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‘PREFACE.

‘This report was written pr1mar11y for pollce department admlnls—

'trators and planners.k It .is 1ntended to assist them in determlning

‘whlch computer models, if any, among those avallable would,be useful

-in resolving thelr patroi allocatlon problems. Analysts 1n the fleld

of urban emergency services may also be interested in this report as'

a review of current knowledge.

Preparatlon of the report was sponsored by the Offlce of Policy
Development and Research, U.S. Department of - hou51ng and: Urban Devel-
opment. Other reports in this serles.lncludevmodels for the deploymentf
of emergency services, users' manuals for such~models, case studies of
appllcatlons in selected c1t1es, and lecture notes for a. tralnlng
course in, the deployment of emergency services. A companjon report
to the present one has also been.prepared for rlre departments.‘

 Jan M. Chaiken, Edward J. Ignall and Warren E.. Walker,
DepZoyment Methodology for Fire Departmenfs, The Rand
Corporation, R-1853-HUD, forthcomlng

Further. informatlon on any of these materials cén be obtained

from the author by wrlting to the address shown 1n\Appendix B.
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CSUMMARY: .

i

This report reviews mathematical modeling methods that have ‘been

developed to assist police departments in allocatlng patrol resources. -

Models are -described  and compared;- but ‘not- dlscussed 1n-detail. fInstead,
the reader is dlrected to appx opriate source documents. :

The key issues 6f patrol allocatlon are:

° 'Determinihé!theinumber of patrol unitshto’havé on dutykin'each '
-~ of ‘the department's geographlcal commands this may vary by
‘time ‘of day, day of week, or season of the.year. -
0;“‘De51gn1ng patrol beats. : |
o Developlng pollcy for- dispatchlng and redeployment of patrol

unlts.

L chheduling manpowar to match the Va 1at10ns in the number of

vunlts needed on duty.

. Traditional approaches to the?first issue, are based on hazard for-

mulas or workload formulas. Hazard formulas have serious failings and

are not recommended for any purpose. Workloadsformulas have limited

utility, which is ‘to find allocations that balance workload Better

ithan either of these are computer,programs,that calculate a variety,of

‘performance.measures and recommend allocations that meet the objectives

estahlished by the departmentgi Only‘one‘general¥purpose~modelnfor al-

‘location of patrol units is currently available for installation on a

police department's computer system. ‘ ‘

 For designing patrol beats,.two models are arailable.. These re-
quire much more detailed datafthan a model for allocating patrol units
and should generally be used after a department has determined the appro-

priate number of units to have on duty Either model w1ll guide the

planner to substantnally better beat designs than he can ‘obtain using

beos

only a map and manual calculations. ‘ ,
Issues of dispatching and redeployment policy are best resolVed

using simulation models, which are much more expensive/and difficult to

s
‘L
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use than either allocatlon or beat de51gn models. Most departments
‘would require out51de analytical a531stance to analyze such issues.
Manpower scheduling 1ssues are of several types, and the ch01ce
- o ~of a suitable model. depends on understanding the distlnctlons among them.‘

Some of these. models are very flexible, and /most ‘are relatively easy to

usg. The schedules they generate can be con51derab1e 1mprovements over

those now in use in most departments.‘

Steps in a- well—managed study of patxol allocation 1nclude collec-
tﬁon'of data, processing the data for the purpose of identifying the”’
, ‘policy issue to be addressed, seléction of a methodology, finding people
E% S S . " with the relevant analytical capabillties, assembling ‘a project team,

‘acquiring and running the computer programs, and developing ‘policy recom-

mendations based on the analysis. - ?”' A,
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function in a:narrow technical or mathematical sense. Thus, pianning
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I. INTRODUETION

L
/
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This ‘report describes various mathematical models o&at are avail-
able to assist police departments in allocating patrol resources, the
principles on which ‘the models operate, what they can be used for, and
whether they require any special data collection or programming skills.
Such information should help managers‘and plannerS‘diecoVerwwhether‘they
have a need for eﬁy of the models and, if so, which odEs would be most
appropriate in their circumstances. A s

The term "patrol" is used in a somewhet restrictedfeéﬁSe here; it
refers to uniformed officers who ride in mobile Vehiole%‘and:engage ind
such activities as responding to calls from the public £br emergency v
services. = Although most police departments devote well over half their
total budget dollars to this function, top police administrators Larely
consider the question of possible‘defic1encies or 1mprovements in patrol
allocation. Primarily this isg becauseipatrol ig conducted routinely ‘
and continuously by the lowesit-level offieers in the department and is '
unlikely to be the subject of pub1ic praise or _goncern, whether it oper~
ates eff1c1ently or not.

Indeed issues that should and do oocupy the attention of police
adminlstrators~—such as community support for the police, control of ’,9 G
crime, and relations between labor and management-*may well outweigh 9

any considerations of efficienoy that arise from viewing the patrol

officers and patrol commandere who are concerned with patrol allocation - Sh

must address operatlonal questions in a context of ‘both explicit and

implicit adminietrative, legal, and political constralnts. They cannot
expect mathematical methods and models, such as those described in this
report, to tell them the "best" solution to whatever problem their de-

partment faces, and they must be prepared to use all such methods with

caution, imagination, and common sense.

When ised with appropriate care, methematical models prov1de several

benefits to the piggner.f First, they can help 1dentify deficieneiea in

current allocatiqg‘policies by calculating performance statistics that

v
A



were mot previously‘available tO'the department. Second,‘theyvpermi*
‘the planner to consider and analyze numerous alternative allocation poli—
cies, whereas only one or two alternatives can be considered seriously
‘if‘tedious manual calculations are required. Third; some'of the models
will suggest alternatives that may be preferable to anv of the ones that
"were initially under consideration.' ‘ : '

P
bz

WHAT IS "PATROL ALLOCATION"" ST Y

- The general subject of Ppatrol. allocation includes a variety of -
topics, some of which can be addressed using mathematical models -and -
_ others not. The primary allocation issgues that will be considered in

this report are the following

R ‘ﬂbw,many_patrbl units*,shauld‘beton'duty? ThiSjmay be a long=
, term»planning”decision’relatedtto'the department's'budget and
_the relative amount~0f resources to be’devOted to the patrol
i‘function, or 1t may concern the appropriate variation in: patrol’
1eve1s by time of -day, day of: the week or season of the year.

2. How many patrol units should be asstgned to each geographzcal k
command?  This question. refers to ‘the location of patrol units
in a general sense. The term "geographical command" refers
to an organizational unit that is variously called a precinct,'
division, district, or area ‘For departments that have such
_oeographical subdivisions, ‘the number of patrol units to be :
agsigned to each of them is an important allocation question. 5

f3;u”Daazgn of patrol beats. Ordinarily, each Datrol unit is as-

E signed to cover a small geographical area referred to as. its '

“patrol beat.i The patrol beats of differenr units may be dis-

i tinct, or several units can share ‘a single beat,‘or the :

*The/bxpression "patrol unit" means the,mobile vehicle used by ‘
;4patrol officers. Typical names given to" patrol units by police de-
- partmentg are: ~patrol car,. cruiser, RMP unit, black—and—white, and =~
“squad car. In addition, some ‘officers may be deployed in scooters or
'~other vehicles that can also ‘be considered patrol units.

~beats'may'overlap in. various‘ways.f Most police departments

specify the geographical distribution of their patrol units by
"designing" ‘the patrol beats, that is, by drawing the bounda-

~ries-of each unit 's area on a. map and determining the relative

emphasis to be given to patrolling different parts of each area.

.e'Dzspntchtng poZecJ - This'is a very 1mportant aspect,of;patrol
, allocation and includes the following topics '

" a. How many patrol untts thZ be sent to each reported inei-

“dent? Ordinarily, ‘the anSWerxto‘this question is that
either one or twdfpatrol'unitg;are‘sentito an‘incident.
The anawer may vary among departments according to the

; number‘of officers in each patrol'unit;‘andjit may'alSO‘

k tvary according to the reported nature of the incident and

'ments have a policy of not dispatching_any’patrol unit to
: certain“types‘oftunimportant‘incidents;1”Which calls are

scraened out in this way constitutes part of the department 8

e

’ dispatching policy. "’r“fﬂ”f““”“V”
. , ol

b. theh partzcular patroZ untt(s) will be dtspatched?
g "‘Departmental policy may specify that the closest unit to
: the 1ocation ‘of an incident should be dispatched or that
w“lvthe patrol unit assigned to the beat in which the incident
g floccurs ‘will be dispatched 1f available, or that the unit
'=l‘assigned to the beat will aZways be dispatched even if
~fthe call must wait until’ ‘that undt is available etc,
| aVIn addition, technical cdnsiderations such as the radio ,
: 1frequencies that’ can- be received in each unit may affect

.which units can ‘be. dispatched to. an incident.,

W i crv:Whon thZ caZLs be queued (stacked, backZogged)9 At some

‘level of saturation of the patrol force, new calls will be ‘

: f‘placed in queue to await the availability ‘ofan. appropriate
"_:patrol unit. At a minimum this will have - to happen if an
”‘incident occurs when all the patrol units in the city are

llb,busy. However, departmental policy may prescribe that calls lf -

the availability of patrol units. “In addition, most depart—
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~ will be queued when all theldnits under the controliof a
single dispatcher are Yiisy, or even if Just the unit as-

‘gigned to the inoident g patiol beat ie busy- insaddition,
it is possible to establish a policy of queuingicalls‘undenmv*i
certain‘cireumttances,‘cven‘though gome units are available.
Suthnﬂ'poliey can‘preserve the department's capability to
respond rapidlp to urgent calls that may occur in the near

future,

d. «Priaréty airncture. Once calls are placed in queue, a
,‘ choice must be made as to ‘which call Will be handled first
when a. patrol unit becomes available.‘ Ordinarily, the
dispatchex categorizes the calls in his min&/according to
their relative importance, or priority,‘and when a unit
‘becomes available he diepatches it to the highest priority/
call that has been waiting the 1ongest. Departmental pol—
icy can effect what the dispatcher ] priority structure is.
In some cities, the patrol officer is informed of all calls
‘Weiting in his heat, and he decides the crder in which to

‘rxhandle them, (This is termed "stacking calls on units.")

E@depZOymant polzcy, Patrol units can be reassigned to new
heets, aven outside their command .as unavailabilities develOp.
£ a department adopts this polivv, which We call redeployment

Wand T to be .

then rules must be deVeloped as to wh

&avomplished.

