JPL 5040-18

PATROL FORCE ALLOCATION

FOR LAW ENFORCEMENT
-an infroductory planning guide

R.L. Sohn

R.D. Kennedy

((NASA-CR=147948) PATEOL FORCE ALLOCATION N76-24084 |
lFOB LAW FNFORCEMENT: AN INTRODUCTORY "
PLAIQIIEG _CIE}IDE (Jet Propulsion Lab.,) 51 p ";
TR PR d CSCL r)'_aai Unclas 1

G3/85 28210

Jet Propulsion Laboratory
California Instrtute of Technology
Pasadena, California 91103

— s
{77 REPRODYCED BY l ! . f-ﬂ,(ﬁf
- NATIONAL TECHNICAL RV
INFORMATION SERVICE ] el
U S DEPARTMENT OF COMMERG - . |
SPRINSFIELD VA, 22181 i 2 oa o .
- T Tt o * --.,_v_‘:q%‘l
February 16, 19767 | - ﬂ
o0 T "
- - e e e ; o N e
R 4 e , N L
et VNIRRT B T
1

Prepared for
National Criminal Justice Information gnd Statistics Service
UNITED STATES DEP ARTMENT OF JUSTICE



JPL 5040-18

PATROL FORCE ALLOCATION

FOR LAW ENFORCEMENT
-an infroductory planning quide

R.L. Sohn
R.D. Kennedy

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California 91103

February 16, 1976

Prepared for

National Criminal Justice Information and Statistics Service

UNITED STATES DEPARTMENT OF JUSTICE



ACKNOWLEDGEMENTS

The authors hereby acknowledge the many contributions to the field of patrol
force allocation made by Professor Richard C. Larson of the Massachusétts Institute of
Technology and Dr Jan Chaiken of the Rand 'Corporation. The matenal presented
in:Chapters 4, 5, and 6 15-based 1n large part on publications by these two researchers,
and 1t 1s with their kind’ permussion that 1t 15 included n the present document

Robert L Sohn
Robert D, Kennedy



PREFACE

This document presents results of work supported by the Law Enforcement
Assistance Admimstration, U. 8. Department of Justice, under the Ommbus Crime
Control and Safe Streets Act of 1968, as amended. It was sponsored under an
interagency agreement with the National Aeronautics and Space Admemstration through
Contract NAS 7-100. Pomis of view or opinions stated i this document are those of.

the authors and do not necessarily represent the official position of the U. S. Department
of Justice.

1ii



FOREWORD

This volume has been prepared and distributed to provide public safety planning
persomnel with a compact source of information on one aspect of police command
and control, namely patrol force allocation, Methods are presented for analyzing and
optimming the allocation of available forces to best match the demand 1n the form of
calls for service, which vary considerably 1 place and in time.

This volume is one of a series prepared under the sponsorship of the Law Enforce-
ment Assistance Admimistration (LEAA} to provide planning guidelines on the various
aspects of police command and contrel automation The complete senes consists of the
following documents

Title Document No

Application of Mobile Digital Communications JPL §P43-6 Rev. 1
m Law Enforcement

Application of Computer-Aided Dispatch in JP1. 5040-16
Law Enforcement

Application of Automatic Vehicle Location JPL 5040-17
m Law Enforcement

Patrol Force Allocation in Law Enforcement JPL 5040-18

Multi-Community Command and Control JPL 5040-19
Systems 1t Law Enforcement

The series was prepared by the Jet Propulsion Laboratory of the Califorma Institute
of Technology, using the results of studies sponsored by LEAA at JPL as well as at other
wstitutions. The documents are bemg distributed as part of LEAA’s mission of giving
techmical assistance to state and loca! law enforcement agencies, They are addressed to
the local law enforcement planner who must face practical working problems in
deciding what degree and kind of automation best swits Ins department. OQur intention
has been to give lum the basic understanding he needs to make such a decision, and proce-
dures for making the associated analyses or having them made The manuals are developed
within the framework of the overall command and control system so that potential
benefits of mdividual mnovations can be evaluated m terms of mmproved system
performance.

e —— o — e

Preceding page hlanﬂk_ g

e




The technologies that are available to law enforcement agencies today have the
promuse of making their operations more efficient as well as more effective Our hope
is that this series of documents will provide a clear and concise picture of what that
promse 1s and what 1s mnvolved 1n making 1t a reality

S.S. Ashton, J1.
Systems Development Dtviston
National Criminal Justice
Information and Statistics Service
Law Enforcement Assistance Admimstration
United States Department of Justice



CONTENTS
INTRODUCTION
ST;EPS IN PATROL FORCE ALLOCATION
21 Predicting Rates of Calls for Service
2.2  Determining How Many Patrol Units are Needed

23 Designing Patrol Sectors or Beats
24  Analyzing Different Dispatching Strategies

CbMPA’RISON OF PATi?OL FOH‘CE ALLOCATION METHODS
3.1 Hazard or Work Load Formulas

3.2 LEMRAS {Law Enforcement Manpower Resource Allocation System)
33 Computer~-Based Patrol Unit Allocation Methods

4, SOME DEFINITIONS
5 PREDICTING RATES OF CALLS FOR SERVICE
51 Characteristics of Calls for Service Rates
B.2 Statistics Needed to Derive Predictions of Calls for Service
53 Prediction Methods
6. DETERMINING HOW MANY PATROL UNITS ARE NEEDED
7 DESIGNING PATROL SECTORS OR BEATS
8, ANALYZING DIFFERENT DISPATCH STRATEGIES
8.1 Patrol Force Simulation
8.2 Command and Control System Simulation
83 Summary and Conclusions
9, WHERE TO FIND ADDITIONAL INFORMATION
REFERENCES
TABLES

Measures of Performance

Glossary of Police Command and Control Terms
Data Required for Patrol Force Allocation Studies
Event Classifications

Sample PCAM Run

Summary of Reallocation Results

Negs W

Assumptions and [nputs for Boston Beat Design Experiment
8. Summary Results of Beat Design Study
9, Calls for Service Data Used for Simulation Input

Vil

W W NN

o o1

10

13

13
13
i4

18

26

34

34
37
38

41

42

1
12
14
16
20
25
28
33
35



10,
11.

FIGURES

1.

2.

CONTENTS (Continued)

Possible Dispatching Strategies
Patrol Force and Dispatching Simulation

Police emergency response systemn  Timed sequence of activities
Typical variations n rates of calls for service
Sector configurations

Command and control system simulation

viii

15

29

39



ABSTRACT

Previous and current methods for analyzing police pairol forces are reviewed
and discussed The steps in developing an allocation analysis procedure are defmed,
mcluding the prediction of the rate of calls for service, determmation of the number
of patrol umts needed, designing sectors, and analyzing dispaich strategies Exsting
computer programs used for this purpose are brefly descuibed, and some results of
their application are given

This document 1s one of a series of five gmdeline manuals on mobie digital
communications, computer-aided dispatch, automatic vehicle location, patrol force
allocation, and multicommunity command and conirol systems for law enforcement
applications



1.  INTRODUCTION

In recent years a number of advances have been made 1n
police command and control operations through the applica-
tion of computers These advances mclude computer-aided dis-
patching, mobule digital communizations and message switching,
and automatic vehicle location systems. These mnovations have
made possible the reporting and analysis of crime patterns ona
near-real-time basis, better anticipation of incidents, and
reduced response time to calls for service, Computer techniques
can also help agencies to improve the allocation of their forces
by analyzing the effects of different allocation strategies.

This volume 1s addressed to police planners and admin-
1strators who are responsible for the day-by-day assignment of
field forces, for pentodic review of field force performance, and
for any necessary reallocation of those forces. It describes analy-
sis and planning tools that are availabls to support these activities
and decistons. Most of the methods described are based on the
use of computers, but (unlike the other computer-based tech-
niques described m this series) they do not require full-tume
access to a computer. The computer serves to analyze how well
patrol forces are bemg distributed to meet varying work loads
m different places and at different times. It also permits the
evaluation of differeni allocation strategies with respect to
certain measurable factors such as work load and response fime.
Where 1t 1s not feasible for an agency to acquire and operate
these computer-based analysis tools, a knowledge of the
available techmques and programs will be useful as a basis for
soliciting assistance and mterfacing with consultants and orga-
mzations specializing 1n field operations analysis.

The discusston of allocation techmques in later chapters
makes a clear distinction beiween early methods based on
hazard or work load formulas and recently-developed methods
The earher methods do not provide any relmable indication of
the effects of usmg different allocation schemes and cannot be
used to develop an allocation scheme that will meet some
specified criterion of performance, With modern performance-
ortented techniques 1t 1s possible for the planner to specify
some level of performance (such as minumum delay 1n respond-
ng to calls for service, a given patrol frequerncy, or a maximum
permussible imbalance among work loads of different units or
precincts) and have the computer program calculate the patrol
force allocation that best satisfies the performance requirement
Another drawback of the older methods 1s that they often lead
to results that are the opposite of those mtended For example,
placing more emphasis on serious crime by gving 1t a higher
weight in a hazard formula may n fact reduce the forces
allocated to a precinct with a higher mumber of serious crimes
This 1s discussed 1n detail in Chapter 3, The planner needs to be
aware of recent developments so that he can apply them to his
department 1f the need 1s indicated

When does the police planner need to establish or
reexamune his force allocations? Probably the most useful
indication is an evident imbalance in the work loads of dif-
ferent unuts, beats, tours, or precincts Excessive response times
to calls for service, delaysin answering calls, inadeguate preven-
tive patrol hours, major changes in patrol beat boundaries,
rapid growth of crime rates in certamn areas, all indicate the
need for changes in force allocations The factors affecting
patrol performance are numercus and have complex interac-
tions that can vary under different circumstances, such situa-
tions are difficult to handle by sunple formulas, but are easdy
analyzed by computer-based patrol force allocation techniques,
These can optimize force allocations to improve key perform-
ance factors and can resolve work load unbalances as well.

Efficiency of patrol force allocation 1s of interest because
it has the potential of alleviating the cost pressures felt by police
departments everywhere Typically, 80 te 90 percent of a police
department’s budget 1s taken up by salaries and payroll-related
expenses such as fringe benefits, Therefore even a small percent-

" age increase 1n the efficiency of personnel utilization can yield

a large dollar saving, or can at least mimmmze the cost of
attamning a given level at service

Dollar savings are not the only reason for considerng
patrol force allocation analysis. Some other effects of 1mprov-
mg allocations are not measurable 1n dollar terms, but are still
mportant Among these are shortened response tines, better
equalization of work loads, and improved officer morale

Chapter 2 desciibes the steps in patrol force allocation.
Chapter 3 presents a comparison of patrol force allocation
methods, from the early hazard and work load formulas to the
modern computer-based techniques The latter are clsarly
superfor mn achieving allocations that meet specified perform-
ance standards of work load balance, patrol frequency, and
muumal delays m responding to calls for service Chapter 5
indicates the data necessary to use the varous analysis programs,
and methods for predicting the need for services The
subsequent chapters dlustrate techmques for deternning the
total number of umts necessary to provide a specified level of
service, and for designing beat boundaries to balance the work
loads wrthin a precinct or division, Chapter 8 discusses the
relative merits of vanous dispatch strategies, using computer
sumulation techmiques, these latter techmiques are useful in
broadening patrol force allocation studies into overall command
and control system analysis including complaint board, dis-
patch, and communication system operations The Reference
list provides a comprehensive review of the methodologies
presented i this volume



2. STEPS INPATROL FORCE ALLOCATION

The discussion of patrol force allocation studies mn this
volume will be orgamzed around the four sequential steps mn
such a study

(1) Predicting rates of calls for service
*
(2) Determiming how many patrol umts are needed

(3) Desigming patrol sectors or beats
(4) Analyzing different dispatching strategies

A comparson of eatly hazard or work load formulas with the
recently developed allocation-by-performance techniques 1s
given i Chapter 3 to better acquaint the planner with the his-
torical developments 1n allocating techmigues, and o point out
the fundamental advantages offered by the newer methods
described 1n this volume

2.1 Predicting Rates of Calls for Service

Predictions of rates of calls for service are necessanly
based on the department’s previous experience with calls, and
it 18 essential to have a good base of statistics indicating the
pattern of calls for given hours of the day, days of the week,
and seasons of the year These stafistics should also show a
breakdown of calls by type, since each type tends to have its
own pattern The data should mciude the length of time
required to service calls For a department with a computer-
arded dispatch system, the requured statistics are readily gen-
erated from the computerized logs of meidents

A feature of calls for service that must be taken mto
account 1m a patrol force allocation study 1s the random nature
of such calls This feature makes 1t unpractical to predict rates
simply 1n terms of average rates, allowance must be made for
the considerable fluctuations about the average, by hour of the
day, day of the week, and seasons of the year

Chapter 5 discusses the prediction of rates of calls for
service, mdicating what statistics are needed and how they arc
used 1n predictions

22 Determming How Many Patroi Are

Needed

Units

Once the work load 1n terms of calls for service has been
established, 1t 15 possible to estimate how many patrol umits
will be required to meet that work load. Two techmiques that

were developed some decades ago, and that are essentially
equivalent, are “hazard” formulas and work load formulas,
These are reasonably straightforward, although the caicula-
tions can become tecious without a computer, and are widely
used today Their main drawbacks are that they can easily lead
to strategies having the opposite of the desired effect, and can-
not tell the planner :n advance what mimpact the reallocations
will have on patrol force performance measures such as work
load balance, patrol frequency, and delays in responses to calls
for service,

In a hazard or work load formula, the department defines
as many factors as it thinks are influential an establishing the
total work load, and gives each factor an arbitrary weight Fac-
tors are typically different types of mcidents or crimes The
projected number of sach factor in each precinct 1s then mult-
phed by 1ts weight The two formulas then assign patrol umts
to precincts based on the “weighted” proportion of the total
work load mm each precinct A fixed total force can be allo-
cated among the precincts 1 these proportions, or if there 1s a
known factor of how many patrol units are needed per work
load umt, the numbers needed 1n each precinct are calculated
and added to derive a required total force

The difficulty with the hazard formula is that the
weights assigned to different factors (which are necessanly
arbitrary) can bring about a situation i which assigmng more
weight to a given factor can result in assigning fewer umts to a
precinct with more of that factor. The work load formula has
the drawback that 1t can at best equalize the work load of dif-
ferent precincts, without regard to any of the other measures
such as response time, quewng delays, travel times, or others
It can also have the perverse effect of mdicating a need for
more umts i an area that already has a disproportionately
large share (of an area has more umits, 1t 1s likely to have more
arrests and more reports of cnimes, which would lead to assign-
g still more umts at the expense of other areas where crumes
may be gowng unreported and arrests are few because there are
too few patrol umts)

There are better methods, based on computer simula-
fions, that can be used to determme how many patrol umis
are needed to meet specified performance standards or how a
fixed number should be allocated to different areas on the
basis of best overall performance. The recently developed
allocation-by-performance methods are sigmficantly better
than the early hazard formulas because they give the planner a
much better indication of changes i performance that he can
expect as a result of reallocations These will be discussed 1n
detail n Chapter 6.



