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.

A newly developed computer prograr, based on a multiserver queuing model, is applied
to the problem of.police sector redesign in part of the City of Boston, Using commonly
available data describing patterns of calls for service, travel times, dispatching strategies,
and other factors, the model computes numerical values of several operational performance
measures. These include mean travel times, workloads, and fractions of dispatches that are
cross-sector.

Using 1971 call-for-service data, a case example is worked out requiring four iterations
between the planner and the model for District 4 in Boston.Prior to the iterations, an attempt
is made to describe the logic or intuition or rules-of-thumb that are used in arriving at
various sector designs.

Members of a Resource Allocation Task Force at the Boston Police Department utilized
several concepts of this methodology in a massive manpower reallocation program, “The
Maximum Response and Patro] Plan”, implemented by Commissioner Robert J, diGrazia
in September 1973,

This paper describes a computer model that estimates the operating per-
formance of radio-dispatched police patrol cars in the field, given certain data
regarding distribution of calls for service, service times, travel times, dis-
patching strategies, and spatial distribution of patrol units while on patrol.
Although the model has several potential uses, the author feels that its primary
immediate application will be in the redesign of police patrol sectors and
similar service regions for other public safety systems, such as ambulance
dispatch areas. Our purpose in this paper is not to present technical details
of the model (this is done in Larson [1973] and in other documentst), but

T A first preliminary computer implementation of the model used here is reported by
Campbell (1972). A somewhat more complex model, which allows the dispatcher’s prefer-
ences for patrol unifs to vary, depending on which regions in the city are relatively congested,
is reported by Jarvis (1973). A user’s manual for the model used in this paper, developed
by Larson (1973), is currently being written,
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52 R. C. LARSON

rather to illustrate in a nontechnical way how the model may be used for
police redesign in an actual operating environment. Our case example deals
with Police District 4 in Boston. In part, this choice was motivated by the
activities of the Task Force on Patrol Manpower Allocation in the Boston
Police Department, which in July 1973 selected District 4 for trial imple-
mentation of a new manpower allocation and sector design program.

Before presenting the details of the case example, we briefly review some
of the objeciives of police sector design, we deseribe the input data that are
used in the example, and we summarize some useful rules-of-thumb in sector
design. A concluding section summarizes the methodology and discusses
current implementation activities in the Boston-Cambridge area. .

For those not familiar with police terminology, an abbreviated glossary is
presented in Table 1.

TABLE 1

Glossary of police terms
related to the Boston case example

(Words set in italics are defined elsewhere in the glossary.)

Call for service -
A communication to the police originating from a citizen, an alarm system, a police officer,
or other detector, reporting an incident that requires on-scene police assistance.

Command (or District)

An area or region comprising several sectors that is administratively distinct, usually having
a station-house used as a base of operations. Often called precincts or (as in Boston)
districts. A patrol officer is usually assigned to one command for a period of time. Dispatch
assignments are nearly always intra-command assignments.

Dispatch assignment
A directive by the dispatcher to a patrol unit assigning the unit to respond to the scene of a
reported incident or call for service.

Dispatcher
An individual who has responsibility for assigning available radio-dispatchable patro! units
to reported incidents.

Effective travel speed
That speed which, if constantly maintained over the path of a response journey, would
result in the same fravel time as that actually experienced by the responding patrol unit.

Flying
A term applied to a parrol unit responding frequently to calls outside its home sector.

Hazard formula

A summation of crime statistics, geographical statistics, and other factors thought to be
important in determining the need for patrol units in a region, each factor multiplied by
a weighting indicating its subjective importance.
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Home sector
The sector in which a patrol unit is assigned to perform preveniive patrol.

Intersector (or cross-sector) assignment
A dispatch assignment to a sector other than the unit’s fome sector.

Overlapping sectors
Sectors that at least partially share common regions.

Patrol aliocation

Tl}e entire process of determining the total required number of patrol units, their spatial
and temporal assignments, and rules governing their operation.

Patrol status

Thq condition of a patrol unit, particularly pertaining to dispatch availability. In some
pohpe departments the dispatch status of a patrol unit is restricted to one of two possibilities:
available or unavailable; in others, finer distinctions are made, including such possibilities
as meal break, auto maintenance, patrol-initiated actior, station-house, or type of incident
currently being serviced.

Patrol unit
A patrol car, scooter, or wagon and its assigned police officer(s); or a radio-dispatchable
footpatrolman.

Preventive patrol

An aqtivity und_ertaken by a patrol unit, in which the unit tours an area, with the officer(s)
.checkmg for crime hazards (for example, open doors and windows) and attempting to
intercept any crimes while in progress. :

Reporting area )

A subarea within a camn?and, typically no more than a few city blocks in size, that is used
as the smallest geographical unit for aggregating statistics on the spatial distributions of
calls for service and preventive patrol coverage. :

Sector (or Beat)

An area in which one patrol unit has (usually exclusive) preventive patrol responsibility.

Sector identity

A term appl.ied to an officer’s personal commitment to maintain public order and provide
effective police service within his home sector.

Service time

The to.tal “off the air” time per call for service for a patrol unit. Includes travel time, on-
scene time and possibly related off-scene time,

Travel time

The time required for the dispatched patrol unit to travel to the scene of the reported incident.

Utilization factor

The fra}c{ion of time a patrol unit is unavailable to respond to dispatch requests. In this
paper it is assumed that a unit can only be unavailable because of call-servicing duties.
Sometimes called utilization rate.

Workload '

Same as utilization factor.

N ime Wreaedi it



54 R. C. LARSON
BRIEF DESCRIPTION OF POLICE PATROL OPERATIONT

Our focus is on the radio-dispatched police patrol force. Each radio-
dispatched unit (usually a patrol car, wagon or scooter) is assigned a primary
area of patrol responsibility, which we refer to as the unit’s sector, although
“beat”, “‘car area”, and other terms are used, depending on local tradition.

One primary duty of the unit is to traverse its sector performing “crime
preventive patrol”, the purpose of which is to prevent crime by removing
crime hazards and to deter crime by posing the threat of apprehension.
Usually high crime rate regions within the sector receive relatively greater
preventive patrol attention than low crime rate regions.

The second primary duty of the unit is to respond to calls for police
service. These are usually generated by citizens calling the police emergency
number, After the necessary information is obtained, a police dispatcher
assigns or dispatches a patrol unit to the scene of the call. It is important to
note that a call for service interrupts preventive patrol, since rapid response
is considered to be of higher priority than general patrolling.

When possible, a call for service is usually assigned to the unit whose
sector contains the location of the call. However, if this unit is already busy
servicing a previous call, then the dispatcher assigns an out-of-sector uuit,
resulting in an intersector dispatch. From a planning point of view, intra-
sector dispatches are usnally preferred to intersector dispatches because (1)
they most often result in shorter travel times and (2) they enhance the
officer’s identity with his own sector by providing citizen contact within the
sector at locations requiring police service.

At any given time the dispatcher has only a fixed pool of units that can
respond to calls in each command (or “precinct”, ““district”, or “division™),
which is an administrative grouping of sectors. Most commands have a
centrally located stationhouse to which all patrolmen report for a briefing
(“roll call”) prior to entering their cars and travelling to their sectors to
commence a tour of duty (usually lasting eight hours).] The New York City
Police Department averaged nine sectors per command (precinct) in 1969,
Should the need arise, usually each unit can be dispatched to any point
within its command. If, unfortunately, all units in a command are simul-
taneously busy when 2 call arrives, then the dispatcher enters the call in
queue for later dispatch. There are very few intercommand dispatches, and
our sector design procedures will neglect them.

1 The description of police patrol operation in this section is necessarily brief and
focuses primarily on issues that relate to sector design. A much more complete picture,
including circumstances in which the dispatch-patrol system deviates from its normal set
of operating procedures, is found in Larson (1972), Chapter 1.

1 The stationhouse also houses the command’s supervisory officers, serves as a receiving
point for individuals arrested for crimes within the command, and provides a location for
citizen “walk-in” complaints.