Manpower scheduling, Erén‘if-a'department'knows how fany

patrol unlts it Wants to have “on duty in each geographical

5 E et

ny,:fz

fthe appropriate‘role of patrol officers in conflict resolution,
‘tlgatlon of” crimes, ‘and fleld interrogation, mobilization of patrol
:resources for . special events cr“m‘jor emergencies, “and improvement of
,selection, training, and management pivicies SOmas to enhance the effec—

‘gtiveness of the patrol force.

i
Ry

'“t’rn other departments there are more than three tours, and they:
’overlap in some way . ' : 5
' The second qUestlon is how to schedule the work days,
“days off vacatlon days, and patterns of rotation among touls

for the patrol officers ’ Such a schedule will determine the
number of officers who' are supposed to. appear for work at the ‘
beginning of sach tour. But then meal breaks, court appeur~
ances, and other events will remove patrol officers from patrol
work even though they are on duty, and the third quesrion is
how such unavailabilities should be scheduled (to the extent
that this is poss1ble) '

The discuSSionﬁin'thisvreport'isblimited’to the issues‘listed‘
abové primarily: because we twish to emphasize the use of methematical v
models that have been designed to suggest or analyZe answers to the'f‘:
questions ralsed These same models can ‘in some instances he used to
study equipment-orlented questions, such as whether a. department should

purchase a computer—assisted dispatching system or install ‘car locators~

“din its patrol units.  But such topics fall outéfde the domain of "patrol

allocation," and therefore will be omitted Also omitted are a’ variety
of issues of considerable concern to patrol commanbers hut“for‘which g

ling approaches have not” yet: becn _10ped Theye include

24

‘MEASURES OF PERFORMANCE

yioffenders,‘recovery of stolen property,

Although there is widespread agreement that the primary obJectiv

'Vefof the pattol function are crime deterrence, apprehension of criminal

oviding the community wkth e

patrol allocation are in the peculiar position of not being;able to base

i . iy
. ) e t.s,
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their etudiea directly on any of these.. oneyreason for'thiS'situation
48 the ﬁnevailability of suitable measures of the degree to which some
of khe objectivee, such a8 citizen satisfaction, are being met. But -
more,important ie the 1ack of reliable methods for estimating the effect
of nhenges in petrol ellocetion on‘any of the objectives.ﬂ' 4[ TN
‘ ~doubled; or
halved, no one can atate with any degree of certainty wnat will,happen

For exemple, if the number of patrol units on duty is

to crime rates or to the fraction of incidents that result in a patrol
arresc. ludeed, if the number of patrol units is doubled, one effect
will be an ﬂnorease in ehe time available,for preventive patrol “but

recent studiee‘ 2
in crime rates, A second effect would be that patrol units arrive at

caat doubt on whether this would lead to any change'

the geene of incidents faster than previously.‘ This may have value for
deterring crime, but if it does, the exact nature of the effect is un-
known, It preaumably aleo produces an increase in the number of on~scene
enppxthenaions, but current knowledge of the extent of the change in Los
<3) and Seattle(4)
mates for other citiee.

As a result of these uncertainties, analysis of patrol allocation

Angelee is not adequate to permit quantitative esti—

must rest on 1imited information about performance (whatever can be
culoulated roliably), together with informed Judgment.‘ Certain general
prinoiplea are clear. Firet, a deQFrtment must haVe enough patrol units
1 handle (eooner or later) all the calls for service that it wants to.

respoud oo Fof example, if during an eight—hour tour the calls arriv—f
ing from the public will entail 18 unit~hours of - on—scene‘work ‘then two
patrol units (i e.y at most 16 unit—hours) will certainly'not be enough.7‘

?econd extremely long delays (say three hours) in responding to
aven relatively ninor dncidents will mot be consmdered satisfactory in
nogt communities, Third, some kinds ‘of changes can be identified as .
ﬂeairable aven 1if we don't know exactly how much better they'are., For
exemple, LE a ohange in allocation;policy that uses the existing patrol
' reeourcea can reduce response ‘times to all incidents that are of concern

to the dcpartmont, this is a desirable change.‘ Or,‘if the existing level

ot reaponee times can bc achieved at lower cost, such a change is alsoe
deeirable“ Althnughusuchefideel9‘chauges‘oannot,often,beaachieved,in,t

g A

ek e eeai‘~f°*

practice, they do 1llustrate the fact that the desirability of’ a spe—

cific change can often ‘be identified without knowing its pre01se ef-

fect on police performance. W

i CunSideratione ‘like “these permit the listing of measures that

yare both practical to calculate and relevant for parrol allocation.

. Response th@* This is the length of'time from the moment

-the caller reaches the police de partment until a patrol unit

arrives at ‘the scene, Response time includes & dospatoher 8

proaessong delay; which is not usnally affected in any impor~

nranr way by changes in patrol allocation, & queutng delay,

. which is the- length of time the call must wait until a unit

~is available to begin its trip to the incident, and a travel

timey which is the 1ength of time between the start: of the

patrol unit s trip and its arrival at the scene.

i;Fractzon of dzspatckes that take a unit outside 1ts assigned

patrol beat. This ie often deemed important because one reason

for assianing patrol units to beats is to encourage the patrol

"officer to establish a neighborhood identity" with a particu-

lar part of the city.  This identity, which arises from patrol~

ling and from citizen contacts nade whilé responding to calls

for service, is supposed to help the officer know the best way '

to handle incidents in his area and feel responsible for public

'7order there. Should it happen that the officer is actually

responding for the most part to incidents outside his patrol
beat, this objective is undermined

fTome avanabZe fbr other actovotoes Since patrol officers

have duties other than responding to calls for service-—such
as investigating suspicious circumstances, providing traffic

control engaging in patrol on foot in selected areas, executing

_warrants, searching for wanted persons and stolen vehicles, and
Minteracting with citizens—-the amount of time available for

" such activities is relevant to the performance of the pattol
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force. 1In addivion, patrol officers nee&'some free‘time for .
- meals, maintenance of their vehicle, anc‘i various admlnlstratlve/
o'duﬁi@ﬂ., Thus, it ie ordinarily desirable to allocate patrol
units in such ‘& way that at least a certain minimum amount oﬁ ‘
time is availabie for acﬁivities other than handling calls for
‘aetvices. o [ i / ,
Moreover, the ralative balance of free tlme among p trol
units is of intcrest in relation to the morale of patrol off;
cers. For example, if one patrol unit has substantiallw more
. call-~for-service work than any of the other nearby units, and
thus legs time for other acﬁivities, the patrol, allOcaﬁion
policy will not be viewad as equitable by the offioers{
bo C@sb, It goes without Saying that the three measures if per-
formance discusged above can alwvays be improved by ass‘gning
%Warious~‘

ﬁther ko

moxe officaxs to patrol dutyn Therefore, in comparing

- pogsible patrol allocation policies, it is necessary ek
compare equal-cost alfernatives or to identlfy clear1y1the
difference in cost among alternatives Often the costhof an
adlocation policy is cledrly represented by specifylnguthe num-

- bar of oﬁficar~hcurs it entails, and there 1s ‘no need ﬁo calcu~r

|

late the actual &ollar values. H
In this context it is important to note that the apst

of the vehicle itself is completely insignlficaut comp%&ed
~with the qoat of manning it For example, for a city tw fleld

. pne extra paﬁﬁol car, manned by two officers, around. the clock

invelves incurring the salary and ‘benefit costs for approxi-
mnt&]y ten officers, which in many’large cities amounts to

45 ﬁaﬁ $150 000 per year. The cost of the patrol car itself

......

'nbduc 2 pomoent ‘of the cost

[

QVERV&&W
Thig ﬁavriﬂﬁ d@&ﬁribéd the patrol allocation issues to be &iqcussed

o

...9..‘

allocation policies; the remainder oﬁ this report is devoted to the
methodologies that analysts have developed to assist police depart—

ments in resolving such~issues.v The next section begins with a non—

- technical description of the mathematical principles,that underlie

‘all the models. Then we discuss various individual methodologies in

turn..

Y
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I1. . GENERAL PRINCIPLES FOR PATROL ALLOCATION -

; Gy o ‘ ‘rour, a day, or. some other period of time, he wouid have the
. o SR T - ! ’ : . average number of un%ts busy on efs work during that period.’

The first general princ¢iple is an equation relating the o

£hi$ uhapter describes the basic principles that underlie analysis average number of units busy to the call rate and the amount

- of patiyl allocation. Some of these principles .are well-known facts of work done on each call as follows: ’

ebout the operations of patrol units that are mentione& here only be-

Q&use it 4g dmportant to keep them in mind. Others are simple mathe- g ‘ : , ~ javerage number , ‘average , aﬁerage

matdcal fovmulas that have been found useful for caiculating performance of units busy | = (call~rate) x (unit-hours} L
. on e¢fs work per call

meagures . The equations are simple enough ‘to be: stated in words, using : : » : SN ,

only a few mathematical symbols. ; .

A few expressions will be used Lhroughout the remainder of this re- ‘ As an example, if an ayerage of two calls are received pax
port, The term call fbr service (cfs) means an- “ineident to which patrol  hour, one unir‘responds,to each;”and the average service time‘
units are dispatched.” Most of thesearise from telephone calls made by kfor alcall iSVBOVmingtes’(=.1/21h°“r)’ the“k°n the average
“the publde, which is why they have the Qeme calls for service, but some ! uuit WQUlq he‘buey“og cfg work. If 2 unite are -on duty,
arise fq;m\direct requests to: the dispatcher by radio. o The caZZ rate ; : ‘ i on the average‘each‘of them would spend half_ire time busy
1ls the number of calls for service per hour, and a patrol unit that is | - on cfs work; if 3v“‘its are on duty, each would spendvan Avers
age of one-third its time on cfs work; and so forth.

unavailable for dispatch because it hasaresponded to a call for service

1s sald to be busg on efs. work. The eeﬁbzce time of a patrol unit on ' o | i While this equation may appear to he a meaningless manip-

w a call for service ie the leﬂgth of time it is unavailable for dispatch ulation of two numbers to calculate a third number, its value
‘While handling the eell Tbie ‘includes the unit's travel time and its

@n»seone aeruzae ﬁ%me. If more than one unit is dispatched to a. call

lies in the fact that it isfpoqeibie'fo predict, from past
experience, the approximate call rate and average number of

it~ . Once ti sredicti | ds
“for service, then the number of unit-hours spent at the incident is the ‘un t-hours per‘call Grce these prediet ons have' been mada,
’  the equation tells how many units will be busy on cfs work,

sum of the service times (in hours) of all the units.
, on the average.

“ " \ l ‘ ‘ Consider a geographical command where, on Friday evenings
1. Number of units busy on cfs work. At any given moment, a dis- Beograpiiy v > £ y &
‘ , . : ; . ' o , between 4 p.m. and midnight, an average of 12 calls for service

patcher of patrol units can easily determine whether none of _ ) , ,
§ will be expected per hour. Suppose that half the calls will
the fielded patrol units is busy on cfs work, one unit is buay, ‘ ’ R ‘ E - N - _
E o require one unit for 30 minutes and the other half will require
. Ewo are"usy, or whetever. If he periodically wrote down the ; : ' I _ .
; & two units for 30 minutes each Then the average number of unit-
hnumber “of patrol units husy‘on cfs work (say every minute) aﬂd : T , r

: R hours per call d=” ‘**%;%
~ithen aVerage& these: ﬁumbers at the end of am hour, an eigat hour - ’ o o :eyﬁr
' : ,R;w | ) | | T .. : | - 172 1 unit) x (1/2 hour) + 1/2 x (2 units X (1/2 hour
ﬁther conmon names for calle for service are radzo runs, radeo Jobs, s o / x (1 6o ) ( /; ) ¢ J )
and d%apatch Joks. o , ! v ~ : ; ' 3/4 unit—hours,

Fox example, the fire department may be able to communicate di- ‘

rantly with the disputcher by radio. and the average number of units busy will be 12 x 3/4 = 9 units.

‘% | ] SRIEE D .

i e
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Naw iﬁ is apparent that the absolute minimum number of units
‘ ﬁhat can be asaigne& to this commana on Friday nights is 9,
gince a amallar aumber of units wil; not be able to handle all
the call~for~service work, k |
In general, the number of units fielded must at least
@"ual the average num&er of units empected to be busy on cfs
brégzcthexwise, it ig dmpossible to respond to all the calls
for service, We will see that sénsible performance standards
will require a substantially larger number-of units than this
to be fielded. ' :

2. Unpred@atabZe ckaracterzstzcs of ealls fbr service, It is com~
ﬂ-mon experience that calls for service do not occur at urderly,
predictable times and that the legnth of time required to
‘handle a call is not exackly the same for all calls. Were it
not for these unpredictable sspects of calls for Servicé' it
might be posaible to allocate a smaller number of patrol cars

\han are ‘needed in the real world.
A An example will clarify this observatiOn Suppose that
1\36 call oceurred regularly on the hour and half-hour, ahd each
gne took exactly 30 micqtes to handle (including travel time).
Then one patrol unit codf&ihangleyall the calls, and no caller
would, haVe to wait for a unit to be dispatched. If there wereé
two patral units on duty, not only would no callers'wait but
also one of the units would always be availab le od patrol
o ‘But in the xeallwerld, calls do not occur on the hour and
the half hourt Indeed, if an avsrage of two calls per hour is
e“expected dufing a certain period of time (say, Friday from
4 pam. to’ midnight), some of the hours may have no calls at all,
while othavs may have five or more calls. Studies have shown
that the nudber of calls will have what is known as a Poisson
'dwsﬂmmbutzon In the case of an average call rate of two calls

*Fnr a description of the Poisson distribution and its widespread
applicability to random events such as accidents and radioactive decay
off particler, see any textbook on queuing theory or probability theory,
for example Refs, 5 or 6. Reference 7 shows that calls for service to
the police are well described by the Poisson distribution.

v
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lper hour, the Poisson distribution tells us that

147 of hours will have no calls,

27% of hours will have 1 call,

27% -of hours will have 2 calls,

18% of hours will have 3 calis,

9% of hours will have 4 calls,

4% of hours will have 5 calls, and :
1% of hours will have 6 or more calls.