2.3 Designing Patrol Sectors or Beats

There 1s nearly always an existimg set of geographical
areas called- sectors or beats, with one or more patrol units
assigned to each Usually these have been determined more or
less subjectively on the basis of area and population density,
hustory of calls for service, type of neighborhood, and natural
dividing lines such as rivers, main arteries or freeways, parks,
hills, etc Nevertheless, many sector boundaries can easily be
moved 1f there 1s reason to think that such changes would
inprove one or more factors such as

[ Work load balance among patrol units.

. Response tune average for the precinct or for a
gven sector

° Fewer dispatches of patrol umts outside their
beats

. Improved administration through consolidation
(or sphitting) of beats or precincts.

Evaluating the potential effects of changing sector
boundarnies 1s nearly impossible without making use of a com-
puter. Considerable work has been done on developing com-

puter models to support such analyses, and these are discussed
mn detail in Chapter 7

2.4 Analyzing Different Dispatching Strategies

When the rates of calls for service have been predicted,
the number of patrol umts per precinct determined, and the
boundaries of mdividual beats defined, 1t 15 then possible to
put all these results together into a computer simulation of the
complete precinct patrol force. For maximum usefulness, such
a simulation should mclude the command and control center
operations such as receipt of calls by complaint board opera-
tors, messages between dispatchers and patrol umts, and the
dispatching operation 1itself In this way it 15 possible to evalu-
ate not only the effects of different dispatching strategies, but
the loading on the radio channels and the queuing delays at all
ponts 1n the system from complaint board operators to dis-
patcher and patrol umit (which may experience a delay n
gamning access to the radio channel)

The performance measurement that 1s affected by all the
links n the command and contro! chamn 1s response time, as
measured from the receipt of a call at the complaint board to
the armrval of a unit at the scene of the mincident. Figure 1
shows graphically all the elements that enter into police
response time, these can be affected by call rate, number of

RECORDED RECORDED
RECORDED  ARRIVAL TIME  TIME CAR
ARRIVAL TIME DISPATCH AT SCENE COMPLETES
A *TIME +OF INCIDENT +SERVICE
r B}
fl fl I | T i | S T
1 2 I3 Ty ts f 7 Ig
CITIZEN  CALL CALL INCIDENT INCIDENT  CAR CAR CAR
DIALS ANSWERED COMPLETED FORWARDED  ARRIVES AT DISPATCHED  ARRIVES AT NOTIFIES
911 BY TELEPHONE TO DISPATCHER DISPATCHER SCENE OF DISPATCHER
OPERATOR INCIDENT THAT SERVICE
IS COMPLETED
Y L A J
TELEPHONE y— s
oL G DISPATCHER TRAVEL
iy PROCESSING TIME
TIME AND
TELEPHONE QUEUE DELAY
CONVERSATION AVELE
TIME (DUE T J
DISPATCHER v
SATURATION TOTAL CAR
AND/OR PATROL SERVICE TIME
FORCE SATURATION)
LY " J
Y
TOTAL INTERNAL PROCESSING TIME
. )

v

TOTAL POLICE RESPOMNSE TIME

Fig. 1. Police emargency rasponse system® Timed sequence of activities



6omplaint board operators, number of dispatchers, dispatching
procedures (which are usually accelerated by computer-aided
dispatch), communication channel availability, patrol unit
availability, and travel time.

Construction of a sunulation, whether of the complete
command and control system or ouly of the portions neces-
sary for patrol force allocation studies, 1s not difficult with the
special simulation languages (such as GPSS) that are widely
avaiable. Some models that have been developed, and some
typical results, are preseated in Chapter 8

Some elements of dispatching strategy that can be evalu-
ated with such a simulation as to therr effects on specific quan-
titative performance measures are:

¢  Number of patrol units dispatched to vanous types
of mcidents,

. Selection of a patrol umt for dispatch, primanly
on the basis of geographical considerations

. Prionity structure — how many levels of prionty
are required, the rules for dispatching calls of dif-
ferent prionty, and the response times to be
expected for each prionty level during busy
periods.

. Queuing policy, determuning when a given call witl
be placed in a queue (when the mdividual dis-
patcher’s umit$ are all busy, when all umis are
busy, when all but some specified number of
reserve units are busy, when the call 1s of a lower
priortty, etc ).

. Dynamic changes m the call-forservice rates
e  Commumications channel limitations.
All 1n all, stmulation techmques offer much greater mnsight mto
the physical operation of patrol fleets, and are easter for the

planner to understand and work with than the more complex
analytical methods



3. \COMPARISON OF PATROL FORCE ALLOCATION METHODS

This manual deais with a sequence of steps’in the.alloca-
tion of patrol forces, mcluding data collection, estimating the
number of patrol unis required, designing of patrol beats and
analyzing dispatch strategies. Before describing these proce-
dures mn deta, it will be helpful to the planner to review the
lstorrcal development of patrol force allocation methods.
These include the original “hazard” formulas mtroduced m
the 1930s by O.W Wilson (Refs. 2-4) and the closely-related
work load formulas, and the more modern computer-based
patrol car allocation models, The hazard and work load for-
mulas were developed 1n an attempt to allocate patrol units
so as to balance the work loads between precincts or districts,
modified to account for unusually lugh rates of serious crimes
1 one precinct or another, higher-than-average street miles to
patrol, and other factors that tend to influence manpower
requirements Eventually, some agencies used as many as 15
factors m the work load formulas to better respond to
commuruty needs However, performance measures such as
response time, patrol frequency, and time spent on preventive
patrol could not be specified ahead of time 11 such a way that
the planner would be assured that these measures would be
met.

The more modern computer-based patrol car aliocation
methods, on the other hand, are given a set of performance
standards to meet, such as response time, patrol frequency and
so forth, and then compute the number of patrol cars that
must be deployed mn order to meet the performance standards
Hence, these computer-based methods give the planner much
better msight mto the performance results he can expect from
a given deployment allocation. With these techniques it is also
much easier to achieve a balanced allocation of patrol forces
to cover the wide vaniations n calls for service throughout
the day, week, and season. The followmng discussion will
emphasize these differences i allocatron methods as well as
give the planner a better understanding of the basic problems
and solutions.

3.1 Hazard or Workload Formulas

Hazard or work load* formulas are widely used for
allocating patrol umits {or manpower) by time and geography.
This method takes mto account several factors thought
relevant in determining the needs for patrol services it
“weights? each factor by 1ts mmportance, and soms all the
weighted values fo arrive at a single work load number

*The terms hazard and work load are used mterchangeably in the
hterafure but the two formulas in fact have slight differences in
calculation procedures

Patrol cars or manpower are then distnbuted .1n proportion
to the relative work load scores

A typwal work load formuia is given by Wilson as

Work load mdex = 4 » number of Part I crimes
+ 3 « number of Part II crimes

+ 1 « number of other calls for sefice

The resulting work load score applies to a given district or
precinct. \‘The scores for all districts are added together,
and patrol unitstare then assigned to precincts on the basis of
therr percentage work load score, for example, if a precinct
score i1s 30 percent of the total, 1t 1s allocated 30 percent of
the total number of patrol umts The assignment formula is
easily derived

Yo

I

Work load score for precinct p

I

Wy * number of Part I crumes 1n precinct p

+ wy » number of Part II crimes 1n precinct p

+ w4 » number of other calls for service mn precinct p

where the w’s are the relative “weights™ assigned to each type
of actiity The number of patrol umts assigned to precinct p
1s then

W

- P
Np =W T W, +

- « N
Wa
where N 15 the total number of patrol units available to the

department

Over the years, departments have ntroduced more
factors nto the formula, and dufferent weights for the several
factors For example, the Los Angeles Police Department
recently used the following set of factors

Factor Weght
1. Selected crimes and attempts 5/19
2 Radzo calls handled by radio card 4/19
3. Felony arrests 3/19
4. Misdemeanor arrests 1/19
5. Property loss /19
6. Injury traffic accidents 1/19



7. Vehicles recovered if19

2. Population 1/19
9. Street miles 1/19
10 Population density 1/19

The work load or hazard formula methods are unsatis-
factory for several reasons, The additive weighted combination
of the many factors does not reflect the complex mteractions
among them, and it 1s difficult to mampulate the relative
weights of the factors to cause a desired change in emphasis
from one factor to another, as we will show. More importantly,
the formulas do not tell the planner how well a particular
allocation will perform 1 terms of response time, patrol
frequency, etc, as noted before Also the formulas do not
mdicate how many patrol umts are required to give a desired
overall level of performance. This 15 because the changes in
performance values do nof change in proportion to the
number of units, or to other factors such as calls for service,
etc. Hence; the planner cannot predict how the.reallocated
patrol force will perform. The computer-based allocation
methods have been successful m overcomung this problem

We meniioned that the work load formulag do not
always reallocatz a patrol force m the way the planner’s
intwition might suggest For example, suppose the planner 1s
concerned with two precinets, and uses a relatively sumple
formula of two factors, Part I crimes, and all other calls for
service, which are distributed between the precincts as follows-

Factor Precinct A Precinct B Total
Part 1 crimes 600 800 1,400
Other calls for service 5,000 11,000 16,000

If the work load formula gives equal weights to both
factors, the work load scores for the precincts aré

Wy =1+600+1 +5000
= 5,600

Wp=1-800+1+ 11,000
= 11,800

If N patrol unis are available for assignment, the units
assigned to precincts A and B are, respectively:

___ 5600 |
Na=3g00+ 11800 N
‘= 0322N.

*crme, to receive additional patrol unis

_ 11,800 .
5,600 + 11,800

=0 678N

Precinct A receives 32.2 percent of the available patrol units,
and Precinct B receives 67 8 percent

Now, if the planner wishes to emphasize the control of
Part I crimes, he would assign a greater weight to this factor,
and would expect Precinct B, which has more of this type of
If he assigned
weights of 5 and 1 to Part I ¢rimes and all other calls for
service, respectively, the work load scores would change to

W, =5+ 600+1 + 5000
= 8,000

Wg =5+ 800+1 - 11,000
= 15,000

and the patrol umis would be assigned as follows

~

N, o 8000
A 778,000 + 15,000

= 0.348N

N

No = 15,000 .
B 8,000+ 15,000

= 0.652N

N

Precinet B now receives 65.2 percent of avalable patrol
unifs, versus the 67.2 percent orginally allocated, even though
1t has more Part I crimes than Precinct A. Hence, the planner’s
onginal tent to shift more resources to the precinct with
more Part I crimes by according more weight to this factor in
fact reduced s allocation, This occurs, of course, hecause
the work load formula allows for the relatively heavy load
imposed by other calls for service withun Precinct B, which has
only 57.1 percent of the Part I cimes, and would recewve only
this percentage of available patrol units1f the allocation were
made strietly on the basis of this one factor In any case,
the planner can only guess as to fhe effects of the reallocation
on patrol force performance

3.2 LEMRAS (Law Enforcement Manpower
Resource Allocation System)}

A’ computenized version of the work load formula was
developed by IBM in the late 1960s (Ref, 5). It has since been
withdrawn from the market, but several agencies adopted



LEMRAS programs for ther use, The basic features offered by
LEMRAS include

° Prediction of the calls for service, travel time,
and call service time, by hour, day, and week
based on historical data,

e  Allocation of patrol umts between precimncts to
equalize the time spent on dispatches

. Allocation of suffictent numbers of patrol unts to
respond to 85 percent of calls within a specified
time (usvally 3 munutes for high priorty calls)

. Work load-type formulas to “weight™ factors such
as Crune rate,

The sigmficant new approach taken by LEMRAS was
the allocation of patrol forces to meet a specified perfor-
mance standard, namely, response time. Hence, if the call for
service rates could be predicted with reasonable accuracies,
the allocated patrol force could respond with the desired
promptness,

Unfortunately, LEMRAS did not always prove satis-
factory m actual operation (Ref 6). It was the experience of
the Los Angeles Police Department that calls for service
could not be predicted with the desired. accuracy on a day-by-
day basis Error rates of up to 50 to 75 percent were exper:-
enced in some instances, which proved both frustrating and
burdensome to operations personnel who were responsible for
making patrol team assignments Also, the LEMRAS formulas
frequently called for more umts than were avaiable for
assignment,

This experience points up the difficulties of predicting
work load requiremenis for a specific tour or day of the week
Generally, predictions of total calls for service for an extended
period of tune, over a pertod of one month, for example,
will be reasonably accurate, usually within 10 percent But
call rates for a specified tour some time in the future cannot
be predicted with similar accuracy, and the erratic behavior of
the predictions quickly leads to frustrations on the part of
operations personnel. The Los Angeles Police Department
has since reverted to the use of historical averages for patrol
force allocation The current method, called ADAM?¥, allocates
patrol units on the basis of four factors

. Calls for service,

. Officer-imitiated activity.

*Automatic Disposition of Available Manpower (Ref. 7).

] Reported tume unavailable for
administrative reasons,

. Selected crimes and attempts,

The first three factors are expressed n hours consumed
and the fourth mn numbers of occurrences, Percentages by
precinct (or area) are developed for total hours of work
and for total occusrences, These two percentages are then
averaged to give the final proportionate allocation for each
precinct,

The Department intends to combine the ADAM data
gathering system with a computer-based patrol car allocation
method in the near future, This method 15 described briefly
m the following section, and in detail in Chapter 5,

3.3 Computer-Based Patrol Unit Allocation Methods

The LEMRAS techmque of allocating patrol umts to
meet a specified service level by responding to most (85 per-
cent) calls within a given time limit, was extended by Larson
to mclude other performance standards, such as work load,
travel time, and patrol frequency More recently researchers
at the New York City-Rand Institute developed improved
versions of this performance-oriented program that can be
accessed by the planner in an interactive mode The user
must provide basic input data such as call rates, service
tunes, travel speeds, precinct area and street mules, crime
rates, and fime spent on non-call-for-service activities The
computer program then responds with estimates of

. Average number of unuts available
. Patrol frequency,
. Travel time to mcidents and total response time

. Fraction of calls delayed and the amount of the
delay.

