘can ‘be termed successful in a
ver sense; due to the expertise gained during the
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practical body ‘of knowledge, normaily unattainable
under other circumstances, in the area of adminis-

trative experimentation, ;

In essence, the experiment provided the depart-
ment with (1) an accurate, though not precise,
method of prediction of police activity, (2} an analy-

sis and a basis in fact as to the feasibility of the split
force concept: of patrol force distribution, and (3)
a partial measure of effeciiseness applicable to the

police environment.

Evaluation (Qutside View)

These comments are primarily based on a limited
observation of the resource allocation experiment in
the Shakespeare (14th) District of the Chicago Police
Department. A more detailed supporting discussion
of the theory and design of the experiment will be
found in the Technical Division.

Two general observations should be made before
discussing this experiment. The first has to do with
administrative experimentation, that is, formal,
scientifically controlled - experimentation essentially
under the direction of operating managers. There
are two main arguments in favor of administrative

experirnentation.
First, the experimental method, as distinguished

from study and other forms of scientific inquiry, is a
very powerful method. Further, in very complex
real-world situations, it is often very difficult to ex-
tract the key variables and run the experiment under
laboratory conditions. The running of experiments
under real conditions may be the only effective way
of understanding events, and this is clearly a neces-
sary parallel to laboratory experimentation and field
study. :
The second, and compelling, argument is that the
manipulation of the variables in an operating or-
ganization may have unintended and unexpected
consequences for other aspects of the operation. The
‘practice of having outsiders (experimenters) select
and direct these manipulations presents some dif-
ficuit problems of evaluation of, and responsibility
for, these consequences. In contrast, administrators
of operating organizations, as they make decisions
to change their operation or to improve it, are es-
sentially.carrying out experiments; and if, when they
make these decisions, when they accomplish these
administrative: experiments, “they ‘do so. with proper
design, and collect the data in a planned, careful
manner; the credibility of their results will be sub-

stantially improved. This will have an advantage not - of police officers and cars are necessary to appreh‘?nd :

e
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only in terms-of the usefulness of the results to the
operating organization, but also add to the general
knowledge of how organizations work. In this sense, -
the present experiment is clearly of interest and has
an importance -even beyond its immediate value in
terms of understanding the allocation of patrol re-
sources and determining improved ways of using

them,

The second general observation has to do with the

police- function. itself, and on this there is an under-
lying agreement in the literature, not only in the
theories and the reports of various experiments, but

a.% in the reports »f persons actively engaged, and

experienced, in police. operations. Examples include

the Detroit plan to screen public service calls to cut

down the work load on the beat cars and to make

them more available for crime related activity and

the informal comments of police officers who partici-

pated in the present experiment with the Strategic
Force concept, which relieves them of activities such
as turning off fire hydrants and going to a victim’s’
home for a report of an auto-theft that happened
several days before.

The common theme which emerges goes to the
underlying function of the uniformed police: the
“presence,” the effective or dvailable physical pre-
sence of organized society at a particular place and
time, in a person who represents the physical force to
carry out society’s wishes ina particular situation. The
crime-related -activities of the police officer can be
directly tied in with this concept of presence. There is,
for example, the effect of the officer’s presence in
deterring a specific crime. The potential criminal who
sees or hears a policeman anticipates that there will
be direct intervention, physically forcing him to stop.
This may be extended to the potential criminals

concern that the police are looking for him, or his type
of act, and will try to stop him; or a concern that the
victim or a witness will be aware that the police of
ficer is available to provide a quick response, or that-
there will be a quick response to a call for the police
because of the physical location of the police officer.
In general, the protection level is high in this area

because this police officer represents the potential \qf Y

other police officers.
. A further example is the physical presence ;
quired to apprehend and arrest the criminal. (This

is usually a clear case of requiring the presence of 2,
physical force to represent society.) The more general
. effects of presence include the case in which ﬂl“’« b
general -location of the police officer affects his £
availability to assist other officers, as where a/number o

ce 16

; - of Police patrol

a burglay; or
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at Tucson, to develop more effective means of patrol.
* These patrol strategies need to be tested thoroughly
and -scientifically so that .the methods which are
clearly better are identified as such and so that this
information is reported and made available to other
police officers who may take advantage of it.

o

On Experiment Variables

The most evident characteristic of an experiment,
as distinguished from other types of scientific re-
search, is that some variables are manipulated,
caused or expected to take on one or more values,
These variables -are often referred to as the inde-
pendent variables. In the present experiment, the set
of variables manipulated has to do with the distinc-
tion between two concepts, the Response Force and
the Strategic Force. The Response Force is the beat
car, assigned to a particular heat and in radio com-
munication with the Communications Center. The
Center receives calls for help and dispatches by
radio the nearest or appropriate beat car, which then
responds to that call. These cars normally patrol their
assigned beat but are subject to redirection on a
particular call at any moment. One manipulation
was, for certain watches or periods of watches, to
take some of these Response Force cars or beat cars
and assign them as Strategic Force cars. While they
are Strategic Force cars, they are assigned to patrol
a particular beat area; they are on the radio for
emergency calls, but they are not normally directed
to respond to calls. In this form, the manipulated
variables are, In terms of what one might want to
measure first, the amount of time spent on “‘aggres-
sive patrol” (Strategic Force vehicle or officer having
more time available to spend on aggressive patrol)
and the duration of uninterrupted time on patrol
“(the Strategic Force officer having longer periods of
uninterrupted aggressive - patrol).. The Response
TForce  car ‘may be expected to patrol for shorter
periods between interruptions for taking .calls. So,
we have here two variables which are manipulated:
first, the total amount of time spent on aggressive
patrol, and second, the uninterrupted time.
" There are implicitly three other manipulable
“variables. First is the specification of patrol rnission.
This, initially at least, was not manipulated ex-
plicitly, -the expectation being ' that the Strategic
Force sergeant would specify the patrol mission such
as looking for burglaries or for auto thefts. Tt was made

explicit at a later point in' the experiment by re:

~questing a form from the sergeant, called “Summary
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of Strategic Activity”, which called for him to spell
out the mission descriptions. From an examination
of the Stretegic Force reports, it appears in a number
of cases that there must have been instruction on a
specific patrol mission, as wicre the log notes that
the officer was patrolling for robbers or patrolling
for auto thefts. ‘ o
"The second implicit manipulable variable is the
geographical location of the patrol. The Strategic
Force sergeant can put a number of his cars in an
area wlhiere there is some reason to have a concen-
tration,  such as the expectation of a disturbance or
the prevalence of a particular type of crime in the
area. The third implicit manipulable variable may
be a dependent variable: “morale.” The morale of
the Strategic Force police officer can be expected to
go up considerably because he is doing more police-
type activity, he has more responsibility and he has

more of ‘a work-enrichment or work-enlargement

type of job. Whether morale is considered an in-
dependent or dependent variable really depends on
where it is in the causal string of variables of interest.
The sense of dependent variable here is a factor
which is further down the causal string. In this sense,
even though morale may be dependent on some
other manipulations, our purposes consider it one of
- the manipulated variables or one or the- “up-string”
variables. In addition to these manipulated variables
which are primarily characteristics of the Strategic
Force, - there is, indirectly, another variable, the
- availability of Response Force cars: Where some of
them have been assigned to the Strategic Force, the
test effectively: manipulated the variable of availa-
bility of Response Force cars. ‘
Dependent variables are those which appear down
the causal string and whose measure is the outcome
of our manipulations. We wish to find ‘out how they
are affected by .the manipulation that we have made

- of the variables which are “up-string” of the depen-

dent variables in a causal sense. There are a number

of ways in the experiment to determine the dependent

variables. With respect to the Strategic Force, an
“obvious variable is the number of arrests thatthe
Strategic Force makes. It is not obvious, at least from
the Strategic Force special study daily activity report
that there are any other dependent variables.

With respect to the Response Force, with the some: -
_.what more detailed and complete records which art £

" available through the Communications Center, the

" dependent ‘variables' include arrests, respon_sc}tim'c‘
and the time "during which no response vehicle ¥ |
available. In addition, data is taken on the numbe
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other people who. are interested in the effectiveriess .

“participants in the experiment understand what they
and efliciency of the patrol operation.

should record. Second; unusual conditions at the ¥ o )
{GURE 6-6: Guide for keypunchin

g Strategic Patro] Data .

time of the experiment whose effects exceed those - The third step would be to take all the other factors
of the experimental manipulations. Third, the ex-  and make a preliminary assessment of the extent to llzzte: This is an algorithm for - keypunching o
ternal validity, or the extent to which variables are  which they represent threats to tiie validity of an | of the Str ,'COuld compare the combined activit D;fz :ra;: f;?Thseh?‘e;s filled out by the ofﬁce:ngn f;;iﬁ;g:g
affected by the mere fact of the experiment taking  experiment examining particular relationships, ac- S ireats andatchc and - Response Forces in terms o)f’ the corresponding s’;ai’;ﬂ;iﬂf:exs not on the sheet, leave
place: in this case; the participants' knowledge that”  cording to the theory followed. Then, control them so periods in threported crime rate, either with other S:?td}t;ng' the sheets should be ‘-::i:é:gki) Préor to key-
they were being studied; the persistence of a decrease  far as possible, either by measuring them and keeping and Respon € };ame district when botly the Strategic sequ;,,c;’,” lz}i’nascac"fgﬂg Patrol number, and ,’;u,;tt,z’rcg]?;l
in crime rate which would confound a comparison  track of their values and testing to see whether they |- Force Iv?o d 5¢ Torces were Operating in the Response ete. § # Hhree-position number, Le., 001, 002,
between the experimental and immediately subse-  do contribute to the results seen, or by randomizing | tricts. Vari e AOI‘ with the same period in other dis-  Colwmns  Instructions
quent periods; and the rise in the proportion of crime  them, or by some other method. 1 factors o OII:IS Eorrectlons for trends and other secular 1-3 Enter the identifieas
reported; which was mentioned above. . The fourth recommendation is to consider the | evaluatlonu € required. Both of thege methods of assigned szqécelixzélfri;angn jomper (the arbitrarily
various data collection instruments and make sure |} tegic again fl“fent problems. Tg evaluate the Stra- 1\15:51)5 Enter the patro] num";)erfl'i.gesizgggabove)’ ie., 003
. that the data on the key variables and key param- ¢ Crltlcalgtc: Sd t f?Response Force, it is obviously ver E?SN&C date with day first, then month, {
Recommendations eters necessary for-the actual carrying out of the ex-  } and to n"aic entify correctly the patro] time for eac})'z’ 17-18  Enter the tour ie., 2B, usi y T
. ‘ periment are obtained; and, in the process, eliminate - § the aggrc:.s € certain that the Patrol time, especiallv » 1€ 2E, using this chart:
The allacation of patrol resources in terms of quan- or minimize the collection of data which either has separated fs“’e P’fitrOI time that theory calls for. is Ist Watch Zarly Latz
tity, geographical distribution and patrol tactics is  no reasonable relationship to the theories or which in a short rem: _tlmﬁ Spent on other activities A’lso 2nd Watzh g?g&%go 0030-0830
an area of vital importance in terms of the decisions  can be obtained in less obtrusive or less costly fashion. of arrests foexlz‘f mental period, the absolyte number Frd Watch 1530-2338 gggg__éggo
a police administrator must make, Administrative The fifth, and last recommendation is formally Force wcul:i tbﬁ‘ Response Force and for the Strategic Using the starting time, if ppssible ° :
experimentation is an important method for in-  to set out and describe the implementation process | small chan (fth be very small numbers and very 20 ;th’wn are ambiguous, ch:)olsc gﬁb;lcb;fusxslti s
creasing the understanding of the effectiveness of  which has been used so effectively, if in the future - example mge§ m the_ definition of apn arrest. For 2“{?;;2: ";‘;mbef of officers in the patmlnctaﬁgd?e
various methods of patrol time. The present experi- = the implementation involves people who did not arrest s:lchlxmg a major feleny arrest or g relevant 21 Enteralir ﬂ:: szg;md’f“‘“ O o
ment clearly indicates that a data base exists upon participate in the first implementation, they will have kmultilgle b as an on-sight arrest for burgiary, with 94 Enter 0. signature is present; if not,
which experiments can be built with high return for a sure guide to what worked, and, the implementa- confound th:;f:sts, as for a street disturbance’ would {’t‘hef:; ;5 :&er; arlt; marks on the sheet not ssocinted
a modest cost: the potential for effective adminis-  tion processis of value as a report on the experiment. and Respons:%mpansm"l' Comparison of the Strategic _enter Y if atlﬁ;r pr‘:l;;nn:rys 3:};1 ;o]t covered above;
trative experimentation, particularly the type of Response Fores 10rcc $ activity with the activity of the 30.33 Ea;iis;t%ntcr Z if both occur. egibility or mig-
experiment involved here, is present. The evidence ; another distri n another period of comparison with 34-37 Ente: thz ziittttfme, ie., 0730
shows that implementation, the careful planning and ~ TECHNICAL ANALYSIS: STRATEGIC from factos V:}ti r}a;uses @ number of secular threats 23' 4l Enter the exagsé?firﬁi,i r?Z:?nut .
working out of the experiment with the operational ~ FORGCE 1 factors may oﬁ’erlc hlave not been controlled. These —47 ﬁ_n;e; tl;e mileage at start fohee::: t‘lfsﬂymi?e 2222
people whose cooperation is vital to its integrity, ; 13 for the dif ag a.ternatwe, plausible explanation 49-~53 Ehtgrrthgglgg’.]igno".c the first number, T
has been well done, and thus provides a basis for The underlying theory for the experiment is that § crences which we find in the comparison, followed bycgaitxf:lblg th%form of the beat number
optimism with respect to additional experimenta-  an aggressive patrol, especially when it is uninter- 2 ‘ ' Use the following tabrle.f::D efrom 1 to 5, i.e., 14031,
tion. This combination of need and competence  rupted by potential or actual ecalls or directions to do Data Collecti Code . When Used \ |
suggests the recommendation that the experiment,  something else, will have a positive effect in terms of , ‘ ection 1 Beat numbér of locati
which is in the pilot stage, should be carried further,  more felony arrests. The possibility exists for a posi- ! We have g Locat_ion is in the fb?-r;? 2&?;?3 add
developed carefully, and extended to other districts;  tive effect, at least over a period 'of time, for less ﬁ the S tratev‘; ]gade a preliminary analysis of part of L?r?l%? is in the form of z prope: e;zoi
and perhaps, after a time, repeated in the same crime occurring or, in a measurable sense, being ¥ activity reg € torce report forms The form is » daily 4 Locatin(;sniintl}?;: form of :
district. : reported, This last point is a difficult one because ; tars, and ﬂiorzﬁg“’efl cach of the Strategic Force i B T an area from A to
The first specific recommendation is that there be  of a confounding parameter. Higher visibility of the {1 , log in th oiticers in the car are called upon to keep "r‘;:t;on Is blank, or uncertain for other
a review of the various formal and informal theories  police. apparently results'in a higher percentage of ’” brent 5 t N form of Separate entries for each qijf.  57-58 If activity i« 3 o o :
of patrol effectiveness. This review might be a very  all the crimes that are committed being reported. g which th(;twlt}" .These entires include the fime g ’ x ;:t;;\sr:t); 1: négntiﬁed 23 2 “crime,” wse the crime
modest one, listing those factors which appear in the = So the number of crimes reported may tend to-go up %'dude d, th actity started, the time at which it con- 60 Enter information on assists, using th i
literature, in the reflections of experienced police  in response to the experimental condition. But this i (,c'cmréa‘ ((; ;?:’e FXPFnd'Cd’ the district in which it Code  When Used » Using the following code;
officers and in experiments and studies of patrol ef-  is a pervasive problem here and in other experiments 1. . ding at tht District in this case), the odorhetér 1 Thise ;
fectiveness; and all of these factors should be identified  Given that this relatively simple-statement of the fe ﬁctivitg b € start of the activity, the location of the 2 ‘Th{ss ci‘; ‘Jslsuistsﬁ teif i
with some notion of the evidence for the relationships ~ supporting theory for the experiment is correct, the Bt "S\":"rei;o??' the type ,Of activity, After completion 2 his car was assigc;id ;Z fsﬁﬁ :mer.
of one factor to another. next step would be to evaluate the results in ter™ Ying serac 18 reviewed and approved by the super-’ 5 Ngz:ll_‘t’a}”Which. : ot er,
The second step would be to identify those variables  of this theory. There are two ways of evaluating ﬂus he seant at thff end of the shift, shoul?j{méea:: Sv?,‘PEg_;}?,égis for believing
among these factors which can be manipulated; and  experiment. First, one could compare the “quality” “1, o 1; u;p ose of this particular preliminary analysis 62 Enter number of : 'as "
those: dependent variables which can be measured  of the patrol time between the sirategic and Response 3 '301.le'ctio: Ot;ate the feasibility of reducing the entire 64 E‘}ter- esﬁm:fe%?ifﬁf,f}aﬁi;;c‘ﬁf fo Or more, enter g,
Forces in terms of arrests. This would:he 2 relatively 1 %ptable o Perhaps 600 Teports into machine-ac.  66-78 g Scdle from 1 to 5, from mo:‘xtlif:h 1e amformation,
P rm for analysis op a com ' Enter in plain- text (abbrevi cast confident