Adding together all the percents beginning Witﬁ 3 calls,
we now see that a single patrol unit would not evenfbe adequate
to handle all the calls in 32 percent of the hoursg, More im-

portant, calculations that take into account typical Variations
in servicé times show that- even with two pat rol/uniLs on duty

‘there will be no unit available one-third of the time, and the

average length of tiﬁe a caller would have tc wait for a car
to be dispatched will be 10 minutes. (This includes calls that

do not wailt.) . Seventeen percent of calls would have to walt

‘more than 20 minutes, a situation that most departments would

© not consider satisfactory.

Although the absolute minimum number of cars needed to

"handle cfs work is 1 in-this example, thc unﬁ%ed*ctable char=

acteristics of calls result in a need for more than twice
this minimum, if‘acceptable levels of performance are to be

achieved., ' e

i

¥,
SRy

Patrol untts are sometwmes unavazlable for reasons other than
efs work. All dispatchers know that patrol units may be unavail—
able even though they have not been dispatched to a previous v
call for service. This maj be discovered eithet . by the patrol
officers' announcement of unavailability by radio o by the -
dispatcher s inability to reach a patrol unit by radio when he
wishes to assign a dispatch job to it.

What are the patrol officers doing during these unavail~
abilltles? In some departments,gpatrol units are permitted

to be unavailable during meal times for the o%ficer(s) iﬁ‘the

*
See Appendix A.

ACIER
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unit, In all departments, patrol units may be unavailable
for gelf~initiated antierime activities (which may result in
a lengthy unavailability for arrest processing), maintereuce
. or repair for the vehicle, speclal assignments by a superior
» officer, exeCut£0n of warrants, and authorized or unauthorized
personal activities. These activities that make a patrol
}funit unavailable for dispatch are called non-cfs work
. While the existence of non~cfsg work is well known, what
1s important for patrol allocation analysis is the fact that
.. non-cfs work may consume &s muchgtime of patrol units as cfs

8) (2)

have shown that ordinarily more than 30

work, or even more. Studies in New Yeork,

(9)

Kansas City,
and Los Angeles
percent of a patrol unit's time is spent on non-cfs nork, and
typically it is somewhere between 45 and 65 percent of the time.
This meane that if acceptable 1evels of performance are
to be achieved, even more patrol units need to be on duty than
would be auggested by considering only cfs work. Returning to
the example above where having two units on duty would lead

to average delays around ten minutes before a call’ could be
dispatched, suppose that the patrol units spend half their‘ o
-time on non-cfs Work? Then the department would actually :
have to field four patrol units to achleve the: performance
levels characteristic of two units. To achieve better per—
formance levels, five or more patrol units would hav&;to be
fielded. : S “'_ ‘
To summarlze, oonsidering both. the unpredictable nature i

of calls and the existence of. non—cfs work a command that

"appears to need one patrol unit to handle the cfs work ac-~

tually needs five or more patyol units to achieve acceptable

lelea of performance in the real’ world

S

ﬁf‘ noﬁusefuiﬁpolice function is performed during‘this time.

e S i

*" . ’ i . . ‘ ‘ B,
This is sometimes called downtime, incorrectly suggesting that

T

[y
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not zncrease proportzo For analysie
of patrol allocation, 1t is very important to realize that when
the. call rate doubles, Lt is not necessary to double the number
of patrol units to achieve the same levels of performance. In
general, any percentage increase in the call rate leads toa
need for a smaller percentage increase in the numbex of patrol
unlts. , “

Tlgure 1 1is anﬂillustration of this general principle;
It shows an example- of the relatiomnship between call rate and
the number 01 patrol units that must be fielded to assure
that at most 10 percent of calls are delayed in queue. It
is assumed that every patrol unit spends half its time on
non—cfs work and that the average service time for a call ¢
is 30 minutes. The: graph shows that 5 patrol units are

needed ‘if the call‘rate ig 1 call pex hour. However, it&tﬁ

i

call rate doublesﬁto 2 calls per hour, the number of units
At triple the
call rate (3 per hour), the number of Ainits needed is only 8.

needed does not{increase.to 10, but rather to 7.

A similar anaiysis using some other standard related to queuing

delays would reveal the same kind of pattern.

5. Average travel time. A very simple relationship, called’the
squara-root law, has been found to give accurate estimates of
the average d%stance a patrol unit will travel from its ldcation
at the moment of dispatch to the scene of the incident. The
square—root‘law‘for average travel distances isdimportant be-
cause, if we know how to calculate travel distances, then we
will be able to estimate travel times. As mentioned in Chap-

ter I, travel time is one component of response time, an impor—

\\
4

‘ﬂ

If a geographical command has area A (in square miles) aud

tant measure of performance.

_ . |
there are N patrol unlts available at the moment of dlSpatCh,)nxs

* . - v )
Available means not ‘busy on either cfs work or non-cfs work.




16

PSR
A

Co L e Number of pafrol umts needed s0
RS S fhot at mosr 10% of calls delayed - :
o ER R e T L TR L TR -
16|
4E
B AR Y R
B R 7] S
E o S
g sl g
S 7F b=
.§ 6F k",_ "
R i
z 4 0 1
21 )
1 B e e .
ol o 1y i RN Nt SUCIA T M Mt
o 1.2 3. 4 -5 6 7 8 9 10
A DRI '-“Number of CaIISf"per. hour '
: /j i . : - S :
Assumpnon‘s' 30 mlnute serwce hme« per cqll L
‘ P 50% of each car's hrne spent on non-cfs work o
an. l—-Exompie relahonshlp between coll rate
o ond number of nits needed

///\

valj_k

then the square—root law states that the average traVel dis~'

‘tance (in miles)" is given by ‘the: equation‘

o

distanc

”The constant is approximately equal to 2/3. ‘This telation—'l
Shlp was derived through mathematical modeling(loyll) ‘
‘was validated by analysms of data cOnstructed by using a f

patrol car simulation model (to be described in Chapter V) <12>

Since ‘the number of available patrol units will vary from :

time tn time, the square—root law in Equation (2) cannot be
~used directly to estimate the average travel distance to calls
for service over the course of an hour or sevelal hours‘ One
way to make such an estimate is to calculate the prohability
that N cars will be available for ‘various values of N and to
lugeta; weighted average of the distances shown. in equation (2)
an. ‘that 1f the

(see Appendix A). However, it has been found

average number of available patrdlvuhits is not too small

e (say, it is over 2.0), then a,reasonable approximation(is

L Jjaveragey . . e
o d;z§22ié>‘=:(constant} x ‘/avg. number of units avail Sg)

'Ndw that We'have'this’relationShip, We'need iny conVert'

‘ travel distance lnto traveL tzme. Two approaches have been ﬁa»,

suggested for this. In‘one of them, the ‘patrol units have- i
/
V.been,assuned to travel at a constant epeed when responding
However, studies of the travel characteristics of

(13 15) and ambulanoes( 6> have shown that this,

*
to calls.'

' fwe engmes

q"\

Or, in a slight »ari dt, patrol units are assumed to travel at

' one speed when traveling in one direction (say, east-west) and another
: speed in the other direction (north—south) :

(N

travel ‘ (constant) X ‘AN*~ o = @
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18 mot a very gOOd 3BSumPti0n, and in Ct tran time is e, ol ' .. If we use the first approach and measure travel speed in

\;.

"miles per hour, it is easy to see from equation (3) that

shown in Fig. 2. This curve is'equivalent to travel at a con-

" average :\
o 5 R travel time
small distances the speed is not constant To my- hnowledge, S B ;;‘ in;minutes';

60 % (constant) Sof i are s hy . o
(travel speed) ‘“avg. number of =~ ¢ g
units avail.fi. IR EE R .

'.“,r~a.‘g ’ o
S ' w

The number 60 comes from the number or'minutes in an hour.d.

R ,stant speed after a certain distanve has been covered, but for

no study has been done to date that shows whether
approach (constant speed) ismbetter or worse than the second

apProach (varying speed) for estimating the travel times of

police patrol units . S S ; : S e , , o Assuming an average travel speed of 20 milee per hour (which
| s PR T , ‘ ‘_;‘d S ﬁ ) is realistlc, although patrol orficers often estimate higher =

speeds) and - a constant equal to 2/3, equation (4) reduces to | v{gﬂ

T area . . 7”hf, .
avg. number of )
tunitslavail.“

travel time

» ‘j/' : B iy ( -average ') = (2 minutes,'

in deriving this equation,_it is nonetheless surp

tr vn1

h';daccurate and is quite useful for compari

ands of dlfferent SIZES.

ig_'vl,'!a\?el' ‘time

"To illustrﬁte its use; consider two geographical commands ¢
_ ' l’and Precinct 2. Suppose their character— :
"lstiCS are as shown 4n Table - l and one patrol unit responds
T to’ every call, In Precinct l the average number of units busy
: on cfs work is (from equation (l)) 3 x 1/2 = 1. 5, and the aver-
' e TSR T . I 2 rnumber of units busy on non—cfs work is 1/2 % 10 = 5:‘ Thus,
e . &ﬁ¢ f“ceﬂwswf o “ . I A:,gfr the average number ‘of units availahle is 10 - 5~1.5= 3.5. o
Travel distance’ : - e ,

, I 4 280, from equation (5) we know thatgthe average travel time in’

c‘"Precinct 1 is approyimately 2H;j §—g~f 2 x V2 29 = 3,0 minutes.

ClIn Precinct 2, on the average 5.25 cars are available, and.
= 3.7 min-'

Rt TN

Note: The scale on veu.ch dxis:,}_.wil'.wlxvory fs:p'rh city ‘to ,(:ityr

i

the average travel time is approximately 2 x‘ -

. Fig.2— Schemohc represenmnan of”‘fhe”"-reldhonshlp between

tmvel time d'nd travel dlstcmce s utes.




6. ,Patral\graqusncy
- doubt’ ih some quartexs as to whether the amount of preventive :

;ozficers.

o Tale1l
cﬂmatmrsrfcs OF ILLUSTRATIVE PRECINCIS =

by

Gharacteristicp

”1;Precinct.lfférecinctvzin
Ares.(square miles) ‘cav 8
\ Nunber of units on duty 110 .

\ all rate YA i
\Average service time &‘%i 30 min . nin
Rraction of time on ! :‘lﬁi 5
“non~cfs work 12 g
Awerage travel speed . l' 20 mph \\ : ZOVmPh -

When the curve shown in Fig. 2 is u§ed”to relate travel
time to travel distance, the equation for average travel time
18 only slightly more complicated than,equation (4), and it
(1 7)

can he used similarly to obtain good estimates.