In addition the user can specify some of the listed parameters
and the computer will estimate the mumimum number of patrol
umts necessary to meet the desiwred performance value. The
example presented 1n Chapter 6 demonstrates these features
' To illustrate the important advarces made by the
performance-onented allocation methods over the old work
load formulas, Ferreira (Ref. 8) recently developed detailed
comparisons of the following techmiques as applied to New
York City (Ferremra refers to performance-oriented allocation
methods as Allocation By Objective, ABQ)



(1) ABOS — allocation to meet performance standards
hsted below.

(2) ABOp ~ allocation to mummize the average
dispatch delay.

(3) HFy — “work load balance” formula

H1 = 10 » % of calls for service in district 1

(4) HF( — “crime-onented” hazard formula

H = 8 » (% of outside cnmes 1 district 1)

2. % of other calls for service
district 1

(5) HFG — “geographic - demographic” oriented
hazard formula

s

% of city area contained
+ 13-
1n castrict 1

% of population residing
m district 1

. [% of city street miles 1n
t20 ( district 1

+37 |7 of total outside crimes
) in district

The ABOg type of allocation method is represented by
the PCAM (Patrol Car Allocation Model) described 1n Chapter 6.
The ABO(; type 18 represented by the LEMRAS program
described above. The important difference is that the ABOg
methods allow the user to specify a performance standard
and the program determines the allocation that best meets
that standard. The ABOU method 15 somewhat similar, but
allocates on the basis of one performance measure only,
namely, mimmal queue delays, The performance measures
for which comparisons were drawn 1nclude

] Workload — percent utihization,

. Dispatch delay — fraction of calls delayed
. Travel time

#  Patrol hours per outside cnme.

. Patrol frequency — passes per tour.

* Manning level — number of patrol units.

Several simplifying assumptions were made in computing
the allocations for the formulas given above

. The average time required to service calls was
assumed to be 40 minutes in all precincts

. Patrol speed and response speeds were assumed
to be 6 5 and 10 mph, respectively.

) Admynistrative tume was not subtracted from
assigned patrpl umt tine

The resulis of the analysis are shown 1 the following
table. A total of 600 patrol units were available 1n each case.

Number of Districts With
Poor Performance*

Parformance Level
ABOs ABO,, HF, HF . HF

u w c G
1. Work load over 50% 0 0 0 11 16
2 Probability of dispatch 0 0 1 7 10
delay over 25%
3. Travel time over 6 minutes 0 9 g 13 i
4. Patrol hours per outside o 1 3 3 17

cnime less than 4 hours

5. Patrol passes per tour less 0 14 16 20 2
than 2
6, Patrol units less than 4 0 0 3 3 i

*Qut of a total of 69 districts

The ABOS method s clearly the best of the allocation
techmiques considered, the method does what 1t 1s designed to
do — msure a specified level of performance 1n all districts
with a mmumum of dipatch delays The ABOy; method
avoids high work loads and dispatch delays, but does not
always meet travel time and patrol frequency standards Both
ABO methods perform much better than the hazard or work
load formulas.

The HF» and HF methods meet neither the perfor-
mance nor the work load and delay standards For both methods
nearly 30 percent of the districts fal to meet performance
standards, including districts that could not be wdentified 1n
advance as hkely to be troublesome,

The HFW method 1s the best of the hazard formulas,
but is inferior to both ABO techmques. The HF method



has fewer distnicts with poorer performance in only omne
mnstance

Ferreira concludes by observing that it 1s much easier
to avowd having districts with extreme (1 e., poor) performance
measures when some type of ABO method 15 used rather
than a hazard formula Moreover, the defictencies in perfor-
mance with the hazard formulas cannot be easlly remedied
by reshuffling blocks of patrol units to the poor-performing

districts, many additional umits are required to make up the
deficiencies The average differcnces in the number of units
assigned to the districts varied by 10 to 40 percent among
the five methods

The planner 15 referred to Ferreura for a detaifed discus-
sion of the comparison of allocatron methods, but the above
summary clearly emphasizes the significant advantages of
the modern computer-based allocation techmques



4. SOME DEFINITIONS

Before we proceed with detarled discussions of the fow
steps 1 patrol force aliocation studies, we will provide the
reader with some background information that 1s helpful for
the mterpretatron of these discussions This mformation s
prumarly 1n the form of defimtfions of the terms that will be
used,

One term that will not be used 15 “best™ (or “better” or
“optumized””). The reason is that there is no acceptable defim-
twon of what constitutes the “best” police command and con-
trol system, or even the “best™ allocation of patrol forces.
Analysts who concern themselves with patrol allocation are m
the position of not being able to base thew studies on any of the
usual objectives of police patrol (crime deterrence, arrests,
recovery of stolen property, public attitudes toward police)
becaunse the effect of patrol force allocation on these factors 15
vague, and not subject to precise quantification.For example,
if the number of patrol umts 1s doubled, or halved, no one can
state with any certamnty what will happen to crime rates or to
the fraction of mcidents that result 1n a patrol arrest.* It may
be possible to determine that patrols arrive faster at the scene
of an mncident, but exactly how small changes in response
time deter cnme 15 not known, In any case, high pnionty
meidents such as crumes i progress are usually responded to
very rapidly, whereas low priority calls are often delayed untu
units are cleared from other calls, response time 1s very
much pnority-dependent and should be treated in that
context.

*There 15 some current disagreement as to the effectiveness of preventive
patrol activity. Most departments operate on the assumption that chime
13 deterred by the frequent, observed presence of patrol umis, thisis
called preventive patrol The disagreement arises primarily over inter-
pretation of the results of a recent experiment carried out in Kansas
City The complete results are contained in a 960-page technical report,
supplemented by a 50-page summary report, and only a very bnef ac-
count can be given here.

Fifteen of the beats in Kansas City were used in the experiment.
These were randomly divided into three groups. In one group, routine
preventive patrol was elimunated and officers were instructed to re-
spond only to calls for service In the second group, routine preventive
patro! was mamntained as before In the thurd group of beats, preventve
patrol was mtensified to a level two or three times the normal. The
objective was to defermune what effects could be observed as a resnlt
of the elmunation or mtensification of routine preventive patrol
activity

A number of special measures were taken fo assure the objectivity
of the experiment, but cnitics of the results have stated that the experr
ment was not sufficiently rigorous In summary, the experimenters
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A system as complex as an urban police department 1s
subject to so many social, legal, and political factors in addition
to those that govern s internal operations that it would be
meaningless to define any particular system configuration or
set of policies as “best”. A police planner with an ntimate
knowledge of his own city can be an excellent judge of what
qualitative factors are relevant and how best to take them into
account A computer simulation can help him determine the
effects on certain quantitative performance measures of making
specified changes n patrol force allocation. By trying a number
of different allocations he can establish a basis for defining an
allocation policy that makes use of these results 1 combina-
tion with his knowledge of all the other factors in the situatzon.

Although 1t 1s not practical to define some given patrol
force allocation policy as “best,” or even “befter” m an over-
all sense, there are cerfam performance parameters that can be
measured and, 1t is generally agreed, must bhe considered n
formulating allocation policy These are the measures of per-
formance that will be wused m the followmng techmical
discussions They are listed 1n Table 1,

Terms used m pohice command and control operations
are naturally speclalized, and often differ from one jurisdic-
tion to another As a reference for the precise meanngs of
the terms as used in this document, Table 215 included Itisa
glossary of terms used, with alernatives where applicable

found that inall three groups the following factors were essentially the
same

e Numbers of burglanies, auto thefts, larcemes involving auto ac-
cessories, robberies, and vandalism
Rates of crimes reported to the police.

Departmental reported crime

Crtizen fear of crime, atfitude toward police services, satisfac-
tion with encounters with police officers, or satisfaction with
response time

¢ Actual response time.

All of the above factors are frequently thought to be affected by
the amount of preventve patrol, but the expertment appeats to show
that they are not A summary of the experiment, a critique of the sum-
mary report, and several comments on the issues involved are collected
1 the June 1975 1ssue of The Police Cluef Interested officials are re-
ferred to this source fora full discussion of the prosand cons The ques-
tion 15 included here because 1t may be an mmportant element in analyses
of patrol force allocation. If preventive patrol 1s useful, 1t should be
gven some weight 1 such analyses, if it has no effect, 1t should not be
mncluded as a factor 1n ailocation decisions



Tabla 1. Measures of Performance

Measure

Definition

Response time

Travel time

Travel distance

Qut-of-beat dispatches

Queue delay

Work [oad balance

Preventive patrol

Patrol freguency

Probabihity of dispatch
error

Cost

See Fig. 1 In the context of patrol force allocation, response time is taken as t7 - tg, since this 15 the
interval that can be affected by patrol force allocation decisions and queue delays

Time interval between the time the patrol umt receives the dispatch and the time 1t arrives at the scene
(t7 ~tgmn Fig, 1),

‘The distance 1n mules from the point where the patrol unit recewves the dispatch and the location of the
incident, Although there may be factors affecting speed differently in different cases, travel time can be
estimated gquite accurately from travel distance by assuming an average speed Typical average speeds are quite
low (10 to 20 mph).

When the patrol unit assigned to a beat or sector 1s busy and a new incident oceurs in that beat, a unit from
another beat must be dispatched. It 1s desirable to allocate forces (especially beat design) in such a way as to
rmnimize the fraction of dispatches that take a patrol unit out of 1ts home beat, or keep 1t out «f 1t 15 already
out of its home beat,

This can be expressed in terms of what fraction of calls for service have to be placed in queue because no patrol
unit is available, or in terms of average delay time for calls placed i cqueue, or average delay trme for all calls,
including those placed in queue, Thas factor 1s referred to as queuing effect, delay in queue, or simply delay
time

It 1s desirable that individual patrot units, and patrol forces in different precincts, be busy equal fractions of
the time as nearly as possible, Small differences are inevitable, but significant differences that continue over
long periods of time are wasteful of resources and can give rise to morale problems This measure 15 usually
expressed as the difference between the percent-of-time-busy of the busiest patrol unit and the percent-of-
time-busy of the least busy unit  Thus a 9 percent work load mbalance means that the busiest patrol unit or
precinct 1s busy 9 percent more of the time than the least busy one {(say 47 and 38 percent, respectively, for
example},

While patrol units are not answering calls for service or engaged in other, nonpatrol activities they are presumed
to be patrolling their beats. This activity 1s called preventive patrol on the assumption that the frequent
presence of police vehicles has a deterrent effect on crime or reassures the public  Thus 1t 15 considered
desirable to increase the amount of preventive patrol® provided by a given number of patrol units Note that
the assumption of the effectiveness of preventive patrol has been questioned recently

This is expressed as the number of times per hour a police car passes 8 given point, and is used as another
measure of the extent of preventive patrol.

This 15 expressed in terms of the probainity that a dispatch will be assigned to a unit that 1s not the closest
avéilable unut to the incident  In most systems the dispatcher does not know the {ocation of available units
exactly and must choose the one he thinks is closest on the basis of his most recent information

Cost 15 a measure for any system. In the case of patrol allocation, 1t s expressed in terms of a lower cost to
raintain the same level of service (as defined by some or all of the above measures}, or an improvement 1n
one or more of these measures without an increase in cost.

*Percent of total patrol unit hours devoted to preventive patrol.

g
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Table 2. Glossary of Police Command and Control Terms (Ref, 9)

Beat 1dentity
Call for service

Command (or district}

Dispatch assignment

Dispatcher

Effective travel speed

Flying

Hazard formula

Home beat

Interbeat {or cross-beat)
assignment

Qverlapping beats

Qverlapping tours

Patrol status

Patrol untt

Preventive patro!
Reporting area
Sector {or beat}
Service time

Tour
Travel time

‘Utthzation factor

Work load

A term applied to an officer’s personal commitment to maintain public order and provide effective police
service within hus iome beat,*

A communication to the police originating from a citizen, an 2larm systern, a police officer, or other detector,
reporting an incident that requires on-scene police assistance,

An area or region comprising several beats that 1s administratively distinct, usually having a station house used
as a base of operations, Often called precinets or {as in Boston) districts A patrol officer 15 usually assigned to
one command for a penod of tume, Dispaich assignments are nearly always intracommand assignments

A directive by the disparcher to a patrol unmit assigning the unit to respond to the scene of a reported incident
or call for service,

An individual who has responsibility for assigning avarllable radio-dispatchable patrol units to reported incidents

That speed which, If constantly maintamed over the path of a response Journey, would result in the same
travel time as that actually experienced by the responding patrol umt,

A term applied to a patrol unit responding frequently to calls outside s home beat

A summation of crime statistics, geographical statistics, and other factors thought to be important in determin-
ing the need for patrol units \n a region, each factor multiplied by a weighting indicating 1ts subjective
Importance.

The beat in which a pafrol urnt 1s assigned to perform preventive patrol

A dispaich assignment to a beat otherthan the unit's home beat.

Beats that at |east partially share common regions.