-
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For purposes of sector design, it is necessary to know the statistical
patterns of demands for police service (for both calls and preventive patrol)
in subareas throughout the command. The subareas, or police reporting
areas, or geographical cells should be significantly smaller than sectors so that
sectors can be designed as combinations of subareas. Various cities use census
tracts, city blocks, or specially designed police subareas as their police reporting
areas. In our work, we will assume that each police sector is a particular com-
bination of reporting areas. '

Now, for a specific command, the two basic questions in sector design are

1) How many units should be assigned to the command during a particular
time period ?

2) Hov should the sectors of these ‘units be designed? -

We will assume that the time period for each sector design is sufficiently
short so that the statistical patterns of demands for police service do not
significantly change during the period, bitt sufficiently long so that we can
meaningfully examine “average” behavior of the patrol units in the command.
In most cities this period of time would range from two to six hours in dura-
tion, depending on the time of day and season of the year. We recognize *
that many cities stipulate as an administrative constraint that the sector plan
must be fixed over a twenty-four hour period; while the model we use:in this
paper can be applied under this constraint (by calculating average system
behavior under different demand conditions but identical sector designs,
and then combining results), for simplicity we focus on one time period under
one set of demand conditions.

OBJECTIVES IN SECTOR DESIGN

We now ask the question, “What are reasonable objectives in designing
police sectors ?” The answers are difficult, depend on departmental policies
and priorities, and are often mutually conflicting. Several first-order con-
siderations come to mind: -

1) There should not be marked disparities in workloads among the radio-
dispatched patrol units. In other words, it would be inadvisable for one unit
to work (on calls for service) a significant fraction of time greater than another
unit. In part, this consideration is motivated by patrolmen’s morale and
efficiency considerations, equity, and perhaps by negotiated labor contract
requirements, More fundamentally, a large workload imbalance implies an
equally large, but reversed, imbalance in preventive patrol coverage. This
latter problem is compounded by the fact that sectors whose units are busier
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than average often require the greatest emount of preventive patrol attention.
Hereafter we use the term “workload balancing requirerhent” to refer to
these considerations. (Workload balancing would not apply to patrol super-
visor cars or other such specialized units.)

2) The sector design should not be such that the average command-wide
travel time is markedly above the minimum possible. In other words, the value
of average travel time should be considered when evaluating alternative
sector designs, although travel time minimization by itself is not a single
primary objective. We refer to this as the “‘command-wide travel time
requirement’’.

3) To the extent controllable by sector designs, there should not be marked
inequities in accessibility to police service in various parts of the command.
That is, it would be undesirable if police consistently reached some neighbor-
hoods within two minutes, while other neighborhoods experience 10 minute
travel times. However, geographical considerations make it virtually im-
possibie to equalize travel times to all areas, and all we can hope to do is make
variations among travel times tolerably small. We refer to this as the “equity
of accessibility requirement”.

4) To the extent controllable by sector design, the number of cross-sector
dispatches should be minimized. Continually dispatching units outside of their
own sector reduces the chance of an officer establishing a strong identity
with his own sector, increases travel time, and may result in sending an
officer to an area in which he is unfamiliar with the street pattern, as well as
social mores, and other neighborhood characteristics. We refer to this as the
““cross-sector dispatching requirement”.

5) There are other considerations that are much less conducive to measure-
ment but nevertheless may be equally as important as the above four quantita-
tive requirements. For instance, to the extent possible, the police planner
may wish to preserve ‘“‘neighborhood integrity” when designing sectors.
Under the assumption that an officer is trying to establish an identity with
the citizens of his sector, he may do this best if he has one unified neighbor-
hood to deal with rather than two or more neighborhoods artificially divided
by sector boundaries. A similar consideration involves the extent to which a
new sector plan deviates from the current plan; in many instances, it may be
desirable to retain part of the current sector plan in the hope of reducing the
amount of time required by patrolmen and dispatchers to learn the details
of the new plan.

Undoubtedly each police planner has its own set of issues—some quantita-
tively-oriented and some not—that are important in the sector design process.
For instance, the well-known police planner Q. W. Wilson (1963) focused
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heavily on workload balancing in his recommended beat (or sector) design
procedures. In most cases, however, regardless of the planner’s particular
set of issues and their relative priorities, the model described here should be
useful in his thinking—primarily because it computes rapidly and effectively
many operationally oriented performance measures that come into play in
the sector design process, particularly under requirements 1 through 4 above.
The model does not “optimize™ any performance measures to find the “best”
sector design. Rather, the philosophy behind the construction of the model is
that in a public service as complex and multifaceted as an urban police depart-
ment, the word “optimize” has little meaning. A satisfactory quantitative
statement of objectives has been impossible to obtain, and even if it were
obtainable, one would have to list constraints explicitly—an even more
difficult task considering all of the social, political, legal and spatial factors
that come into play. Rather, it is felt that a police planner with an intimate
knowledge of his own city can be an excellent Jjudge of the qualitative factors
tiat are relevant. Using the computer to calculate the important performance
measures, sector design can be viewed as an interative process. First the
planner proposes a particular design of sectors and has the computer
calculate the resulting values of the performance measures. The planner then
incorporates this evidence, including possible workload imbalances and/or
Inequities in accessibility to police service, in with the remainder of his know-
ledge of the area under consideration, and decides whether to accept the
proposed sector plan or to devise an altered one. In the latter case, the entire
process is repeated one, two or several times until a satisfactory sector
design is obtained. In this way, good use is made of the planner’s talents and
the computer’s computational power.

SOME USEFUL RULES OF THUMB

In this section we state certain rules of thumb that relate to the sector design
problem. By shedding light on interrelationships among various performance
measures, these rules of thumb will assist our intuition in generating and
evaluating alternative sector designs.

1) Relationship between sector area and sector travel time

Other simpler modelst have suggested that average travel time within a sector grows with
the square root of the area of the sector. For example, if one sector has area 0.25 square mile
and another sector has identical geometry but four times the area (1.0 square mile), then
the average travel time within the second sector is about twice that of the first sector. In
practical situations in which sectors have similar geometries and are “not too different” in

T Larson (1972), p. 84.
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size, this result suggests that average travel times within the sectors will be quite close in
value. For instance, if sector B is as much as 40 percent larger (in area) than sector A, the
intrasector average travel time of sector B will only be about 18 percent larger than that of
ctor A. i o .
> This rule-of-thumb also implies a probable area of conflicting objectives when trying to
balance workloads of units distributed over both densely and _sparsely pop_ulated areas. A
sector design strategy of equalizing intrasector average travel .tl{ne would dictate demgmpg
sectors of approximately equal area, while a strategy of equalizing worl_doads among un.xts
would require relatively larger sectors in the sparse areas. In the first instance, the work-
loads of the units in the sparse areas would be considerably less than the workloads of those
in the dense areas, but the average intrasector travel times wquld be about the same. In the
second, the average travel times within the larger sectors (in the sparse area) would !3&
greater than those within the smaller sectors (in the dense a_reas), but the worquads .of units
would be about the same. This is a conflict that will arise in our case example in District 4.

2) Compactness of sectors ‘
The possible geometric designs of a sector are coqstrained by street patterns, parks, rivers,
and other natural and man-made barriers. Within these constraints, howev9r_, _the police
planaer will want to arrive at a design that provides appropriate pol;c'e accessibility to each
point within the sector, especially for the sector unit and secondarily for nearby out-of-
sector units. o .