As mentioned dn Chapter I, there is‘

dpatrol prpvided by a police department has a significant effect

on crime r\ies or the number of apprehensions made. by patrol
1\:jver, & substantial amount of aralytical atten-

o tion hae been \devoted to designing strategies for preventive"

patr01, and we shall menrion here one: general pr1nc1ple that

f; ﬂnderlies this work

undt on preventive patrol will pass by.g

»nmmber of ‘availab

An appropriate measute for the amount of preventive patrol

fat any 1ocation is ‘the number of times per hour’ that a patrol

This is called the
paﬁraz frsqusnads Fhe general principle is that the average

patrol ﬁrequeney i a geographicsl command increases in direct
: ,proportion 0 thei/peed of the patrol units. and the ‘average

units, and“,t decreases in.inverse<propor—

nion to the number of street miles in the command Expressed

as an equation, the reletionship ig’

gF aVerage
patrol
irequencyy B

{patrol spced) x,(avg; number of units avail. )
. ‘ (street miles)

et

\’\\A N

s i g ey ey

w ‘ A

'HVbut not immediately

E as much as they could if they responded rapidly

Calls can bé distinguished by priority.

-1~ v S,

Some calls for service

 received by the police require the response of a patrol unit,

in response by the patrol~officers, they can accomplish Just

‘A«typical

c;example of such a call which may ‘be termed low prrortty, is

~a report of a burglary ‘that oceurred several days in the past.

‘At the other extreme are calls that are uniVersally racog-
nized as being of hwgh priority, meaning that the department
would like to respond as rapidly .as possible.\ A call for help

'by a police officer would fall in this category

Between low priority calls and high priority calls are a
variety of 1ncidents that might be classified differently by '

'f‘different police’ departments, or even by different dispatchers

c‘iies_calls by priority as he sees fit.

within a single department. Practices differ as to how pri~

‘orities arerassigned.”‘lnkSOme departments;'thelnotion of

‘priority is not‘formally recqgnized'land the dispatcher classi-

In other departments,

3 ;guidelines are provided for ' certain tzpes of calls, while ‘the

B remainder, often the vast majority, are left to the Judgment.

of thé dispatcher Still other departments have éstablished

"l a formal system of priority levels, usually three or more; and

" have established procedures for determining the priority of -

each call
Whether a department has a formal priority structure for

calls for service or not,. it is nonetheless likely that dig-

B *patchers will treat some calls as more important than other

o orities

'callsr

Therefore, from the point of view of analysis of patrol»

: allocation, there are tWO facts to be noted in regard to pri~

o into dccount the actual practices of dispatchers in\regard to

of the performance of the“patrol‘units.

‘priorities, then it may not result in an accurate description

e of patrol units might ‘be improved if the dispatchers modified

: their use of priorities

L%

'This means that even if there is a delay w

First, if a: model of patrol operations does not:. ‘take 7

‘Second, the performance;
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.:‘;xthe differencee in pxioritiee among calls be -

explaited? Dne posaibi}ity, which is common in manyldepart-

mante, is to uee special prece&ures ﬁor eliminatiﬁg »he delay

k‘ecalla.

between reaeipt of a telephone call and transmittal of the’ Min—
£¢rmation to the radio dispatcher in the case of high priority
1his may be dene by‘transferring the telephone call

‘ dixectiy to the dispatcher, relaying the information to the

diﬂpetcher by intercom, or providing sPeciallyﬁcolored cards

_or othex devicee te alert the dispatcher to tbe feet that a

| particulan cal1 ie important.~

A seeond(poliey, also adopted in most departments, applies
when no patroi undts are. ayaileble in a geographical command
Very high priovity
Qalla will often;be dispatched 45 these ciucumetances by send-

and ordinary calls are placed in queue.

ing. a patrol unit from a neighboring command dispatching a

7 supervisor or speciel~purpcse unit (such as a traffic car, a :

_ﬁeoat&t, or an investigator 8 car), or by some.other means.

' Hcderately higﬁ pxiority calls will be placed in_queue, but

. esrlier, as soon as a patrol unit is available.k

then wili be dispatched prior to other calls that arrived

When this

: pxactice is adopted, high priority cal]s wait a shorter time

_G;high prioxity calls.

dn queue than Low priority calle, but the average walting time
;far aii eells together is the eamt as if priorities were ignored

A«third possibility, wbich is much less tommon, is to hold
ane or two units in reserve in eech gqutaphicalkcommand for
These can be SPecialiy deeigneted units
that tespmnd'only tb'ﬁigh priority-cells, or the department ‘
can sdmply escablish bhe policy that no calls ‘other than high

’ priovity oneg ara<to be &ispatehed when only two. units are

'f‘eavaileble.

naﬁinet holding undty in,reserve.f
7h ving to place high pniority calls in queue is practically

in;queue, Eor.all,ceile tekenetegether* than the usual practice
'However, thetpossibility of

tliminate&

‘ 1n nhe 1atter case, the units held dn reserve will e
. be those units. that happened to be available at the time.‘_
Either oi these yolicies will result in longer average delays

e e

i

SR

patrol force is busy:

“calls far service is lower

ol

-G

<

A,fourth p0551bility fOr exploiting priority distinctiona
among calls might be called. "adaptiva screening.” ;Thlﬁ policy .

amounts to refusing to qend a patrol unit to eertein typee of

~Low priority dncidents at timés when a large fraation of the

(18)

Dispttchets in ‘certain: citiee cur4 f

© - rently find themselvee farced ro drop some ¢alls -from queue,

although this practice is contxery to departmental policy anid:

cannot please those who awaited the arrival of a patrol unit.

By contrast, under a policy of adaptive scteening, callers

would be told that mo patrol unit will be disPatthed because of

a temporarily high workload for the patrol force.

‘Finally, it is possible to schedule IOW‘priority calls !
to be handled at a more convenientttime,‘when the number of o
‘Such a policy is under conéidera—'
tion in several citie ,,but we do not know of any department

that has as yet adopted it
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TII. DETERMINING THE NUMBER OF UNITS TO HAVE ON DUTY

[

This chapter disouases methoqs”for determiningnthe‘tdtai,number
nfdpntrol undts a department should have on. duty at various times and
hov they should be divided among geographical commands. These are the
First two issues of patrol alloeation mentioned in the Introduction

A common error made in analysls of patrol allocationtls to treat
the question of how many patrol officere should be assigned to patrol
‘ unit duty as 4f 1t were separate from the question of how many patrol
| unite should be on duty at various times and locationms. However, if
ong method is used to determine the number of officers to be assigned
Lo each gaograpdical command and an independent method is uged to specify
the number of patrol urlts to have on duty, the results are not likely
to be compatible, Some patrol commandersdnill'find they are “incapable
: of fielding ag many unlts 4s they- are ingtructed to field while others
A will have extra o££i¢ers without any guidance as to the best way to use
them. o _ o
| Therefore, it ia‘imnortant for a department to determine‘the rela-
: tionship between patrol units and patrol ‘officers and to assure that
"‘E sllocation decistons regarding each of these are compatible. This is
g not at all diffieult to do, Every patrol unit that is on duty for an
‘;hnur implies & reyuirement for one man-hour in the case of one-man units
and two man-houre in the case of two-man units. Adding these require-
ments together over a week results in the totsl man-hours required. To
datermine how many patrol officers are needed to provide thisjnumber of
man~houts, one only has tq know the average number of hours. per week
that sn officer devotes to duty in a patrol unit. This may be found by
ndjustlng an officer's total work hours in a'week to account for the
average amount of vacation time, sick leave, courb appearances, training,
nnd\\i:he 1ike. . i
; \ If the;department collects data‘showing the number af units ‘cur—
y rantly fielded by time of day and day of the week ,i-then. it can simply’
‘Q o divid& the nunber of unit-hours provided per week by the number of: offi-
caxs d&signed tO‘pntrol unit duty. This will give directly the necessary

; i - ;
3 o . Y
FE . : !

i
i

““from other duties).

kWith part of the answer already determined by budgetary or administrative

" comsiderations., These Questions are related to distributing fixed. re-

“tion is how many of the offtcers shouZd be on duty durzng each tour (or

'number of officers on duty at(different times of day, but be free to move

- would be how many of the patroZ ‘units on duty during the AM= tour Should
" be asszgned to each geographtcal command?

-25-

relationship between officers and‘units.‘ For example, suppose a depart—
nment has 150 of ficers assigned to patrol unit duty and they work in one-
man cars on eight-hour tours. If this department fields 20 patrol units
during the AM tour, 28 during | the Midday tourw and 32 during the PM tour,
then it is providing 8 x (20 + 28+ 32) = 640 unit—hours per day, whichl
is 7 x 640 = 4480 unit—hours per week Rounding off to 4500 unit-hours
(for 31mplicity), this amounts to 4500/150 30 unit—hours per dfficer.
Thus, on the average each officer works 30 hours per week in his patrol
unit. If this department wants to add one patrol unit on the Midday tour
and two on the PM tour, 168 unit~hours will be needed. Since 168/30 = 5.6,
the department will have to hire six additional officers tor’ transfer them

Once a department has’the(capability to convert numbers Of‘patrol , ‘ -

officers into numbers of patrolJunits, and vice versa, a variety of pol-

icy questions can be addressed y'the methods described in this chapter.

At the broadest 1evel one might ask how many patrol offtcera does the

department need? This question arises in.preparing budgets. and concerns
the level of resources to be devoted to the pat101 function.“

Orqinarily, however ‘allocation questions are posed in narrower scope,

sources hy'time or geography. For\example, ‘the total numher of patrol

b

officers may be known. In this case, the question might be How maﬂy of
: , : |

the officers should be aseigned to each geographical command? Or, the -

uumber of officers in each command may be considered fixed, and the ques-

ety Oy s

watch)?

AT S N

Cbnversely, the denartment may have no flexibility to change the

£

R

them around anong geographical areas. Then a typical allocation question

RN
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: sh ll describe why such formulas are 1nadequatew

) N |
\\ ¢

\WORKLGAD FORMULAS | e | \
| o The tra&iti°“31 mEth°d f°f'311° ating police patrol uni', to geo-

l‘q;mutg Here we

ndwthen suggest a sub-

atifute in the next section.‘ Perhaps the best: $wn hazard formula was
d&VXQOPQd by 0. W. Wilson in the late 19305 (19’“ '

k{ In thlS method
the ger identiﬁies Vfavtors" that are thought to' be relevant for man-

N;poworwallocation. Factors frequently used 1nclude measures of the 3

erime yate in each command (total number of Part I crlmes, total outside
erime, @tc.), measures of activity (arrests, calls for. service, traffic
accidamé@, ete.), and measures of 1mplicit requ1rements for pollce service
(number: éf gtreet miles, number of doors and windows to be checked, ~etc )
A Blmple example with only three factors is shown. in T":t.g. 3.

Once an administrator has determined what factors he considers rele-

1vant, the next step . dg to assign a weight to each factor. if a hazard

formula 18 being constructed ‘the weights will gpecify the relative
"importance!’ attached to each factor. Thus, violert outside crimes might
be given a weight of 5, other FRI index crimes a %elght of 3, and other
calls for service a weight of 2, This ‘means that outside violent crime
18 Judged to be 2% times 58 important as a noncrime call for service.

~ On the other hand if a workload formula is being constructed the
weights reflect the number of man~hours required to handle each factosx.
In this case the weight for a noncrime call for service might be larger
than the weight for a violent outside crime if the data show that non—‘

; erime calls for service ‘require more time to hanole then.

The mext step in the method 15 to ‘combine the weights and the fac~
tors to obtain a hazard index or workload index for each geographical
conmand. The workload index is found by multiplying the weight for each
factor by the amouqt of the factor in the‘command and adding the products
for all the factors. To calculate the hazard index, ong first finds

‘ the total \amount. Q“ each factor in the entire city and calculatms the

ir&cnlon oé\the factor that-occurg in the‘command in question. Then,

tb S é*eetion is multiplied by the weight. and the products are added ‘
*

together as in.the case of a workload index.

e “i‘ —— - ‘ e =
Matﬁematically, every formula for calculating a hazard index is
equivalent to some workload formula with different weights.

e gy
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. Factor  Precinct A Precinct B Precinct € Total
1. Violent outside crimes 2860 - 500 900 - - 1680
2. Other FBI index crimes: 700 1400 2500 4600
3., Other calls for service 6000 20000 . 56000 82000

.