A patrol four that 1s intiated prior to termination of the preceding tour This technique 1s used to better match
the number of field units with calls for service during busy periods A split tour 1s used for the same purpose

The conditron of a patrol unrt, particularly pertaining to dispateh availabslity  In some police departments the
dispatch status of a patrol wnit s restricted to one of two possibilities  available or unavailable, in others, finer
distincuions are made, including such possibilities as meal break, automobile maintenance, patrol-initiated
action, station house, or type of incident currently being serviced, ’

A patrol car, scooter, or wagen and its assigned police officer(s), or a radio-dispatchable footpatrolman
1

An activity undertaken by a patrol umif, in which the urut tours an area, with the officer(s) checking for crime
hazards {for example, open doors and windows) and attempting to intercept any crimes while in prodress

A subarea within a command, typically no more than a few city blocks in size, that is used as the smallest
geographrcal unit for aggregating statistics on the spatial distributions of calls for service and prevente patrol
coverage,

An area in which one patrol unit has {usually exclusive} preventive patrol responsibibity,

The tota] “off the air'” time per call for service for a patrol umt, includes travel time, on-scene time, and
possibly related off-scene time,

Shift, such as midday, PM, or AM. '
The time required for the dispatched patrol unit to travel to the scene of the reported incident

The fraction of time a patrol unit 1s unavailable to respond to dispatch requests [t 15 assumed that a unit can
only be unavalable because of call-servicing duties  Sometimes called utihzation rate,

Same as utiization factor

" *Words i 1talics are defined elsewhere in the glossary. .
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5,

5.1 Characteristics of Calls for Service Rates

Most poirce departments have adequate records of calls
for service over an extended pertod, with breakdowns by type
of ncident, location, and time and date These are readily aver-
aged, and 1t would seem to be a simple matter to extrapolate
any trends (growing population, changing neighborhood,
changing crune patterns) to derive estimates for future work
loads on patrol umiis These estimates must necessarly be
expressed 11 terms of averages, however If they are to be used
as a basis for determining the numbers of patrol umts needed
and how best to allocate them i space and time, however,
averages alone are somewhat misleading because of peak loads
caused by the random rate of calls for service Patrol strengths
must be set to handle these peak rates

Calls for service are random in nature A month or a
week, or even a day, may be average but any particular
[0-minute period is very unlikely to be average. If calls average
10 per hour over the course of one day they will average one
evely 6 minutes, but any police department knows that during
the busy hours there will probably be two to five tunes as
many calls, and that during a busy hour, some 10-minute per-
10ds will have twice the average number of calls

Ideally, a police department would like to have a patrol
unit avaable to handle every cail for service with no waiting,
even durmg peak load pernods, Practically, this would mean
having too many umts most of the time because short-term
peak loads are bnef and come at unpredictable intervals What
15 done in most cases 18 to iry to have enough units to handle
all but the highest peaks — those that occur only a small frac-
tion of the time. Stated the other way, the depariment can
define a level of service 1n terms of having calls answered with-
out delay 85 percent of the time, or some other percentage
that appears practical Another standard can be to define a
desired maximum delay tune for calls that have to be placed
queue, This too has to be stated m terms of percent, however,
for example, ““85 percent of delayed calls shall remain 1n queue
no longer than 3 minutes™,

Given the complete statistics of calls for service 1n the
past, a computer program incorporating the standard equations
for statistical probability can determune the probabilities of
given peak loads. These are given in terms of means and devia-
tions, or confidence imts Confidence limits are expressed m
such terms as “The pattern of cals for service in the past mdi-
cates that 1f I provide 20 patrol units dunng the second lour,
90 percent of all calls will be assigned to patrol units without
delay and 98 percent will be dispatched with & delay of no
more than 10 munutes ™ If the command and contro] system

PREDICTING RATES OF CALLS FOR SERVICE

makes use of a (formal or mformal)} prionty structure, the
computer can readiy incorporate this into 1ts calculations and
mdicate the probability of no delay or of a specified delay for
dispatches 1n each prionity category

The calculations of probabilities and confidence Imnits
are complex and tedious to do by hand, but are carried out
quickly by computers The necessary computational routines
are standard modules available to any computer user and do
not have to be programmed by each new user

7/

5.2 Statistics Needed to Derive Predictions of Calis
for Service

To provide a basis for projecting rates of calls for service
and for the subsequent steps in the patrol force allocation
study, a department needs to collect certain data as mputs to
the computer programs or models The data iisted 1n Table 3
are usually sufficient, although some studies may require addi-
tional types of data if special analyses are to be made Note
that many of the statistical values such as street miles, travel
times, etc., need be determined only once, incident data must
be collected and processed on a2 continuous basis, aithough
sampling techmques can greatly reduce the processing require-
ments once the basic averages and hourly/weekly/seasonal pat-
terns become known

As noted earlier, a dépariment having a computer-aided
dispatch system can have the system provide the listed data at
little or no cost, provided the nght information 1s mnput to the
computer and the computer 15 programmed to do the neces-
sary sorting and combinming For example, a computer can be
programmed to search 1ts street mdex and automaticaily deter-
mine the reporting area of each incident. In computer-mded
dispatch systems, times ar¢ automatically recorded by the
computer for each successive event m a dispatch

Note that statistical programs used to calculate probabul-
ities require data on individual incidents, and not averages.
Acceptable inputs would be 1n the form of numbers of inci-
dents in z fairly fine-grained breakdown so many each report-
ing area of each type, so many with travel times between 1 and
2 minutes, 3 and 4 minutes, etc, On the other hand, the statis-
tical program can be designed to read the complete activity log
and pick off the data 1t needs to make such compdations It
can then sort the data by reporiing area, beat, precinct, time,
type of incident, or any other breakdown.

13



5.3 Prediction Methods

As noted 1n Table 3, the patrol force allocation analysis
programs described in the followng chapters require a hmited
amount of geographical data, the numbers and types of patrol
units by beat and tour, and statistics on calls for service The
first category of information 1s obtained omly once and
mvolves a relatively modest amount of effort The number and
type of patrol uruts by beat and tour is also easily obtained
from department records Statistics for calls for service are a
different matter, and may require considerable ongoing effort
to collect and process mn form suitable for patrol force alloca-
tion studies. The planner’s department may already have an
adequate data gathering and processmg procedure m operation
but, for those wishing to modify their present system, the fol-
lowing commients are offered. The planner will find a detailed
description of the method in Ref. 5

Before proceeding, we should point out that two sets of
statistics are of interest to the department one that deals with
those calls for service or events that result in the dispatch of
patrol umits, and a second that deals with all incidents reported
to the agency While we are prumarily concerned with the num-
ber of dispatches made in response to calls, a knowledge of
crime patterns gained from the second set of data 1s valuable 1n
predicting trends and basic changes m the rate of calls for
service,

A method for predicting the number of dispatches is
needed because of the variability in the rate of calls for service
and dispatches with time of day, day of the week, and season
of the year Rates within any given hour also show consider-
able varation, but since service tmmes typreally extend to

30 minutes or longer, data accumulated by the hour usually is

adequate, Typical hourly and seasonal variations in calls for
service are shown 1n Fig, 2. Bastc changes or trends in dispatch
rates can occur as well, and the prediction procedure should
reflect these, for this purpose we need a procedure that follows
sigmficant trends, but does not overreact to short term
fluctuations

Many departments already have manual or computernzed
record-keeping systems from which calls for service can be pre-
dicted, Processing can be accomplished by establishing two
data files, one for recording calls for service by hour of the day
and day of the week, and a second file to accumulate statistics
by week of the year. The first file contains 168 records, one
for each hour of the week — for example, hour number 56 1s
0700-080C hours on Tuesday, the hourly and daily variations
over the day and week are piven by this file. Similarly, the
weekly totals are recorded for week numbers O through 52
Thas procedure assumes that 1f we can predict the total number
of calls for a given week (from the weekly files), we can dis-

14

Table 3 Data Required for Patrol Force Allocation Studies

Data Type

Notes

Geographical data

Area
— total
— of each beat

Street mileage
— by precinct
— by beat

Impediments to travel

Population density

— by beat

Land use patterns

Reporting areas

- coordinates of
each reporting
area

Patrol units

Number of each
type on duty each
tour

Beat assignments

Calls for service

Locations

Types

Times

Travel distances

Freeways, rivers, parks, campuses,
other features that prevent a
patrol unit from taking the most
direct route from one point to
ancther

Commercial, residential, multiple-
dwelling, single dwelling, public
buildings, etc

These are the smailest units of
area used 1n analyses, a reporting
area 15 usually only a few city
blocks or equivalent Statistics are
collected by reporting area

“Type" referes to one-man or two-
man, supervisory, traffic, reserve,
type of vehicle {wagon, scooter,
car, ete )

Both numbers and type of units
by beat

Reporting area of each call for
service

Category of each call, 1n accor-
dance with whatever categories are
used by the department

Time of each call, in particular
time received by dispatcher, time
assigned to a patroi unit, time
patrol unit arrived on scene, and
time umit cleared

If the location of the patroi unit

at the time 1t receives the dispatch
1s provided (by street intersection,
for example), the computer can
calculate travel distance to the
address of the incident by formulas
that give good accuracy as compared
to the actual distance Thus travel
distances need not be determined
in advance and input to the
computer
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tribute the calls over each hour of the week using the distribu-
tion pattern obtained from the hourly records. Further, yearly
totals can be adjusted or “‘seasonalized” to give the longer term
seasonal distnibutions

Separate records are mantained for each reporting area,
which usually consists of a number of blocks withun a beat
(census tracts are frequently used for this purpose) Finally,
records are maintamned by type of meident since different
types of incidents have different hourly and seasonal varia-
tions, Departments generally have a standard hist of ineident
types, a typical set 1s given 1nt Table 4

Processing consists basically of computing anthmetic
averages for rates of calls for service for the entire week or
entire year, plus factors to adjust the averages for hourly van-
ations within the week, and weekly variations within the year.
Separate averages and adjustment factors are maintained for
each reporting area and for each type of incident

Since the numbers of calls for service for a given report-
ing area, type of incident, or time period are likely to vary
considerably about the average, we requre a method for
smoothing the data such that trends and long-term changes in
the averages are properly accounted for, but occasional short
term fluctuations are damped out A technique used for this
purpose is known as exponential smoothing This procedure 1s
descnibed m Ref 5, and 1n many standard texts on statistics,
the reader should consult these for details

The analyst should prepare graphs of the actual data
from tune to time to determne if new patterns of incidents
are developing; if so, adjustments should be made in the data
base to assure closer agreement with current values

The patrol car allocation programs described 1 the fol-
lowing chapters also require estimates of response and service
times, since the number of patrol units to be allocated depends
on the total number of patrol hours spent answering calls plus
the non-call-for-service activities, including preventive patrol
Travel and service times are usually available from the time
stamps on the dispatch tickets and can be summarized by beat
and type of incident, or lumped into one overall average value
(Computer-arded dispatch systems time-tag all dispatches auto-
matically, which simphfies the processing task.) Whether or
not a Jumped average service time 15 used rather than averages
for mdividual beats 15 a matter of department pohicy. This
point 1s discussed further 1n the next chapter, but the deciston
to use the more detailed records by mdividual beat depends on
personnel reaction to the process of allocating patrol umts
partially on the basis of service tune. The ssue 1s often raised
that any improvement 1n service fime 1n a beat will only result
m fewer units being assigned to that beat.
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Table 4 Event Classifications { Ref. 5)

Assignment Code Nature of Assignment
CRIMES AGAINST PERSONS
1 ! Homicide
2 Sex offense
3 Robbery
4 Assault
CRIMES AGAINST PROPERTY
5 Burglary
6 Larceny
7 Automohile theft
8 Theft from automobile
INTOXICATED PERSON, DISTURBANCE, FAMILY
g Intoxicated person
10 Disturbance
11 Family argument
TRAFFIC
12 Traffic accidents
13 Hit and run
hY
ALARMS
14 Assist an officer
15 Traffic control
16 Fire alarm
17 Burglar alarm
i8 Ambutance
192 Fire or disaster
20 Prowler, other suspicious
circumstance
21 Juverule activity not otherwise covered
MISCELLANEOUS
22 Miscellaneous incidents
PATROL
23 Self-initiated patrol duties
ADMINISTRATIVE
24 Admimistrative details

One department’s experience with service time data indr-
cated that many inaccuractes find their way mnto the system
urtless considerable care 1s taken 1n recording the basic data.



For exampile, follow-up times to hospitals, and times for book-
ing a suspect were not allowed for in the 1imtial data acquisi-
tion procedures, measurements during a subsequent test period
showed an increase 1 average service time from 39 to 42 min-
utes. Stacked calls, although not a common practice in ail
depariments, were all tume-stamped simultaneously rather than
as each call was activated, thus the time for the second call
included the service time of the first call, etc Not only was

i7

service time 1ncreased erroneously, but dispatch waiting time
was artificially reduced

Wide variations are often noted in service tunes for low
priority calls that are sumply delayed during busy periods until
pairol umiis can clear higher prionty calls The analyst must
use considerable care in applymng such data in allocation
programs.



6.

We have already seen that the number of patrol units on
duty cannot be derived by smnply multiplymng the average
number of calls per hour times the average service fime per call
to find the total number of patrol-umt hours to be provided
per hour, This would be satisfactory if calls for service could
be scheduled, but 1 fact they armnve at random intervals, and
the laws of statistics tell us that a certain percent of the time
the rate will be half again as high as the average, another
(smaller) percent of the time double the average, and so on
All random events such as the roll of dice, the drawing of
cards, accidents, and calls for service follow the same laws of
probability

The number of patrol units needed, therefore, has to be
stated 1n terms of probabilities* there should be enough units
m a given geographical area so that calls for service can be
assigned to an available patrol unit without delay a certain per-
cent of the time, or with not more than a specified delay a cer-
tain percent of the time.

The use of hazard and work load formulas was briefly
discussed 1n Chapters 2 and 3 These are principally methods
of allocating a gven number of umits to different geographical
areas and, as noted, have serious drawbacks These drawbacks
result from the fact that patrol umts are assigned on the basis
of existing work load, sometimes weighted by the seriousness
of the incident, and service time per call If more umts are
added to a beat or precinct, or 1f the units clear calls more
quickly, fewer umts will be assigned m the next allocation.
Hence, there 1s less mcentive to-1mmprove the productivity of
the patrol force

Since all of the steps in patrol force allocation described
here are based on the use of a computer, we will describe
computer-based techmques for determining numbers of units,
These techniques are equally applicable to allocating a fixed
number of umts to different geographical areas (or time
periods) :

There are existing computer models that can be used to
determine required numbers of umts in accordance with speci-
fied performance measures such as those listed in the second
paragraph above or others listed 1n Table 1 The most recent of
these 15 PCAM (Patrol Car Allocation Model), developed by
_New York City - The Rand Institute It incorporates most of
the features of previous programs, but does not estimate call
rates and service times itself This must be done first, as
described 1n Chapter 5.

*This section 1s based on materal presented sn Ref 10
**Parameters that can be selecied by the analyst.
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PCAM calculates performance measures according to the
principles of statistical probability For each geographical area,
the user provides the following input information.

. Call rates and service tumes by hour of the day and
day of the week and by up tolthree priority levels

. Area to be served, 1n square miles

. Street miles 1n the area

o  Response speed and patrol speed of patrol umts

. Crime rates

¢  Data indicating what fraction of a patrol umt’s

fime 1s spent, on the average, on activities other
than patrol or responding to calls for service

From this data, PCAM will estimate all of the following
performance measures if the total number of units on duty 1s
known.

) Average number of umts avalable (1 e,, the num-
ber not responding to cails for service or not avail-
able because of other activities).

¢ Frequency of preventive patrol

) Average travel time to incidents

#ie Probability that a cali will be delayed m queue.