If one focuses on average intrasector travel time as a measure of accesgll?llnty within the
sector, then one finds that average intrasector travel time is n’o’t very sensitive to the exact
sector geometry, as long as the sector is reasonably “compact”.t As a rule ‘of th‘umb, if
response speeds do not depend on direction of travel', the greater sgctpr qimf:‘nslon (Fhe
“length™) should not be more than twice the lesser dm}ensmn (t{le width™), if reducing
mean intrasector travel time is of concern. For exarpple, if weponsnder .twc') sectors of qual
area, each with uniformly distributed calls for service and umformly'dlstr_lbuted preventive
patrol coverage, and where the first sector is square and the second is twics as lon.g as it is
wide, then the average intrasector travel time in the second (less compact) sector is only 6
percent greater than that in the first. . o )

If the police planner is concerned with the worst pOSS}ble situation that cou}d occur in an
intrasector response, then he should focus on the_ maximum pqs.szble travel time within the
sector. In general, this measure of accessibility is quite sensitive to sector area, overall
geometry, and impediments to travel such as one-way streets.t

3) The effect of differing travel speeds . o
In some instances the responding patrol unit can travel sigui.ﬁcantl‘y faster in or}e:‘dlrectxo?’
than another. For example, in many parts of Manbhattan it is possible tq travel uptown

or “downtown” at a much greater speed than “crosstown”. The same is true in parts of
Boston’s Back Bay area where it is usually more rapid to treivel p;lrallel to the C}larles River
(on Beacon Street or Commonwealth Avenue or Boylston Street) than perpendicular to the
River (on Berkeley, Exeter or one of the other ‘_‘letyered” st_rcetg). In such cases the sector
design ought to reflect the fact that travel is casier in one dlrectl‘(‘)n thaq’another..To k?ep
average intrasector travel time to a level near the minimum, the longﬁr sectcz,r dgmens!on
should correspond. to the direction of greater travel speed and the “‘shorter c_hmen'sxox1
should correspond to the direction of lesser travell speed. Sue‘pose”tl}e sector dm_lenswns
run East-West and North-South; then the best design (where “best” is measured in terms
of average intrasector travel time) is achieved when thq average East-West ((_)r West-East)
travel time incurred while responding to a call fqr service within the sector is equal to the
average North-South (or South-North) travel time. In Manhattan, where North-_South
corresponds to uptown-downtown, this would imply thag sectors should be lqnger in the
North-South direction and the ratio of the length to the width would be determined so that

Larson (1972), p. 84, " . .
?;L See Largon (1972), pp. 82-84, 102~115 for additional discussion.
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during an average response the patrol unit spends as much time travelling uptown-downtown
as it does travelling crosstown.

4) Relationships between number of cross-sector dispatches and amount of time busy on

calls for service In police circles it is generally known that as a district becomes
busier, the less the operation of the patrol force resembles the “one-car, one-sector” style
of operation that may have been in the mind of police planner who designed the current
sector plan. As overall call-for-service volume within the district increases, it is more likely
that a patrol unit will service calls cutside of his “own” sector because the car assigned
to the sector of the call was busy on a previous call at the time of dispatch. What isn’t so
widely known, however, is the exact nature of the relationships between *“‘busyness” and
cross-sector dispatching, Here simpler models again come into playt and suggest that for
low to moderate workload levels the district-wide fraction of dispatches that are cross-sector
dispatches is at least as great as the average fraction of time that units are busy servicing calls.
Stated another way, if units are busy an average of 38 percent of the time (on the average),
then at least 38 percent of all dispatch assignments will be cross-sector assignments. Further-
more, the amount of cross-sector dispatching would be greater than 38 percent if work-
loads were unevenly distributed among units, Thus, another rule-of-thumb: Decreasing
workioad imbalances tsually decreases the amount of ciross-sector dispatching. For low to
moderate workloads, it is rately possible to decrease the fraction of dispatches that are cross-
sector below the average fraction of time units are busy servicing calls.

The fraction of dispatches that are cross-sector tends to increase at higher workloads,
but it may be slightly less than the average fraction of time busy, primarily due to the in-
creased number of calls delayed in queue at the dispatcher’s position; such queued calls
are handled somewhat differently from calls immediately dispatched, thereby allowing for
the possibility of reduced cross-sector dispatching,

5) A patrol unit’s workload is not equal to its sector’s workload

This point is frequently overlooked when designing sectors. Becauss of the frequency of
cross-sector dispatches, a large fraction of a unit’s time while responding to calls for ssrvice
is spent outside of its own sector and during these periods other units may be dispatched
into its sector to cover workloads that ure generated while the sector unit is busy. Thus the
following statement is #not true: “If sector A generatss twice the workload of sector B, then
patrol unit A ‘works twice as hard’ as patrol unit B.”] The relationships between sector
geometries, sector workloads, dispatching strategies, and patrol unit workloads are quite
complicated and are the primary motivating force for the model described in this paper.
Among other points, the model calculations will indicate that a unit’s sector can generate
below average workload and yet the unit can incur an above-average fraction of time busy
servicing calls, Thus the following statement is also not true: “Equalizing sector workloads
results in equalizing patrol unit worklioads.”

6) The burden of central location

A unit whose sector is situated centrally in its command will be a prime candidate for
cross-sector dispatches. Thus, such a unit is apt to incur a workload greater than that
suggested by the workload of its own sector. On the other hand, a unit assigned to an out-
lying or remotely-positioned sector is not likely to be a good candidate for cross-sector
dispatches, and its workload is apt to be less than that suggested by its sector’s internally
generated workload. We thus say that the first type of unit suffers from “the burden of
central location”,

From a practical point of view in the sector design process, in order to overcome this
problem and thereby balance workloads, the police planner should attempt to design
centrally located sectors with less-than-average call-for-service volume and remote sectors

1 Larson (1972), pp. 243-251,

t This was a critical underlying assumption in O, W, Wilson's proposed beat design
procedures (Wilson [1963], p. 274).
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with greater-than-average call-for-service volume. However, the planper usually incurs
another trade-off here. As the busy probability of outlying units increases, so does the chance
that an out-of-sector unit will have to be dispatched to a call in an outlying sector., Often
these responses require lengthy travel times. Thus, the average travel time to outlying
points increases as the workload of the sector unit in the outlying sector increases. This is an
instance in which equalizing workloads among units increases inequities among neighbor-
hoods in accessibility to police service. We will experience this problem also when designing

sectors in District 4.

THE MODEL AND ITS DATA REQUIREMENTSY

s e underlying model used in our case example assumes that calls for police
secvice arrive at a predictable average hourly rate from each police reporting
area, but the exact time of arrival of calls is unpredictable. This is the so-
called Poisson input assumption, which has been verified statistically [see,
for instance, Larson (1967)]. In response to each call, the dispatcher selects
one patrol unit to dispatch to the call, providing at least one is available
within. the command. If no »ait is available, the call is entered in queue and
assigned later in a first-come, first-served manner.

tia

~+— Distribution ~& ~

o

0 mean = 40 minutes t{minutes)

FIGURE 1 Distribution of service time at the scene of an incident.

The time required to service each call, the service time, is the sum of the
travel time to the scene, the on-scene time, and possible follow-up off-scene
time. The current model assumes that the service time distribution is the same
for each unit.} This distribution, known as a negative exponential distribu-
tion, is maximum for small service times, and diminishes suioothly for larger

+ A more technically detailed description of the model’s assumptions is found in Larson

(1973).
1 Thus, variations in service time that are due solely to variations in travel times of units

are ignored.
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service times. An example is shown in Figure 1 for the case of a 40-minute
mean service time, When service is completed on a particular call, it is assumed
that the patrol unit is again located in its nome sector, either about to embark
on preventive patrol or to be immediately reassigned to a call that has been
delayed in queue, in particular, to the call that has been in queue the longest

time.
In. the following subsections, we detail the data requirements of the model

and indicate the numerical values used in the Boston case example.

TABLE 11

1971 Number of calls for service by reporting area

Reporting area Number of calls Reporting area Number of calls

1 1659 36 819

2 2213 37 931

3 1656 38 967

4 888 39 2034

5 709 40 1294

6 1666 41 1412

7 1747 42 959

8 1479 43 2059

9 659 44 1228
10 1383 45 737
11 1350 46 1237
12 837 47 13%6
13 618 48 406
14 973 49 1161
15 818 50 863
16 1432 51 451
17 1300 52 947
18 2176 53 645
19 986 54 440
20 1058 55 580
21 512 56 2106
22 1510 57 2703
23 1904 58 1175
24 2632 59 993
25 1299 60 1808
26 1494 61 855
27 675 62 1314
28 907 63 643
29 1171 64 8i4
30 1219 65 631
31 787 66 419
32 1001 67 950
33 1300 68 1162
34 1263 69 898
35 1049 70 497
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Reporting areas

The first requirement in using the model is to break up the police command
into reporting areas for statistical tabulation purposes. Recall that sgctorg
are to be designed simply by grouping repc:ting areas together w1th9ut
having to split any. Boston’s District 4 is partitioned into .seventy repqrtmg
areas and we will use these in the case example. These reporting areas typ_lcally
range from four to eight city blocks in size. For purposes of simplicity of
presentation, we number the reporting areas consecutively from 1 to 70.