Hazard formula

= haZard we1ght for v1o1ent outs1de crimes-

M e
”‘hz = hazard we1ght for other FBI 1ndex crimes,c o, g 7
hy = hazard we1ght for other cal]s for service’ B

‘ P T 280 | 700 60001;
A hazard index for Precinct A = h1 1680 + h2 4600 + h3 85000

P =
!

»Hazardfassignmengoto Precinct A = (total number of off1cers) X HA/(hj *+ hyit hg)

WOrkTQad fonnula | o ' }VMx%

Wy = workioaa we1ght for v101ent out51de cr1mese .

i

workload we1ght for other FBI index cr1mes
‘ws = workload we1ght fd%ﬁether ca?]s for serVTQe

a'W=wmedm@xermmmA—w]-%0+% 7m+w wm

W = total work1oad = wy - 1680 + w, + 4600 + w3:' 82000 E

,/’)

Workload assignment to Precinct A = (total number of off1cers) X wA/w

Fig. 3-§Hazard ané;WOrk1oad formu}és fooaexamp1e city




4n the entire city and ta allocate: patrol officers or patrol units among

 receive 7 percent of the patrol officers‘ S o

comparas allocations derived from a workload formula with allocations
derived by other methods to be described in the next section.

e T
A
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“The finel gtep Lé to determine the total hazard or workload index B

geogfmphical commande in direct proportion to their in&exes. Thus, a
command whose index 16 7 percent of the total index for tne cicy’would

T

In principle, if the workload index could be calculated very accu-
rately;: &t would also tell theototal number of patrol officers needed

dn the cilty, but as a pracxical matter it is not possible to account

for every man-hour of the patrol forece in the index. More reasomnably,
it might be claimed that an increase in the WOrkload index by 4 percent
over lagt year implies a need to increase the size of the patrol force
by 4 percent, Primarily, however, both hazard formulas and workload
formulas are uged to allocate a specified total number of officers or
units anmong commands. : | o

Many of the factors in a hazerd ox:wopkloeﬁﬁformula vary by time
of day., By calculating the index separetely‘for each hour or tour, it
18 possible to use the index for ellocating officers across time as well
ag acrogs geographical commands.

The widespread use of hazard or worklgad formulas in police depart-
mente attests to the fact that they have considerable appeal. They are
eagy to understand, and the required calculations can be doneimanually
{although this may be a tedious process).?{They also appear to take into
aocount everything that might possibly be relevant for allocating patrol
undts. . - i

However, the apparent virtues of these formules‘ere basically de-
ceptive, since they do not accomplish what most users think they do.

In the case of a workload formula, the allocation accomplishes only one
objective. It equalizes the workload of patrol units, without regard

to any other measures of patrol performance. Thus, it is possible for
two geographical commanéseﬁhich afe nearly identical in all reepecta
other than size ta obtain ailocatioﬁs that result in substantially dif-
farent gueuing deluys for calls for service, travel times, patrol fre- .
quehcies, and other measures of performance.  These disparities can be
easily predicted in a@vance, as has been done in a recent Study(zz) that

SRS,
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Allocation by hazard formula suffers from even worse difficulties:
thanlallocation by wotkload formula, because it is not possible to idén—
tify any objective that is met by the ellooation. Tﬁé main problem is
that an administrator may give some factor a low weight (even zero) be-
cause he does not oon31der it ”important,“ but this in no way relieves
the patrol officers of the obligatlon to handle the associated activity
The unintended consequence is that when officers spend time on the

unimportant" activity they are unavailable to respond to important,
as well as unimportant, incidents.

To illustrate the difficulty, consider the example city described
in Fig. 3. If the administrator considers all calls for service to be
equal in importance, he would assign the hazard weights hl h, = h, =1,

2 3
In this case, the hazard formula assignment to Precinct C would be

/i

: 900 + 2500 + 56000

1680 ~ 4600 82000 .
, 3 ;

(total number of officers) X

= (total “number of officers) x (0.587).
Thus,- Precincet C would teceive 58.7 percent of all the officers.
N : N ,
On the other hand, if the administrator considers violent outside
crimes very important, he might assign weights hl = 7, hz = 2, h3 = 1.
Then the assignment to Precinct C is

4

| 5. .900 , , , 2500 . 56000
(totalumcmber‘of officers) x 1680 i 4600 82000,

which turns out to be 55.2 percent of all the~officers. Note that Pre-

cinct C has the lergest,number of outside crimes, but the higher the
weight given to violent outside crimes in the hazard fozmula, the smaller
is the number of patrol officers assigned to Precinct C by the hazard

. *
formula.

This is because the ratio of the third factor (other calls for
service) to the first factor (violent outside crimes) is larger in Pre-
cinct C than in the other precincts, while the ratio of the second factor

o Pt e sty

et o e
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",As a. result by tncraaszng the weight for vrolent outside crimes,

‘ the administrator in the example city brings about an allocation that‘
'-tnereases the fracrion of time that officers 1n high crime commands
spend on unimportant 1nc1dents.a In short, the consequences of changing
weights in a hazard formula .are not necessarily what they ‘appear to be.

Many hours have been spent in police department conference rooms

around the country in an attempt to agree on: the "right" lmportance i
Weightings for a hazard formula, The ansWer to: this proh em lS s1mple.‘

'\1’.

There are no "right" weights. The use. of a hazard formula cannot be -

recommended for any purpose. N f‘?

Returning now to workload formulas, certain practtcal difficulties
should be noted. First, 1t may not' he easy to derermine the workload
Weight for some factors.' What, for example, is the appropriate number
of‘man~h6urs to. assign to a door or window. that must be checked, or to
a street~mile7 Second -great care must be exercised to av01d double~
“counting (or multiple—counting) of man-hours. For example, pne. factor
"

may'be‘ 'calls for service, ~another may be “Part I_crimas,‘ and another ’
may be arrests. ‘How rhould one count the man~hours spent -on a call_

for service that is a Part I cr1me’ What if the officerﬁresponding;tor

a call for service makes two arrests at the sceng? Although in principle'

it is not difficult to decide how such occurrences should be handled
the data may not be available in apprOpriate form. :
Third a workload formula may have the perverse effect of. indicating
a need for additional personnel in areas which already are relatively
ooverallocated. This can arise because factors such as number of arrests
and reported crimes ‘depend on the number of perscnnel currently allocated
to an.area. For example, crime suspects are more likely to be apprehended
i1 an area that is sufficrently staffed than in one that. is not. The
~workload index of the former area would be. artificially inflated by the

‘khigh arrest rate’of that area, thereby "subsbantiating the need for

3y
more officers. The real need for personnel whuld be in the latter area,

-
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‘but a workload formula would not fully reveal this need.»

A, B
By

(otherjindex crimes) to the first factor is about the same for all pre—‘l
cinctsd Since it is not unusual to find that high—crime ‘commands’ have
”7propor ionstely moré nonorime calls’ for service than low-crime commands,

the exj) nple. illustrates a peculiar property of hazard formulas that could
: mau\y cities. ‘ o :

Even worse, . if a patrol commander succeeds 1n reducing the crlme

erate in hlS district in comparison with crime rates elsewhere -he Will

be - rewarded“ the next time the workload formula is used by receiving

a smaller allocation of patrol officers.a

u If all these difficulties are kept,in mind,asuccessful applications

,of workload formulas are possible. An importantip01nt is not to aceept

the allocations suggested by the formula.blindly, hut rather to make

;:appropriate adJustments after determining the effect of the proposed

allocation on performance measures. Also, 1f a workload formula is .
to be. used, the department should realize that the calculation can. be

easily programmed on a computer. If it does so, it Will save many days -

or weeks of tedious manual calculations and w1ll avord the numerical

errors that 1nevitably occux during the course of such wora,”

Q‘METHODS BASED ON PERFORMANCE MEASURES

, Allocation methods based on performance measures have been devel~‘
oped during the past decade. These methods depend on the ability of

computers to calculate performance measures rapidly under a variety of

1assumptions about- the number of patrol units on duty‘ This capability

permits approaches of the follow1ng typeS';v_%fQ
h;f? l The departmenr deviSes several different plans for the number~
| . of units to have on duty and uses the performance measures to
: determine which plan appears best.p“ ;v,;.; o
[ The department establishes otandards aj perfbrmanca and assures
that at\least enough units ‘are on,duty in every tour in every
'command Fo meet the standards._ Typical standards 1n use are .
‘ that no more than 10 percent of calls for service enoounter a
queue, o1’ the average waiting time in queue, does not exceed
5 minutes for high—priority calls, or the total response time
averages no more than 8 minutes.

;,The department dec1des to allocate its existing unit*hours in

bal such. a way as to achieve the ‘best possible value ofvsome per—

»?_formance,measure,~3Forﬂexample ,the“totallunit~hours,that can

.f‘be‘fielded~onfanondaYJmight he;allocated among tours so as to




yield the 1owesr possible'-nerage response time, where the aver—
age ie taken over all ca.‘ ?thaf occur during the day.
ﬁome of the computer program hat haVe been devised for this pur-
poge will aimply dieplay the performence measures for a given aliccation
plen, leaving it to the user to try enough plans to see whicn one meets

the department's objectivss.~ For examplei” 1f the program shows the

frection of calls that will encounte ~'-"queue “under the assumption that
two units are on duty, three units are “on duty, and go forth, then it
ia not difficult o scan dewn the printout and determine the smallest
number of nnite needed to kcep uéider 10 percen* of calls from being

quetiad .

- Other computer progreme generate the trial allocations themselVes
and only display the ones that meet objectives specified by the user.

Not only does this reduce the volume offvrintgﬁt*thut also ‘the computer
program may find an allocation that is be'ttr than any that would have
been devised by the usey, ‘

However, even a computer cannot conaider a large number of poten-—

" tial allocations st reasonable cost if the method used to calculate the

performance measures is exceptionally complicated. For this reason,

any program that is practical to use for. determining the number of ‘units

to have on duty will nacessarily be based on simplifying assumptions
sbout the operations of patrol’ units and the characteristics ‘of calls -

for serviee. The general principles discuesed in Ghapter II are exan—

}ples of such eimptifying aesumptmons

Whether the asoumptions incorporated in a computer program lead
Lo sufficiantly accurate estimates of performance measures can only be
datermined individually in each city ‘This is best done by using the

"computor program to estimate the performance of the exiating allocation

, »sllocationb from a workload formula. ‘However, experi

and at the same time collecting enough data about the actual queuing
delays, workloads, and other characteristics to make a comparison 1If

the disparities are large, biind acceptance of the ailocations suggested '

by the computer program is no more sensible tha blind acceptanee of

e in - ‘several

cdties has shown that large’ disparitiesacaniﬁsualiy‘beitradéd5te‘errorswﬁk

g
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in data preparation, and eppropri"*

» St. Louis Police Department.‘

v being marketed by IBM.

‘pending on the number of units on duty,

: nother than queuing (namely, workload, travel tima, and preventive

~ the lowest possible average waiting. time in queue.

Cnot predict call rates and service times,

S
g k 1 B :) \\n‘
‘adjustments eventueilv lead to a )

‘suitable rir of the estimates to reaiity _ - 'h" ,~‘t;j,rzﬁ3;f;f,

R

= At the present time, police departments do not have a large choice
of computer programs for allocatlng patrol units by time of day and .

geographical command At one time, the IBMACorporation provided a

program called the Law hnforcement Manpower Resource Allocation Syst

(LEMRAS),<2%> which was besed ona: program initially designed for the

(24 272 However, LEMRAS was withdrawn at k
the end of 1974 because only a smali number of departments had ever used
the program, and it wes not compatible with the operating gystems then
' In addition, most customers werea interested in
n~line interactive ‘program, while LEMRAS operated in batch mode.
LEMRAS estimated future call rates and service times from past data
by using a mathematical technique.known as. exponentoaz smoothmng. It
also calculeted the probability that calls of various priority levels
w0uld be delayed in queue for 5 minutes, 10 minutes, and 8o forth, de-

Users could establish s*andards‘

of performance related to these particular performance meagures and rap- jf“V L

'nidly determine the. minimum.nuroer of sunlts that had _tohe on duty, during

each tour in each geographical command to meet: fhe standards.p:?#’;l"7ﬁi“*

(10)

permitted users to. establish standj ds related to . performance meae' :

Later Richard Larson developed an interactive program that

frequency) and to alrocate a fixed total number of uniks s0 as tovachievetj‘h“

v But this program didv
, nd it was written in a pro-

gramming language that cann 1be'used SOT current c0mputer systems. Urban
Sciences, Inc., Vsubsequently rewrote Larson 8 program and greatly enhanced
its interactiVe capabilities.(zsy\vrhis version of the program may be
accessed by a contract with Urban Sciences for time—sharing services,

but it is not available for a: police department to. install on. its ‘owmn

system.»”