**e¢  Average waling tune 1n queue for calls of each pni-
orty level,

L Average total response tune

PCAM can be used 1 erther a batch mode (the program,
with 1ts input data, 1s run through the computer, which prints
out the results) or i an interactive mode (the user sits at a
console with a display screen, calls up the program, and enters
the input data in response to requests for 1t displayed on the
screen, the output parameters are then displayed on the
screen) It operates by having the user specify some allocation
of units to geographical areas and telling him the effect thus
allocation will have on the performance measures listed 1n the
output It can also determine the mummum number of vnits
needed to meet any standard’ of performance specified n
terms of these measures



Another mode of operation allows the user to choose
any of the performance measures marked with an asterisk in
the above list, and PCAM wall allocate a specified total number
of umt-hours so as to mimmize this measure The allocation
may be by time period or geographical area or both, In other
words, the user can specify the total number of units on duty
1 the city at a particular time of day and the program will
allocate them among geographical areas Or he can spectfy the
total number of unit-hours than can be fielded 1n a week (in
one area, several areas, or all areas together) and the program
will allocate patrol units to tours so as to add up to the total
number of unit-hours specified This feature 1s an important
one because — as planners well know — budget and manpower
constraints are very stringent in most agencies

An example of a typical PCAM run 1s shown as Table 5.
Note that this program concerns the allocation of multiple
patrol umts to large areas such as precinets, 1t does not treat
individual sectors for stngle patrol units This is the subject of
beat design, covered m the next chapter

The assumptions made for this run of the model are as
follows

The city has five precincts

Available records indicate the call rates by precinct
for each of the three tours (rmdday, PM, AM) for
gach day of the week The day chosen for the sam-
ple run 15 Sunday

Calls are assigned to one of three priorties m
accordance with historical percentages of call
priorities,

The number of cars assigned to each tour of a pre-
cinct can be varied to measure the effect on
performance.

For each precinct, the table shows the values of all out-
put parameters with an mittal allocation of cars to tours and
with a second allocation made to mmprove the performance in
terms of delay and response tune The car allocations are histed
1 the first column of the lower set of numbers under the head-
g “ACT. CARS” Call rates and service tmmes are input
parameters and do not change Columns 5-8 show the values of
the performance parameters of interest

) The probabihity that a call will expenience a delay
in having a car dispatched because all cars are busy
(PROB CALL DELAYED)

o The average delay 1n dispatching a car to a Prior-

1ty 2 call (AVG P2 DELAY).
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. The average delay m dispatching a car to a Prior-
ity 3 call (AVG P3 DELAY)
. The average response time {delay plus iravel trme)

for all calls (AVG TOT DELAY).

Companng the entries 1in these four columns for the
“before™ and “after” cases (1nitial allocation and final alloca-
tion), 1t can be seen that fanly large reductions can be made
by changing the allocations of cars to tours. In Precinct 1, for
example, two cars are taken off the AM shift and assigned to
the midday shift, with the result that the probability of a
delayed call 1s neariy cut in half, the average delay for Prioi-
ity 2 and 3 calls1s cut to about a third and g fifth, respectively,
and the average total response tume 1s reduced by about a
third Note 1n parficular that the average delay for a Prionity 3
call on the AM tour 15 reduced from a very undesirable
13 48 minutes to less than a minute, at the small expense of
mcreasing the delay on the midday tour to slightly over a
nmmite.

The results for ali five precincts are summarized mn
Table 6

It 1s of mterest to note that the reassignment of two cars
from Precinet 5 to Precinet 3 causes, for Precinct 5, only a
slight increase m the probability of a delayed call and 1n the
average Prionity 2 delay, and the other two performance meas-
ures are slightly improved. Reference to Table 5 shows that in
Piecinct 5 the average Prionty 3 delay on the AM tou: hasbeen
sharply reduced, from 744 minutes to 1.87 minutes, which
accounts for the overall reduction 1n average tume delay even
though the number of cars has been reduced

For the entire city (all five precincts combined), the real-
location based on use of the PCAM model shows a significant
unprovement m performance-

Before After
Probability of delayed call *0108 6076
Average Prionity 2 delay, minutes 085 050
Average Priority 3 delay, minutes 345 1.11
Average total delay (response 6.11 410
time), minutes




{a) Precinct 1

Table 5 Sample PCAM Run

INITIAL ALLOCATION

PRECINCT: ONE: DAY: SUN

AVG AVG PATROL AVG AV PTL FREQ

UTIL. TRAV. HRS PER PATROL TIMES SUPP. AVG CARS
TOUR (EFF) TIME SUPP CR FREQ. CR PER HR AVAIL.
MIDDAY .269 3.1 9.09 .44 .245 5.11
PM .429 3.5 3.36 .34 .418 3.99
AM 468 5.2 7.60 .23 .071 2.66
AVERAGE .381 3.9 5.60 .33 .245 3.92
PRECINCT: ONE; DAY: SUN

ACT. CAR CALL SERY PROB CALL AVG P2  AVG P3  AVG TOT
TOUR CARS  HRS RATE  TIME DELAYED DELAY DELAY DELAY
MIDDAY 7.0  56.0 3.1  36.6 .008 .05 .07 3.19
PM 7.0 56.0 5.5 32.6 .056 .31 .61 4.07
AM 5.0  40.0 3.9  36.2 .310 2.88 13.48 16.13
AVERAGE 6.3  50.7 4.2 34.7 .123 1.04 A.47 7.60
TOTAL 19.0 '152.0
FINAL ALLOCATION

PRECINCT: ONE; DAY:—SUN

AVG AVG PATROL AVG AV PTL FREQ

UTIL. TRAV. HRS PER PATROL TIMES SUPP AVG CARS
TOUR (EFF) TIME SUPP CR FREQ. CR PER HR AVAIL.
MIDDAY .377 4.1 5.54 .27 .149 3.11
PM .429 3.5 3.36 .34 419 3.99
AM .334 3.5 13.31 40 127 4.66
AVERAGE .381 3.7 5.60 .33 .213 3.92
PRECINCT: ONE; DAY: SUN

ACT. CAR CALL SERV PROB CALL AVG P2  AVG P3  AVG TOT

TOUR CARS  HRS RATE  TIME DELAYED DELAY DELAY DELAY
MIDDAY 5.0 40.0 3.1 36.6 .080 .68 1.25 5.19
PM 7.0 56.0 5.5 32.6 .056 .31 .61 4.07
AM 7.0  56.0 3.9 34.2 .070 44 .98 4,38
AVERAGE 6.3 50.7 4.8 34.7 .067 .44 .88 4.44
TOTAL 19.0 152.0
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Table 5 (contd)

{b} Precinct 2

INITIAL ALLOCATION

PRECINCT: TWO; DAY: SUN

AVG AVG PATROL AVG AV PTL FREQ

UTIL. TRAV. HRS PER PATROL TIMES SUPP AVG CARS
TOUR (EFF) TIME SUPP CR FREQ. CR PER HR AVATL.
MIDDAY .228 2.9 8.16 .49 .325 5.40
PM 421 3.3 5.79 .37 .233 4.05
AM .335 4.4 7.42 .36 .154 3.99
AVERAGE .328 3.5 7.08 N .258 4.48
PRECINCT: TWO;, DAY: SUN

ACT. CAR CALL  SERV  PROB CALL  AVG P2 AVYG P3 AVG TOT
TOUR CARS HRS RATE  TIME DELAYED DELAY DELAY DELAY
MIDDAY 7.0 56.0 2.8 34.1 .006 .03 .04 2.98
PM 7.0 56.0 5.2 34.1 .040 .22 .40 3.69
AM 6.0 48.0 2.9  41.7 24 2.17 13.04 14,88
AVERAGE 6.7 53.3 3.6 36.1 .085 .69 3.66 6.48
TOTAL 20.0 160.0
FINAL ALLOCATION

PRECINCT: TWO; DAY: SUN

AVG AVG PATROL AVG AV PTL FREQ

UTIL. TRAV. HRS PER PATROL TIMES SUPP AVG CARS
TOUR (EFF} TIME SUPP CR FREQ. CR PER HR AVAIL.
MIDDAY .319 3.8 5.14 .31 .205 3.40
PM 421 3.3 5.79 .37 .233 4.05
AM .287 3.6 9.28 .45 .197 4.99
AVERAGE .345 3.5 6.55 .38 .210 4.15
PRECINCT: TWO; DAY: SUN

ACT. CAR CALL  SERV  PROB CALL  AVG P2 AVG P3 AVG TOT

TOUR CARS HRS RATE  TIME DELAYED DELAY DELAY DELAY
MIDDAY 5.0 40.0 2.8 34.1 .059 .46 .81 4.50
PM 7.0 56.0 5.2 34.1 .040 .22 .40 3.69
AM 7.0 56.0 2.9 41.7 .129 .96 3.29 6.37
AVERAGE 6.3 50.7 3.6 36.1 . 069 .48 1.27 4.61
TOTAL 19.0 152.0

2




Table 5 {contd)

{c) Precinct 3

INITIAL ALLOCATION

PRECINCT: THREE; DAY: SUN

AVG

UTIL.
TOUR (EFF)
MIDDAY .456
PM .493
AM . 356
AVERAGE .435

AVG

TRAV.

TIME
2.7

2.8

3.3
2.9

PATROL Ava AV PTL FREQ

HRS PER PATROL TIMES SUPP AVG CARS

SUPP CR FREQ. CR PER HR AVAIL.
10.87 .57 .199 3.81
13.52 .53 .123 3.55
60.07 .67 .047 4.5]
17.25 .59 140 3.95

PRECINCT: THREE; DAY: SUN

ACT.
TOUR CARS
MIDDAY 7.0
PM 7.0
AM 7.0
AVERAGE 7.0
TOTAL 21.0

CAR
HRS
56.0
56.0
56.0

CALL
RATE

SERV ~ PROB CALL AVG P2 AVG P3 AvVG TOT
TIME DELAYED DELAY DELAY DELAY

35.6 .073 .44 .92 3.54
26.8 .085 .38 .80 3.50
35.6 .222 1.47 9.30 10.74
31.7 115 .66 2.90 5.27

FINAL ALLOCATION

PRECINCT: THREE; DAY: SUN

AvG

UTIL.
TOUR (EFF)
MIDDAY .456
PM .493
AM 277
AVERAGE .397

AVG

TRAV.

TIME
2.7
2.8
2.4

2.7

PATROL Ava AV PTL FREQ

HRS PER PATROL TIMES SUPP AVG CARS

SUPP CR FREQ. CR PER HR AVAIL.
10.87 .57 .199 3.81
13.52 .53 .123 3.55
86.74 .97 .068 6.51
20.16 .69 .146 4.62

PRECINCT: THREE; DAY: SUN

ACT. CAR CALL SERY PROB CALL  AVG P2 AVG P3 AvVG TOT
TOUR CARS HRS RATE  TIME DELAYED DELAY DELAY DELAY
MIDDAY 7.0 56.0 5.4 35.6 .073 .44 .92 3.54
PM 7.0 56.0 7.7 26.8 .085 .38 .80 3.50
AM 9.0 72.0 4.2 35.6 .066 .32 .92 3.14
AVERAGE 7.7 61.3 «+ 5.8 31.7 .077 .39 .86 3.43
TOTAL 23.0 184.0
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Table 5 (eontd)

{d) Precinct 4

INITIAL ALLOCATION

PRECINCT: FOUR; DAY: SUN

AVG AVG PATROL Ava AV PTL FREQ

UTIL. TRAV.. HRS PER PATROL TIMES SUPP AVG CARS
TOUR (EFF) TIME SUPP CR FREQ. CR PER HR AVAIL.
MIDDAY . 408 3.0 11.05 .50 .186 4.14
PM .429 2.9 4.21 .48 471 4.00
AM .528 4.4 4,97 - .28 .088 2.36
AVERAGE 447 3.4 5.83 .42 234 3.50
PRECINCT: FOUR; DAY: SUN

ACT. CAR CALL  SERY  PROB CALL AVYG P2 AVG P3 AVG TOT
TOUR CARS HRS RATE  TIME DELAYED DELAY DELAY DELAY
MIDBAY 7.0 56.0 5.0 34.2 .073 .43 .90 3.82
PM 7.0 56.0 4.7 38.0 .038 .23 .40 3.28
AM 5.0 40.0 3.5 45.6 .307 3.55 12.85 15.00
AVERAGE 6.3 50.7 4.4 38.6 122 1.18 3.86 6.56
TOTAL 19.0 152.0
FINAL ALLOCATION

PRECINCT: FOUR; DAY: SUN

AVG AVG PATROL AVG AV PTL FREQ

UTIL. TRAV. HRS PER PATROL TIMES SUPP AVG CARS
TOUR (EFF) TIME SUPP CR FREQ. CR PER HR AVAIL.
MIDDAY .408 3.0 11.05 .50 . 186 4.14
PM .500 3.4 3.16 .36 .353 3.00
AM .377 3.0 9.18 .52 .180 4.36
AVERAGE 425 3.1 6.39 .46 .227 3.83
PRECINCT: FOUR; DAY: SN

ACT. CAR CALL  SERY  PROB CALL  AVG P2 AVG P3 AVG TOT

TOUR CARS HRS RATE  TIME DELAYED DELAY DELAY DELAY
MIDDAY 7.0 56.0 5.0 34.2 .073 .43 .90 3.82
PM 6.0 48.0 4.7 38.0 .099 .74 1.43 4.63
AM 7.0 56.0 3.5 45.6 .065 .50 1.01 3.88
AVERAGE 6.7 53.3 4.4  38.6 .080 .56 1.12 4.13
TOTAL 20.0 160.0
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Table § {contd}

{e} Precinct 5

INITIAL ALLOCATION

PRECINCT: FIVE; DAY: SUN
AVG AVG PATROL AVG AV PTL FREQ
UTIL. TRAV. HRS PER PATROL TIMES SUPP AVG CARS

TOUR (EFF) TIME SUPP CR FREQ. CR PER HR AVAIL.
MIDDAY .215 2.2 87.96 .87 .055 5.50
PM .418 2.6 7.24 .65 .333 4.07
AM .318 3.3 24.80 .54 .056 3.41
AVERAGE .317 2.7 17.02 .69 126 4.33
PRECINCT: FIVE; DAY: SUN-MON

ACT. CAR CALL SERV PROB CALL AVG P2  AVG P3  AVG TOT
TOUR CARS  HRS RATE TIME  DELAYED DELAY DELAY DELAY
MIDDAY 7.0  56.0 2.4 37.3 .004 .02 .04 2.25
PM - 7.0  56.0 4.7 37.3 .060 .37 .75 3.25
AM 5.0 40.0 . 2.6 37.3 197 1.82 7.44 9.43
AVERAGE 6.3  50.7 3.2 37.3 .080 .67 2.34 4,63
TOTAL 19.0 152.0

FINAL ALLOCATION
PRECINCT: FIVE; DAY: SUN
AYG AVG PATROL AVG AV PTL FREQ
UTIL. TRAV. HRS PER  PATROL TIMES SUPP AVG CARS

TOUR (EFF) TIME SUPP CR FREQ. CR PER HR AVAIL.
MIDDAY .376 3.4 39.96 .40 .025 2.50
PM .418 2.6 7.84 .65 .333 4.07
AM .265 2.7 32.07 .70 .074 4.41
AVERAGE .354 2.8 14.40 .58 117 3.66
PRECINCT: FIVE; DAY: SUN