and which bear some relationship to other dependent
variables, of value to police administrators or to
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_potential irnprovements in the data collection process.
The analysis process used was one of studying the
collection of activity reports, in the light of what was
known about the purpose of the experiment, to de-
termine what information they contained and to
design an algorithm for extracting the data from the
forms. ;

The algorithm for keypunching these data is repro~

duced as Figure 6-6.

The activity report reduces into two kinds of data.
First there is .the fixed data which is common to the
report itself; then there are the individual log entries
line by line, of which there would be more than one
to a report. The fixed data include a number of
items,; and the initial step in the procedure was to go
through each item and establish a preliminary evalu-
ation of whether this information would be necessary
or desirable for purposes of machine dita processing.

The first thing which was done was the addition of an
arbitrary identification number to- each form for
ease in filing, referral and positive identification.
This was a three-position, sequentially assigned
number starting out with 001. The key identification
on the forms included the following: Strategic car
number, a five-position number in  the form of
1403B; the date, which in this case was in five posi-
tions, with the date of the month followed by the
month itself, excluding the year on the basis that
there was no danger of ambiguity in thut regard; and
then the tour, quoted in two positions. The first posi-
tion indicated first, second or third watch, the second
number designated whether it was the early or late
part of the watch, there being a one-hour difference
between the early and late watch starting and stopping
times. Generally, the names of the patrolmen and of
the supervisihg sergeant appeared on the forms.
Neither their names nor their badge numbers ap-
peared to be informatiorn. directly necessary to the
machine reduction. So the coding algorithm specified
that one position should be used to indicate whether
there were two, one or no names of patrolmen and
one -position, zero or one, to indicate whether or not

the sergeant signed the form. In some cases, the total:.

mileage was given, and in some cases the starting
mileage. But the distinction was not considered neces-
sary for machine processing. Also provided was a base
to indicate whether there was a question of legibility
~ - or of some rmark appearing on the paper which was
not accounted for. The purpose of this was to aid the

analyst in selecting’ out those particular reports -

which he wanted to check to make sure that the
punched card was correct. Wherever there was an
ambiguity or lack of clarity or something else not
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accounted for, the keypunch operator was instructed
to so indicate. '

Turning now to the variable data on a per-line
basis, part of this was relatively straightforward,
Clearly the start time, finished time and elapsed
time or at least the start time and finish time, should
be recorded straight down the form. This procedure
was similar to the Communications Center records,
and this similarity would provide advantages if
comparisons -were desired. The appearance of the
clapsed time on the form is a redundancy in the
record to provide a double check on the other entries,
Perhaps it also has the advantage of allowing for a
quick visual inspection of the times, In any event, the
decision was'made to leave it in, and it is recorded in
three positions in minutes. The “district of occur-
rence” or “dist occur” is, in all cases, 014, the 14th
District.

Because the sequential number which was assigned
to each form clearly will separate these forms from
those for subsequent experiments in a different dis-
trict, there is no purpose in including the district
number. It is not immediately clear why the mileage
should be included. There are several plausible rea-
sons: It would indicate for a patrol periad whether
in fact the car was moving; it would give a sense
of the average rate of travel for the cars on patrol; and
there are somec other uses. In any event, it,was in-

cluded. The next item was location of activity. In
some cases this appeared as a beat number Jocation.
The certainty that the location information was cor-
rect on the forms varied considerably, so a confidence
code was used. The pilot keypunching was done on
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the assumption that in every case the report wasin .

the particular beat of the car. However, for the formal
punching; a map would be used to check this. So the
beat number would be included and then followed
by a ‘“one” if the beat number actually appeared
on the form. A “two" would be used if the form con-
tained a street address which had to be interpreted
by going to the map. A “three’ would signify a proper
geographical name, such as the name of a park which
had to be found on the map. Four would indicate
an area, say, from point-A to point-B. Finally, if the
. location were blank or if there were some other un-
certainty, the number “five” would be used. On the

type of activity, two spaces were allocated for a cri{ne' ;
that was reported, using thé¢ formal Chicago Police .

Department code for crimes, 'such as 00 for homicide,
10 for rape, and so on. ‘

In some cases, the log indicated whether an assist :
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area. For purposes of one dcpendcm;f viOther ,de-
would clearly be patrol; for pmrposes ob ea o e
e iy wou?ﬂ‘(:::;‘iyk{:;’(; ofppatrol. 1
are talking about two dl B e 10
o to a general patrol respons! 1;y, -
g«: tghwughoit the district‘ watching fore:fgs;‘ili;:y,.
this is relatively uncommitted patrol rcp
This distinction might be one g’i osur
might also think of committed VS
time in terms of some other duty. I .
the officer were committed to answering
which has a priority, such
s n-nrogress, the time tha ;
ltrlletrzgll ar’ld his time while answ.ercllng
not be patrol in fhe sense of the indep
¢ are concerne
gl;irmand, if he is anstzvef'ing a call
‘have an overriding priority,
asked to pull a cat out of a.tree, ;
in the general patrol area, it may very
is activities in
1::;;, or his visibility to cftl}erg, °
tinguished from patrol. In either ca;1 ,
value of his patrol time would har' ¥
able from that of the Response C\‘a'x.
anyway, this is one of the distinction
raw. -
to' gther criteria that suggest the
the officer is in or out of the car,

are
tinguish b
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riteria. We
uncommitted
For example, if
nother call
as a 10-1 or a burglary-
3 i ling. 10
t he spent in travelng
e that call might
endent variable
d with in our theory. On the
which does not
for example, if t‘xe’ is
and if he is driving
well be that
i idence of
¢ looking out for evl !
bty could not be dis-
the qualitative
be dis\‘\ipgqish-
For one PRrpose,
s which we want .

mselves are whether
whether his availa-

radio is a characteristic of his

hility to answer his - building or on the

i rol, whether he is in dir
‘:(:tr;{gd:noi? €Itatuilc’lings, and whether he ,lls in ;311; r:n}xlt; (ii
the designated patrol arca. For exam;; e, \Ztml he i
traveling from the station }10usc tth cbz{]a"ior < ;
is this considered patrol time? Is his avior an¥
tiiﬁ'erent in terms of what he does of what gther peotr

oy . .
Ob;ewzfx\;?;;lﬁ?sixssing this relatively s?mplc varxz}ble
of na%rol t'm’xc, we have _problcms.- of 1r3tcrpreta:‘1:<i)gé
Aspone extreme, an officer travehx}g thhﬂ?ejfm e
patrol purpase in mind' and .appca;'mg i(; S‘ce o
behaving in that fashion, is a € e;f e o
time. At the other extreme, an‘ o'ﬂcer b ,Othcrs i
business and physically out of vu}:lw_v oo o
tied up with 2 priority call Whertz1 1st e e
Jocation are fixed, where }1(: coul. no e
involved in preventing crime or intervening

i ith, or
crime other than the one he is concerned with,

y i him

making a court appearance which rmght t;l;c;n i

out of the district, is clearly nﬁ‘t ;n zitl::gt. e e
ivities whicn € .

e some other activi nnot o
Pézrol' lunch, dealing with a traffic vxo}atxon{ ac ing_
e as crossing guard or performing crime
are cases which probably, but Pot
on of patrol. Time
for cxample, or
ea, involvement

as a school o

jgation. There ch
Z:ttaginly, come within thc? d'Cﬁmtlns
spent in answering nonpriority cz; a,r
traveling to and from the patrg I
in stop—and-frisks, name and pr:'emxf e il
vestigating an outside alarm, looking a;nplc v
,arrying out a specific ?pa'trol, for ‘ex o (’1 ot
:::ommercial burglaries. This may also inc lil,{ed a
of a particular building or a very F;nst;: g
These are the kinds of proble.ms with rth[; o
variables which must be consxderedfl? onlyp a0
stage. All the mentioned cases Icic

jable. . oy
valxﬁh respect to duration of unmterrt%p‘teci Irt)m":!al1 .
our theory says that this duration is critica | comn-
of the psychological effect upon tl.le oﬂice;on (pm o
tal interruption, then an actual gnterrui.)k R O
art for personal busitiess or stop—ax'ld-fr;sf > samc
?s not fpsychologically an inter;uptlofx o ! C:entef,
kind as interruption, by the (Communication 19
of patrol by a Response - _ e
oir?cerned with patrol time itself, then any
C ‘ :
ruptions in the smooth o.pera}x  of e B8 e
; iméortant, and we must inquire into e s
ture of the patrol. Tnterruption by a trathic Jo¥
ig] ther .
toplight or any other G Ay
scbxfti;gxuity of patrol activity i ofpe{x to :;nsxd
’ ificati of the patr
terms of specifications ‘ atr :
dei;:ﬁtidn of this manipulated variable in instru

Force car. If our theory 18

on of the patrol ar -

distraction that breaks the 1

ol mission s
tions -

to the supervising sergeant iy very different from
definition by acknowledging the instructions through
the log. The officer is in fact reporting patrol time
when he is specifically carrying out a particular
{ mission. Then there is the question of whether the
- officer understands his mission (locking for auto
thelts, say) as spending his time looking for cars with
keys left in them or as looking for suspicious people
loitering near cars or as stopping cars with drivers
who appear suspicious, and so on. Whatever the
particular mission is, our theory may require that
the designation of mission be followed by a type of
coriduct. If this is true, we should be sure that when
we manipulate the variable, all the people who are
supposed to be manipulated understand our intention
and are manipulated in the way that we intend.
Clearly this potentially involves manipulations of
other variables, such as tactics in carrying out certain
types of missions, and methods of police work, which
are not formally and explicitly incorporated in the
experiment in its present form. Tt is consistent with
the experiment to consider this type of variable. In
this form, the experiment provides a vehicle for the
manipulation of a number of variables with the
caution that, if too many variables are manipulated
at one time, it is difficult to interpret the effects
obtained.

Geographical location of the patrol is another
variable. The supervising sergeant or whoever as-
{] signed the patrol distribution might send a number
1 of Strategic Force cars into an area under saturation
conditions. Obviously this variable can be manipu-
lated in other ways. One way which requires a more
sensitive type type of measurement is to record the
position of the vehicle as a function of time. If there
were car locators or some other type of direction
finder, this would be relatively easy to instrument. In
1 their absence, it might be possible to specify to the
{ officer his patrol pattern, give him checkpoints and
' record him at the checkpoints. Also possible is manipu-

1 lation in terms of very specific patrol patterns, various

“search strategies and even some game theory tactics
1] using random specifications. At least the specifica-

tions given the officer should be unpredictable by an
4 oitsider as to where the police officer will be, when,
1 and from what direction he will approach. The de-
giee of definition necessary here as elsewhere is a
finction of the theory that we are trying to explore.
« ¥we have only zeneral ideas, and we are not very

PR

1% Wre of the relationships, then it is important that we
By identify' our variable so that we can’ reconstruct the
+, Mationship with some degree of confidence.

With respect to the variahle of morale, there are a

§

ko

number of unobtrusive measures, assuming we want

to measure it. Probably a separate instrument, such

as a series of informal interviews or a post-test ques-
tionnaire would be the most efficient and direct
method of assessing the effect on morale of both the

Strategic and the Response Force officers wrought

by the experiment.