In batch mode, all instructions to the program are prepared on.

“cards or similar input device prior to program execution;’and output is
' received later on'a high—speed printer.
‘enters instructions at a terminal and receives output immediately at the
-Same terminal pa .

In ipterastive mode, the user."




- The moet recent program, ‘the Patroi Gar Allocation.Mbdel (PCAM),(ZQ)
wab developed by The New York CitY“Rand Institute. It incorporates most
of the features of previous progmeme and improves upon them in some de-

paile. it wilT 0perate in either batch or intereacive mude.;,unwever,
it does not assist the user in estimating call rates and service tlmes.

‘Thue, with the wirhdrawal of LEMRAS a police department that wants toc
uge a oompu;er program for allocating patrol units must either use aver-
ages of peot data as substitutes for estimates of future call rates and

service times or acquire & separate programkfor projecting into the fu~
,nore, Since sevewal departments have designed such projection programs,
it may be~poseib1e o “borrow" one. = '

- PCAM caleylates performance measures according to the principles
putlined in Chapter IL. ¥or each geographical command, the user must
provide the following information: ' ‘

& Call rates end senvice timcs by hour. of the day and day of the

week .
® Area of the cdmmand (square miles)
¢  Street miles in the command ’
'.

Responee speed and patrol speed of patrol units
*  (Crime rates '
2 Parsmetere permitting a determination of the amount of non~cfs

work,

Then the. PCAM program will estimate a]l of the following performance

measures (if the number of units on doty is known)

e Avarage number of units available (i e., not busy on cfs work
' or non-cfs work) . o ' ; ’ '
- Praventive patxol frequency
. Average travel time to incidents ¥

s &he author will assist departments interested in 1ocating such a
program.v See the address given in Appendix B.V o ,

Sk oy
Gelle may be broken,down into three priority levels.

oJV

©

| ~35~

oo Fraction of callee that will encounter a queue ‘L&V;,k b

ne'Q,. Average walting time in queue for calls of each prioriﬁy lavel

e Average total response time. S

PCAM\will display all of these performance measures for ‘any allo=

“‘cation proposed by the user, In adddtion, it will determine the ‘mindium
number of units needed to meet standards of performance for any of- these "

+ measyres. - The user may also choose any of the performance measures dis-

piayed with a double bullet (99), and FCAM. will allocate a specified

v:total number of unit~hours S0 as to minimize the chosen measure.. This
ccapabllity permits allocation,across time or geography or bpth. In other
‘words, the user can specify the total number of units on duty in the city

at a particular time of day, and the program will allocate them among

geographical commands. -Or ‘the user can specify the total number of unitep

hours that can be fielded in a week (in one command, several oommands,

or all commands ‘together), and the program will allocate patrol units

to tours so as to add up to the total number of unit-hours.

These -capabilities are about the best that can be' accomplished at

PCAM permits a department to specify its objectives

““.and then £6 Find allocations of patrolvunitsvthat meet those objectives.
~To the extent that performance measures of importance to police adminis—
‘trators (etg‘,.deterrence of crime, apprehension of criminal offendera)
are omitted from the program, it is not Because;they are deemed unimpor-

~ tant.but rather because there is no known way to estimate them. ‘However,

we have,alreadyipointed out that methods that*appear to take suchkobjec—

tives into account, namely,hazard-formulas,‘do~not actually do so.

Ty
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1V._ DESIGN OF PATROL BEATS -

“The models to he discuesedyin’this chapter are'suited,for designing
" patyol boaka'end analyzing‘ﬁther queefibns‘xelated to geographieel‘de-‘
 talls of patrol operations within a command. Previously discussed models,

such ag the F&Lt@l Car Allocatic n,MQdel cannot be used for thesé purposes
| beaﬂuee they caleulate average parformance measures . for an enﬁire command .
Moraovey, they eatimate these averages from approximate. formulas that
igﬁore variacions'within a command. ' , o

Thus, for example, ECAM will estimate the average response time in
& command when 10 patrol units are on duty. But it cannot determine the
avaraga regponge time in each unit's patrol beat, mor can it estimate:
ghQW'khe average response time in the whoJe command will change if the
| petrolobeaLa are modiﬁied.

Op the other hand, a model that takes into account geographical de-
talls within each command is too cunbersbéme and expensive to use routinely
for allosating patrol units among tours and commands. Such a model re-
fquires much more extensive data than PCAM, and provides detailed output
Lﬁat would overwhelm the user with information he’ does not need to decide
how many units to haVe,on duty..

While a.geographically detailed model canocalculate better  estimates
of performance measures than PCAM can, the improved accuracy is not im-
©purteant for allocating. units among tours and commands. This is because
the number of units ae%igne& to & command has a much larger influence on
perfotmanee megsures - uhan the locations or patrol beats of the units,
8a dong as they are more or less sengibly located. For example, differ-
ent geographical erramgements of 10 units in a command will lead to dif-
ferena average responee times for the command as a whole._ But "all of
itheee averages will be much oloser to PCAM's estimate for 10 units than
to POAM"s eetimate for 12 units. To ‘decide whether to have 10 units or
12 unita on duty, it is not necessary to know the exact response time
: Xn inany circumetences 8 department will want to use both types of
modals. Firet, it determines how many ‘patrol cars to have on duty in

aach eommaud@~using PCAM.

Then it designs patrol beats for the commands,

~on one side of any natural barriers to travel that may exist (liﬁi
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using a geographlcally detailed model. These models heln\?he planner

to identify beat deslgns that accompllsh one or more of the following
objectives | '

b Balancing workloads among units
e Equallzlng response timeo emong different parts oﬁ a- comnand

:, -Minlmlzing average response time for the entire command '

L Mlnlmiz1ng the extent to whmch patrol units are dlspatched

outs;de,thelr assigned_beats.’

In general; it is impossiblefto achieﬁe all of these objectives simul~ .

taneously, so the models also assist. in,finding acceptable compnomises;
The: models will permit analysis of designs in which beats overlap,
as well as. tradltlonal nonoverlapping designs. This capability is par-
ticularly important to departments that wish to minimiza or reduce the
extent of out-of-beat dispatching. With nonoverlapping beats, it -is

inevitable that a substantial fraction of dispatches will take units

outside their'assigoed beats. In fact, if patrol units are assigned
to nonoverlapping beats and are busy (on cfs work or ‘non-cfs work) about
60 percent of the time, then typically somewher® between 50 and 70 per-
oent‘of calls for service will be handled by a unit other than the local
beat unit. In these circumstances, it is extrémely difficult for the
patrol officer to establish a "meighborhood identity."

- However, with overlapping beats the extent of out-of-beat dispatch~
ing can be substantially reduced. Many departments have recently intro-
duced "teamupolicing" or other allocationmplans in which several units

share responsibility for an area that is IErger'than a traditional pa-

‘trol beat. These plans constitute various forms'of overlapping beats,

and the areas of responsibility for each team can be designed using beat
design models. o ~ .

In the absence of a mathematical ﬁodel most, depaffmentS'design

- patrol beats in such a way. ‘that they are "reasonably" shaped, lie wholly

acoess highways, railroads, rivers, and the like);‘and‘correepond aeﬁf

‘closely as posSible.to recognizable “neighborhoode“ (in the sense of

i
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uee)e In addﬁtien, plannera Lﬁually attempt to eq adize the numbers
of calls for mervice that can be expectednin each beat. However, most -
other meagures of performance are too difficult to estimdte by -looking
at 4 map, go they are not. considered in beat design. |

When uedng a methematical model , the planner must” still be famxliar
with barriers to travel, "neighborhoods,” main streets, etc., but the

model provides him with detailed information sbout performance measures.
This dnformation permits the planner to Hdentify the failings of any

propoged beat design, and leads him to construct a sequence of dmprove-
ments, ultimately resulting in an acceptable design. Whén caleulating
the cfs workload of units, a model takes out-of-beat-diSPatching‘indo
secount, and thereby gives mnch'bettetdestimates;than can be obtained

by counting the number of calls for service in each beat.

The model "understands" that the burden of out-of-beat dispatches
falls more heavily on some units than on othere, depending on their
locationg. ¥or example, it is apparent that“avpateol-unit whose beat
18 in the center of a command will be the dispatcher's second choice
(after the local beat unit) for more locations than will a unit whose
beat is on the bouwddary. If the beat in the center and the beat on the
boundaxy both have thensame caiivrate, the werkioad of the centrally"
located undt will nenetheless be higher, because it will have motre out~
of=heat dispatches.

The o basic models that have been applied to ‘beat design are

1(_0 31)

Richard Larson's Hypercube Queulng Mode and a model developed

iy Deepak Bammd, (32-35)% .These share the common feature that the com-

'mand‘ta be studied must be divided~into»small "reporting areas,'" which
‘ave approximately the size of a’few city blocks: Beats may be defined

in any way desired by the user ag collections of (usually adjacent)

| fepvnting areag, and they may ‘overlap partially or fully. In addition,

the user can Spacifv the relatiVe -amount of preventive patrol ‘in’ each
Lepe“ting area, This 45 a particularly important ‘feature for departments

Some earliet'modela of’this type {e.g. Refs; 36 and 3/)'did not

kattempt ] aneeunt far out~of—beat dispatches and will not be discussed

hereA~

Rt

“torical data (possibly projected into the future), aud some means of

ﬂmeasures, because they are based on. different mathematical assumptions.

. =39~

that have policies of "directed patrei," in which officers are instructed
to spend their free time on specified anticrime activities in selected
locations. - =

The call rate in each reporting area must be deterﬁihed;ftom his-

calculating the travel time fnom one reporting area ;to another  must be
provided. In Larson s model, /the uaer hag a ahoice o£ specifying d | :
travel speed and the coordinates of the center of each reporting area, i%
in which case the program,estimates travel times, or the user can calecu- i

late the travel times between reporting areas by some other means and

provide them as input to the program. ‘Bammi's, program permits the user

" to specify travel distances and travel speeds between adjaéenﬁ-repotting

areas only, and then the program calculates all the tgavel times, a con-

venience to. the user,» L @3' .
Both program then estimate the wos klnads and travel times for all
of the units. The mamn\differences between the programs. are as follOWS:

* Bammi's program explicitly takesgnon—cfs work into aceount,

while in Larson's Pprogram non-cfs work muet be included in the
call rate if it is to be considered at all.
LA Bammi's program permits two priorlty levels for calls, whereas S

in Laracn s program all calls have the same priority but some

. calls may preferentially be served by certain units (e.g.,
units with Spanish—speaking officers).®

.. ‘Bammi $ program will calculate a beat design that minimizes

e average responSe time in ‘the command., The version of Larson's

'v'p‘_gram that is- currnntly available will nat suggest any beat - SR

*desdgns but: will simply calculate performance measures for de-
signs proposed by the users. However, - programs that include
v Larson's model and generate’ beat designs that minimize workload
‘«~f;imbalance or- minimize traval . imbalance are nearing conmletion

and will be e;railable in the future. (3 )

The two models will not make identical estimates of performance
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Tf the warkleéds of units are eithap very low (e.g., the typical unit

ig husy 14&5 than 15 percent of the time) or very high (e.g., busy more
; th&n,wé percent of the time), both models should give about the same
HoWever, most depaftments workloads

”%%LUQS for perfarmanee Measures .
 lde batween these extremes, where the models wal differ.