ACT. CAR CALL SERV PROB CALL AVG P2  AVG P3  AVG TOT
TOUR CARS  HRS RATE . TIME  DELAYED DELAY DELAY DELAY
MIDDAY 4.0 32.0 2.4 37.3 137 1.51 3.08 6.10
PM 7.0 56.0 4.7 37.3 .060 .37 .75 3.25
AM 6.0 48.0 2.6 37.3 .092 .70 1.87 4,34
AVERAGE 5.7 45.3 3.2 37.3 .088 .74 1.63 4.25
TOTAL 17.0 136.0
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Table 6 Summary of Reallocation Results

Prab Call ~
! Delayed Avg P2 Delay Avg P3 Delay Avg Tot Delay
No of Cars

Pracinct Reassigned Before | After Befare Aftor Before After Before After
1 2 0123 0067 104 044 4 47 088 760 444
2 1 0085 0069 069 048 366 127 648 461
3 2% 0115 0077 066 0.39 290 086 527 343
4 2% 0122 ¢ 080 118 0,56 3.86 112 5656 413
5 3** 0080 0088 067 084 2,34 163 463 4 25

*Total number of cars increased
**Total number of cars reduced by 2,

These differences are strikang enough to be perceved by the
public They illustrate clearly one of the benefits of having an
allocation model available to a police department. As noted
previously, such a computer sunulation can easly carry out
all the complex probability calculations that are required to
make realistic eshimates of how changes 1n pairol force alloca-
tion will affect the performance of a department, whatever
measures are chosen for performance

In addition to PCAM znd the work load and hazard
formula methods mentioned'n this chapter, a number of agen-
cies use the LEMRAS program described i Chapter 3, One
agency’s expertence with LEMRAS imndicated that supervision
and field personne! tended to react adversely to its recommen-
dations because of the same shortcomings exhibited by work
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load formulas, namely, that an ncrease in productivity by the
patrol forces 1n terms of increased arrests, reduced crime rates,
or reduced response tunes will only lead to fewer patrol umts
being assigned to the high performance beats This 1s 1n fact a
valid observation by operations personnel even though assur-
ances are made that LEMRAS 15 only an “advisory” procedure,

It must be noted that, to some extent, PCAM sufTers the
same shortconung because field forces are allocated on the
basis of the number of anticipated mcidents, the fewer mci-
dents the fewer assigned umis A sigmficant difference 1n
PCAM 1s the fact that the program does not distinguish
between service tumes by mdividual beats, but uses precinct —
(or city —) wide values. Hence, patrol forces are not removed
from a beat 1f the patrol teams succeed 1n reducing service
times. Thus a major objection to its use is removed.



7.

Extensive work has been done on the development of
computer models that can be used to analyze different beat
or sector designs to determne how these different designs
would affect certain selected performance measures, The per-
formance measures most likely to be affected by redesign of
patrol unit beats are

. Work load balance among patrol unts

. Response time

. Fraction of dispatches that take a patrol umt out
of its home beat

. Average travel tume for all the beats in a precinct

taken together,

Another factor that can be influenced by beat design,
but which 15 not usually taken as a measure of performance, 15
reasonably equal access to police service 1n the different parts
of a precinct, Response tumes to some areas should not consis-
tently be significantly longer or shorter than the average for
the precinet asa whole.

Design of beats 1s, as noted 1in Chapter 2, not entirely
arbitrary; there are usually natural boundartes that determine
at least some beat boundanes and geometry. Even so, 1 most
cases, there still remarns considerable flexibihity for the adjust-
ment of boundanes

The work that has been done on patrol beat design has
brought out some general relationships that appear to be con-
sistent and that are useful starting points for any exercise 1n
beat design These can be stated as useful rules of thumb, and
are summarized in the following paragraphs.

Beat Area and In-Beat Travel Tune. In general, 1t has
been shown that the travel fime average within any area,
mncluding a bezt, 1s proportional to the square root of the area,
thus a sector twice as big as another will have travel tunes only
1.4 times as great What this means i practical terms 1s that
travel times are unlikely to vary appreciably among beats as
long as they are roughly simiar in area. It also means that
there 1s a bwltan conflict between work load balance and
travel times 1 cases where some sectors have a hugh popula-
tion density and others have a low population density If beats
are designed so as to equalize work loads, those m low-
population-density areas will be much larger and have longer

*This section 1s based on matetial presented m Refs, 11 and 12,
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travel tumes. If they are designed to have roughly equal areas
w order to make travel times equal, the igh-population-
density beats will have a much higher work load than the low-
density beats.

Beat Shape Within the constrants of existing barriers,
the beat designer will want fo provide good police accessibility
to every point 1n the beat for the assigned patrol umt and, to
the extent possible, for units from other beats, This usually
dictates a fauly “compact™ shape, in which the long dimension
1s not more than twice the wide dimension. Gther considera-
tions, such as one-way streets or major arteries, may lead fo
exceptions to this rule of thumb If a planner 1s concerned
with the worst possible situation, he will want to determme
the longest possible travel tzme within the beat and use that as
an element 1n his beat design,

Travel Speeds, Travel speeds may differ in different
directions, a clear case 1s that of Manhattan in New York,
where travel in the north-south direction is much faster than in
the east-west (crosstown) direction In such cases the beats
may be designed longer 1 the faster direction of travel in order
to equalize travel times m the various directions within the
beat

Fraction of Out-of-Beat Dispatches Both experience and
computer models indicate that dispatches in which the patrol
umt assigned 15 not the one in whose beat the incident 1
located become an increasing fraction as the work load of the
precinct tcreases A rule of thumb is that the fraction of out-
of-beat dispatches is very nearly the same as the “busy tune”
fraction of the patrol units, That 15, under hight load conditions
the patrol units may be busy answering calls for service only
15 percent of the tune, and about 15 percent of the dispatches
will require a unit to leave ts beat because the “normal™ patrol
umt 15 already busy on a call for service, When the load
increases to 50 percent busy time, 50 percent of the dispatches
will take a unit out of its beat When the system 15 saturated to
the point where significant numbers of calls are held in queue,
the fraction of out-of-beat dispatches drops to slightly less
than the work load or busy fume fraction,

FPatrol Umit Work Load vs Beat Work Load Since patrol
units spend a considerable amount of thewr time answering
calls outside of their beats, the work load of a patrol umt 1s
not necessarily the same as the work load of its beat The
actual relationships are quite complicated, and can best be
handled m a computer model, but in the design of patrol beats
it should not be assumed that, for example, “If beat A gener-
ates twice the work load of beat B, then patrol umt A woiks



twice ag hard as patrol umt B”, And a design that equalizes
beat work loads will not necessanly equalize patrcl umi
work loads.

The Burden of Central Locafion, A patrol unit in a beat
that 1s centrally located in 1ts precinct will be a frequent candr-
date for out-of-beat dispatches because 1t will be the nearest
unit in more than half of the dispatches to the ring of beats
surrounding 1t (if the assigned umt 1s not available) On the
other hand, a patrol umt in a beat on the outer perimeter of
the precinct wll seldom be a good choice for out-of-beat dis-
patches. This 1s called the “burden of central location” About
all the beat designer can do 1s to design his centrally-located
beats with a less-than-average call for service volume and his
outlyimg beats with lugher-than-average call for service volume,
This, however, will create another problem the higher the
work load of outlymg beats, the longer the average travel tunes
for patiol umts dispatched to those beats from others.

The operation of a beat design analysis using a computer
model can best be illustrated by an example, Richard C.Larson
of the Massachusetts Institute of Technology has been develop-
ing computer models to analyze police command and control
systems for several years, and 1 1972 used his most recent
model in a beat redesign experiment for a selected district (pre-
cinct) 1 Boston. The experiment assumes that calls for service
arrive at the average rates expenienced in the past, but with a
typical distribution for random events, 1n which the exact time
of arrival 1s not predictable The same distribution 15 used for
service times at the scene (the fime to service a call excluding
dispatching and travel irme) The average service tmme deter-
muned from prior data was 38 munutes, but the service times of
mdividual calls vamed 1n accordance with a random
distribution

For the purpose of designing or redesigrung beats, the
entire area of the precinct 15 divided info 70 reporting areas
These are small areas of a few blocks, calls are located in
reporting areas (not at exact addresses), Since the reporting
areas are small, the following procedures can be used

. All beats can be designed to consist of some num-
ber of complete reporting areas (no reporting areas
are split 1n any configuration of beats).

e  The locations of the reporting areas can be desig-

nated by a set of coordinates centered on a major
intersection in the precinct. Thus a reporting area
location can be specified as x = 0,15, y = -0 05,
meanmg that the center of the reporting area 1s
015 miles east of the major intersection and
0.05 miles south of it With these coordinates, the
computer can readily compute the distance from
one to another
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Travel distances within a reporting area are so
small (in this case less than a tenth of 2 mile) that
they can be neglected in computing travel dis-
tances from one reporting area to another
(although the computer has a table of average
travel distances within each area and can add these
to the travel distance 1if desired)

In computing travel distances, the model uses a scheme
called the *“‘metropolitan™ distance metric This procedure
assumes that a unit responding to a cail will proceed along the
street gnd, going as far north or south as necessary and then
gommg east or west as far as necessary to reach the scene,
Options are provided for cases where this assumption is not
realistic, however, The user can nput any exception, or he can
calculate 1n advance the average travel times between all pos-
sible pairs of reporting areas (4900 in this case) and mput
these as a table to which the model will refer m each case

Travel times are estimated directly from travel distances
by assuming an average travel speed for all cases The speed
used in the experiment was 10 mph, based on a 1966 sample
taken in Boston that showed an average of 9 mph. The user
can mput any travel speed he chooses as typical of hus system
Or, as noted 1n the precedmg paragraph, he can calculate all
the individual travel times between reporiing areas, taking into
account any varwafions 1n travel speed that will make the esfi-
mates more realistic 1n individual cases

The basic mput to the mode! 1s the number of calls for
service 1n each reporting area These were collected for the pre-
vious year, they ranged from 451 for the least busy reporting
area to 2703 for the busiest These were then assumed to be
evenly distributed throughout the year. In reality, the rates of
calls for service m a given reporting area show trends by time
of day, day of week, and season. Since fimes of day were not
mncluded 1n the data collected, this factor could not be
included, the Boston police department plans to include this
data in the future Weekly and seasonal vanations were also
not reflected m the model, but they could be added easily

The other major mput to the model 1z the dispatcher
assignment procedure, also called the dispatching policy or
strategy. This 1s a set of rules the computer uses to select from
available units, and 1s as close to the actual dispatching policy
as possible Dispatchers frequently apply selection factors that
are not mcluded 1n a set of rules, nevertheless, the model can
make selections based on a set of dispatching jules that will
resemble actual dispatching policy well enough to show the
effects of changing beat boundares,

The model assumes that the dispatcher has a rank order-
mg of preferred patrol umts to dispatch to each reporting area



For the precinct analyzed there were six patrol units, and any
given reporting area would be in the beat of one of these units
One dispatching strategy 1s always to dispatch the umt in
whose beat the reporting area of the mncident 15 located Next
in order would come those umts whose beats border the beat
where the mncident 1s located, and then those whose beats are
further away. The computer can refer to a table listing the pre-
ferred rank order of umts to be assigned to each of the 70
reporting areas, and for each dispatch consult the table listing
the order for the reporting area of the incident. It then assigns
the highest umit on that lisi that 1s available at the time

The above procedure requires the computer fo store
70 rank-ordered hsts of the six patrol units, making a table
with 420 entries To sumphify the procedure, the Larson model
has eight “canned” strateges from whuch the user can pick the
one he wants to exercise These differ primanly 1n how much
knowledge the dispatcher 1s assumed to have about the loca-
tions of incidents and of hus patrol umts. In one set of strate-
gies he 1 assumed to know nothumng about the location of a
patrol unit that 1s available, and his estimate of travel time 18
based on assuming that the umt 1s in the exact statistical center
of 1ts beat (an terms of the distibution of service calls among
the reporting areas in the beat). The location of the incident 15
also assumed to be m the statistical center of the umt’s beat.
There are four strategtes, reflecting the dispatcher’s use of the
mformation available to lum on the locations of patrol units
and ncidents The two sets of four strategies differ only in
whether or not they always give preference to the patrol unit
1 whose beat the incident 1s located

The user of the model can input his own strategies, or
can modify any of the “canned’ strategies by adding special
cases For example, 1f he prefers to assign a unit with a
Spamsh-speaking officer to incidents mn beats with predom:-
nantly Spanish-speaking populations, he can cause the model
to select such a unit,

The expeniment consisted of runming the model four
tunes, once for each of four alternative beat designs The
assumptions and mput data are listed 1n Table 7,

The designer began with a preliminary estimate of good
beat geometry, based on trying to have equal internally-
generated work loads, to mamntain neighborhood integrity, and
to follow natural boundaries After examimng the results of
this first iteration, he adjusted certain beat boundaries to try
to reduce the work load imbalance among beats. Figure 3 and
Table 8 summarize the results of all four iterations, and ndi-
cate that he was successful 1n reducing the imbalance, particu-
larly the heavy work load of Beat 2 This remains the busiest
beat, however, and travel times mncreased in Beats 5 and 6
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Table 7 Assumptions and Inputs for Boston Beat Design Expariment

Area analyzed Boston District {Precinct] 4

Number of reporting areas 70
Number of beats 3]
Number of patrol units on duty 6

Taken from 1971 statistics
for each reporting area

Distnbution and average rates
of calls for service

Estimated from travel distances
determined by “metropoclitan™
distance metric,

Travel times

Average travel speed 10 mph

38 minutes per call for
service {Includes travel
time and time to close
incident)

Average service time

Rate of calis for service for
entire precinct

4,737 per hour average

Deciding that the work load imbalance shouid be further
reduced, the designer readjusted boundaries and produced the
results shown for Iteration 3 Despite the fauly significant
changes 1n beat boundaries, the results show lhittle or no change
in the performance measures Beat boundanes were shifted
more drastically for Iteration 4, and this tune the work load
imbalance was reduced appreciably (note that the difference
between the maximum and minmmum percents 1s 5 for [tera-
tion 4, while 1t was 10 for Fteration 3 and 9 for lteration 2)
The fraction of out-of-beat dispatches changed very slightly.
Although average travel times for individual patrol units and
beats changed from one iteration to another, the total average
travel time for the precinct remaned the same for all
1terations.