X
-1.0 05 0.9 0.5 1.0

! Massach|

Aveque

Y

psetts

Arlington
Street

10

Beacon
Street

Brookline
Avenue | wes

Park we
Drive

AN

«= Beacon Street

0.5

e e

2. <
BN /%
;0 .

Lo 1 |

Huntington|Avenue

3 |22

ol ;i:g
24,

-= Boylston Street

w— 0 Y

< N
v d 7X° Z0 35
TNs
Columbus Ayenue s 9 o Albany Street

38
Tremont Street E

— 0.5

Harrison.Avetue ?ll

FIGURE 2 Coordinate Grid System for District 4,

Calls for service

Once the command has been partitioned into reporting areas, it is necessary
to estimate the rates of calls for service generated from each. There are various
ways of doing this and no “standard method” has been agree.d upon. In t'hlS
case example we use the total calls generated from each reporting area during
1971, as recorded by the Boston Police Department. These data are shown

in Table ILt

It is important to note that using annual statistics in this way to estimate

the spatial distribution of calls for service ignores any variation in the spatial

+ Eventually it is planned to modify the model to allow for calls for service to be broken
down by priority level as well as by geographical cell.

e s
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distribution by time of day. For instance, business areas within District 4
are relatively busier during the day, whereas entertainment areas are busier
during the evening hours. In the case example, since data were not available
by time of day, such temporal variations had to be ignored. (The Boston
Police Department’s new data collection system provides a time-of-day
tabulation, so future analyses will not share this limitation.)

For reference, a simplified map of District 4 is shown in Figure 2. Where
appropriate, contiguous reporting areas with similar social and/or physical
characteristics have been grouped into zones, labeled Z1 through Z11. The
set of zones is not collectively exhaustive, and the zones do not necessarily
coincide with sectors. They are identified and described in the following
paragraphs to give the reader a better idea of the setting against which District
4 police operations take place. Table IIT indicates which reporting areas are
included in each of the zones.

TABLE III
Definitions of zones or neighborhoods in district 4

Zone Reporting area

4 through 15

59, 60, 61

56, 57, 58

16, 17, 53

1,2,3

18 through 22, 49
23 through 28, 52
34, 35

29 through 33, 47
36, 37, 39, 40, 43, 46
38, 41, 42, 44, 45

OV U W

— e

Zone 1 corresponds to the “Back Bay” section of Boston. Lying on the
southern bank of the Charles River, it is bounded on the east by the Public
Gardens (at Arlington Street), on the west by a major artery, Massachusetts
Avenue, and on the south by Boylston Street, a hectic avenue lined with
restaurants, elegant stores and luxury apartments. Physically, zone 1 consists
mainly of older residential buildings, housing college students, more estab-
lished and affluent permanent residents and professional people. During
1971 the neighborhood had an average workload (per reporting area),
accounting for slightly more than 16 per cent of the calls for service in
District 4.

Across Massachusetts Avenue to the west lies Kenmore Square in zone 2.
The area is the social hub for many Boston students with several restaurants,
shops, offices, and entertainment spots, and accordingly generates a great
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deal of police work. To the south is zone 3, bordered on the west by the
Fenway and Hemenway Street and on the south by Huntington Avenue.
The area includes many shops, bars, restaurants and once-elegant row houses.
It is a neighborhood in transition with students, elderly whites and poorer
blacks vying for apartments. Not surprisingly then, it contains the busiest
reporting area in District 4, reporting area 57 with 2703 calls in 1971, The
remainder of the District west of Massachusetts Avenue is a quiet residential
area generating calls at a rate well below the average.

Moving east across Massachusetts Avenue we reach the triangular zone 4
between Boylston Street and Huntington Avenue. A product of urban
renewal, it contains many of Boston’s recent architectural “feats” in office
complex and hotel construction, In 1971 it generated an average number of
calls. Bast of zone 4 is the Copley and Park Square area (zone 5). With its
entertainment spots, restaurants, hotels and stores, it attracts people, and
consequently the police, 5528 times in 1971.

South of Huntington Avenue is a large diverse neighborhood known in
Boston as the “South End”.t+ The northern portion (zone 6) is a transition
area going from an entertainment and shopping zone (including the Boston
Arena) to an older residential neighborhood, with many dead-end streets
stopping at the tracks of the Penn-Central Kailroad. This area generated
7403 calls for service during 1971, a slightly above average rate considering
the relatively small area covered.

Moving southward into zone 7 in the true South End, the reporting areas
between Columbus Avenue and Tremont Street generated 9858 calls during
1971, a rate 20 percent above the average for seven reporting areas. Many
of the old brownstones in this area either are single-owner occupied or have
recently undergone renovation for multiple unit rental occupancy. Much of
the remaining housing is in a poor state of repair, usually occupied by
poorer families. Reporting area 24, in the extreme eastern portion of this
area is the second most active reporting area in ali of District 4 (reporting
2703 calls in 1971).1

To the south and east of reporting area 24 is a business area (zone 8), that
in 1971 included the Boston Herald-Traveller Building. This area gererated
an average number of calls for service for two reporting areas in 1971.

To the west of this area and immediately south of Tremont Street is a
number of older residential blocks whose housing stock is in various states

1 Certain southern and western portions of the South End merge into Boston’s Roxbury
area, a densely populated, predominantly black, below-average income region. For ease of

presentation, however, we use “South End” as the single label for the collection of southern
reporting areas in District 4.

} There is some speculation that this figure is inflated since reporting area 24 includes )

the District Station House, and therefore addresses whose reporting areas are not known

may be incorrectly recorded as being in a reporting area very familiar to all officers, namely
that containing the Station House.
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of repair. This area (zone 9) generated 6874 calls for service in 1971, averaging
1146 per reporting area, which is about average for District 4.

The next southern “layer’ in the South End (zone 10) runs between Shaw-
mut Avenue and Harrison Avenue, with Washington Street running through
the middle of the area. Here Washington Street is covered by an elevated
MBTA line, and numerous shops, bars, and other establishments line the
street under the elevated tracks. This section is generally in a poor state of
repair. Blackstone Square and Franklin Square are included in this area.
The zone generated 8374 calls for service in 1971, or 1396 per reporting area
(19 percent above average).

The southernmost region of District 4 (zone 11), running between Harrison
Avenue and the Albany Street-South Bay area, accounted for 5303 calls in
1971, or an average of 1061 calls per reporting area (about 9 percent below
average). )

Summarizing, the key areas of high call-for-service volume. according to
1971 data, are the Kenmore Square area, the Hemenway Street area, the
Copley Square and Park Square areas, and the parts of the South End
bordering on Washington Street and on Columbus Avenue.

Travel times

As the next type of data input to the model, we require an estimate of the
travel time from each reporting area to every other reporting area. In practice,
for such a nonhomogeneous region as District 4, these estimates should be
obtained from actual measurenients of travel times and from interviews with
patrol commanders and patrolmen in the cars. Then, using all available
objective and subjective data, one can derive estimates for the average time
required to drive, say, from Kenmore Square (reporting area 60) to Park
Square (reporting area 2). These estimates are required for every pair of
reporting areas.

For 70 reporting areas this is a huge data requirement (70 x 70 = 4900
estimated travel times). So, in practice a simpler estimation scheme will
often suffice with exceptions to the scheme directly input to the model. The
simpler scheme that is now incorporated in the model is based on the “Man-
hattan” or “metropolitan” distance metric. This metric assumes a grid of
mutually perpendicular streets and estimates the travel distance to be equal
to the sum of the lengths of the two perpendicular street segments connecting

. the trip origin to the trip destination. For simplicity in presenting the case

example, this scheme is used to estimate travel distances throughout District
4, recognizing that only the Back Bay section (zone 1) has a truly rectangular

. grid of streets. And, again for simplicity in the discussion, we assume travel

5
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time is directly proportional to travel distance.t Thus, to compute travel
times from travel distance one also needs to specify as input data the effective

travel speed, which we assume tc be 10 m.p.h. in this example. This value is .,

motivated by a sample of travel times collected in Boston in 1966 which
yielded a mean effective travel speed of approximately 9 m.p.h. (Larson
[1967]).