The magnitude
of these differences is not known, but, perhaps some comparative test
will be made in the future. = i

miLarson's moﬂel pays” particular atéention to the fact that when one
patrol unlt is busy, nearby patrol units_are also~likely‘tp be busy
(becamge they will respond to calls not gnly from thedir owﬁ beat but
algo f;am the beat where the unit id busy). Bammi's model assumes that
“the tnavailability of one unit has no bearing on the unavailability of
nearby unlts (l.e., unavailabilities are assumed to be independent).
I most uUnavailabilities arise from calls for service, then‘Larson‘s
model will give a better representation of the situation in the field.

© But if most unavailabilities arise from non—cfs work, Bammi's indepen—

dence assumption may be closer to reality, ‘ '

(32)

and the test 'of Larson's model using real data from

Both madels have,beeh tested for accuracy, Bammi's test using
glmtlated daﬁa, 4
New Haven, Connecticut.cgg) Either model appears to be adequately accu=

rate ior the purposes of beat design and will lead to substantially bet-

ter dasigns than a planner can ppp&tca using a map-and manual calculationms.

Both models are well documented and can be installed on computer systems
avallable to most police departments, but currently only Larson's model
hag a complete stepwby*step user's manual(Sl)
Assistance in installing and using either model is availab]e, and the

author will refer interested readers to an appropriate source of assis-

Rk
33“3&&

to aid in 1mplementation. -

)

&
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V. DISPATCHING AND REDEPLOYMENT POLICY

The Patrol Carf$llocetion Model and the beet design models, dig-~
cussed in the previoﬁs ﬁWo chapters, were programmed to be inexpensive
and easyvto use. For this reason they include oﬁly~such details of
patrol operations as are 1ikely to have a major impact on the policy
decisions that can be made using those models., However, pollce depart-
ments may wish to take into account the omitted details, either to
assute themselves that policies develdped with the assistance of the
models will actually work out asvanticipated, or to- stud§~p@licies that
are directly related to the omitted details. For these purposes, which
would include most studies of dispatching and redeployment policy, more
complicated models are required.

Typical details that are not taxen into account by PCAM ¢r a beat
design_model are the following,

® More than one unitvmay he dispatched to certaiﬁ types of inci-
dents, or a backup unit may respond even though the dispatcher

‘has not specifically requestad it to a3 so. :
® Units may be dispatched across command boundaries for high-
priority\calls. (1£ such.crossﬁcommand dispatches oceur com-
monly  for all tyﬁeélof'eells, ﬁhis‘cen be taken into account
easily byvreinterpteting the heaning of the term ”commandv'to
Wapply to larger regions ) ‘ | -
e Disnatchers may queue low-priorlty calls to awailt the avaLla~
bllity of the local beat unit, even when nearby units in the
_command axe ‘avallable. " (This praetlce will increase quaulng
vdelays above those estimated by the previously discussed models.)
® Dispatchers may "stack calls on units.' This means that sev-
7 eral calls are assigned simultaneously to a patrol unit, which
His then unavailable until 1t completes service on all of them.
;Althoughvit

will appeqr that a callwis no longer in queueﬁafter’it has been

(This practice will also increase queuing ﬁelays‘

~V*a551gned by the dispatcher, the call is actually in queue until

the moment the patrol unit begins its responSe to the scene.)

B i



¢  BSome kinds of monwafs.wnxk‘may occur at predictable times,
rather than cc random, Typleal examples would be meals and
gehool~crossing duty, ‘ ’

® One or two undlts in each command may be held in reserve for
high~priority callsc

. Tha diapat&hcr 8 choice of which unit to dispatch may depend
on the availability of other units. For example, the closest

o

avallable unit may be surrounded by beats in which the units
ara busy, and the dispatcher might then dispatch a more distant
unilti’ ¥or a complete discussion, see Refs. 40, 41, and &2

¢  Service on low-priority calls may be preempted for dispatch to
high-priority calls. This means the patrol officers 1ncerrupt
‘what they are doing to respond ko a more important call.

® TPatrol units may be redeployed to new beats or new commands
as unavallabilities develop. ) o

® Patrol units may become available for dispatch prior to the
time they return to patrdllihg, for example when they are com—
plating paperwork, ' o

The only types of models that can take all such complexities into

ageount are simulation models, 'These imitate step-by-step the operations

of patxol unlts, A large numbéf of real or imaginary incidents are
tya cké& Ercmchhc moment the call is received through the dispatch of
ong: or” move’ units, their arrival at the scene, work at the incident,
cﬂmplat&on of the job, and ‘return to patrol.

~ Simplation models are able to provide much more complete summary
statistics than can be obtained from simpler models, For example, the
fraction of calls that received a reéponse time over 20 minutes can be
datermined, or the large& vc%ponsa time that 00curred in all the simu-
lated incidents can be die) '”T
tdion of patrol operations that s possible with a simulation model leads
te much more reliable cst&mates of those pcrformance statistics that are
also generated by simpler models.

Far'aﬂyana with the requisi&é skills, it is relatively easy to

lﬁémign“nfﬁimulation model, and therefore there are many more of them

In addition, the accurate representa-

e -
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than we can possibly describe here. However, experience has shown that
it is not easy to design a good simulation model, because this requires
close familiarity_With the department's operations. Also, simulction
models are expensive to run on a computer, need large amounts of detailled
data as input, and require considerable analytical skill to 4nterprat

the output correctly. Therefora, they are not recommended for any short~
term policy analysis. They should Qﬁly be considered for indorporation
in a sustained study of a comprehensin‘collection of policy options, Lo

be ccnducted-over a period of a year or more. However, the tost of such

& study may well be substantially leés;than the cost of a real-world test
of a new poliey, éspecially if it turng out not to have been a good idea.
Iwo general-purpose simulation models of patrol operationg that are

available to police departments were designed bynlar50n<lo)

and by
(43)

Kolesar and Walker. Larson's model was rewritten by Urban Sciences,
Inc., and is available by contract for time-sharing servlces.<’4) The
Kolesar-Walker model is available from The Rand Corpotation for installa-
tion on a department's own computer system. The primary differences

between them are as follows:

&

® The Kolesar~Walker model will accept a"historical stream of
calls for service as input, thereby permitting an exact Jdupii-
cation of demands placed on the department, together with their
actual variations of service times. Alternatively, the input
stream can consist of imaginary ;ncidents'dérivé&'froﬁ avprage
call;fates and service times. ﬁarson's model uses imagiﬁary
inciéents only, and they are generated internally based on
average call rates and service times provided by the user.

® The Larson model permits specifying the relative amount of
free time spent in various locations by patrol units. In the
Kolesar~%alker model the patrol units are imagined to remain
at the scene of the last incident until they are dispatched

. *
to another one.

* : ‘
There are exceptions to this for out—-of-beat dispatches.
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Q*f'The Larsonlmodel alloﬁs*forfpreemptioo‘of‘calls.: In tﬁe R
Kolesar-Walker model a call]is'preempted‘ohlyfif tﬁeTaSSigned
patrollunitfhasfnot:yet arrived at the scene of a lower-priority

~eall. ' S S R

¢ - Scheduled non—cfs work can be 1ncluded in the-Rolesar-Walker B

model, but not in the Larsgen model. ' ;‘ . A Slv

®. - Only one unit is’ dispatched to incidents in the Larson model.

The process of uﬁderstanding an.existingvsimulation'model;*modlfy—

~ dng it to reflect unique aspects of departimental poliey,‘and applying‘

it guccessfully may be more difficult than writing one's ‘own 31mulatlon
”‘model, Therefore, a department that is convinced of the ‘need for a
gimulation model should carefully review the design concepts. of both

of the models described here. Then it can make an informed judgment
whether to adopt one of them or to ‘design a new model that incorporates
- thelr desirable features. = _- e R e R jffV
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© VI. MANPOWER SCHEDULING
A
o The three related issues of manPQWer scheduling descrlbed in the
Introductron can each be resolved rather easmly with the assistande of
avallable computer programs ‘

i The flrst issue concerns the times. of day at which patrol officers

‘ should begln and end their. tours of duty Traditional practlcechas been
for police officers to work one of three elght—hour uours (also called

watches or shzf%s) In thls arrangementg if tours begin on the hour,

there are only eight ch01ces for the starring times‘of tours, Namely,
the,flrst,tour of the day can begin at mldnight 0100, 0200 0300 0400,
0500, 0600, or 0700 (The startlng times of the othnr tours are deter~v

‘mined by the startlng t1me of the first tour. )

Some of these starting tjmes may be far superior to others in terms

of the match between manPOWer requirements and manpower on duty For,,

example, if the largest number of calls. for service oceur during the

: hoorsifrom‘1800 to OZQO,Ifollpwed‘by a period with»fewacalls for service,
'a"tour that begins at midnigﬁt‘will either ‘have too fewAgnltsvonlddty

for the first two hours or teo many for the last’ six. Beginniﬁg’the

. tour at 0200 will permit a better ‘match.

Some departments have a fourth eight—hour overZay bour that begins

v during one of the regular tours and ends during the next., In oonsider-'

ing whether to adopt such a pxactice, a department would want to know

the benefits that could be achleved‘from~an overlay tour and the best
choice of a starting‘time. More complicated possibllitwee, such as ;
overlapping ten—hour _tours or a large number- of overlaid eight~hour
tours may also be proposed or already adopted in some departments,

- The simplest types. of tour—schedullng problems- can<be easily re-
solved u31ng a model such af the Patrol Car Allocatlon,Model. Fox

example, in the case of three e1ght~hour tours, the eight poesibilities

ffor starting times mentioned above can be compared by operating PCAM
‘;w1th eight different data Mases, each shifted by one hour compared Wlth
~ the precedivg one. PCAM will also permit displaying performance mea-

. sures for ‘one overlay -tour - and comparing the results with the*sxtuatlon

B
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winhout an oVerIay tours, ?he'seveﬁ,possiule/oﬁethe—hour’startieg times
for the overlay tour can, ‘also be rapidly compared with this model.

To study”more complicated arrangements, it is neceSsary to deter—k '

mine the degired: number of patrol units on duty during each hour of

esch day ¢f the week. In many cases, this can be accomplished by pre-
paring a data base for PCAM that imagines each hour to be a separate
tour, but 4f the requiremente for patrol ‘units ere unrelated to calls’
for service (e, .; they perform traffic control or school—crossing func-
tiong), dome other method may be needed. Next, a computer program spe-
clully desipgned for this purposa(45> will determine the number of patrol
units that should start on duty during each hour of the week o of
coutse, many howurs will not be the starting tlmes for any units How~
avar, there may be tours beginning at midnight, 0200, 0500 0900, and

so forth,) The schedule generated by this progrsm wiil have the smallest
“nombex of unit~tours needed to meek or exceed all the stated requirements
The version of the program that is currently avaxlable assumes all tours
last elght houre., ‘ :

Thig Game program can be used to answer another scheduling issue
mentioned in the Introduction, namely the times at which schedulable
non~afa work (usually meal times) should begin. The progremrspeoifies
the number of units in each tour that should have their meal during each
hour of the tour. The user is permitted o place various conditions on
mesl=aterting times, such as forbidding any meals to begin during the
firsr oY seeond hour of a tour.