In the dependent variable of arrests, it is desirable
to distinguish, as the Communications Center does
and as generally appears in the data, the kind of
crime: burglary, or auto theft, homicide, an indoors
crime of passion, a deliberate crime committed on
the street or an opportunistic crime, '

The theories that the experiment is exploring
distinguish those types of crime which the patrol is
expected to affect, in terms of deterrence or in terms
of apprehension. The problem of assaults on the
street corner might be affected by an aggressive
patrol, but an assault in a building bears, in theory,
no relationship to the patrol. To mix these two in 2
single dependent variable would confound the re-
sults. If we were to compare the arrests by the Re-
sponse Force with the arrests by the Strategic Force,

it would be important to separate out those arrests
which were the direct result of a dispatch. Otherwise
it would be difficult to relate patrol time to the
number of ‘arrests. On this basis, it would be impor-
tant to distinguish between: “on-view® arrests and
those which are the result of a dispatch,

We turn our attention to the dependent variable
“response ‘time.”” We have data on the response
Force, and if we are comparing one Response Force
car to another, the uncertainties of the data on
response time may cancel out. If we were to call for
a comparable time for Strategic Force cars without
the data collection through the Communications
Center, there would be the problem of making sure
that the definition of response time by the patrolling
officer was similar to the definition by the Com-
munications Center. It might be interesting to record
the response time of the Strategic Force car volun-
teering as an assist. This might show, for instance, if
manipulation of the variable geographic locatiow: to
give saturation in a high crime area resulted in a
significant number of times when a Strategic Force

car responded faster than an assigned car. The ad-
vantage to the Strategic Force officer of not having
to communicate before committing himself, because
he is not expected to stay in his area, might be a
significant dependent variable.

The dependent variable of the time when no
response vehicle is available will not present a
problem in measurement or definition, The assump-
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tion, however, that the Communications Center will
record the time when no vehicle is available in the
same manner for the experimental district as for any
other district may be worth checking. We might
consider this time a parameter, but it is also another
dependent variable, maybe an unwanted one or
possibly ‘even a wanted one. The time when no
response vehicle is available may not increase when
response vehicles are assigned to the Strategic Force,
because of additional screening by the dispateher.
The dispatcher, having fewer beat cars available,
may more quickly start the screening process to set
the low-priority calls to one side if the queue of
priority calls begins to get out of hand and he has
already committed say, two-thirds of the cars-availa-
ble to him. He may at that point postpone all but
priority calls to keep several cars on stand-by. If this
non-linear screening is part of the dispatcher’s
process, then taking a set number of cars away from
the Strategic Force will not necessarily be accom-
panied by an increase in the time when nu response
vehicle is available,

Knowing Parameters

Formally, the distinction between parameters and
variables is that the variables are those factors which
we are interested in manipulating or whose changes
result from manipulation of other variables we are
interested in measuring, Parameters are factors which
we are not immediately or directly interested in, but
they are factors we must keep track of in order to
understand the relationships. we are interested in.
We start by identifying those parameters which are
connected with the instrumentation of the experi-

ment, This first category of parameters includes
those which determine whether the data describe
what in fact happened. With respect to patrol time,
did the officer maintain a diary or only submit an
after-the-fact summary? Should we separate out
aggressive patrol time from other activities discussed
in connection with patrol? There are a number of
parameters which may- arise out of the fact that the
data are collected or interpreted by people who may
not be familiar with the-particular variable that we
are interested in or may see the variable in a dif-
ferent way, If we are unaware of this, or have the
awarenéss but fack the control over it, we have a

problem.

‘There is a second type of instrumentation param-
eter related to the question of whether our experi-
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mental methods introduce conditions which may
confound the experiment. There is a series of such
parameters identified in the literature on experi-
mental and quasi-experimental design. Some of
these parameters are characteristic of certain types
of design. Examples includé unusual conditions, such
as civil disorders or good weather. These may affect
the crime rate during the evaluation period inde-
pendently of the manipulation of patrol times or
styles. Such conditions may completely dominate
the dependent variables during the period of the
experiment.

A third type of parameter relates to external va-

lidity. The previous examples tended to interfere
with internal validity of the experiment. Internal
validity is defined as the gquestion of whether the
independent variable did, in fact, cause the observed
effect on the dependent variable. In contrast, the
external validity is the question of generalization to
other times, other environments, other places or to
circumstances where there is no experiment going on,
Even if, in the present case, the results of the experi-
ment were favorable, if considerable advantage arose
out of the manipulation of the independent variables,
we would have to distinguish between the present
case and others, Here the people participating in the
experiment were well aware that they are being
studied; in other circumstances, they may not be so
aware.

Other factors have been reported in the literature.
The “halo effect” offers an example whereby in-
tensive patrol over a period of time tends to cause a
lasting decrease in the crime rate in a particular
area. If a comparison were made between the ex-
perimental period and a period of time shortly
thereafter, this effect would be a confounding param-
eter. Another confounding parameter is the observa-
tion often made that when there is a higher visibility
of the police, as through intensive patrols, the popu-
lation of the district responds by increasing the
number of calls for police for both public service
purposes and to report more of the mizor crimes
than they might have reported had they felt the
police were less active,
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APPENDIX A

CHICAGO POLICE DEPARTMENT ORGANIZATION*

Lr. Joun Warsy, Chicago Police Departmens

daf::hz; f;otsct;%r(l) 2m t}l:e area that is now Chicago
when
Dear‘bom, was established t:;rc.ar]r?\r;y lg;;pog;)if oo
*lvvas incorporated as a town with g popl,llationa%:t3
»800. Chicago became a city on March 4, 1837: it
protectf,:‘d by six constables known as the ,City '\"\7 atvzzs
'11;31:1565 (.gucago .Policc Department wags established in.
° . op.ulatxon by that year had reached 100,000
and the city was divided into three police preci’ncts"
T}¥ ﬁrsE dretectxve force was established in 1860, ‘
o hceg};.-\f;ff;go Po!ice Départrnent had many trying
injuired I;imi%%e; tz}r: »:"Igch o}éﬁcers were killed or
. € “Beer Riots”
‘c‘ame the Chicago Fire in 187lfs foﬁzszrgcrie% tltlﬁn
Ha).rrnarkct Riot” of 1886. The HaymarketyRi :
culminated in the death of seven officers from g bomob

thrown over their heads. Six civilians were killed also, ©

tS}ixty officers a{ld many civilians were injured during
€ events leading up to the bomb-throwing and
result of this explosion, sHdase
thA 1’nounted force was established in 1906 to meet
the needs of the congested Loop area. The mounted
j{orc? Wwas composed of 40 men and horses. The fo
received its first three automobiles in 1908 and s
cor;}}:letely motorized by 1915 with 50 vehicles "
€ reorganization ordinance of 1913 duct,
that the Superintendcnt, Captains, Lieu:taelf::tingteed
g}c:ants and Patrolmen be called “Policcmen”’ anil-
’tr ;t they wqu{d Constitute the police force of the cit
te Park Civil Service Law enacted the same yeax:
;(:1 11;11)7a. separate Park District Police Department,
Prers ti_]uve:;ﬂe officers were originated, and a Crime
Policcn I;)n | uréau was organized in the Chicago
@ t?partment. A department order in 192]
anged the names of the ouilying sections from
anged o ]

*T. -
sianer’ikekxlplox:: p;;; ;r:rx:é EI: C{I:Kg;{ Police Depariment Commis-
s A 3 70 and from aphazard Hj
Pélice Departmt;nt, > Chicago Police Slarf)janirary Ilggosry of the

prgcincts to district stations. At this time, d

mental vehicles carried numbers on their ;id s and

reported to their district stations every 20 min ei e
T-raﬂic signal lights were first installed at 13;i1ist;:r-

S€rvice each day. This radio service was made avajl
ablf:, also, to 13 surrounding tow, .. The :Walt'
police Communications Uenter receivvfs‘bctwcei ; S;SO
Sl.’ld .6,000 calls for service per day. By 194'2’ all
els;i;uct, Clloure.au and accident prevention squads \,vere
q dppc with two-way radios. The squadrol, a
modern ambulance and prisoner wagon, ent the
department in 1947, . F Chiered the
The' operation and administration of the depart
]1;1;1;: 1sthessentia11y structured along functional lli)nes-
r the most vis { poli ies in
the Bureau of Fie‘i:lgi;‘.zzz:‘ petlos fesaureceles in
. l\éaltlt}zral]y th'e level. of police organization closest
1cago residents is that of the district and the
le:real, compose.d of seYeral districts, It is within ;hese
vels tl_lat police services are delivered.
District commanders have responsibility for th
patrolmen, most assigned to motorized “beats.” The
area of each beat is determined by the workloa-d, émc(l3

» A radip” assignments
from the Cemmunications Center. Beat patrolmen

operate in one and two-man cars, and some are :
sxgned. to specific foot routes within certain of :llls“
mot?rlz.cd beats or sections of the diﬁtrict. )
District Pbatrol is aided by small vans, known ag
(s:(::rac;rols, manned by two. officers. These vehicles
arry ax:re‘sted persons to district stations, trans ort
sick or injured people to hospitals -and s’u 1 "
the patrol cars, , priement
| Thg district commander has certain officers wh
perform specialized functions. These include laino
clothes vice officers, a cong\nunity-servicé éergean;

S
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who is assisted by cadets, and other officers who visit
“elementary classrooms in the district to enlist goodwill
of the youngsters.

Police areas usually contain three or four districts.
Detectives, for example, are assigned in an area pat-
tern. There are six area headquarters, and while all
districts have patrolmen assigned to:them, not all
districts have the full range of Field Services Bureau
personnel on their premises.

The Task Force, for example, is an auxiliary unit
of approximately 800 members designed to be mobi-
‘lized in emergencies and on other unusual occasions.

The Tactical Section is decentralized to four area

headquarters to provide mobile manpower where 1f
is needed immediately. The Task Force commandér
reports directly to the Chief of Patrol, Included in the
Task Force are a canine section, a helicopter section,
and an evidence-technician crew, among others. One
section, for example, provides personnel for special
events such as sports, concerts, etc.

Within the Bureau of Field Services, besides the
Patrol Division, lie the Youth Division, the Com-
munity Services Division, -the Traflic Division and
the Detective Division.

The community services division, headed by a
deputy chief, initiates and coordinates programs de-
signed to generate mutual understanding and respect
between citizens and the police.

- The Detective Division conducts follow-up investi-
gations of criminal incidents, identifies and appre-
hends offenders, recovers property and assists in
criminal investigations. It includes over 1300 members
assigned to five sections: Homicide, sex and aggravated
assault; robbery; burglary; auto theft, and general as-
signment, The first four are self-explanatory. General
assignment deals with erimes such as’heft, vandalism, .
and fraud. Each section is headed by a commander.

Ficure A-1,
Chicago Police Manpower, by Avca-and District, 1968-1969

DIVISION TOTALS BY 1 May 1969

POLICE AREA

- - Percent
Detec- Task Area of :
Area Patrol ' tive force Traffic Youth total.  4otal
1 1,196 183 78 69 67 1,593 17.34
2 1,150 172 110 g1 85. 1,608 - 17.50
3, ..996 142 0. - 82 67 1,287 14.01
4 1,408 244 160 88 97 1,997 21.73
5 926 154 0 96 .52 1,228 13.37
6 1,032 166 126 91 60 1,475 16.05

9,188

Totals 6,708 1,061 474 517 428

0
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Figure A-1 gives the city-wide distribution of man-
power by district and arza. - ,

The Traffic Divisioit is commanded by a Chief. It
has nearly 1,000 members and is responsible for en-
forcement of traffic violation regulations, investigation
of accidents, direction of traffic in the Loop (Chicago’s
central busiiiess district) and for patrol of cxpressways
in the ciy.’ o v

The "Youth Division has approximately, 500 mem-
bers. Its main responsibility is preventing or sup-
pressing delinguent behavior by juveniles. Youth

-officers also investigate missing persons cases and

handle adult female suspects and offenders. Police-
women are assigned to the Youth Division. Some
officers of the Youth Division are assigned to certain
schools within the city. '

Equal in the formal organizational structure with
the Bureau of Field services are the Bureau of Staff
Services and the Bureau of Inspectional Services.
Each is headed by a deputy superintendent, although
neither cornmands the manpower of the Field Services
head. '

The Bureaw of Stafl Services has approximately
1,600 members, divided into eight divisions. The di-

visions include training, records and communications, --.

data systems, electronics engineering, crime labora-
tory, central services, automptive rnaintenance and
building maintenance. Central services providés ani-
mal rare, mail dclivery, equipment and supplies.

The three divisions of the Bureau of Inspectional
Services -contain about 500 people. Intelligence and
Vice ‘Control divisions deal with criminal activities
while the Inspections division deals with conduct and
performance of the Police Department’s members.