The above example 1s given as an ilustration of how a
beat design program was used on a specific police precmnct to
attempt to find a beat design that would optunize certain spe-
cific performance measures This same model can be used to
analyze more complex situations, including those with over-
lapping beats On the other hand, 1t does not allow for differ-
ent priorities among calls for service, this would probably give
unrealistic results n an analysis of response times, and of over-
all command and control system performance Also, as noted
previously the input data m this case did not reflect time var-
iations 1n rates of calls for service from different reporting
areas or beats, Includmg these variations might suggest beat
designs that improve” peiformance during peak periods at the
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a, Sector configuration for lteration 1
Fig. 3. Sector.configurations {Ref, 13)
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Fig 3 (Contd)
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A;.'erage
Patrol % of Fraction of Dispatches % of Travel
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Profile of Sector Operations
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¢ Sector configuration for Iteration 3

Fig. 3 (contd}
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SECTOR 5

FENWAY PARK; BOYLSTON STREET AREA ADDED;
PART OF NEWBURY STREET AREA DELETED,

NEW WORKLOAD = 14984

1.0

—

/

1.0

—

SECTOR 1
L~ UNCHANGED
WORKLCAD = 13271

0.5

SECTOR &

FENWAY PARK, BOYLSTON STREET
AREA DELETED; PRUDENTIAL CENTER
AND PART OF NEWBURY STREET AREA ADDED,

NEW WORKLOAD = 14644

1 /

SECTOR 2

-"_—an Y

-->_ SECTOR 3
UNCHANGED

WORKLOAD = 13599

—=0.5

SECTOR 4
UNCHANGED
WORKLOAD = 14586

Maximum work load imbalance = 5,48%
Regign-wide average travel time = 3 426 minutes
Average travel time for gueued calls = 5 178 minutes
Fraction of dispatches that are cross-sector = 0 483
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Unit No. Work Load Mean Qut of Sector Mean Time
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5 0485 970 0398 823 4.074
6 0 505 ' 1001 0456 945 3,612 _
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Sector Fraction of District's % of Fraction of Dispatches Average Travel
No Total Work Load Mean That Are Cross-Sector Time
1 0162 973 0482 2958
2 0132 79.0 0496 2 886
3 0166 99,7 0481 3234
4 0178 1069 0486 3204
5 0183 1098 0468 4524
6 0179 1073 0.4838 3 534

d. Sector configuration for Iteration 4

Fig. 3 {contd)
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Table 8 Summary Results of Beat Design Study

Patrol Fraction of Time Fraction of Dispatches Average
Unrt Busy Parcent of Mean Out of Baat Travel Time, mmn
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

1 052 051 051 050 104 102 101 100 054 052 0b1 050D 34 32 32 32
2 066 053 052 05% 112 105 105 102 058 0586 058 061 34 34 33 34
3 050 050 050 050 8¢ 100 100 99 042 040 048 o048 31 32 32 32
4 G649 060 050 050 98 101 1071 100 043 046 045 045 32 32 32 32
5 043 048 047 0438 86 86 95 97 037 043 042 040 40 42 41 41
6 061 049 049 05 102 496 9% 100 049 044 044 046 34 36 37 36

expense of somewhat nonoptimum performance during slack
periods Beat design must remain constant at least over the per-
iod of a tour of duty, and for a given tour should be the same
day after day so as to allow patrol officers to become famaliar
with their beats. However, overlay beats (overlapping tours)
and overlapping beats, 1n which some patrol umts are assigned
to more than one beat, are techmques that can be used to meet
busy-hour demands

There are other models that can be used for beat design
exercises, and an overall smulation of a command and control
system can mclude the necessary capabiliiies Although the
example given above does not show dramatic results from
adjusting beat boundanes, it 1s possible to make sigmficant dif-
ferences by applying certain beat design strategies. The most
common one is the use of overlapping beats. These may be 1n
the form of areas that are mcluded 1n two or more beats, or of
a separate beat overlaid on the regular, nonoverlapping beat
structure, Both of these techniques can cut down on the frac-
tion of out-of-beat dispatches, and may help reduce response
tunes if carefully designed, A computer model 1s indispensable

for trying out such'designs to see their effects on the perfor-
mance measures of concern. '
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Another existing model for beat design 1s that designed
by Deepak Bammi (Ref 14). It differs from the Larson modei
described above 1n that:

. It calculates travel times from travel distances and
speeds between adjacent reporting areas as input
by the user, In this way 1t 1s possible to allow for
varying travel speeds in different locations

. Ii allows for two levels of prionty in calls for
service

. It will calculate a beat design that minimazes aver-
age response time 1 the whole precinct, rather
than only analyzing designs proposed by the user.

The field of model development for police command
and contro! is developing rapidly, and a planner wishmg to
make uge of such a model should consult the references to
find out the current state of development, Certain of these
programs are available from the developers, and if the planner
has access to a computer he can exercise such a model either
separately or as part of an overall sunulation of the police
command and control system.



8.

Only when the three preceding steps have been carried
out and their results are 1n hand 1s 1t possible to proceed with
a complete simulation of patrol force allocation Up to this
pownt we have det.ermmed, by separate analyses

M

What rates of calls for service we need fo be able

to handle.

(2) How many patrol umts it will take to handle them,
and m a multrprecinct city how they should be
allocated to precincts,

(3) What arrangement of beats and beat boundaries

will be most. likely to optimize the performance
meastires we are mterested 1n (work load balance,
response time, out-of-beat dispatches, or other).

A different approach to allocating patrol umts and
designing beat boundaries 1s described here, namely, simulation
techmgues, which are widely available and relatively easy to
develop for a given agency in a short penod of time, These
simulations can be written in higher order languages such as
GPSS and SIMSCRIPT. The principal advantage of simulation
techmques 1s that a more realistic model of actual patrol
operations can be developed, and a wider range of patrol
strategies explored without extensive program modifications.
Simulations can analyze the hourly varations in the number
of calls for service and illustrate the effects on dispatch backlog
and waiting time

A possibly more important advantage lies in the ability
to handie calls by prionty, which the analytical techmagues of
Chapters 6 and 7 are unable to do. As dispatchers well know,
peak demands for service are almost always accommodated by
assigning prionties to calls, and responding to the more urgent
calls as rapidly as possitble, Lower prionty calls are left
unassigned until units become avarlable and are not needed for
new high priority dispatches. This procedure gives the patrol
force a great deal of flexibility in providing needed service
during busy hours without seriously compromising essentral
services. Bemg able to accommodate priorty dispatching 1s
an important aspect of analysis methodology,

it 15 also hughly desirable to be able to include in the
analysis procedures command and control center operations
such as wmcoming calls, dispatching operations, ang the com-
munications links between the center and the patrol units
Such a complete simulation can then be used not only to
analyze different dispatch strategies, but any other aspects
of the system. Specifically, 1t can serve the following
purposes.
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ANALYZING DIFFERENT DISPATCH STRATEGIES

° Detailed mvestigations of operations throughout
the city or in parts of the city.

. Evaluattons of new technologies bemng consid-
ered for adoption.

() Traiming 1o increase awareness of system mter-
actions and the consequences of everyday police
decisions,

' Developing new criteria for monitoring and evalu-
ating existing systerns,

. Assessing the contnbutions of reduced time for

command and control operations on overall
response time, which 1s as mmportant as reduced
travel tume {see Fig. 1),

Several models have been developed to simulate a complete
police command and control system  These can be used
directly or adapted fo the requirements of a particular police
department, or a model can be developed specifically for a
given department either by outside consultants or by the
department’s or city’s own programing personnel

The simulation techmique nsed 1n the following example
18 limited to patrol actwities and does not tnclude the complete
command and control function, however, 1t 1s consistent with
our discussion of patrol force allocation as distinet from over-
all command and control operations,

8.1  Patrol Force Simulation

The type of simulation required for evaluation of dis-
patching strategies (or for the other purposes mentioned
above)} 15 one that 1s quite simular to the model described 1n
the preceding chapter for beat design. It must contan a
description of the geopraphical area to be served, in a form
that can be interpreted by the computer. A set of smali
cells can be used, as 1 the previously described model, or
the computer can work with a master street index that
includes the coordinates of all intersections 1n some common
system of coordinates If cells are used, they must be small
enough that all their characteristics can be assumed to exist
at the center of the cell (in other words, that they can be
considered as points mn the determunation of travel distances
and as the source of calls for service)



Once the geographical area 15 defined m computer-
readable form, the boundaries of beats (and precincts, if city-
wide analyses are to be made) are defined in the same form,
This would already have been done if a beat design study had
been made.

Since the calls forservice were projected in the first step
of our procedure, this information should already be avail-
able. It will mciude the data on calls for service listed 1n
Table 9 (a more detailed list than that given m Table 3) It
assumes that the simulation will be used to generate output
data for each hour of simulated operations,

The computer simulation operates by going through the
same operations as a real police system handling the same load
of cails for service, in the sense that 1t allows for each opera-
tion a length of tume that s realistic for that operation (a
fixed length for predictable tmmes such as travel over a known
distance, a variable time for random times such as intervals
between calls or service times). Since the computer 1s not
actually performmyg the operations, however, 1t does not take
an hour of computer tine to simulate an hour of actual opera-
tions. Even including the calculations required to generate the
random tunes and to compute travel distances from point loca-
tions, the computer requires only a few seconds to simulate an
hour of patrol unit operations,

The stmulation program accepts a stream of calls for
service that are distnbuted in tune, in location, m pnority
level, and n length of time on scene in the same way as actual
calls for service over the time period that 15 being sumulated.
This mput data results from Step 1 of our procedure, as
mentioned above.* The computer also maintains a table indi-
cating the status of all the patro] units, so that hke a dispatcher
1t will know what units are available at any given moment.
Nonpatrol activities are not simulated except n the form of a
fraction of total patrol uvmit time during which the vmnit s
neither answenng a call for service nor available on patrol,
The status table 1s updated by the computer each time a umt 1s
assigned to an incident and at the end of the service time assumed
for the incident (consisting of the travel tume plus the randomly
selected service time at the scene). The table thus indicates
erther “availlable” or “not available” for cach umit, with an
indication of the reason for the nonavailability such as meals
or “other” non-call-for-service activities,

*Departments having a computer-mded dispatch system will have
a magnetic tape log of actual madents and can use this as input
rather than an arbificially-generated randomized stream of calls
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Table 8 Calls for Service Data Used for Simulztion [nput

Item

Mimimum Data

Desirable Data

Rate {mean and
daeviation) *

Annual totals of
incidents by reporting
area used In simulation

Number of calls for each
hour of a 24-hour day
for each day of the week
{also for reporting areas
used i simulation)
These rates can be
modified by seasonal
trends if such trends
have been observed.

Lacation If data 15 available only  Exact addresses are con-
by beat, an average verted to numbers of
rate for sach reporting  Incidents in each
area used in the simu- reporting area used n
lation can be com- the simulation,
puted |If exact
addresses are known,
the rates can be
defined as above,

Priority No prionty data used, Priority categonies by

percent in each reporting
area, each beat, or each
precinct.

*This 1s the same as “average and spread”, Dewiation or spread
1s a measure of how widely the events vary from the mean
That 1s, if the mean arrival rate of calls for service 15 6 per hour,
will a range of 2 to 10 calis per hour mclude 90 percent of all
hours observed, or 95 percent, or 99 percent?

For each incident 1n the stream of calls for service, the
computer attempts to assign a patrol umt, using whatever dis-
patching strategy the analyst has selected. The computer must
make some assumption about the location of the units, 1n
order to determune which unit 15 nearest, and compute travel
times. The rules for making these assumptions are part of the
mitsal put to the program At certain times the location of
a patrol umt can be assumed to be known. at the beginning of
a tour, before it has been dispatched to any meident, 1t can be
assumed to be 1n its beat (although the location within the beat
1s not known and 1s usually assymed-to be the geographical or
statistical center).”* When a patrol umt has been dispatched
to the scene of an incident, it can be assumed to be at that loca-
tion until the end of the service time assigned to that incident

*#1f an automatic vehicle location (AVL) system 15 employed, the
location of the unit will be known wrthin the accuracy of the system.
The simulation program can be made to assume a random location
within the circle of uncertainty, or assume exact knowledge of
the umit’s location 1f a highly dccurate AVL system 15 used



(eventhough there are excephions such as arrests and bookings).
And if a patrol umt has been m available status for a certain
length. of time, it can be assumed to be back in its beat.

I
Smmilar assumptions are made by actual dispatchers m guess- |

ing the locations of units 1n order to select. the nearest one for
assignment to an incident;
mnto the logic of the computer simulation,

3

' Some different dispatching strategles that mught be
analyzed. with such a simulation for their effect on various
performance measurements are histed 1n Table 10.

Since the computer 15 keeping track of the status of all
patrol umts at all tumes, it will not assign a call for service to
a patrol umit if all umits are busy at the tune the call arrives,
In this case it will place the call 1n a queue until a unit becomes
avatlable, urless the dispatching strategy calls for preempting
umts that are answenng low prionty calls to dispatch them to
high priority calls if no other units are available. Additional
calls arriving whale all units are busy will also be placed 1 the
queue and dispatched in turn as units become avaiable (again
unless the priority rules call for dispatching higher prionity
calls first even though they are lower in the queue)

The length of time to be sumulated by the computer run
1s specified by the user at the start, and when this time has
elapsed the computer stops the simulation and prints out or
displays the results. These results are also specified 1n advance,
and can be 1 a number of different forms If the analyst 1s
interested only 1n the effect of changing the input variables,
or any one of them, on a given performance measure he can
request the display or printout of only that data. He can go to
any desired addtional level of detail and request output in several
different forms if they are of mnterest Typical outputs are
shown mn Table 11, When the suimulation 15 being operated in
an interactive mode, the analyst can ask for display of any or
all of the parameters of interest, even to the lowest level of
detail. Larson reports that the output vanables he has most
often been interested in are the following

. Total time required to service an ncident (travel

time plus time at the scene),

. Work load of each patrol umt, measured 1n number
of :assignments as well as tuhe spent on assignment.

) Fraction of assignments preempted
¢  Amount of preventive patrol.

o  Travel time to the scene of an incident (by patrol
umit, beat, or average for the precinct),

o Length of queue at dispatcher station

these can easly be programmed
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Table 10 Possible Dispatching Stratagies

Patrof unit location 1
at time of dispatch

Unit 1s always assumed to be at
.the geographical or statistical
center of 1ts beat

2, Umit 1s always assumed to be at
the center of 1ts beat unless it has
Just completed a pravious call

3. Unit 15 assumed to he at the
tocation of its last incident until
some specified interval {say 10
minutes) after the time the last
incident 1s assumed to have been
completed, after which 1t 1s
assumed to be at the center of 1ts
beat,

4, For systems having an automated
vehicle location systern, unit is
assumed to be at the last location
indicated by that system

Selection of patrol 1.
unit for dispatch

Unit sefected 1s always the umtin
whaose beat incadent 1s located.