In order to implement the metropolitan distance metric, it is necessary to

TABLE 1V

Coordinates of centers of reporting areas

Coordinates Coordinates

Reporting area of center Reporting area of center

1 0.7, 0.25) 36 (0.25, —0.2)

2 (0.7, 0.35) 37 (0.775, —0.25)

3 (0.5, 0.325) 38 (0.85, —0.33)

4 (0.65, 0.6) 39 0.6, —0.3)

5 (0.65, 0.525) 40 (0.43, —0.375)

6 (0.65, 0.475) 41 (0.67, —0.425)

7 (0.65, 0.425) 42 0.5, —0.51)

8 (0.35, 0.6) 43 (0.325, —0.425)

9 (0.35, 0.525) 44 (0.39, —0.575)
10 (0.35, 0.475) 45 (0.65, —0.55)
11 (0.35, 0.425) 46 (0.23, —0.5)
12 (0.1, 0.6) 47 (0.175, —0.32)
13 (0.1, 0.525) 48 (—0.125, 0.375)
14 0.1, 0475) 49 ©, 0)
15 (0.1, 0.425) 50 (—0.325, 0.03)
16 (0.25, 0.3) 51 (—0.075, 0.64)
17 (0.075, 0.2) 52 0.1, —0.19)
18 (0.15, 0.1 53 (0.075, 0.35)
19 (0.35,0.2) 54 (—0.55, 0.725)
20 (0.15, —0.05) 55 (—0.5, 0.15)
21 (0.26, 0.025) 56 (—0.225, 0.18)
22 (0.475, 0.125) 57 (—0.08, 0.16)
23 (0.53, 0.06) 58 (—0.05, 0.325)
24 0.7, 0.D 59 (—0.09, 0.53)
25 (0.6, —0.025) 60 (—0.325, 0.65)
26 (0.425, —0.06) 61 (—0.375, 0.56)
27 (0.3, —0.1) 62 (—04, 0 45)
28 (0.21, —0.13) 63 (—0. 45 0.275)
29 (0.25, ~0.275) 64 (—0.58, 0.25)
30 (0.375, —0.225) 65 (—0. 575 0.4)
31 (0.48, —0.18) 66 (—0.625, 0.51)
32 (0.58, —0.15) 67 (—0.7, 0.575)
33 0.7, —0.1) 68 (—0.7, 0.65)
34 (0.8, 0) 69 (—0.61, 0.66)
35 (0.95, —0.15) 70 (—0. 65 0.85)

T In actual implementations, each of these assumptions can be modified or completely

removed,

e
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* superimpose a coordinate grid system on the police district.} We have done

this for District 4, centering the grid system in reporting area 49 (nearly
coincident with the Boston Arena) and superimposing the vertical axis on

" Massachusetts Avenue. This grid system is shown in Figure 2. Then, it is

necessary to estimate the coordinates of the center of each reporting area.
For District 4 the results are shown in Table IV,

To indicate how travel distance is computed, consider again reporting
areas 60 (Kenmore Square) and 2 (Park Square). The coordinates of the
centers are:

X60 = —0.325
x2 = 0.70

yeo = 0.65
Y2 = 0.35

Kenmore Square:

Park Square:

The travel distance is the sum of the total “x-distance”, 0.70+0.325, and
the total “‘y-distance”. 0.65-0.35; the sum equals 1.325 miles. Assuming
10 m.p.h. effective travel speed, the estimated travel time is (1.325) (60)/(10) =
7.95 minutes. Given the center of each reporting area, the computer auto-
matically calculates the metropolitan distances between each pair of reporting
areas, thereby removing the need for the police planner to specify 4900
estimated travel times (for the case of 70 reporting areas).

There is one final consideration when using the metropolitan distance
metric. With the above procedure, the estimated intra-reporting area travel
distance is zero miles. The user has the option to change this if he desires
greater precision. The change can take one of two forms: either the user can
specify directly each of the average intra-reporting area travel times or he
can specify the area (in square miles) of each reporting area and let the com-
puter estimate the average intra-reporting area travel times. With this last
option, the computer uses the approximation (suggested in Larson (1972),
p. 84) that the mean intra-reporting area travel distance is two-thirds of the
square root of the area of the reporting area. We use this second option in
the case example. The relevant data are shown in Table V.

As an example, consider reporting area 60 (Kenmore Square). Suppose
that the patrol unit while on preventive patrol is located in reporting area 60
at the time of dispatch to an incident, also in reporting area 60. Then,
instead of assuming that the patrol unit travels zero miles, option 2 above
estimates that the unit travels two-thirds of the square root of the area of
reporting area 60, or 0.125 miles. Traveling at an effectlve speed of 10 m.p.h.,
the travel time would be 45 seconds.

A summary of the options for the trave! time data is depicted in Figure 3.

T This is not necessary if all travel times are supplied directly by the police planner or
other user of the model.




4
oo
R. C. LARSON 4 POLICE SECTOR REDESIGN 69
!
TABLE V ‘ [ . TABLE V-—contd
Boston District 4: Estimated area and (ravel distances of each reporting area l \ .
o Reporting = estimated average travel
) A area Area . — distance within the re-
Reporting == estimated average travel ) number  (sq. miles)  +/Area #/Area porting area in miles
area Area o o distance within the re- g A
number  (sq. miles) \/ Area %\/ Area porting area in miles ! 48 0.012 0.109 0.073
' i 49 0.01 0.10 0.067
1 0.025 0.158 0.105 : 50 0.01 0.10 0.067
2 0.02 0.141 0.094 51 0.012 0.109 0.073
3 0.026 0.161 0.107 52 0.008 0.089 0.059
4 0.03 0.173 0.115 i 53 0.01 0.10 0.067
5 0.02 0.141 0.094 | 54 0.015 0.122 0.082
6 0.015 0.122 0.082 55 0.05 0.224 0.149
7 0.015 0.122 0.082 Col 56 0.07 0.265 0.176
8 0.03 0.173 0.115 g 57 0.027 0.164 0.109
9 0.02 0,141 0.094 i 58 0.024 0.155 0.103
10 0.015 0.122 0.082 } } 59 0.026 0.161 0.107
11 0.015 0.122 0.082 ( 60 0.035 0.187 0.125
12 0.02 0.141 0.094 ' S 61 0.024 0.155 0.103
13 0.015 0.122 0.082 62 0.045 0.212 0.141
14 0.01 0.10 0.067 ' 63 0.008 0.089 0.059
15 0.01 0.10 0.067 : 64 0.016 0.126 0.084
16 0.04 0.20 0.133 ' 65 0.023 0.152 0.101
17 0.03 0.173 0.115 ; 66 0.022 0.148 0.098
18 0.022 0.148 0.099 67 0.017 0.130 0.087
19 0.025 0.158 0.105 68 . 0.014 0.118 0.079
20 0.013 0.114 0.076 69 0.019 0.138 0.092
21 0.01 010 o 0067 : 70 0.11 0.332 0.221
22 0.04 0.20 0.133 )
23 0.025 0.158 0.105 : ’ Total area = 1.566 sq. miles
24 0.016 0.126 0.084 i
25 0.01 0.10 0.067 5
26 0.017 0.130 0.087 i
27 0.01 0.10 0.067 :
28 0.01 0.10 0.067 : INPUT DIRECTLY
29 0.017 0.130 0.087 g .
30 0.025 0.158 0.105 i
31 0.0l 0.10 0.067 !
32 0.02 0.141 0.094 i
33 0.02 0.141 0.094 5 Do NOTHING MORE
34 0.025 0.158 0.105 .
35 0.04 0.20 0.133 § INPUT EXCEPTIONS TO METROPOLITAN
36 0.01 0.10 0.067 ; USE METROPOLITAN DISTANCE DISTANCE METRIC (USUALLY FEW IN
37 0.013 0.114 0.076 | METRIC AND SPECIFY TRAVEL NUMBER)
38 0.03 0.173 0.113 il SPEED AND CENTERS OF —~—
39 0.027 0.164 0.109 L REPORTING AREAS INPUT DIRECTLY THE AVERAGE
40 0.025 0.158 0.103 i INTRA-CELL TRAVEL TIMES
41 0.027 0.164 0.109 4
42 0.02 0.141 0.094 4 INPUT THE AREA OF EACH CELL AND
43 0.015 0.122 0.082 i THE COMPUTER ESTIMATES THE AVERAGE
44 0.01 0.10 0.067 N INTRA-CELL TRAVEL DISTANCE TO BE
45 0.04 0.20 0.133 M S TWO-THIRDS THE SQUARE ROOT OF THE
46 0.012 0.10% 0.073 ; AREA
47 0.019 0.138 0.092

FIGURE 3 Summary of options for inputing travel time data,
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Preventive patrol coverage

Next it is required to specify how each unit allocates time among its own
reporting areas while on preventive patrol. For instance, suppose unit two’s
sector comprises reporting areas 4, 5, 6, 7, 10 and 11. Then, one must estimate
the fraction of the time available for preventive patrol spent in each of these
reporting areas. For example, the results of such estimation may be that the
unit spends 12.5 per cent of its preventive patrol time in each of the reporting
areas 4, 7, 10 and 11, respectively, and 25 percent in each of the remaining
two reporting areas {5 and 6).