Chicago has a good record of adjustment to chang-
ing conditions. Of 30 general recommendations made
by the President’s Commission on Law Enforcement
and the Administration of Justice, the Chicago Police
Department had initiated many policies and pro-
cedures that complied with these recommendations
before publication of that report. More of these
recommendations have been met since publication of
The Challenge of Crime in a Free Society in 1967,

As mientioned earlier, the Chicago Police Depa'rt-‘

ment has established a community relations unit with
staff in all district stations. It operates police-com-
munity workshops where citizens meet regularly with
police officials and serve as advisors. Chicago has

" recruited more minority-group officers and has more

nonwhite, sworn personnel than any other department
in the U.S. - -
During training, Chicago recruits receive heavy

amournts of community relations; recruits attend the

Population estimate from Internati
P n ationa]
tion, Municipal Year Book: 1968, used from 1965 to 1968
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i
aclaldemy fo(x: ,;%:ven months and receive 19 hours of
fo egf ,;:reilgj,‘ In the social sciences through classes
aug y ldcal college faculty ‘
by I members. Screeni
of candidates for charact 4 oved.
1 er and fitness has i
and offiéers now must i
; pass tests derived from
psyc.hologxcal assessment study conducted by the Unial
Zirsxt.y‘of Chicago’s industrial relations center, Form-
n:eytm}ficmble Physical, age and residence require-
i, C;l tsh asxjg”beefl modified to admit non-residents
a 5,7”6 height requirement has been droppcd,
o té) accommodate many Puerto Rican aspirants
41€ department has established '
handling citizen’s grj 4 officars s for
‘ ‘ § grievances, and officers
| 1 levanc , are now
required to take periodic In-service training. Police

officers have become § i
e e involved i ; .
efforts. fl community planning

Table A~
Chicago Police Department’s Growth, 1959-6g1

Year Sworn Nonsworn  Total “Ratio sworn /
1,000 population®

1959 10,712 458 11,
. 70 -
%gg? 1005 s i gfgg
b o716 116 11gg 3.0
ooz 10628 1l07  11ass '2.99
o 10814 1ze iy 2.91
logs  Jo2¢4 1aes 11710 gl
1963 0,269 1,476 11745 2.99
1966 IL13 1480 19)503 3.16
1967 11,428 1lasg 1905 3.95

- 12,006 1,480 13 485 3.4]

! Personnel strength from FBI anny

21960 Census used as Popuiational Uniform Crime Repores.

until 1965, The 1965
Gity Managers Associa-

. , Table A~2
hicago Police-Po i i
! pulation Ratio and Stand;
10 I\Ioct-l?opulous Cities in ISEBmg Among
Population! Sw i " Ratio
it > orn police? Rati
ity (1512i tl;ou- personnel swo:ma/;oOOO
3
n s) “Ppeipulation
Nﬁ;/:‘aYgrk City... .. 8,080 29,939 3.71
 Chicsgo.. . 3252 12,006 3.4]
s Angeles. ... , 5,937 -
T R
......... 6 4,647 '
]I;ac;r;;%xrxe ........ 1,100 1,577 %gg
Caldimore........1[1 a5 3,959 3.52
W, g Bl 2,161 .+ 36
Dallas............. 5o ey 1o
! 1.90

1,504

* Populations are 1965  estimates fro

Managers® s »m - International iy
1658, Bers” Association, Municipal ¥ear Book, Washington, D(l?:

2 FBY, Uniform Crime Regort:
: eports, 1968,
* Cleveland—Special Gensus; April 1, 1965,

aanlilaalll'les fhavc; 2increased; Patrolmen earn $11.000
annually after months on the j in

: ' 1 job. And; in

1 most

{snstan?cs, reqmre’d“manpower is proyided a‘s,the need

;t“ asse‘ssed, the deépartment is Now increasing its
rength toward the goal of 1,000 more men rect:,om

mended by the International ¢

y Association -of Chiefs of

Police, )

In addition, the Chicags Pol;
supported bot) hicago Police Department has

both operations research and i
;estearc}} ar}d c.levelopment of ‘scientific andnfg:}?;?
og%c?)ll Innevations within the department.
sonnil S(zné-li ;l;ows the effect of the increase in per-
e Ce .\9‘, ‘a.nd Table A-2 reflects the standing
¢ Chicago Police Department in relation to d
partments in other thajor cities of the 1.8, v
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APPENDIX B

APPLYING A RESO URCE

A conventional budget Jists proposed expenditures

; aries
by objects of expenditures or inputs, such as salarie

or office supplies. This budget is d.esig'ned };1‘121:;;‘1}?;
i ‘1o fiscal authorizations.
. to assure adherence to I izations. e
"a hindrance to efficiency by making 1thd1ﬁi:c1111(t:on-
substitute among inputs in résponse to chang
ditions during a fiscal year- . .
Economy is often equated with a reduc;;tlon of
éxpchditures. However, a reduction in spendx.ng maS};
be wasteful and inefficient, and conversely,‘ an increa c
may be efficient and economical. Efficiency; 1n 2
i r
broad sense, means simply that outputs 1ar‘:e;::uz "
what they cost in achieving a goal at tl;e t0
or getting the greatest value for any bu ged.‘t e
A resource analysis budget groups expenditt s e
cording to some agreed objects or programs, ; i
imati 1 financial costs to acco
stresses estimating total : e
i :Le of a budget to Depar
them. This structuring ot 2 ' o
objectives accumulates costs in more meaningful c:s “
;gories and affords a better assessment of }:.)aop_‘ e
changes to established  programs. It;p,.row t;scosts‘
decision-maker with a more complete v1e,VYﬂO‘ "
and anﬁcipated output in initiating, continuing 0%
odifying a/program. y
" An:lysis fo1ach are a part of the resource ana.l;',. sxrsl
budgeting proc’eéé ‘do not make or dl;:t;:e ;ocllie::s;czl i
i ‘the judgment of the
-and will not replace the jucgmer . A
~ mini i ist him in reaching a
ministrator. They will assis bet!
decision by identifying preferred C(;ursels of ;cg;mthe
A 1 is budget develope€
The resource analysis \ by the
rati 1, Task Force did not ¢
Operations Research d fer
t'h};. tpeeds-first” approach to public ‘ﬁnance:whljst
“maintains that certain needs or requmetmen:cn:on '
\ t or without systema -
be met, regardless of cost or W1 e
idégati .r.-and possibly more highly d,
sidégation of other, and PO ‘ pecs
nieeds or requirements which may be fqrcgonlf:i 181 il
larly, the “hydget-first” approach under whic
? ? ’

" anammin et .

*Principal Author: Sgt. Walter R. Gersch.
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i fi
penditures are determined without reg.ard to bil»:ec at;
i i . +o:ned that only a certain amou ‘
(i.e. It is maintain® ; oune ca
-epardless of the value w
or should be spend regard '
be associated with additional spendmg.,) was not
onsidered. . ‘
: In géneral, a resource analysis budgeting syst;r;
will offer the Chicago Police Deparﬁmen} si\;ved
advantages. The first 0ac wouldee an m:; s
isi ing. The Resource .
rocess for demsmn-makm.g. ! y
%udget affords a systematic method of .exploru;g 1255
ternative courses Oof action, more efficient an

costly, for accomplishing department ?bjc?txvzs. 'Ia‘ilz
budgét‘provides a procedure for coordinating dep

i i jectives.
ard ideatified common objec
e Do alysis thod of budgeting would also

The resource analysis me ould 2
strengthen the initiative of the department in poicy

mulation. .
forIt is assumed that the resource analysis buc;lglee;
be carried out as a separate but par

system will get procedures are fol-

activity while customary bud

lowed by the Chicago Police Department to imple- -

ment program decisions. ‘ o -
Thé) initial requirement upon le‘z.lCh :aﬁ re;(; e
analysis.btidget structure is based 1s 1den1tl c?he o
departm’eﬁf objectives and, su.bse.queny, Jooiini
tivities. which relate to these ob_]ectwe]:as. otI') i
i {* with a number
artment 18 confronted” wi ‘ =
I;bjectives and a limited amount of .resourc.?s e\«r/ltal
which to attain them. In building this epreume @l
budget, the Operations Researc}% Task 1.orcs,tatc-
| amined the Municipal Code of Chicago, policy
‘ments of both th the Chitee?
Police Department and the department’s directit

) . N b
From this research, the ORTF identified thes.e 0

jectives:

. public peace:
Public service.

e Police Board and the Chicago

Yollowing identification of the objectives, specified
programs were. structured. These programs were
termed Crime Control, Quasi-Criminal Regulation,
Traffic and Public Peace. These programs were further
divided into subprograms of the major programs re-
lating to the department’s main objectives.

The allocation. of costs to these objectives and pro-
grams was performed on both the 1968 and 1969
appropriations for the Chicago Police Department as
contained in the Annual Appropriation Ordinance
and in the department’s budget.

The design of a budget is merely the initial, vital
requirement of a resource analysis budgeting system.

It is merely the framework about which the system
exists.

ANTICIPATED APPLICATIONS

The crux of a system is program analysis which
essentially consists of the process of determining the
relevant objectives, synthesizing alternative means to-
ward these .objectives and identifying the costs and

i cffectiveness (benefits) of each alternative. Estimation

of the costs for alternatives and the éstimation of how
the costs are likely to vary with changes in significant
program characteristics are major parts of the analysis.

This cost-effectiveness analysis can be applied at three
levels of choice.

First: Choice of budget-mix between broad pro-
gg{!inis, trading-off between outputs.
.7 Second: Choosing a “mix” of subprograms and
subprograms within a program (This also involves
trade-offs between outputs.). ]

Third:. Choice among different methods or a
combination of inputs which may be used to attain
a given objective or subprogram. (Trade-offs be-
tween outputs,) The purpose here is to determine’
the “least-cost” way of achieving the objective.

Analysis is most easily applied at this third level.

\ Efficient allocation at the third level is a prerequisite
\g@ﬁiciency at higher levels.’

. An’example of trade-offs between dutputs could be

o the situation where a department faces a decision on
- Whether to request an- additional million dollars to

| | ‘ ; i nce of
Protection of life and property; maintena .

increase its effort against organized crime or to request
the funds for use in reducing robberies.

: It;might. be possible toreveal that a given amount of
‘money allocated to organized crime efforts will save

X-number of people from becoming victims of orga-
nized criminal activities. These include “juice” loans,
loan sharks, etc. If allgsated to robbery efforts, -the
money might save Y-number of people from being
seriously injured or even killed during the commission
of robberies. Such a simplified analysis, alone, could
not provide the decision-maker with sufficient infor-
mation to make an unequivocal correct choice. But it
would provide useful insight with which to improve
judgmental decisions. ,

It may be possible to go somewhat further by re-
structuring the problem so that outputs of both sub-
programs could be expressed in the same units. We
could consider victims, per se, and compare the num-
ber saved if the additional milliori dollars were allo-
cated to combat organized crime or to ‘combat rob-
bery. ‘Of course, if one allocation resulted in saving
more victims from physical harm and the other saved
victims without physical harm being a consideration,
we would be able to indicate only such a trade-off.

An example of an input trade-off would assume
this case. The department must respond to X-number
of calls for service and must also investigate ¥-number
of traffic accidents. In addition, Z-amount of pre-
ventive patrol is desired. There are not encugh trained
accident investigation personnel in the traffic division
to handle Y-number of accidents, But if sufficient
untrained personnel receive training as accident in-
vestigators, going then to the traffic division, the pre-

_ ventive patrol efforts would be markedly reduced.
A decision is required as to whether it would be
more desirable to use untrained personnel to handle

traffic accidents, or whether additional personnel -

should receive the necessary training and reassignment
to traffic the division. The effect of a reduction in
preventive patrol efforts in either case must be care-
fully evaluated. '

Cost-effectiveness analysis can be indicated by the
following example. Assume a program relating to
reduction of burglaries \"*e*i\s proposed. It will cost
$100,000 per year and Qill produce ‘benefits which
can validly be evaluated as $200,000 through reducing
the amount of property taker. This program will
result in a “net gain to society” of $100,000 per year.
If these gains and costs were the only available infor--
mation upon which to base-an evaluation, it would
be concluded that the program was worthwhile.

However it may be that the last $25,000 of expendi-

* tures will produce benefits worth only $10,000, con-

sistent with the total figures presented. Clearly it
would be better to spend only $75,000 and. obtain

‘benefits worth $190,000, a net gain to sdq’iety of
$115,000. The last $10,000 in benefits would cost
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T e S T T S ey e TR e et B S etates PR
: . xperimental manipulations of g o T ] ‘
}, and the §25,000 worth of - The resul. of the 1968 and 1969 into Resource [} Activity 1968 cost 1969 cost - -
more than they are wolrtllé ; ?o better a&vantagé else-  actual budgets fOF shown below. The real budget : S ; ; ,
s ‘ ) : : ‘ . ¢ atrolling ¢
resources couldlef:EnI:nZiimizing the net gain is to :AnalySlS Budgebt: clzmpared for the two years by this S;perv%sox}'; azrlxsd cl(c):fceal‘ ...... T v 26,969 36,831
where, The 'I,‘u e al sts and the incremental ncreases may b hifting allocation of resources. : Providing tactical patrol.,, ..., ..., i, e IR P 3,358,536 6,541,275
equate the incremental costs and t method to show the shifting ¢ Providing canine patror, .|| " e, Ve, T v 309,462 301,674
: 7 Planning. ., . . . Cieesaiiiil L, N e, 52,272 72,799
gains, . tment g Investigating Organized Criminal Activity ’ R
; Allocation Budget For the Chicago Police Depar , 2 Supervisory and clerical ..., ..., 00 vesheead e i, Peeerieiaa,, 70,557 82,885
Resource Based on 1968 & 1969 Budgets) 4 Analyzing licenses and viee activity, .., [T et Ceeaiaa, . 98,976 122,909
(Basc _ : 1R Controlling nareotic sale and wge, ..., . 1" e 535,128 627,404
! SUMMARY _ i Controlling gambling activities. ..., ||l e e e 371,172 433,920 .
. » ' 1969 cost 1 Viee detection, ..., i e, o 240, 665 277,892
" 1968 cost q Prostitution and obscene matter, . , . . T e e Ve, 226,836 266,106
Program ¥ : Conqugting'lntclligencc Surveys,..,.. ... S P e 1,367,766 o 2,217,527
$58,095,093 $69,928, 966 Administration /Crime Prevention (Supervisory and Clerical), .., ..., R cos 71,177 75,978
b T eiide 1U99, (1,052,270) 1 Prevention of Crime by Juveniles ,

. Crime Control. ., vvvueeivivnisniiiiins ‘ ______ ereraeens . (§912,748) Supervision. ... , e, Cordiaan, e, e 147,726 172,156
a, Social and Economic Conditions. ., ... ‘ ; Other youth services. . . . . e i e, S e, 689,227 798,835
b, Value ) ; .