To estimate performence measures -accuratély: when the number of '
unlts on: duty 16 ohsnging from hour to hour, a ‘simulation model w111
ordinurily‘be required ' However, many queulng characteristics can be
determined from a dynemio queuing model devaiopéd at The New York City—

Rand Xustitute,(&S} o G u:'ﬁ ; i

i

| o
The last nanpower scheduling issue coneerns the days of the week

- on Whioh offfcars work and each:officer's petternroF rotation from one

tour to another. For example, one officer might work the night tour on.
Monday-Friday of one week and Sunday-Thursday the’next week, after which

| ha &hungaa to the worning tour ‘and - begins work.ov‘Monday. The primary

_ohjactive in. designing.such schedules is to marfﬁ the number of officers

y/‘

//

W

on duty t

; closely a

pac age’o

to a patt

”3with two

4

o the numbar that the department would like to hsve On duty as>

s poss1ble. A second ObJeCtlve is’ to nake the schedule “fair",,

.in the sense ‘that no offlcer would feel thet some other officer. hed e
ﬂQMQ:better schedule ' : : : ‘

' One program that has beenrdesigned for this purpose is psrt of a :

£ models knOWn as Superbeat.(éﬁzd It 13 speclfically‘oriented
ern of schedules in which ‘each officer works five days 8 week

consecutlve days off. - Some of the officers rotate from one

tour to another on-a monthly basis, while others ‘work. a tlxed tour

A se

was perfe

Can extrao

substanti

: model.v

~Hell

~a number

a single
deys; The
is. shifte

rotatlons

~Cert

J”others:ar
with the

number -of

‘Examoies]

cond program of thls type was initially designed by Heller® and
(47?, This is -
rdinarily flexible and well—designed program that can handle

cted with the a531stance of McEwen and Stenzel.
ally more compllcated patterns of rotation than the Superbeat

er's method 1nvolves div1ding the entire: pool of manpowar into
of squads, whlchbare of different sizes. All thevofficers in
Squad have the saﬁe working days, days off, and tour rotation
e schedule for some other squad is ideritical, except that it

d by'a certaln number of weeks. Thus, in the long run all of~

nficers experience exactly the same’ sequence of days on, days off, and

ain. features of a schedule ars cdnsidered desirable, while A
e undesirable,‘snd the program attempts to;produce schedules'u =
largest possible number of the former and the least possible

the 1atrerg Exaeples of‘desirable_feetures ares’

days off on Saturday and Sunday (a recreatlon Weekend")

large number of days off in a row.

of undéSireBlemfeatures,(some ofVWhich,caurbleorbidden by the

uger) are:

- large number of weeks»inra~rowswithout e_recreation weekend

large number of daYS‘wotked conseentiﬁely‘ﬂ




| ‘i4fTsinsla day off befgfezbegi““i“g work again
i }i5,'wcﬁaﬁidn ta a naw ccur dn,a day thar does not fcllow a day
: Qlﬁfr ' | | | |

ﬁcheﬁﬂling prcgrcms can Ee used to schedule officers in any divi-'

'ﬁicﬁ of a pclica dspartment, nct just che patrol force.' o

Fooemman,
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- VIIL. STEPS N AN_ALLOCATION STUD“ o
: i R // .

Nearly any study of patrcl allocationywill require summary statis-
tics concerning the amount of cfs work and non-cfs work of patrol units,
broken down by time of day, geography, and priorrty Therefore,wit‘is
important for. a department to develop the capabillty to obtain. c0mpcterw

processable data from dispatchers shOW1ng the time of arrival of each

call for service, the tlme the cal%ﬂwas assigned to a patrol unit,. the
~number of patrol units assigned, the times at which the units were once
- again available, the type of" the call, and its location. The times at’

which units arrive at the scene will also be useful, but it ‘may not be
feasible to record this for every call (depend;ng‘onkradio:traffic).

ST o Sk

- Arrival times for suitable samples of calls will be satisfactory,

_ The,times at which non-cfs ucavailabilities,begin,and end .should alsgo.
‘be obtained. R |

. The type of a call for service should be recorded in a form that
is suitable for determining its priority. If the possibility of chang~'
ing. the priority structure is not under ccnsideration, then the easiest
and most accurate way to do this is to have the#disPatchers indicate
the.prrcrity of each:call./ Otherwise, 20 or more: categqrres of calls

fmaylbe;neededw» Existing crime‘codesaare‘unlikely to be satisfactory

ﬁcr this purpose; except for crime types whose priority is obvious, -
The Zocatwon of the call must be apecified to a level of detaill .

'appropriate to the studies ‘that are being ccnsidered.' At a- minimum,
the geographical command in which the call is located should be known.
,Recording the beat in which Lhe call occurs is ordinarily of nc use,

since:this permits study of,the current beat structureuonly., If‘beat_
design is under consideration, then finer geographical information is

) needed,'nameiy'the'calls must be;counted byirepcrtingwarea,'asndescribed

in Chapter,IVrv

qu example, arrival times can be recorded for every dispatch ‘
during a one—week period or for every flfth dispatch during a one~month

period.
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~ ﬂee appxeeeh is to deﬁine ﬁepoxhiug axeaa in.advanae of data col~
dsetdon and have the diapaaeﬁew record the. repotcing area of each 1nci~
dati, A socond ig to meeexd the nddrees of feach incident and use eome
ﬁemyu&etiaeﬂ ﬂd&reaawmatching fecility to determine the reporting area
for auch addrase. The lacter 1e ldkely to leed to some 20 percent of
fneldents that fall to match, due ko miaspeiling of ecreen fames,
yﬁ&@iﬁi imeaﬁi&ns (o8, ‘Comtunity Hoepital), and incomplete address-
maﬁﬁhihﬁ f&lﬁﬁ» Some of thege unmatched addresaee ¢an be ignored be~
RS they aﬁ@ randomly Located, whils & tedious manual procees will be
needed to dekermine the reporting areas for locations that fall to match
Cinoa eonmimtent. fashion. (Fox example, one street rame may be frequently
‘miwspslled, resulting in a failure to match.) gt
Hevimgpaelleenea apprepﬁi&ta eummery‘statiaties, there is a tendency
for the plﬂﬂﬂeﬁe ‘to want to'send them to Butrol commanders to prove chat
they havs menempliehed 8 mejar task, But performance statistics in the
sbaunce of puggestilons for changes dn allocecion policy are pt&cticaliy
usalosy and may 1eﬂa the pehrul commanders to ‘doubt the eanity of the
plannars. wherefere, an 1mpextanb next eeep 13 to do somethzng with the
data, SN .

It 1e vare indaad for the suaLiatics to inaieate that the depart—
ment has no patrol allocation problemQ; Usually they will clearly ahow
a nead o vasllocate by time of day or by geogiaphy, or to modify the
doaign of beats, It may happen that the data were collected with beat,
B ﬁeﬁigﬁ.iﬁ‘mindgjhut they indicate clearly a misallocation of patrol
eniteiby»&ime of day. The polioy eseue #a be addraseed f@rsﬁ should be
. fxieﬁaﬁmxﬂaé ﬁmem the statistios, : o F e "
The next step 18 to &etermine a euicable mathod to use for addressing
the selacted peliey‘iseue‘ While phis repoxt giVes general guidance,
the plannars should eenducn a caveful ssarah of the ‘available options.
3 ‘ | fwhie will involve reaaing the appropriate references given ir this re~
f; S p port nnﬂ “#lgo reviewing related sumgary ﬂocuments‘(QS 49) Sihe‘visite
T to othey &epertmenne that have already {nstalled one of the. models may
be\ahe hemu eeﬁree pf frank opinionai Selectihg the most appropriate
\%%&ecing rempuner pxegram Enn a,paruiaular application, or deciding to
evelep ene‘e own pxegxems. is an jmportant choice that‘shouldpnot be

N
\%‘
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treeted:caeually. If reallocetion by - time of day is under consideration,

‘the method to be used eventually for scheduling manpower to meet the

desired allocations should be resolved duriug the initial etages also.
Next, the department will have to determine whether its own pexson-
nel are capable of conducting the study ot whether outside asslatance
is required. Fully documented simple models such as the- Patrol Car Allo~
cation Model and the Hypercube Queuing Model can be utilized wilthout
special programming or statistical skills; the department miwt merely
have access to aacompuﬁer sysﬁem. Other models may be too cemplex'to
operate properly without outside assistance, or they may be available
only as part of a "package deal” that ineipdes consultiﬁg services.
If the department'reqeires outSide'assistance, local consulting firms
br4univetsity students and professors may prove to be the best choilce,

- because regular interaction between the analyste and the departmenc 8

stafﬁ 1s a prerequisite for a successful project.

A project team should be assembled, consisting of the department’
planners, outeide analysts, administrators who will be called upon to
make the final policy decisions, patrol commanders who will have to
implement them, and poseibly representatives of 1abor unions if nego-
tiable issues are under study. ©No policy changg however logically *

‘related to performance measures, can succeed 1f it is infeasible for

reasons not taken into account. Assembling an appropriate project team

Cwill avoid producing the "perfect" allocation plan that is never imple-

mented. ;

Next‘comes the step of operating the computer programs.' While din
most instances complete users' manuals are available to instruct the
project team in this process, experienced planners know that unantici-

pated ‘problems may arise before the program operates properly wilth the

kdepartment s data base. It is important to try out the base ease

(namely, the department's current operations) and to compare the esti-
mates previded by the model with actual data to the greatest extent
possiblej~uThis may reveal errors in data colleétion, especiallfyif
some of the data were '"guessed." For exampie, a depaftment may have

trouble believing that the respomse speed of its units is 19 m.p.h.
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v IMAnHEMATICAh FORMULATION or QUEUING P e if *g

Ty heavly all anumyticai queuing models for Qo@ice patrol allacatiqn
assume that ea;ls for servine arrive @ccording to a Pqisson process at

rate A, the se*vice times of all calls) Laxe independantly exponantially
~In this

. I
distributed with mean l/u, and the system is in steady gtate.
case,, if nhere\are n pacrol units not busy on non~cfs wnrk, the proba-

bility that k dniﬁs Wwill be busy on cfs Work isg
| Pk(n) é POCn)p'[klA ~f9§ k < 9  g
and o TR e e s

R @) =R (m)p"/ (el - p/n),

where p = A/u and
n-l k n Il
P (n) = By e P
By () Zo i YRl <5 n)},f'

P‘(n) is the probability that all units are busy, and is therefore

n ;
the probability that an inZoming call for service will have to enter
(n) is the probabdlity that m units are available, which

a queue. P
can be used as a weight for estimating aVerage travel times, as mentioned
in Chapter II, | . ; C

The average length of time that a call will wadt in queue (including

calls that do notVWait) is

W =B )/ Gl - p/m).

If calls are divided into priority classes, it is assumed that calls

are dispatched in a first-come fitetésenvad manner within priority class,
fore priority 2 calls, and so forth.

with priority 1 calls dispatched
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Then, denoting by a?‘the fraction of calls that are of priority p, the

average walt for a priority p ca1t 15450

S o faa Tan
W(m~PCM/wQ~kl >G4Wl,>p

ny

g i
(The sum ) s zexo if p = 1.)
S Teml >

Now Lf N patrol units are on duty, the number n of units not. busy
on non~cfs work will vary from time to time. An approximate method for
taking this into account ie to caleulate the average numper of units not
busy’mn nop~cfg work. If this average 1g an integer, 1£ can be used in

the above equabions to replace n. If it is not an integer, the equations
must be interpolatad. See the PCAM user's manual( 29) for further details.

Mote aoaurate treatmenL of non-cfs work requirea_a dynamig queuing

(45)

model T a Bimulation model.
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Appendix B
ADDRESSES FOR, FURTHER INFORMATION

1. TFor COpiES of?publiéétionsVahd computer programs distributed by
' The Rand Corporation, or inqu ries regarding this report.

‘Jan M. Chaiken

.The Rand Corporation

1700 Main Street -

" Santa Monica, California 90406
(213) 393-0411

2. Research sponsor:

U.S. Department of Hpusing and Urban Development

‘ Alan Siégel, Director
. Hartley Campbell Fitts, Program Manager

Office of Policy Development and Research
Community Development and Management
Research Division
451 Seventh Street, S.W.
Washington, D.C. 20410 ;
(202) 755-6970 i
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