From the point of view of the sector designer, preventive patrol coverage
may be either a controllable or an uncontrollable factor in the entire sector
design process. If controllable, then when considering a particular design of
sectors, the designer must specify not only the overall geometric patterns of
sectors (that is, which reporting areas fall into which sectors), but also how
units spend their time when they are in their sectors on preventive patrol. A
complete specification of the sector plan in this case is a list of which reporting
areas fall into which sectors and another list giving the fractions of time each
patrol unit spends in each of its reporting areas (while on patrol). If preventive
patrol coverage is not controllable by the sector designer, then the fractions
of time spent in each reporting area still must be input to the model, but these
fractions are prespecified by department rules or by the random behavior
of the patrol units (which must be empirically measured).

If the police planner using the model does not specify the preventive
patrol coverages, then the model (as a default) assumes that each unit will
patrol its reporting areas in direct proportion to the call-for-service volumes
from those reporting areas. For instance, again assume that unit two’s sector
comprises reporting areas 4, 5, 6, 7, 10 and 11. From Table II, the call-for-
service volumes from these reporting areas are 888, 709, 1666, 1747, 1383
and 1350, respectively. The total call-for-service volume (throughout the
sector) is 7743. Thus, the fractions of time spent on preventive patrol in the
respective reporting areas are as follows:

888

Reportiry Area 4: 7743 = 0.115
Reporting Area 5: 77—70% = 0.092
Reporting Area 6: %g—g = 0.215
Reporting Area 7: ,1/—'-;% = (.226
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" ) . 1383
Reporting Area 10: 43 = 0.179
1350

Reporting Area 11: = 0.174

7743

With such a coverage procedure, reporting area 7, which generates about
twice the call-for~service workload of reporting area 4, receives about twice
the preventive patrol coverage of reporting area 4.

This default procedure for preventive patrol coverages has an intuitive
appeal, in that the more police-related call-for-service activity in a sub-area
of a sector, the more likely it is that the sub-area requires preventive patrol
attention. However, one must not assume that this default provides for
optimal coverage, and in fact, there are arguments that suggest alternative
coverage procedures if one wishes to maximize the probability of intercepting
a crime in progress (Larson (1972), pp. 141-148). (In future versions of the

model we hope to incorporate an improved default option for preventive

patrol coverages that would maximize crime intercept probability.)

To summarize the preventive patrol data requirements, the pianner either
supplies the model directly with the fractions of time each unit spends in
each of its sectors while on preventive patrol or allows the computer to assume
the default option in which case the preventive patrol coverages within a
sector are proportional to call-for-service rates from within the sector.

Average service time

The average service time is defined to be the average of the total “off-the-air”
time associated with a call for service. This includes travel time to the scene,
on-scene service time, and perhaps off-scene follow-up time spent on report
writing, arrest and booking, etc. The workload and quening characteristics
of the system are quite sensitive to the particular numerical value of the ser-
vice time, especially if the system is heavily loaded. Thus, the average service
time should be estimated to the nearest minute.

At the time of this writing the best estimate of average service time that
we are aware of is based on 1966 data, using a sample of 1788 dispatches.
(Larson (1967), p. 169). The average travel time in the District 4 area is
approximately 6 minutes and the average on-scene (and off-scene) service
time is approximately 32 minutes, yielding 38 minutes as the estimate of the
total average service time, In general, other districts in the same city may have
different service times.

Dispatcher assignment procedure

The next input data requirement involves the selection procedure used by the
dispatcher in assigning units to calls. This is not only important in determining
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travel time statistics, but it is critically important in determining workloads
of the units. In heavy workload situations, in which units may be spending
more than half their time servicing calls, units are usually more likely to be
assigned by the dispatcher to calls outside their own sector than to calls
inside. Thus the amount of intersector or cross-sector dispatching and the
manner in which it is directed by the dispatcher play an important role in
determining the workload and response time of each unit.

Recalling the “burden of central location, it is possible to have a unit
located centrally in a district in a small sector with very little internally
generated workload, yet the central location of such a unit could make it an
attractive alternative for a cross-sector dispatch to any one of several sur-
rounding sectors. If the frequency of such cross-sector dispatches is high
enough for this unit, its workload (as measured by the fraction of time busy
servicing calls) could be as high as that of any other unit. Thus the importance
of the dispatcher assignment procedure, especially for cross-sector assign-
ments.

The model assumes that the dispatcher has a rank ordering of preferred
patrol units to dispatch to each reporting area. Forinstance, consider reporting
area 7 and suppose there are six patrol units assigned to District 4, numbered
consecutively from one to six. Then, the dispatcher probably first prefers
the unit whose sector includes reporting area 7. Say that reporting area 7 is
contained in sector 1; then unit 1 would be the first preferred. If sector 3 and
sector 4 both touch sector 1, then the dispatcher is likely to prefer units 3
and 4 (or perhaps 4 and 3, respectively) as the second and third choices. The
entire rank ordering may look something like this for reporting area 7:
unit 1, 3, 4, 2, 6, 5. Then, when a call for service occurs from reporting area 7,
the dispatcher always assigns the most preferred available unit. For example,
if units 1, 3 and 6 are unavailable when a call is reported from reporting area 7,
then the dispatcher assigns unit 4 to the call; unit 4 is the most preferred of
the available units (which are units 2, 4 and 5).

This ranking scheme has sufficient flexibility to model many different
police department operations. For instance, suppose that six regular sector
cars and two patrol supervisor cars are fielded on a particular tour in District
4.1 Given a call for service, the dispatcher may assign the sector car estimated
to be the closest available, if at least one of the six is available; if not, he may
select the closest available patrol supervisor car; if all eight cars are busy,
he would delay the call in queue. In such a situation the rank orderings of the
dispatcher would always place the two patrol supervisor cars at the end of the

T The computer model allows any degree of overlapping sectors. Thus, for instance, one
could use the model to study the operational performance of a system with six regular
sector units (assigned to nonoverlapping sectors) and two patrol supervisor cars (each
assigned to patrol and supervise three of the regular sectors).

e < -
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preference list (in slots seven and eight); entries in slots one through six
would be determined by estimated travel times of the six sector cars.

As another example, it may be determined that the officers in a particular
car are especially competent in servicing the calls from one particular
neighborhood. For instance, in a Spanish-speaking neighborhood one would
like to assign officers who are fluent in both English and Spanish. Such a
preference for particular officers is likely to override concern for minimizing
travel time, at least as long as travel time is kept within some reasonable
limit. The police planner can model this situation by making the “Spanish-
speaking car” first preference for all reporting areas within the command
that have a large Spanish-speaking population, regardless of sector boun-
daries that dictate where the unit performs preventive patrol and regardless
of the fact that other units may be closer (in a travel time sense) to some or all
of the Spanish-speaking neighborhoods.

Specifying the dispatcher preferences for each reporting area in a command
often requires providing the model with a large set of numbers. In a case with
70 reporting areas and six patrol units, 6 x 70 = 420 numbers (preferences)
are required. To help alleviate this burden the model has preprogrammed eight
different dispatching strategies that fairly accurately depict the general types
of dispatcher decision-making that are found in police departments through-
out the United States. These eight are all based on geographical considera-
tions and do not provide the richness in dispatching strategies that is allowed
if one generates the dispatcher preferences directly. In using the model,
however, the police planner can use a mixture of strategies by selecting one of
the eight geographically-based strategies and then overriding that strategy
for particular units and/or particular reporting areas. For instance, in the
case of six regular sector units and two patrol supervisor units, the police
planner could select geographically-based strategy number 3, but dictate to
the model that units 7 and 8 (the patrol supervisors) are always to be given
last preference, regardless of geographical considerations.