’ tunit 39,915, 580) ; D 80,271,342 39,915,580
EB e e e ((3§599:454) 271, 39,915,500
PEVENLION, o b4 ev s e ensicrnonanes R Ve Ceaen (3,037, 25,361,662) \
gag II){::(Z:tion. ce v Civeere e Veerses ..... e (23: 873,127) 5 182.802 ¢ 6;194:343 Sub-subprogram: Reaction
o B (81D e gions | s Reion |
Quasi-Criminal, ....... e TR B semeen 71737, 896 8,824, : Activity 1968 cost. 1969 cost
Traffic...vc.... ‘ ,,,,,,,,, et Teetenaae 14:883,191 17’22%’2‘;2) M\\M
Public Peace. ... ... ... R R 683505 8,919» 179) -} Administration/Tield Services. ..., e v $8,988 $9,587
Public Scryxcc. ..................... i et RPN (8,423, $00) (3,821 ’845) 5 Administration/Patrol ........................... e e, e .. 381,689 35,335
g STCIEENCY. 1y e e e i s (3’ 195,571) 7'990 547 ‘| District Law Enforcement
b. Specialized,.......... U P EERTEE e ! e 5,068,948 ('727,586) . Command supervision, , ., ., Ceeseia i, e Ve 393,286 . 420,491
c. Otlx?t. PR t TP REPRR P .(455’4_25) (191’~438) 2 Secretarial ang clerical. ... ., .. R N beean eeuan 115,225 136,762
B R A A PP ) (6,301.523) | District review of cases, .. .. rianes e et e el 339,688 392,179
a. Community R L PN 35.579) ’399" 763 Providing police squad car services... .., , " N e, e 2,149,000 2,605,100
D. Duman Relaflons. ... cvvevereenisnicns erae e (4,435, 27,973,365 31’323’231 :
g, Dublic Relations. /. ..... ORI IR e 161602 154,168, Total................. e 3,037,876 3,599,454
B e Badiag, T AR -
. Total Budget. .. ......... i ‘ ‘
; : £ Sub-subprogram: Follow-Up , .
v ' _ Program: Crime Control e : -
. G ‘ditions Activity 1968 cost *1969 cost
. H d Economic Con . - -
Subprogram: Social an 1969 cost ;
) : . 1968 cost 65,301 e Aﬁgmfnfs:ratt}'on;gicldlServiccs.A.............h...,....,.............L....; ....... $§g,ggé 32?,‘31?3
o $4,618 39 ministration/Patrol. , , ., . . . R e I S - , ,
.......... 75,978 p4 District Law Enforcement
. : R RN TR SR Vereses 71,177 H : S w Enfor emen
dministration/Field Scrvnces.: PR d clerical)....... B 4. Command Supervision. ..., oL P i e, o 612,477 660,907
ﬁdx;nistraﬁon/crime Prevention (Supervisory and ¢ 147,796 172,156 [ Secrctarial and clesical. .| /" SRR R LR TP o 183, 174 212,076
Prevention of Crime by Juveniles e A 689,227 798,835 Fo Providing police squad car services. ., ..., 11 R .. 1,042,000 - 1,262,978
Supervision. ... R Cr et R NN Veeeans s : 1y Processing and serving warrants, ., ., ... R S P O, 693,000 815,507
Other youth seryices. oo oo covvienesnn o : 912,748 1,052,270 Investigating vice activity, , . ., T e 378,000 o 444,829
B e i e et ene ety rere : - Squadrol services.. ..., ..., ... R e 670,000 - 789,877
Total. sy evs e, e ; Participating in trjals. .|| 7 ST e 1,854,000 2,181,746
L , L Patrolling by Task Force : ,
‘ ' - Supervisory and clerical. ..., ... DR R TS 8,751 5,240
. ! P b er s . X j ¥
Subprogram: Va ue. : Providing canine patrol. .. [, e R 309,463 - 301,674
Sub-subprogram: Risk ~ . ; 7 . Crime scene searches. .. . . . on T e 563,274 691,004
. im: Prevention ~ ) . Administration/Crime Detection ' : '
Sub-subprogram: Pre ~ 1968 cost + 1969 cost Supervisory and clerical, . . . e e e el 310,877 317,710
g Activit - R eviewing case reports. R T i R TS S . 367,844 428,516
i $69,385. . $77,902 g Investigating bomb & arson cases..., .. ... T e R Saaie 213,010 121,768
‘ o (CEE  a  e bav e aadls ki e 275:439 325,,959 : ’ : Conducting special investigations. , , .. . R AL PRI UEU Eeeeae 265,104 —
inistration,Hield Seryices. . v yuv ey rnriss o N voara . rea Crime Detection -~ o : !
Adminis ation/Patrol. ... .. s edes e ereed 2 ‘ ‘ 69 3,090,483 | ploretarial and dlerical, ..., e e S : 575,111 725,500
Administrat N . 2,750,2 9 DA e A .
District Law Enforcement e YeeeVeean RERREES s 819,611 - : 989 ;66 o Inyestxgatmg homxcxdc, sex and ‘aggravated assault cases,, ., .. .. S v raie S, 2,299,104 2,246,459
Comﬁmndsup(aﬂrisicm.,.”..T ....... e N 3,757,500 5,343,132 .. Investigating robbery cases....,.. ... S R L E T TR 2,028,960 2,076,724
. Secretarial and cletical. .\ v ve el i Do e e ey e s 10’598’559 12,848,198 = . .~ Investigating‘burglary and pawnshop cases.; . .. T 3,091,116 2,892,753
Patrolling districts onfoot,..,:,u..a. ..... “““““““““ A . 111341000 T 1,334,466 Lo Investigating autotheftsz.y L, 7 R RO Fiehean, 1,720,236’ : 1,799,833
Providing police squad car SCIVICES. v v o venas DR R AT R 37 300,000 3,877,577 - LN Pcrforming general investigative assignments, ..., .. . T D et e e 2,291,220 2,298,683
& . . S 3115 L2 UL AU ST T T 1 e . N :
Investigating vice activity....... R vl i s ‘ o :
Squadrol services: ,, ..o usta i ‘ b ‘ : . | : 193
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i ___—__________——————————"‘_'_——_ * ;
T : Activity , 1968 cost ; 1969 cost ;
D ‘/—//—d | s Activity . :
Administration/Crime Prevention ' » 1 , 1968 cost 1669 ol
Supervisory and clerical:. ..+ JrERpTe T SRR F R R R R A A 150,981 162,978 3 Performing Special Traffic Servi cost il
Ageney and court O A AP e 102,048 : 118,149 f)uPcrvisnry and clerical. . .. «“ ‘
Prevention of Crime by Juveniles 8 erforming courtroom assienments. . P
atuslom. 41 tine i SO 295,380 344,310 3 Conducting Rreaffic In\i:s:is;;azle’xgs .............. e —— e 36,540 42,072 |
Othar youth SCrVICOS. ..o rtorsrireer i RRRY RUUIOAUTIUREUOIE SR SETPPPPIRY 1,378,453 1,597,670 Public passenger vehicle licenses. .. B 316,932 423,076 |
Conducting Traffic Investigations (Investigating hit and TUD CASES). s enmererss e s 258,752 418,698 : Serving traffic warrants BUAARAAERRRAE R REEER A e ' o
Providing Department Central Services : ) ‘ g Area Traffic Enforcement - TTTTrrimrereeen ot 237,790 318,958 £
Supervisory and clerical. .o ooonaeenr et U TUTTURTO SRR PR 9,768 10,672 e Tafeatowpment 0 36,000} Ot il
Buidence and recovered PrOPErty « -+ <+ rrc+ 111 OO PUDPIRRI ORISR 949,126 996,672 - Investigating traffic accidents. ... ... .......... TR . )
Clentral GETEREOn. . iseussieer s R J T B B R 613,596 712,582 3 Lavestigatig raffic GcCdet. .. 120 o ien s e 1,278,614 1,525,846 i |
Prisoner tram:portation: e prewenetn e N 414,000 483,460 Enforcement of motor vehicle iig?lia?ons by squad car and patrollin.g-. .. i e 819,000 ,962, 689 4
Detection of Crime by Scientific Means g Loop Intersection Control gulations by three wheeler motorcycle. ........:... 1,908,000 2,243,040 L
Arorvisory and clerical .o creone sttt RPTTUOTOPPIPIRPEPY 79,085 89,063 B . oo Tapmmon GOl o..orser e i P 900,000 1,065,100 |
D ioal £65 - ooeeeeriss o 63,784 93,234 | Semoling Toule by Redar e e N 1,946,076 21970, 424 B
Performing microscopic tool examinations. ...+ J T 15,864 12,147 5 Supervisory and clerical A 343,452 ’100’ 848 i
o ing fircarm identifications. ... eves AR UPI PR 99,402 115,520 : i, e ... s ' o
Performing microanalytical testS. .« i.veoverrert 10 T 43,294 51,304 3 Repair and maintain motorc PP o T 190,759 198,495 I3
Performing spectroscopic XAMMIDALIONS  « ¢ oo s ensereressesssssrmenst NP 13,278 14,307 : Detection of Crime by Scienti ﬁ():'c 1&8 ............... RIS Tt 668,377 715,627 q
Performing document examinations. ..o+ AP T TIRCSUP PR .. 33,072 34,597 ¥ Supervisory and clerical eans rerres 55,002 57,459 1
‘Performing polygraph CRATIAALIONS s « s « o e soseesnsesmsste st 43,877 51;556 8 Printing PhoOtographs. . .. v s oo v verre s s en e oeonoer ! : 1
Printing PhOtOGraphs. ..+« cxveseesersrr ettt TP RURORIPR 13,142 e 44,797 : : O S OO 1,090 2 660 %
Performing scientific feld asSigNmEnts. « o oxverrere ettt i 088,323 327,826 e L 8,761 9’ 865 |
Repair & maintenance of laboratory eqUIPMENt . o . oo enerecmrrirrn s TnIT PP 16,694 13,522 ; R N e ire e e ! §i
R 11,220,397 13,108,235 4
e T 23,873,127 25,361,662 k ) iﬂ
1 Program: Public Peace
Program: Quasi-Criminal
. ‘ 2 Activity :
Activity ; : 1968 cost 1969 cost e ‘ 1968 cost 1969 cost
e . . s i d,mfnfs“a“o“/ Field Services. . ..
Administration/Field Services. ... e $15,265 $16,634 | Administration/Patrol. .. PP i
‘Administration/Patrol, ... orere s ORI EIUPIL PRI PRI PR TE R e 53,916 60,953 | District Law Enforcement 7 DO OROP RO . 814657 815,906
District Law Enforcement : . i Law Ioforegmene. froretem 68,108 63 604
B L PORVISIOn e eor e sesn s 665,371 730,724 & Secretarial and clerical. ... P N : =
 Secretarial and elerical s veess e OO PR e 198,250 234,033 . Providing police squad carservxce R S N 616,639 655,068 E
Providing police squad car GOTVICES e v s e e s snnnssommsessnsrssssss U , 4,250,000 5,151,999 - Special details....... : T s e 184,233 207,631 £
. i Police SerViCC—Water'f’J.a.l{t,';' teeheies P S 834,000 1 010’ 896 ’ g
TOttL. s+ esnnnen et T 5,182,802 6,194,343 £.  Providing Special Poli OO O S VRO OPPRURERPORIRR RRPPROY 3,807,000 "oan’ -
......... 3y 3¢ 3 ) g . g PCCIal Police Services R L L T 2 . 4)236,400
B . B Patroﬂxng:_ by Task Foree .~ R R PRI RO 1 125,000 117,000 S
| | © Supervhory and dlerical....... R 1,493,504 s
| Program: Traffic g Derail Settion MRz 6,907 ’
. 3 DR S SO ) 5 534.
—_—_—_’/—/—_—_—"; : t R 4 A 873,996 _1’019:291
N Acti\’ity 1968 COSt 1969 cost : B R R R R R R PR N
‘ ) ot - [; R S R 7,737,896 8,824,134 ’
Administration/Field QEEVICES s s e s e eseenas e e st T $34,817 $42,221 A : —
Administration/Patrol. .. .o v osercr st PR e ea i 17,046 15,90t. . . '
District Law Enforcement - Do . ) Program; Public Service
Command"sﬁpervision. [ iy me s AU 179,466 191,678 Subprogram: Emergency
Secretarial and clerical, ;oo veazvnoearernrnite L A ' 52,598 61,731, -
Providing police squad car SEEVICeS..vvvearesrrr st te Dehaeesesrane s e s 180,000 218,162 :
Intersection traffic control. v oeiveees JR T A RPN 1,206,000 1,419,194 Lo Activity
Administration/Traﬂic Direction & Safety o : . T " : 1968 cost
Supervisory and dlerical, . oo eeen s it G 166,927} 974,448 . Administration/Fi , , : s 1969 cost
Traffic Operatitng, &, «arvcrssere 2 s i B REAA L i 50,304/ : N dZEm_Strat{on/Fleld Services. . v.. it
Maintaining Traffic Records and Statistics ‘ ) ; Dist }nlstratxon/Patrol. IVIGES o s vernr b b cn e e : $9,375 ' .
SUPCIVISOLY -+ 1t T TUOUUURTP PR e 30,524 . 33,993 ; C“°5L"‘,W Batomeemans T L 34 017 $9,587
- “Processing and maintaining traffic citations. ..o e aerre et DT SO 91,027 ' 100,173 e Somm?{Id_ SUPEIVISION, (vt ivvviansnns ! ‘ - .35,335
Tnvestigating parking meter O ABIaIntS - e noereese e rze IR o "9,427 10,258 : ! Pecgc?ta}rxal an-d clerical . v oone ot P SN 408,627 ; i
Tracing ownership on parking violations....... TR P 82,068 92,361 LT Sr oviding police squad car services. ... . Prroroeree e e dat e e , 121701 . 421,571 :
Performing machine processing services. . ... B R RPN 292,335 320,896 ;: Squadrol services. .. ...i. .. RS R R R R RTINS 1.590.000 oo 135,270
B o SEALHICS 1o beces et o7 SRRSO AN 38,298 S Taoee | O O SO 1,100,000 . 1,927,230
Maintaining traffic citation fles. .o coeesomeee e D PR 43,077 50,121 Co L Tetal e : R 1,292,525 .
" o | ; veiivi.. o 3,263,720 5 821,518