2. Umit selected 1s always the nearast
available unit {according to loca-
tion strategy being used)

3  Unit selected for Prionty 1 {or 2}
calls 1s always nearest umit, with
lower priority calls being placed
in queue if necessary until “home
beat" unit becomes available

4. Nearest unitas selected for
Priority 1 calls, regardless of
whether 1t 1s busy ar not on
previous incident {preemption
palicy)

Number of patrol 1
umits dispatched

One umt always dispatched,

2. Backup umits dispatched to
Prionity 1 calls or other incidents
for which backup 13 provided by
department operational
procedures

"

Average and maxunum time spent in dispatcher
queue,

Number and proportion of out-of-beat dispatches.

Number and proportion of dispatch andfor
reassignment decisions for which patrol unit posi-
tion was estunated rather than known.



Table 11. Patrol Fores and DPispatching Simulation {(from Ref. 15)

SAMPLE LEVEL 1 QUTPUT

Table 11 {contd}

SAMPLE LEVEL 3 QUTPUT

Statistical summaries — District No 15

The avarage patrol unit spent 34,21% of 1ts time servicing calls
Average response time to high priority calls was 6.40 minutes
Average response time to low prionity calls was 7.27 minutes
Average travel time was 3,19 minutes,

Average total job time was 34 59 muinutes,

SAMPLE LEVEL 2 QUTPUT

Statistical summaries — District No 18

An average of 34.21% of time of all units  was spent serving
calls

The following units were substantially bélow this figure

Uit No Unit Type k3

4 Wagon 000

The following units were substantially above this figure

Unit No Umit Type %

1 Sector Car 79,14

Average times for each type of call were as follows (stated
in minutes)

Poonty  Dispatch Delay  Travel Time  Besponse Time

1 000 1.60 1.60
2 5,086 3.40 8,46
3 0.00 0.00 0.00
4 3.72 3.55 7.27

3.62 3.19 681

The average travel time was 3.19 minutes, 10,53% of calls
incurred a queulng defay due to car unavailability,
0,32 = Average extra mules traveled due to not dispatching
closest car.
Average total job time {travel time + time at scene} by priority
was

. 77.54 minutes
. 37.45 minutes
3. 0.00 minutes
4, 18,05 minutes

Ay =

&
The average queue length for each type of call was

1. 0.00
2 051
3. 0.00
4. 043

The.maximum delay in queue for each type of call was

1.  0.00 minutes
2, 35,39 minutes
3  0.00 minutes
4. 33.46 minutes
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Bistrict Summary

Overall
Parameter Average
1. Work load (%) 342
2 FResponse time {minutes) 6.8
3 Travel time (minutes) 32
4 Extra distance {miles) 0.3
5 Total Job time (minutes} 346
6. Number of calls preempted for higher priority = 0 (0%}
7 Number of calls assigned to unit on
preventive patrol =17 (89%)
8 Nurnber of calls assigned to unit assigned to
sector =17 (89%)
9, Number of calls assigned to cars other than
, closest = 7{37%}
Workload by Prionity {percent}
Patrol Unit 1 2 3 4 Total
1 474 176 6o 14,2 791
2 0.4 17.3 00 7.1 24 8
3 07 19.7 0.0 12,6 328
4 0,0 00 0.0 00 0o

Calls Assigned to Unit on Preventive Patrol

Patrol Umt  No, Calls  Percent

1 6 1000
2 6 857 .
3 5 83.3
4 0 oo

. Fraction of dispaich decisions m which the patrol
unit dispatch was not the nearest available one to
the incident, and the extra travel distance and
tune resulimg from these nonoptional dispatches,

8.2 Command and Control System Simulation

We have already mentioned the usefulness of a simula-
tion program for the overall command 2nd control system,
which can determme loading and’ waitmg times for complamt
board stations, dispaich stations, and communications chan-
nels as well as utihzation of patrol umts. Purely mathematical
techniques have not been developed for this purpose because
of the extreme complexity of so doing,



Although not illustrated here, a general simulation of
this type was developed for the mobile digital communications
manual (JPL SP 43-6 Rev 1), and 1s described bnefly to
acquamnt the planner with this useful program. A flow diagram
of the program 1s shown m Fig. 4 It consists baswally of
two separate elements, representing the base station and
the patrol units, respectively  Begmming with the base
station sequence (on the left), calls for service are generated
and placed n a queue for the attention of the complaint board
cperator (CBO). Some calls are not passed to the dispatcher
but referred to other elements of the agency, such as the
detective bureau, for action. Those calls that are referred to
the dispatcher form a queue to wait for the attention of the
avallable dispatcher. One or more dispatcheis can be assumed,
and the program continuously monitors each dispatcher’s
activity so that 1t can determine when he will have completed
his previous task. This status-momitoring function also
measures dispatcher loading (percentage of the total time he 15
handling calls, assigning units, acknowledging messages, etc.)

Once the call reaches the dispatcher, a specified tune 1s
allowed for the dispatcher to examine the information, deter-
mme what action is required, and select a patrol umt on the
basts of patrol umt location and availlability,

Each call 1s assigned a priority, and the number of
backup umits, if appropnate, The program automatically
clears lugh prionity calls before assigning other dispaiches

The next block represents the operation of contacting
the selecied patrol unit and giving it the assignment. A cer-
tain amount of time 15 allowed for momtoring and supporting
the patrol unit after the dispatch has been made, This voice
channel traffic load 1s based on taped observations of dis-
patch operations, and consumes a substantial fraction of the
dispatcher’s time, as well as ar time on the RF link.

Upon completion of the service call, a block of time 15
allocated for the preparation of the dispatcher’s report on
each call. The program accumulates these blocks to provide
the fotal fime the dispatcher spends on a call, ncluding
subsequent conversations with the patrol umt working the
cail.

The patrol unit model begins with a set of patrols, the
number specilied as aninput to the program. At the beginning
of the run, each patrol unit is assigned a status (normally
““available”). The program momtors channel usage by all patrol
umts and thus “knows” when the channel is clear When the
channel 1s clear, the patrol unit sends a status message,

The “dispatch call”” decision block 18 the hink between
the base station and the patrol unit with respect to the
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handling of service calls At this pomnt, the patrol umit
sequence checks the corresponding block of the base station
sequence to determine whether or not a dispatch call for that
umt exists, If there 1s none, the' model then determines
whether or not a patrolinitiated event 15 to be assumed
at this time.

If no patrol-imtiated event is scheduled, the model next
checks to determine whether the given patrol 1s scheduled for
a break If 1t 1s, the communications block 1s agamn used,
except that the status reported 18 “on break™ and the
program changes the status of this patrel unit accordingly

Returming to the “dispatch call” decision block, if
a dispatch call for this umt has been 1ssued by the base
statton sequence, the program agan uses the communications
block to report a change in status (the program changes the
status of this umt accordingly).

; The time allowed by the program for completion of the
service call by the patrol unit 1s randomly selected from an
exponential distnibution, with a preset average.,

There 15 some probability that a given service call
will involve a data base query If no query is involved, the
program allows a second block of time for preparation of
a report and returns to the beginning for a new status
assignment for the given patrol umt “If there 15 a data base
query, the commumcation block 1s sumulated, with the
addition of a time mncrement for transmussion of the query
and receipt of the response

The general utility of this sinulation program 1s readily
apparent, and should be considered by the planner for ug
particular needs A subroutine to randomize the location
of the ncident and location of nearby units 1s not i the
program as shown in Fig 4, but can casily be added to give
a more precise determination of travel fime

8.3 Summary and Conclusions

The deserniption of sumulation methods and results
this chapter should give the planner a good 1dea of how such a
simulation works and the kind of results that can be obtained
from it One of the major advantages of a sunulation 1s that
it can easily be modified and refined to represent operations
more accurately or to provide new kmnds of analysis and
outputs. A relatively-simple simulation can gradually evolve
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mnto a sophisticated model that takes mto account a large
number of vahables. Even the most sophisticated command
and control smmulation, however, 1s a relatively simple task for
the current generation of computers. Most of the expense
18 assoclated with running the program.

If the dispatch center 1s included in the simulation,
as in the program just described, other types of analyses of
mnterest to the planner can be carmed out. Radio channel
occupancy can be sumulated to identify the times and the
causes of channel overcrowding The dispatcher station can
be simulated to define the circumstances under which the
dispatcher queue becomes too long and causes delays in
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overall response time. The same analysis can be made of
the CBO station, and the combined effects of CBO delay,
dispatcher delay, and radio channel delay can be evaluated.

The description of the complete command and control
simulation indicates that such a complete, end-to-end simula-
t1ion would be a very useful tool for a public safety planner for
a variety of analyses m addition to those directly related
to patrol force allocation. A department considering the
acquistton of a computer program (or the development of
a programt by a consulting firm) for patrol force allocation
should have as an ultimate goal the availability of a complete
command and control stmulation.



9. WHERE TO FIND ADDITIONAL INFORMATION

The planner interested in learmng more mn general about
patrol force allocation studies can select from the List of
references 1tems that appear to be on the special topics
of interest to hun Those that are not available in the open
literature can usually be obtained from the author or the
1SSUlng agency

For the planner who 1s seriously interested 1n setting up
a patrol force allocation model in his department, 1t would be
advisable to contact a department that has implemented and
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iy
used such a model, This hsi changes rapidly ,as more
departments undertake this kind of analysis, but those
known to have conducted patrol force allocation studies
nclude

¢  Boston Police Department.

e  New York ‘City Police Départment

¢  Washmgton Metropolitan Police Department
. San Diego Police Department

] Dallas Police Department

s  National Research Council of Canada



REFERENCES

10,

11.

iz

13

Larson, Richard C,, Measuring the Response Patterns of
New York City Police Patrol Cars, The. Rand Corpora-
ton, R-673-NYC/HUD, 1971,

Wilson, O. W., Distnbution of the Police Patrol Force,
Publication 74, Public Administration Service, Chicago,
Hi., 1941

Wilson, O, W, Police Planmng, 2nd ed., Charles C
Thomas, Springfield, Ill., 1958,

Wilson, O W., Police Admustration, 2nd ed , McGraw-
Hill, New York, 1963.

IBM Corporation, LEMRAS Apphcation Description
Manual, Document H20-0629, Law Enforcement Man-
power Resource Allocation System (LEMRAS) Program
Descripnion Manual, Program 5736-G21, Document
SH20-0695-0.

Chamberlamr, R. G., Law Enforcement Manpowei
Resource Allocanon System (LEMRAS] Evaluation,
JPL Report 650-150. Jet Propulsion Laboratory, Pasa-
dena, Calif. Feb 28, 1972,

Automated Deployment of Available Manpower {ADAM)
Users Manual Los Angeles Police Department
July 1, 1975

Ferreu"aa 1., Comparing Methods of Allocating Patrol
Units, Massachusetts Institute of Technology, Cam-
bridge, Mass., 1975.

Larson, Ruchard C., Urban Police Patrol Analysis, MIT
Press, Cambrnidge, Mass., 1972,

Chaiken, Jan M., and Peter Dormont, Patrol Car Alloca-
tion Model, R-1786/1 (Executive Summary), R-1786/2
(User’s Manual), R-1786/3 (Program Description), The
Rand Corporation, 1975.

Larson, Rachard C, Hypercube Queumg Model User’s
Manual, The Rand Corporation, R-1688f2-HUD, 1975

Chaiken, Jan M , Hypercube Queuimg Model Fxecutwe
Summary, The Rand Corporation, R-1688/1-HUD, 1975

Larson, R. C, Urban Service Systems Course Notes,
Massachusetts Institute of Technology, Cambridge, Mass ,
1975

14

15.

Bammu, Deepak, “Allocation of Police Beats to Patrol
Umnts to Mimmize Response Time to Calls for Service,”
International Journal of Computers and Operations
Research, Vol. 2, pp 1-12, 1975,

Larson, R, C., “Decision-Aiding Tools 1n Urban Public
Safety Systems™, Sloan Management Systems, Winter
197273,

Additional relevant literature (not cited in text)

16.

17

18

19.

20.

21.

22.

23.

42

Bammi, Deepak, Design of Police Patrol Beats fo
Mwnize Response Tune to Calls for Service, Ph.D.
Thesis, Hlnois Institute of Technology, Chicage, Ii.,
1972,

Chelst, Kenneth, An Interactive Approach fo Police
Sector Design, Massachusetts Institute of Technology,
Cambrnidge, Mass,, WP-03-74, 1974

Crowther, Robert F., The Use of a Computer System
for Police Manpower Allocation i St Louis, Missouri,
Department of Police Admimstration, Indiana Umniver-
sity, Bloonungton, Indiana, 1964.

Heller, Nelson, J,Thomas McEwen, and Willtam Stenzel,
Computerized Scheduling of Police Manpower, Volume
1 Methods and Conclusions, PB-232-071; Volume 2+
Evaluations and Program User’s Manual, PB-232-072,
National Technical Information Service, U, 8. Depart-
ment of Commerce, Washington, D C,, 1973,

Ignall, Edward J., Peter Kolesar, and Warren E, Walker,
Usig Swnulation to Develop and Vahdate Analytical
Emergency Service Deployment Models, New York City-
The Rand Institute, P-5463, 1975,

Jarvis, James P., Optunal Dispatch Policies for Urban
Service Systems, Massachusetts Institute of Technology,
Cambndge, Mass., TR-02-73, 1973,

Kolesar, Peter, and Warren Walker, 4 Swnulation Model
of Police Patrol Operations, The Rand Corporation,
R-1625/1-HUD (Executwe Summary), R-1625/2-HUD/
NYC (Progrem Description), 19735,

Kolesar, Peter, Kenneth Rider, Thomas Cratill, and
Warren Walker, A Quewing-Linear Programmung Approach
to Scheduling Police Patrol Cars, The Rand Corpora-
tion, P-5260-1, 1974 (to appear, Operations Research).



24,

25,

McEwen, Thomas, Project Director, Allocation of Patrol
Manpower Resources in the Saint Louis Police Depart-
ment, Vols. I and I, Report of the St. Lours Pohce
Department, 1968,

Smith, Spencer B., et al., Superbeat A System for the
Effective Distribution of Policé Patrol Units and Super-
beat Program Manual, lllinows Instituie of Technology,
Chieago, I1l,, 1971.

NASA — IPL — Coml , 1 A, Calif

43

26

27,

Urban Sciences, Inc., “Computer Simulation of the
Boston Police Department,” 177 Worcester Street,
Wellesley, Mass., 1971.

Urban Sciences, Incorporated, “Police Resource Alloca-
tion Program (RAP),” 177 Worcester Street, Wellesley,
Mass., 1972,