The eight geographically-based strategies fall into two groups: strategies
1 through 4 always give first preference to the sector car, while strategies 5 )
through 8 do not. Except for that qualification, strategies 1 and 5 are identical,
as are 2 and 6, 3 and 7, and 4 and 8. The differences among strategies 1
through 4 (and 5 through 8) depend on how accurately the dispatcher esti-
mates travel distance from each unit’s sector to each reporting area. At the
crudest level, strategy 1 assumes that the dispatcher acts as if (1) each available
unit were at the statistical center (based on relative allocations of preventive
patrol effort) of its respective sector and (2) each call for service were at the
statistical center (based on call-for-service data) of the patrol sector con-
taining the call for service. Such a strategy generates the same list of dispatch
preferences for every reporting arca within the same sector. However crude
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this procedure is, the author has found it to be a fairly accurate model of the
dispatching strategies of many different dispatchers.

At the other extreme, strategy number 4 assumes that the dispatcher uses
in the best way possible all the information he has regarding the location of
the call for service and its relationship to the statistical locations of ail units.
(It does not assume, however, that the dispatcher knows the exact location
of any of the patrolling cars.)

Strategies 2 and 3 might be considered “intermediate” between strategies
1 and 4. The technical details of the strategies are discussed elsewhere} and
need not concern us here.

For ease in presentation of the case example, we assume that the dispatcher
uses strategy 1 in which travel distance estimates are based on the assumption
that both the patrol unit and the call for service are located at the statistical
centers of their respective sectors. In the case study we assume that preventive
patrol effort in a particular reporting area in a sector is proportional to the
call-for-service rate from that reporting area. Thus, the distribution over
reporting areas of calls for service and preventive patrol are identical. In
such a situation the statistical center of a sector for the patrol unit is identical
to the statistical center of the sector for the call for service (since both are
identically distributed over the reporting areas of the sector).

To provide an example, suppose the statistical centers of sectors 1 and 2
were as follows:

Sector 1:  x; = O mile y, = 0 mile
Sector 2: X, = 1.5 miles y, = 0.5 mile

Then, when deciding dispatch preferences, the dispatcher would estimate
that any call for service from sector 1 was located at its center (x, = 0 and
y, = 0) and any call from sector 2 was located at its center (x, = 1.5 and
y, = 0.5); similarly, the dispatcher would act as if the sector 1 car, while on
patrol, was located at its center (x; = 0, y, = 0) and the sector 2 car, while
on patrol, was at its center (X, = 1.5, y, = 0.5). Then the estimated travel
distance for the sector 1 car to reach a sector 1 call would be (0—0)+(0—0) =
0 miles (and similarly for the sector 2 car to each a sector 2 call). The estimated
travel distance for the sector 1 car to reach a sector 2 call would be (1.5—0)+
(0.5—0) = 2 miles (and similarly for the sector 2 car to reach a sector 1 call),
Thus the sector 1 car would always be preferred to the sector 2 car for any
call from sector 1 (and vice versa for a call from sector 2).

Although these dispatch preferences are based on only crude estimates of
travel times, the model subsequently computes the statistically exact average
travel times (given the input data) that result from using the dispatching
strategy. Thus, if a dispatching selection is made that estimates a mean travel

t Larson (1972), pp. 85-100.
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time of 1 minute but the true mean travel time is 2 minutes, the computed
outputs correctly incorporate the latter 2-minute figure.

We have now completed all but one of the data requirements for the model
and this follows.

The total number of units

We still need to specify how many units will be fielded in the district. Should
a particular time period have four units, six, ten, or 157 The answer to that
question depends on many factors, including legal constraints which may
limit ﬂexibilitx in assignment procedures. One of the key operational factors
that influences the total number of units required is the anticipated number
of calls for service to be received per hour during the tour. If one has an esti-
mate of this call-for-service rate and of the average service time, then by
relatively simple global modelst the police planner can predict the overall
average car workloads and congestion level of the district for each alternative
number of cars that may be fielded. Thus, for instance, the police planner
may state his global planning objective in the following way: “I wish to assign
sufficiently many units to this time period so that at least 90 percent of all
calls for service are assigned to cars without any dispatching delay.” The
““90 percent” may be changed to another value, say 80 percent or 95 percent,
depending on departmental policy.

In this case example we assume that the police planner, using past statistics
of calls for service, estimates that an average of 4.737 calls for service will be
generated per hour during the period of interest. Given 4.737 calls per hour
and 38 minutes average service time per call, he finds that six units need to be
fielded during the period in order to assume that 90 percent will be handled
without dispatch delay. This calculation is made using a simple queuing
formula that is widely available (and suitable for calculation with an electronic
calculator).}

Since an average of 4.737 calls are generated each hour and since each
requires an average of 38 minutes to service, we have 38 x4.737 = 180
minutes of call-for-service workload each hour. If six units are allocated,
then the average workload per unit is

180 minutes of workload per hour
(6 units)

Thus, on the average, units will be busy servicing calls 50 percent of the time.
In District 4, four to five calls per hour is a below-average call-for-service
workload that may correspond to such periods as 12.01 a.m. to 3.00 a.m.

= 30 minutes per hour per unit.

T See, for example, Chaiken and Larson (1972).
1 See Larson (1972), Chapter 5.
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(weekdays) or 6.00 a.m. to 11.00 a.m. (weekdays) or all day Sunday. Assum-
ing sectors that vary by time of day, other heavier workload periods would
require a greater number of units and thus a greater number of sectors.

SECTOR REDESIGN PROCESS

We are now confronted with the task of partitioning District 4 in Boston
into six patrol sectors. Our data assumptions are briefly summarized as
follows: '

1) The district is partitioned into 70 reporting areas, numbered consecu-
tively from 1 to 70, as shown in Figure 2. Each sector to be designed must be
made up of one or more entire reporting areas; no reporting area is to be
split in two. Sectors are to be nonoverlapping. Each reporting area must be
part of a sector.

2) Culls for service are distributed among reporting areas as shown in
Table II.

3) Travel times are assumed to be proportional to travel distances, which
are assumed to be based on the “Manhattan” distance metric. Effective
travel speed is assumed to be 10 m.p.h.

4) The fraction of the available preventive patrol coverage in a sector
given to a particular reporting area is assumed to be proportional to the call-
for-service volume (workload) from that reporting area.

5) The average service time (travel time plus on-scene and perhaps off-
scene follow-up time) is assumed to be 38 minutes.

6) The dispatcher, in his assignment procedure, always gives first prefer-
ence to the sector car. If the sector car is not available, he assigns the out-of-
sector car estimated to be closest to the call; he estimates travel distance
(and consequently travel time) by assuming that both patrol units and calls
for service are at the statistical ¢ nters of their respective sectors.

7) There are six total units to be fielded, and thus six sectors to be designed.

8) An average of 4.737 calls for service arrive per hour from District 4.
Units are busy servicing calls an average of 50 percent of the time.

Iteration number 1: A rough cut at equal sector workloads

The initial design of sectors attempted by this author is shown in Figure 4.
The idea behind the design was to attempt to have nearly equal internally
generated workloads within each sector, while preserving neighborhood
integrity and following natural boundaries as much as possible. At the first
iteration, the police planner is interested in learning of the magnitude of the
effects of sparse against dense population centers, the burden of centrality,

B
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travel time inequities, etc. Rarely would the first proposed design be the
design finally accepted.

The proposed sectors could be briefly described as follows (consult
Figure 4):
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FIGURE 4 Sector map at iteration number 1.

Sector 1: The Back Bay area, from Arlington Street to Massachusetts
Avenue and from Beacon Street to Boylston Street. This is a natural neighbor-
hood unit and the sector design reflects the fact that travel is easier parallel
to the Charles River rather than perpendicular to the River.

Sector 2: The “Downtown” Area, including Park Square, Copley Square
and northern portions of the South End. This also appears to be a not un-
natural sector design in terms of neighborhood characteristics and types of
calls for service that are experienced. And the “tail” extending to reporting
areas 20 and 21 is quité accessible via Huntington and Columbus Avenues.