Program: Public Service :
. . ; ; Activit
Subprogram: Specialized , ’ 7 ‘ 4 1968 cost . 1969 cost
: : ¢ Maintaining Polj R ‘ o e } e e
- 1968 cost 1969 cost ing Police Records and Com
Activity 968 cos IS)upc‘l‘story and clerical, , , , . . mumc -a t l‘mts
, cocessiflg police inquiries and records, .. e AAERARERTETI 52,157 . 58,58
o - 841,235 547,364 5 Maintaining Police Commumn ceorl®*++++1i st Ceeenii, 915,431 L oo 80
ﬁgmxmstrat}on;{;xe{ ; CEVICES 12 v v vv s vt i st rabee NN 61576 150, 894 Supervisory and closiony @ ‘ 087,
ministration/Patrol.... v, P R I g Rcccivinganddispatchin Aplaint catle R 317,0
istri v I ! 8 complaint calls. , |, 539 696
District Law Enforcgrpcnt T 1,705,326 1,876,418 3 Opcratmg police admiﬂistr‘ativepswitch];lo:rd ..... Ceeaan e, e, 2,075,’554- 2 434»;)33'
Sl b ool 509,824 606,351 § Operating teletype equipment. ., . ... ROt 156, 555 '173,911
S’ccrgta.rml m}w : c”c?i. arlscrvxccs BT e e Cieea 57,500 69,637 Provu:l.mg records contro] numbers. , . . . .. e e T 101,082 198,211
Providing police squad ¢ e e . 3,422,088 3,822,448 . Coordinating telephone installatio, & repair. . . ferees R e 108, 000 196, 30
Patrolling school erossings. .« o vvenivineiosianiirereis e iinianneern, ( Performing Pojice Tdentifiontos n & repair, . ., , Cheeas e i, 382:336 26,300
Fatrolling by Task Torce ' e o 1,089 1,372 ] Supervisory and clerical,, , ..
. Supc‘rv.lsoryan.dclcnca}u............. ..... Prreereescen e 142893 * 106,929 g Processing photos, . . |’ ...... 91,116 102,363
Providing maving patrol ovuvveeiinn T 166,511 ] Processing fingerprints, , . Tt T e, 6,636 7,669
: i ! L Crrev ey e o ; 1
Administration/Crime Prevention (Supervisory and clerical), ... ... e . 56,691 64,562 1{222‘ mﬁéa;:r“;tp:z;id' e, e e . ‘l}ﬁ,?gg 330’277
H 1 1 ’»." L N e trreree y
Prevention of Crimes by Juveniles = T 117,684 147,085 b Processing field inquirics, . .. ... ORI IaRE S e i, 132:352 152"51-33
IS)upc.x;;l‘lsxonél.u;‘;f.;!;1:0.1.....‘.i....... P RN 549,000 678,699 i Prgvxdmg Department Central Services i, R RN 613,624 . 704:018
ng s .,..¢....‘..--ouun»»cnanﬂi‘Q“l".lz ----- . . ), . y ;
Ad;;?:ilst;a%ion /Tra}f)ﬁc Direction & Safety (Safety education training). ... ovvvvvnis, 12(?;,123%; lgg:ggg P:é)\zl;l ‘;l;grgq?:s ﬂfl::;:tlc;:ds p SSSRRILITRTPY Pevas s, e, e, . 6,812 6.63
. . . . e VIEY st e v econnevansnas R Y R R - . ye u 8 iy, e AR .
e T, il RO Vereins 438,672 505,848 ' Providing graphic art service, ., e e 1,343,821 1,586,071
¢ inves it a s e Sher ey ) SUIVICC. v R e :
Pw\:gg?nsc ;Jc argmcnt Central Services 1.538 ; M .cpartment mail service, . , ., ST ; 303,684 330, 634
g 1ep ot ; R D 9,820 11,53 3 a‘mta.mngcpartmcntVchiclcs....,‘, AR ER R 381,759 431,483
Supervision and clerical, .., ., .. ... S saensar i, .‘ ey 898,236 1,202,484 Ma'mta}ning Departmental Buildings, . , ., reeieaaaa,, e, Cre e, eres 4,014,221 4,95] ’972
ﬁgfglglogf:is" Y [ 228,224 .. 259,714 i Mzslmtam.ingDcpartmentalRadios TR Prrreeees e, R 1,614,937 1,706:658
AL s s v a v ins e IR NI I R . up(:rvmoryandclcrical”'.““...‘
N 8,423,900 9,919,179 : Mobile radio field service. | \ R R 240,562 250,770
Total,........ et P Ceviian e ; Shcpscrvicc~—clectrica1...........‘:.':::.:““”‘““” """""" Prrenees o 269,568 349;416
i Sh({Psc.rvice—radio ...... e, A AL LT L P PR PR P 285,311 363,975
* New hclicoptcf patl‘ol cost, : Ma'mtam tl‘ansmittcrs ..... ST (‘ T theraa, Yhe e, L 938, 624 858’ 913
, Txizgun{ng Police Personnc] e, RS 169, 326 210,050
: asic programs..,.....,.,...
; . Special T TrTrrrereseeaiin L, e, 493,862
copram: Otl . . p programs....,, e b
Subplogl"\m OICI 4 DSPCCialskiHS..,.,,,,.__,A‘U'..”‘.' :'o!q~n~-l.;co -------- L R 24’7:994'
- ' 1968 cost 1969 cost ; ata.syst,cmsDivision..... .......... ‘‘‘‘ TrTtetereraeiiiii, : 223,693 1,215,128
Activity Admmxsfration/InspcctionaI Services,.......,.... ... S irreeteraneea. 1,902,783 : 1:951 :805
57273 §7, 504 i gg:guc?ng ]I)nternal Investigations, ... ., , .. .. e [ESERTRPRN e, Bgf,g;g . 84,031
- . ot e e, e i e . s ) lucting cpartment Inspections, , ., ., ... ... St e Prrareseeee s 1y ‘ 1,401,705
232:2:::2322%3&186) vxcc§: SRR ceeaeees e e e ier e, 28,085 26,501 ‘ igm}n}s:ratfongicld Services. ..., ,. e N Qi')g» Zg{ ! 10:539
Admi th ; Feevash bhe s § .mmlS raticn/Patrol, ,, , , . . s 38, 86
Digeier Lm:l Enfox:cc.:r'ncnt ................... A 305,458 316,263 {] District Law Enforcement . 68:259 : /00
SCOIT:::;?aI il;%cxc ‘;;1:::21 ...... Pt o 92,047 égg,?gé 3 SC’?omm'zmd supervision. .., .., ..
corets ) PN e, 496,168 02, ecretarial and clerical. . . . . . RO B feeees 493 950 462,589
Sauatrol spmvioes Lo 1,032,000 1,220,719 | fooaeand custody of prisoners. [ {11111 e D 1967 agg " 146,287
Police servico—O'Flara FIoll 1111 L1010 10 osioess e eos e mee 66, Ta | Dnesorvics training... .0 O ORI Doy boshse0
Administeation/Crime Prevention (Supervisory and clerical).......cvvueo. .. ERREIE Dok o172 | . Uniform allowance. [T e Do 2la0re 2,426,017
Ingpection of Entertainment Exhibitions. . .......... e B NP ) ' g el e ay enae o ,397, ' 2,761,600
intaini lice Records and Communications 95,106 . 1 o TERMRees., AR veerreshaaey, T e
Mntalieg ol Resonds 20 Corsinic e i s T, 31,3087
Supervisory and cl e ] seennde T 353,673, 413, 666 : , ;
Processing police inquiries and records........... fanr et e e i T
Total : SR e 3,195,571 8,821,846 ' ‘
otat.. “‘ Prrrrrerert T ] . ) - - - g *53 Pl‘Ogram: Community Support
) ) Subprograrm; Community Relations
Program: Support
e, t ;: Actvi ) . )
Activity 1968.@“ 1969 cos A 455; ; : - CFIVIty 1968 cost 1969 cost
~ , o & Administra‘tion/Field Services | ~
- : o e 263,972 $283,402 ‘ ity Services Ty s e re e e A LR R R PR G, '
Aflmmistganqn/Departmcntal ................... P X F R e $166:020 20 4:997 Osrﬁlr)xgg::z) ff:écﬁeﬁﬂgf“’“ ( e $467 $698
Finance Services., ousuyis O SN ANES  S AN 1,127,798 1,086, 551  Community Relations Section. .|| 1 " <71 e 25,304 31,532
Pcr§onnelogfv1ccs.‘.:." ........... PeriTaseina et o o 367,467 439,044 : MOML s v i 42 31,33
Police Planning Services, ..., . i Sae et Aeaenieress . 059" 655 944,938 : Toi e » 9,654 695,356
Public Information Services., ., vaios.ns AARRAAARLERRERRERE trerrroenaranes e 61,468 65,312 SN otal‘ ..... RN e, 455, . X o
Administration/Stafl Services. .o vvpevenns Cranecris oo sanne e ey i naaea : y , . e eiana 55,425 ,.727,5.86
196 . ,
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Subprogram: Human Relations
| — | 1968 cost 1969 cost
Activity
. $221 $127
Administration/Field Sgr'vi.ccs. T o o
Community Services Division N S i}g’ o3 b
Supervision and clerical, oo vovvoseeere deaeeaen e &

Relations Section. ...vevs v ® ——
o celisans 177,944 )
Totalessvaseves R e A eerrearaee

Subprogram: Public Relations : —
— | 1968 cost 1962 cost
Activity - '
5,301
| $11,203 $15,301
e RN Ceeene 19,30,
Administration/Ficld Services. ... R e i et 46182 !
‘Administration/Patrol. ... r e v e menmneren e -
District Law Enforcement T ' _ 142, o7 o518
Command SUPErVisiOn, .. v v eerssecssrtt?? ........... e 3 757’500 2
Secretarial and clerical.. ..o it . ............ e e 757,
Patrolling districts 0n fo0t. + .+ oo ooeer s e T
Potal,.vevreerronses T R ‘e
SE—
i ivi Program/
i Organizational activity o
Method of Allocating Costs JFroge
The Annual Appropriation Ordinance for the City T mieteation/Departmental R
. . 1968 allowed the Police Department a (§263,972).-+. .+ e . Supprt
of Chicago in 0.161,692. Of this amount, 93 percent  Finance Services (31‘5516,127 )7.9.8 .) ..... - Jopport
- o‘1f6$71:154f’3 W’as f;:>r personal services, salaries. ggﬁ::;ix;‘;g?cgiges (§367,467) ...... E“PP‘;‘;
e depatment i istribution of ic Information Services ($252,655). .. Supp
deet yielded a dist Public In Support
e departmental e izati ivi of Administration/Staff Services (§61,468). .. Supp
these appropriations by organizational activity, Adminisradon/Stef et B e -
ing a Police resourees 4.937) . cuaennans RV Seeieen
ich there were 37, In preparing resol (1,614,087). . ‘
whlf)}llsis budget, the total costs of 93 organizational  ypintaining Bcpartmcntal Radios -
et ’ ms (81,903,301 ) e vannencvnneees ieaeiees ’
tivities were allocated to programs or subprogra - \asm’in L) o s, L Supor
g b . of the nature of the organizational ac- D; ins ygstcms e ($1,902,78§) ...... St
on the AsIs-or I re made to produce @ ‘Aqministration/Inspectional Services .
e S e for 19 ($75,944) . cvoneraserrrrnrirett ..... Suppor
sl analyss budget for 199 iviti Condu::ting Internal Investigations Support
The remaining 14 organizational activities con- RESs AN . opp
tributed to more than one prograr. This required @ )7 ducting Department Inspections St
rl iviti R L T AL s eee
breakdown of the costs into sub-activities. The cost of . 0(3(2115‘253; )1 Pt -
h db-act’wities was then assigned to subprogtarr{s ). v e hesean eve
of the rce analysis budget. How these distri-  p tdin "Special Police Services e v
of the rcso“lif dled is apparent from the line-by-line ($1’2O7’356)'/b“" "iﬁét;é{ié;z' i
ions were han 207356). -
ll?:xtlget item conversions which follow. i A‘t?;?llssé,sss). T RRATTAL 747) ...... gg}}gx-\:g
The Records and Communications Division re- Aron, Crive Detection (322}7: Ox?]?{)ition's ..... Followap
iviti ds Inspection Entertainmen : o
the activities of the Recor nsp ’ Exhibitions B s
orted fhat O e of i 1 111,536) . cvavones s
% it. Records Inquiry Section, were expended in Tr(asﬁ‘xcf(ecords et (35586,756). " vaffie
ni ;joliCe services. The cost of this portion of the’. e ing Special Traffic Services o
b ' ice inquiri ds,” ($353,472)... . evvn - ST |
SR . olice inquiries and records, 53, s Teathe
cub-activity, “Processing P ac,lm «pyblic Servicex Area Traffic Ex:tforcement1 ((8;1, 946:076)). v rae
were ailocated to the sub-progr ; Loop Interscc;;cl»)n (lzlmgm (334,3 0076)..+ Tratic

i unt: $353,673. ‘ Traffic Control by Radar ($343,%0¢). ,

other.” The amo s 30 percent o

i division,
Based on estimates of ttfe 1, 30 ] .
the cost of the sub-activity, “Malr{taxmng poixce
recofds. and communications—Supervisory ar:?P cbtif;
ical,” was allocated also to the subprogram “Publt
] . oY

Servicc:—-—othel‘.”
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The balance of the cost of ;maihtiining pczillll((:i
records and communications (35,518,531;) was

( rami t.»
ted to the program:‘Support.” |
= Costs of the activity “Providing Department Centra

BN

Services” required an extensive breakout. After sub-
activities were determined, their costs were allocated
to the Resource budget as follows:

Clentral Services

Subactivity Program/
subprogram
Evidence and Recovered Property Section
(8249,126) .0 v v i cnrrinenss Follov:-up
Equipment and Supplies Section
(81,343,821). .ot ii i Support
Graphic Arts Section ($303,684)......... Support
Auto Pounds Section ($898,236)......... Public Service—
Specialized
Mail Delivery Section ($391,759)........ Suppori
Animal Care Section ($228,224)......... Public Service—
Specialized

Central Detention Section ($&13,596) Follow-up
Prisoner Transportation ($414,000),..,.. Follow-Up

Based upon the number of personnel assigned and
the program or subprogram to which each of the
above functions were charged, porticns of the cost of
the supporting sub-activity, “Supervisory and cleri-
cal,” $26,400, were allocated to programs and sub-
programs as follows:

Program/subprogram Amount
FOHoW=UP. ittt eeevncienniaeiinsnroensocenerens $9,768
Public Service-Specialized......... e 9,820
SUPPOIt. e vee vt ene s i verenss 6,812

Crime Laboratory records indicated a similar di-
vergence for funds in the area of “Detection of Crime
by Scientific Means.” Forty percent of the total effort
of the sub-activity of the Iaboratory cailed “printing
photographs” was devoted to providing traffic acci-
dent photographs. Thus 40 percent of the cost ($8,761)
was charged to “Traffic.’” A proportionate share of
the cost of the supporting sub-activity ‘“‘supervisiori
and clerical” ($1,090) was also charged tQ'Traﬂic.
All other costs of the laboratory activity, “Detection
of Crime by Scientific Means,” ($709,635) were allo-
cated by sub-activity to the program “Follow-Up.”

Allocation of costs for the organizational activity
“Maintaining Departmental Vehicles” was initiated

by first determining the portion of departmen® ve-

hicles assigned to the Traffic Division. Based on this,
20 percent of the cost of the snb-activity “Repair
and maintain vehicles” ($668,377), including cost of
new vehicles, was charged to the program Traffic.
The same program also received a proportionate

_ share of the cost of the supporting sub-activity “Super-
-vision and clerical” ($190,759).

All other costs ($4;014,221) were allocated by sub-

activity to the program “Support.”

“Investigating Organized Criminal Activity’ also
divided into-several programs. A proportionate share
of the supporting sub-activity, “Supervision and cler-
ical” ($20,215) was charged to the program “Pblic
Service—Specialized.” The balance ($70,557) was
allocated to the program ‘“Prevention.” The re-
mainder of the $2,002,221 activity was a'located as

shown:
Subactivity Cost Program

Analyzing licenses and vice

activity..,.vovvunns Cereraas $08,976 Prevention,
Controlling narcotic sale ¢

anduse....cos0vs005.06.0, 535,128 Prevention,
Controlling gambling activities., 371,172 = Prevention,
License investigation....,..,.. 438,672 Public Service—

Specialized,

Vice detection, ,........ cesuan 240,665 - Prevention.
Prostitution and obscene matter, 226,836 Prevention,

The Community Services Division received, in the
allocation, its own appropriation ($233,201) and the

money alloted to a sub-activity of the Patrol Division, -

the salaries ($399,480) for the “rommunity relations
section.”” Since all funds were appropriated for per-
sonal services, the division of costs was based upon
personnel assignments, The sub-program Community
Relations received $429,654, and the sub-program
Human Relations received $167,388. Proportionate
shares of the supporting sub-activity *“supervision and
clerical” were then allotted to Community Relations
. ($25,304) and Human Relations ($10,335).

Patrelling by Task Force

Costs of the organizatioral activity, “Patrolling by
Task Force” ($5,653,617) were divided into sub-
activity costs and allocated to programs as follows:

Subactivity Program{subprogram
Providing tactical patrol
($3,358,536). . ...cuivinuns ..++. Prevention.
Providing marine partol ($142,898)..  Public service—
specialized,
Providing canine patrol ($618,925).. Prevention ($309,462);
. Followup ~
‘ ($309,463).
Detail section ($873,996)..:....... Public Peace,
Planning ($52,272)....... ¢vsase.s Prevention.
Crime scene searches, ($563,274)..... Followup.

Costs of the supporting sub-activity, “Supervision
and clerical,” $43,716, were divided bated upon
personnel strength assignments, and were allocated

to programs and subprograms as follows:

Program /subprogram ' Amount
Prevention.,,......., B T T SN weeesns $26,969
Followup. .o ivsevuenpasn ereeee e e ces &;751
Public peace......ovviui N A 6,907
Public service—specialized. ., ......... NN Ve 1,089
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DISTRICT LAW ENFORCEMENT

For the police official and the student of resource
budgeting, the organizational activity “District Law
Enforcement” offers one of the more challenging
problems as well as interesting insights into police
optrations, The activity, in 1968, received $65,517,459

"¢ Lialf of the total police budget. This figure does not

include $395,480 previously transferred to the Com-
miunity Services division. The district activity includes
four sub-activities which contributed to multiple pro-
grams; each required extensive computation to arrive
at an allocation. The costs of 13 other sub-activities
were charged directly to programs or subprograms as
follows:

Subactivity Program/subprogram

District review of cases

($339,688)..4..cvuvueivus... . Reaction,
Patrolling districts on foot

($7,515,000). . oviviarnnnnn, . Prevention ($3,757,500);

) public relations

($3,757,500),

Intersection traffic control

($1,206,000)......,00vvs...., Traffic.
Processing and serving warrants

(8693,000). .+ v vrvmerenns ... Tollowup.
Tavestigating vice activity

($1,512,000)...... Cereeienes Prevention ($1,134,000);

Followup ($378,000).
Care and custody of prisoners

($1,440,000). ..evvevrnnnnn, Support,
Participating in trials

($1,854,000). o 00vveveeennnnn . Followup.
Patrolling school crossings

($3,422,088)...... vessseasses Public service—

specialized.,

Special details ($3,807,000)...... Public peace,
In-service training ($2,085,037),.. Support.
Police service—OHare Field

($737,524).... ... vveaersssss. Public service—other.
Police service—water plants

($125,000)., 040 ninnenen ..... Public peace,
Uniform allowance ($2,397,425).. Support.

The first sub-activity of “District Law Enforce-
ment” that required further computation was “Pro-
viding squadrol police services.”’ Previous study by
the department (Planning Division Project 63-104-1:
Squadrol Use, and Design) showed that squadrol per«

sonnel devoted the following percentages of total time
available to performing the services shown: -

Service Percent of

tolal time
Transportation of prisoners,.....ooveva,n 11
Transportation of sick and injured. .... e 18
Preventive patrol............ Ceveerreven 54
Miscellancous activityo... ... Ceveanervray 17

The application of these percentages into the total
cost for the sub-activity, “Providing squadrol police
services,” $6,102,000, resulted in the following cost
allocations to programs and subprograms:

Program[subprogram Amount
Prevention. ., . .ovhss Ceraresssriareeenseess  $3,300,000
Followup..... et e iy 670,000
Public service—emergency. ., .o.v.. .. Cieaenes 1,109,000
Public service-——other........ fieernenesanas .. 1,032,000

Squad Car Allocation

Considering the intricate nature of police patrol,
prograin .allocation of the sub-activity *“Providing
police squad car services® offered one of the projects
major challenges, These services cost $21,197,337, and
allocation to programs and sub-programs followed
department policy and a study of calls for police
service. Department policy states that manpower re-
sources are allocated to the Patrol Division in suffi-
cient number to provide approximately four hours
for preventive patrol to each unit on each tour of
duty. Thus 50 percent of the total cost ($10,598,669)
was allocated to the sub-program Prevention.

A study and grouping of 47,102 calls for police
service provided a logical basis for apportioning the
balance of costs of this sub-activity ($10,598,668) to
programs and subprograms. Calls were grouped into
eight categories, and the percentage of the total num-
ber of calls represented by each category were de-
termined. These percentages were then applied to
$10,598,668 and the resultant costs allocated to pro-
grams or sub-programs as shown below:

Y

.iié;_ﬁe,:,":.‘:;;:.;9;;;-*,“ A R P

2
Calls Category of call Percent Cost Program/subprogram
‘ ‘ of total
9,550 Offense complaint, . o oveuusvinesoens 20.276 $2, 149,000 Reaction.
4,630 Followup nature. ..y v vivecireeronas 9.830 1,042,000 . Followup.
3,706 Disturbance, ,,.... Saiaan A 7.868 834,000 = Public peace.
18,887 City ordinance. ... oenvnvseaeranss ' 40,099 4,250,000 Quasi-criminal,
800 Trafficcovivinnn.n N rav 1.698 180,000 : Traffic.
7,065 Emergency. .y oeveeicniseeess veens 15,000 1,590,000 Public service—emergency.
254 Special.o . il PO e ienens .542 57,500 Publi¢ service—specialized. g
2,210 Miscellaneous. . . cuouvveriersveaen 4.687 496,168 Public service-—other. ",1
A
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Command Supervision

the division, less 41 pers
munity Services Divisio
- strengths for cach syp.
centage of the tota] rep
These Percentages wer
Propriation for “Distri
mangl Supcm{?gion” ($8,538
command  superyisio,

follows:

onnel transferred to the Com-
m, was divided into authorized
activity to determine gz per-

resented in each sub-activity,

Subactivity \
T —e——

Strength

| Percent
Cost
IS)c;:tr;:iia:r;:é{I and c}erical ......... ! —
lcw o cascs. L3 b, e, . -
Patrollingdistrictaonfo;)fj”””“”“””H.”H“ e g s |
szlgfsapadcarserviccs...ffff.'.'.'.'."""“”"""""' e o e Mgfgg;
Proce: cction traffic control,, ., . 1Tt Lo o 2992 5’5 905’1 o
nvesi'sl?g: and,Scrvmg Warrants, . ., ORI s l g i 3 150,804
e axg;tmg vice activity, ., , | e """""" L SO 77 o ,]45’159
Participati:xusgoqy .of,misoners ....... ........ T ) o i 76,848
P el ot o 160 20 179,314
Seod g sc pol crossings. ., ,, ... TR L RO 2 23 170’7
S .rolsex:vxces......... e DU : ¥ 7
pecial details,,,, | O R ) fic i o
Iﬂiﬁcrviccfraining........':.”” """" 278 52 ‘1’305'288
Pglilgt‘- service—O’Hare Field, . ........ A ARAAS 232 27 43, 5122
€ service—water Plants, L Lo 1 E 230'54{75
Trrb e, YU S, '9 | :
o e, 13 2 b
T e q-»‘rl.no-y,t'oo» -------- | 17’078
........ v 8,114 8,538
1938, 766
\\ ——
T —— e —— —

fStrength totals shown in each br
O S ec-ﬁ - - .. . . )
A g tlh c s;b aCtIVIFl(:.i} indicate Supborted  sirenath
an Patrol Division tota] strength. For o
. For ex-
it doge e Lot Idstrength shown above i 8,114 since
vide the e Cu ¢ 7f70}command personnel who pro
de es of t -actiyi trol
Dy 1€ sub-activity to the Patro}
The ¢
osts of command supervision of 19of the sub

activities were ags
ssigned to pr
as follows: Programs and subprograms

cakdown. of costs

Costs P

rogram/subprogram

District revieyw of caseg,

Patrolling districis on
foot.... ..,

Intersection traffic
control,, ., .., e
Processing and serving '

warrants,,,,,, . . .
Invcs;igating vice
activity, .,

R

Care and custody of
Prisoners, ...,

Particx'pating in trxals

$51,233 Reaction,

905,109 . Prevention (8452,555);
Public relationg ’
(!5452,554-).

145,150 Trafc,
76,848 Followup,
179,314 Prevention ($134 486);
ollowup ’ ’
(844,828).
170,775 Support.

Patrolling school 213,469 Followup,
Crossi .
ssings. , . .. Vel 1,605, 288 Public servicem—
Special details specialized;

..........

n-service training .,
Police service—OHare.
Field...,..., ..
Police service—awiter
plants,. ...,

oo b

444,016 Public pe
230,547 Supporh,

76,849 Public service—other,
17,078 Public peace,
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The following breakdown of the costs of command
supervision for the sub-activity, ‘“Providing police
~ squad car services” ($3,150,804), was determined
utilizing the percentages of total calls for service de-

veloped to allocate costs of that sub-activity, discussed
carlier.

Program/subprogran - Awtount
PrevEntion, e vsiessvrviayesserssessrsrrets $1,575,402
ROACHION y 4 v v v esnnrsasearnbtvernsnvront 321,382
FOllOWUP. 4 ¢ ovspsrssesansssrsviossensss o 154,389,
Public PEACE, & v 4 varesssonersinsrspiassraens 122,882
Quasi-criminal, covvvvavireiine e 630,162
CTraffic, v n e s s e 25,206
. Public service—CemErgenty, v vt s srrarsasrs 239,461
Public service=—specialized oy e v viiranene 9,452
Public service—0theri ooy crrvvarerervnaree 72,468

Portions of the cost for command supervision of the
sub-activity, “Squadrol services” ($819,722), were
determined based upon percentages of total time
spent on specific assignments. Using these percentages;
the following costs were assigned to programs or sub-
programs shown:

* Program/subprogram Amount
Followup(11%)...”“.”................. $90,169
Public service—emergency (18%) .o vvervn e 147,550
Prevention (FA%)s o ovorsrriirorirrees NN 442,650
Public service—other (1790) v vsonriaaess 139,358

The cost of command supervision of the sub-
" activity, “Sccrctarial and clerical” ($452,555), was
allocated to programs or subprograms after first de-
termining the percentage of total supported strength
represented by each of the other 14 sub-activities of
the Patrol Division.

These percentages were then applied inte the total
cost and amounts were charged to sub-activities as
follows: :

Percent
Subactivity Strength of Amount
total
District review of cases. v v oo 45 0.6 $2,715
Patyolling districts on foot,... 860 11.2 50,686
Police squad car services. ... 2,992 38.9 176,044
Interscction traffic control... . 134 1.7 7,693
Processing and serving o
WAFANLS , oo s v nrencxne e 77 1.1 4,978
Investigating vice attivity.... 168 2.1 9,504
Care and custody of
PrISDNCIS, « < aavasasrrvs s 160 2,1 9,504
Participating in trials,.. oo 206 2.6 11,766
Patrolling school crossings. . ..« 1,529 19.9 90,058
Squadrol scrvices. «.. .. RN 778 10.1 -45,708
Special details, sy Vasverraes 423 5.5 24,892
 In-service training. cocveeen 923 2.9 13,124
Police service—O'Hare .~ . :
R3ToT: HROTUURPRPRRPE 78 1.1 4,978
Police service—iwater plants.. 13 42 905
Total. < ve ey nsevness 7,688 452,555
202

These costs were then charged to programs or subs-
programs in accordanice with percentages of total
efforts developed for each sub-activity as previously
discussed:

Subactivity Cost Program/subprogram

Distiict review of cases, .~ $2,715 Reaction.

Patrolling districts on . . )

£OOt, 0o vreserassson 50,686 Preventiont (825,343);
public relations

(§25,343).

176,044 Prevention ($88,022);
followup (¥8,626);
quasi-criminal
{$35,209); public serv-
jice—emergency
($13,389); reaction
($17,956); public
peace ($6,866); traffic
($1,408); public" scrv-

Police squad-car
services, ..

R R

ice—specialized
($528); - public serv-
jce—other ($4,040).
Intcrsection traffic :
control. oy iainissns 7,693 Traffic.
Processing and serving
WALTANS. o v aass s 4,978 Tollowup.
Investigating vice
activity...oo .o vaerae 9,504 Prevention ($7,123);
) followup ($2,376).
Care and study of
PriSONErS .« v vvesrvr s 9,504 Support.
Participating in trials. .. 11,766 Followup. .
Patrolling school ‘ : .
CrossingSs. s vavion 90,058 Public service—
) specialized. - -
‘Squadrol sexvices. « .« 45,708 Prevention ($24,683);

: followup ($5,028);
public service—cmer-
gency ($8,227); public
service—other
($7,770).

Special details.. oo vees - 94,892 Public peace.
In-service training. ... 13,124 Support.
Police service—O'Hare . :

TField, cvevuennonvsns 4,978 Public service—other.

Police service—water

plants. ooy oeseiane 905 © Public peace.

The total allocations of costs of command super-
vision are as follows:

Program/subprogram Amouit
Prevention. .\, .vesass e Cereserseas feveees, $2,750,269
‘Reaction. cvi fuveas- N b 393,286
FolloWup., s veraesiasssen F T ceeas 612,477
© Public PEACE. e vr s prgsrarr e bt fianas 616,639
Quasi-criminal. ., . . PREER v A 179,466
Public service—eMergency. o iveeres RENTIN 408,627
Public service—specialized. . vovovveoes eeese 1,709 ,326
Public service—other..... Cevaneseiaens U 305,458 -
Public relations, vy vescassesnaese denenen . 477,897
Support. ...  reessanera i, e h 423,950
Total. cuaisenvsrissons RS TR Y

8,538,766

TR

1.

S

Table B~1 :
Allocatici of Costs of District Law Enforcement—Command ‘Supervision, 1968
} 3

Subactivity

~Prevention Reaction Followup. . - = Public Quasi. Trz;ﬁi
won = o - c
‘ peace criminal
-Sccretarial and cleri ' -
clevical . \ovvieinnn.n.. $145,176 $20,671 $32,774 $32,663 $35,209 3,10
7 . 4 ‘
; gg,gggg (2,715) (8, 626) (6.866)  ..urren %?"1;81
8,022 (17,956) (4,978)  (24.802)  ........ . o)
128) Ll (2,376) (905) o +698)
(24,683)  ......... (L1,766)  vrener i .
Distric?rcvicwofcascs... ..... NI 51,933 (5’028) .........
Partoling disricts on foot. ... 452,555 ST il
olice squad car services........., .. 1,575 ‘391382 15 4 580 e n i
Intcrsegﬁon traffic control. ., .... ' - '  1oToA02 21,982 154,389 122,882 630 162 N 25 06
pteneslon ol o e e T i i .. 145,159
Investigating vice ACHVItY. .0 vvowerrrry 154486 ....... . o e ’
.Carff and custody of prisoners. ...... ST 828 IS o
e ety a1 L[11 I B
Porticioating n fias . overeve e rreen e 213,469 T T,
S K o0 prasings. - e PV ABIEIILE cer e e
Special details. ... .oroeeonos OISR PO o e
SPomaldefal oo e SR 444,016 .oiiiin i
e e, oI B IR
Pl e e et e el e Vs . RSP OOO
S SR 17,278 .. i
R e mieepee
prog venvireersesay 2,750,269 393,286 612,477 616,639 665,371 179,466
. . 1 2 4
X . Table B-1
llocation of Costs of District Law Enforcement—Command Supervision, 1968 (Contir;ued)
" .
Public Publi Publi i
Subsctiviiv L . ic Public Publ. ¥
activity service— scr\fic&-— - service— rell;ti(:fls Support 'lfOtal CQSt
emergency specialized other PP a(::rt's,‘}lJ ,
| ACt1ivl y :
Secretarial and clerical 1€
heerrabyeanaa .. 821,616 890,586 $16,788
; : , $25,343  $22,6
(12,383) (528) (4.040) ..... . ’ o, 5(2)3) #52,9%
~ (8,227)  (90,058) (1,770) vt (13,124)  ovnviiiin
Eimict e e i -. e et (4.978) o SO
: atromng districts g fOOt ................... Loee e ebese e ce e s e PP T 5T 933
rolling distiets on foot. ... IO ‘ R 51,233
Paeling Bl 001 vee v g RSSO 452,55¢ . .
Intchct}tion traffic control. . . ‘ . .239’461 ez THAB e ’ = e ® ?gg’égg
Ieseeon mll comcl. oo e T A DU S S Vi "145. 159
rocesing and wrving waranty. iy st ke e e 76,848
Eaveatog eyt e i e e 179,314
| o vatedy ofpisene: e e 170,775 170,775
) gatro(lllmlgschoolcrossings..........,..b..‘ 16052{3 e L 2131469
et CTous B T ,605, feeneas e e e i 9
S e o wamsso L 189,353 ..., NS S ras
: n¢§en'icetraining..a,‘....‘....,....:‘.::::” ---- B O S L es0, 547 4ot
e g e s e sen 230,547 230,547
Pohce,scrvice—-watcrplants..,.............:::t‘i*“ RSN TOBAR e e 76:849
j A N . 17,078
Cost by pro e . ' ;
Programl. ...i..esv-avavesx 408,627 1,705,326 - 305,458 477,897 4—23,956 8,538,766 :
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Closts of the remaining subactivity of District Law
Enforcement, “Secretarial and clerical” ($2,545,594),
were assigned to programs or subprograms by using
the mcthod employed to apportion costs of the sub-
activity, “Command supervision.” The breakdown of

 costs of secretarial and clerical support to programs

or subprograms arg as follows:

. Program/subprogram Amotnt
Prevention. . oveesarsoosossrassrssns s R $819,6%1
REACHOM s ¢ o vvvvvrrrsonnvoestanssrsecsss 115,225
Followup.« e vevesvaserans Ceeeen ieaaeaaas 183,174
PUBlIC PEACE, « v v rsrvessnerornnraeasrons . 184,233
QuastsariminalL . .« vvreeecnrnenrrcriienees . 198,250
Traffic, vevevvrsoeee NP ek eresan 52,598
Public SErvice—CMErgeNCY o osenvertvrrrossas 121,701
Public service—specialized. ... oo vs0 v b ae b 509,824
Public service——0ther. ... cpwsoasaorznrsieres 92,047
Public Felations. oo serreorrrrnasrierone 142,797
Suppoxt 126,134

Total. . .... e 9,545,594

The overall picture of this final conversion from a
line-item budget to the Resource Analysis Budget for
command supervision ‘of district law enforcement is
shown in Table B-1.

Administration: Patrol

A cost breakdown of the organizational activity
« Administration-patrol” was accomplished by identi-
fying the number of Patrol Division personnel as-

- signed, by sub-activity, to each program or sub-

program. These totals were converted to percentages
that were used to allocate the $750,923 cost of the

_ activity. The results are shown below:

Program{subprogram Amount
Prevention. ... ... Ceerane PN ieresiaeae , $275,439
Reaction. . ccvvvesoawsnss e e ensase i -~ 31,689
FolloWUD, v s e riescrssvarers O T 66,606
Public Peact. v iuserererorns it st 68,108
Quast-criminal, . oivaceir it eniin e /53,916
TLAC, v v v avrosarrsnensaassnesonin i 17,046
Public service—~Cmergency. ... vvesse yedg e s 24,017
Public servive—specialized. . . vvnsiiona e . 61,576
Public service—other.. oo oovvenuansrees v 28,085
Public relations .. e.eiiaves Seveen N ves 46,182
68,259

SUPPOIL. + vvvvvavsvsornrssns v ey

™

Prevention and Juvenile

Both organizational activities labeled «Adminis-

tration-crime prevention” and “Prevention of ¢rimes
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by juveniles” were examined concurrently. The Youth
Division estimated its efforts as shown.

- Percent
Subactivity of
effort

Program/subprogram

100 Followup.

Agency and court liaison.
Public service—

Providing school patrol. . 100

specialized.
5 25 Social and economic
conditions.
Other youth services. ... 25 Prevention. .

50 Tollowup.

These percentages were converted into costs which
were allocated to programs or subprograms as follows:

Subactivity Cost Program/subprogram

Agency and court

liaison. ..... v..... $102,048 TFollowup.
Providing school
patrol ......ee..s 549,000 Public service—

specialized.

Social and economic
conditions ($689,227);
prevention ($689,227);
followup ($1,378,453).

Other youth services 2,756,907

Based upon the personnel strength assigned to each
sub-activity, the cost of «Administration—crime pre-
vention, supervisory and clerical” ($359,480) was
apportioned to programs or subprograms as shown:

Program/ subprogram Amount
Social and economic conditions ... .cee e $71,177
Prevention .:..:. A R 71,177
Followup..iavsseoese P PR Neeraane 150,981
Public service—specialized. .. ... P 56,691

Public service—other, ...+ R . 9,454

(Because the Youth Division supervises the organi-

' sational activity budgeted as “Inspection of enter-

tainment exhibitions,” a portion of the cost, $9,454,
must also be charged to the sub-program “Public
Service—other” in the listing above.) e
Costs of the sub-activity, «Prevention of crimes by
juveniles—supervision,” ($708,516) were allocated to
programs or, sub-programs based upon the assigned
personnel strengths, as shown below. o

» Program/subprogram “Amount

Social and economic conditions. ....... e $147,726
CPrevention. ... vie. R LD 147,726
FoHOWUP. .o v varasvases S ey Giiaaeeies 295,380
117,684

Public service—specialized. .. ..\ es e e

RPN sin, Wt

Administration—Traffic and Safety

Costs of the organizational activity, “Adminis-
tration—Traffic Direction and Safety” ($381,055)
were allocated to the following programs or sub:
programs based on the nature of activity:

Field Services Adm.

The method used to allocate portions of the total
cost of the organizational activity, ‘‘Administration—
Field Services” ($274,544), was to total all costs of
sgpcrvision relating to the divisions of the Bureau of
Field Services, and then convert these costs to per-
centages. The percentages were then used to allocate -

Subactivit .
ibactivity Costs Program/subprogram the costs to programs or subprograms as follows:
Administration. ... . ..,. $166,927 Tr ’ ’
Safety et wnd , raffic, Program/subprogram Amount
trainingi. .. ... ... 163,824 Public service— Social and economic conditions. . ... ... v $4,618
o ] specialized. Prevention..... O e 69’ 38
)perations. . . ... ... Jes 50,304 Traffic, Reaction..v.....ooviiae, Ve NURDRING 8,982
Follo‘wup...‘.; ................. .".~t 48’561
PUbIiC POALE. v vs vv v o f e veamarvs s 14,657
o O POACE. 1. srrin s )
T Costs of the organizational activity, “‘Conducting %afgc‘fr.u.mnal. O ORI T
raffic Investigations” ($632,542), were allocated to ~ Public service—cmergency. . ... .. ORISR 33,3;;
programs or subprograms, by sub-activity, as follows: gﬁgiiz :g:;zc—ﬂ,);danzm """""""""" ‘ﬁ: 283
CE—Other.., .. vuviviriivnurrennne
gommunity relations.......... ey .. 71223
— uman relationis, . .w ..., PR en -
Subactivity Closts Program/subprogx*am Public relations......... P PN . . 11 3(2);

: Support..... Cea e PR S 10’481
Investigating hit and ,
Pﬁrﬁ?cclil;::éﬂg'ér' s $358, 752. Followup, Sl{pervisory costs for the large Bureau of Field
QU 237,790 Traffic. Services, sub-activity “Administration—Field Serv-

erving traffic warrants. . 36,000 Do ices,” and their allocation among programs of the
Resource Analysis Budget are shown in Table B-2.
) Table B-2
Allocation of Costs for Administration—TField Services
Ac{)tivit.y. Social and Public Quasi
or subactivity economic P i i rimina
] Seonomic révention Reaction Followup . peace criminal Traffic
Administration/patrol, . .,... .., ' o6
Adminfutratfon/patrol, . el $275,339  $31,689 $66,606°  $68;108 $53,916 $17,046
command supervision. . ... ...,
Paneiie by ok oo 2,750,269 393,286 612,477 616,639 665,371 179,466
 SUPErVISOIY . v v v v v i i, ‘ .
ey 26,969  ......... 8,751 6,907 vt erianiia
detection—supervisory. . ... .. v, ' ; |
 Jeection—uperviory. oo e UBI0VBTT  aeeeeie aieiens cee e
SUPELVISOIY s o v o v sicn's v vd asns e s
A S R LA coois 845,458  Liiiiiiin ereeeeiie deeieeeesn
prevention—supervisory..  $71,177
pEvention - aupecvl v 177 T co 150,981 Liiiiiees eeeeneennn e
. juveniles—supervisory.... - 147,726 147,726 p o
P ettty i 1726 147,726 ... ... 295,380 L. .i.in B
SUPEIVISOIY i v v o v iavavrmenannsngsas  Foossuauass veaa | ;
P e T AR e e 166,927 7
C SUPELVISOIY .o visvvineisvnsneinnce  wriltosiaios ’ 147
e A R IR A R S A P s ; B P A 1,278,614~ -
division—supervisory. .. o e i v O T |
.. Aggregate cost. ¢ $218 480 - $3,271,480: 97 12,290 ‘ ; : e
‘ TP S $424 ; :
Percent of aggregate. costs. . A i 677 b 25.09 A éggg $2’,29'(1)',7522 35915533 19,2 Moo
Proportionate o o o ) 2P 122
- ‘amount costed . T1iS.... $4,618 $69,385 $8,988 $14,657 $15,265 $34,817
e - _ - ‘ !

$48,561

o




Table B~2 (Continued)

Human Public Total costs

‘ Publiz Public Public Com-
Activity service— service— service— ‘munity relations = relations - Support of sub-
or subactivity cmergency - specialized other relations activity
Administration/patrol....,. - $34,017 $61,576 - $28,085 ......... ... ...l $46,132 - $68,259 $750,923:
District law enforcement— :
command supervision, ... 408,627 1,705,326 305,458 ......... ... 477,897 423,950 8,538,766
Patrolling by task force— '
SUPCrVISOry....... caenes i 1,089 oottt iiiiiies ciiiedee vevssed adeeesin 43,716
Administration/crime
detection—supervisory. .. .v.oouvene ues P TR T 7 T R © ddeaienae e P TP 310,877
Area crime detection— )
SUPEIVISOTY . v vt sivrvsinnssvennend  srnatinees aieaines  sieseieans cerieee tereeesd dieneien 845,458
Administration/crime
Prevention-—-supervisory. ... co.v.s. s 56,691 9,454 ... ... Avsees asaeiene sedees V. 359,480
Prevention of ¢rimes by ;
Jjuveniles—supervisory, ..., o000 117,684 vt iiirinis ieiisiien eeaieies emedesi 708,516
Administration /traffic—
SUPEIVISOLY + o ves sa v eonevnenasnnrns oevesivies R . B 166,927
Area traffic enforcement—
SUPETVISOIY . o v vivuvanvivnnns Cethie saeaheeses  bameeses eeaesesse caresiiiee Caresesvs  wneseess 1,278,614
Community services
diviSION=—SUPErviSOry. .o veivirinnnn  cvavirians caiaaan $25,304 $10,335 ... ilidn 35,639
Aggregate cost. ..... $442,644 $1,942,366 $342,997 $25,304  $10,335 §524,079 $492,209 $13,038,916
Percent of total aggregate
COSES, v v vsunrannnns 3.39 14.91 2.63 .17 .08 4.05 3.79 100.00
Proportionate :
amount costed. ... $9,375 $41,233 $7,273 $467 $221  $11,203  $10,481 ...........
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