Sector 3: “South End ‘East’ *, including the area from Chandler Street
and Tremont Street to Albany Street and from Brookline Street to the
Massachusetts Turnpike. Contained wholly within the South End, this
sector design appears reasonable, recognizing the facts that the eastern end
of the sector is predominately commercial while other parts are residential
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and still others contain shops, bars and entertainment areas. Except for the
inclusion of the elongated reporting area 45 (Albany Street), the sector
geometry reflects a compact design, thereby keeping average intrasector travel
time near the minimum possible value.

Sector 4. “South End ‘West’ ”*, including the area from Columbus Avenue
and Warren Avenue to Albany Street and from Camden Street and Lenox
Street to Brookline Street. This sector also has a “‘neighborhood” orientation
and a compact design.

Sector 5: “Kenmore Square-Fenway Park”, including the area west from
Massachusetts Avenue and south from the River to the Park Drive area.
This is one of the most troublesome areas for which to design an appropriate
sector due to the diversity of the neighborhoods within the area and due to
the relatively lighter workload per square mile in the area. The latter concern
plus the area’s relative remoteness from the remainder of District 4 will
result in relatively large travel times in the area. ’

Sector 6: “‘Fens-Prudential Center”, including the area from the Fenway
to Copley Square and from Boylston Street to Columbus Avenue. This sector
is perhaps least satisfactory from a “neighborhood” point of view, containing
almost every type of neighborhood that is found in District 4. It is centrally
located and relatively compact.

The estimated operating performance of District 4 with the proposed
sector design is shown in Tables VI and VII. All of the numbers in these
tables were generated from the computer model, under the assumptions
discussed earlier, We now examine the entries in the tables to illustrate their
meaning in the context of the District 4 example:

Maximum workload imbalance = 26 %,
This means that if we subtract the workload of the least busy unit from the
workload of the busiest unit, divide by the district-wide average workload,
and multiply by 100 percent, we get the maximum workload imbalance of
26 percent. Note that the busiest unit is unit 2 (the “downtown unit’’), which
works 11.7 percent above the average, and the least busy unit is unit 5 (the
Kenmore Square-Fenway Park unit), which works 14.3 percent below the
average. As another measure of maximum workload imbalance, we could
calculate that the busiest unit works 30 percent “harder” than the least busy
unit.

Region-wide average travel time = 3,402 minutes
This means that the average travel time to calls in District 4, averaged over all
call locations and all Jevels of patrol force saturation or nonsaturation, is
3.402 minutes. The four significant figures are retained not to support a claim
of model precision (when compared to actual District 4 operations), but to
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spot upward or downward shifts in travel time with alternative sector
designs in subsequent iterations. (A similar comment applies to all other
entries in the table for which more than two significant figures are retained.)

Average travel time for queued calls = 5.178 minutes

Assuming that queued. calls are handled in a first-in, first-out manner, this
says that the average travel time required to reach a call that has been delayed
in the dispatcher queue (due to car unavailabilities) is 5.178 minutes.

Fraction of dispatches that are cross-sector = 0,485

This means that 48.5 percent of all dispatch assignments require sending a
unit to a call outside of the unit’s own sector.

The next part of the table provides a breakout of operating characteristics
by patrol vunit number. To interpret an example, patrol unit 2 spends 55.9
percent of its time servicing calls; this is 11.7 percent above the average
workload; 57.6 percent of its assignments take it outside of sector 2, and this
is 18.7 percent above the average amount of cross-secto. assignments; and

- TABLE VI
_ Iteration 1
Maximum workload imbalance = 26%
Region-wide average travel time = 3.402 minutes
Average travel time for queued calls = 5.178 minutes
Fraction of dispatches that are cross-sector = 0.485

Profile of patrol unit operations

Average
Patrol % of Fraction of dispatches % of travel
unitno. Workload mean out of sector mean time
1 0.519 103.8 0.539 111.3 3.432
2 0.559 111.7 0.576 - 118.7 3.378
3 0.496 99.2 0.477 98.5 3.090
4 0.490 98.0 0.426 87.9 3.180
5 0.428 85.7 0.373 77.0 3.978
-6 0.507 101.5 0.487 100.4 3.414
Profile of sector operations
Sector  Fraction of district’s % of Fraction of dispatches  Average travel
no. total workload mean that are cross-sector time
1 0.160 96.2 0.503 3.312
2 0.172 103.6 0.542 3.120
3 0.166 99.7 0.480 3.324
4 0.178 106.9 0.474 3.258
5 0.152 91.3 0.412 4,218
6 0.170 102.4 0.491 3.258
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unit 2 requires an average of 3.378 minutes to reach the scene of a call to
which it is dispatched.

The final part of the table provides a breakdown by sector. Looking at
sector 2, we note that it generates 17.2 percent of the district’s total workload,
and this is 3.6 percent above the mean; 54.2 percent of calls for service from
sector 2 require a unit other than unit 2 to respond to the call; and the average
travel time to a sector 2 call for service is 3.120 minutes.

The second table (Table VII) provides a breakdown for selected reporting
areas. (The model calculates similar figures for all 70 reporting areas, but
these figures are too numerous to report here.) As an example, reporting
area 16 (Prudential Center) generates an average of 8.3 calls per 100 hours;
it experiences an average travel time delay of 3.078 minutes and 12 percent
of its calls are handled by unit 1, 19 percent by unit 2, 4 percent by unit 3,
5 percent by umit 4, 9 percent by unit 5, and 51 percent by unit 6, the unit
whose sector includes the Prudential Center.

TABLE VII
Tteration 31
Profile of selected reporting areas

Fraction of calls handled by unit:

Calls/ Average
100 travel 1 2 3 4 5 6
hours time
Reporting area 2: 12.8 3.204 023 046 014 005 004 0.07
Park Square :
Reporting area 16:
Prudential Center 8.3 3.078 012 019 004 005 009 0.51
Reporting area 26:
Warren and
Columbus Aves. 8.6 2,928 004 010 021 053 004 008
Reporting area 39:
Washington St.
and Union Park 11.8 3.006 0.07 010 052 021 0.04 005
Reporting area 45:
Albany St. 4.3 4,158 007 020 052 021 094 005
Reporting area 57:
Hemenway St.
to Mass. Ave. 15.6 3.108 012 019 004 005 0.09 0.51
Reporting area 60:
Kenmore Square 10.5 3.924 009 005 004 005 059 0.18
Reporting area 68:
Beacon St. and
Park Drive 6.7 4.938 009 005 004 005 059 0.18

The author spent about 30 to 45 minutes studying the results in these two
tables and interpreting them in terms of the sector map (Figure 4). Playing
the role of police planner, he decided that the workload imbalance was too

g
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great, so he tried to devise an alternative sector map to reduce workload
imbalance,

Iteration number 2

The revised sector map that was first tried is shown in Figure 5. The re-
design involved substantially reducing the workload in sector 2 and shifting
sector 1 into part of the downtown area, splitting up the Back Bay area so
that the western part now belonged to sector 5, and reshuffling sector 6 to
account for the changes in sectors 2 and 5. This new design suffers from
reduced neighborhood integrity in sectors 1, 2 and 5, while improving
neighborhood integrity only in sector 6. It also yields a noncompact sector 5,
in which the length of the sector is about three times the width.{
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FIGURE 5 Sector map at iteration number 2,

As calculated by the computer model, the performance characteristics of
the new design are shown in Tables VIII and IX. As hoped for, the maximum
workload imbalance is reduced substantially below 26 percent, to 9.98

¥ The adverse travel time effects of this might be partially compensated for by increased
travel speeds in directions paraliel to the Charles River,

6
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percent. However, unit 2 is still the busiest unit (5.5 percent above average)

and unit 5 is still the least busy unit (4.6 percent below average). The reduc-
tion in workload imbalances also caused a very slight reduction in the amount
of cross-section dispatching. The district-wide average travel time increased
slightly to 3.456 minutes (an increase of about 1.3 percent). More disturbing
are the approximately 10 percent increases in travel times in sectors 5 and 6,
due primarily to the revised geometries and the increased workload of unit 5.
The average travel time to reporting area 68 (Beacon Street and Park Drive)
is increased from 4.938 minutes to 5.676 minutes (an increase of 15 percent).

TABLE VI
Tieration $:2
Maximum workload imbalance = 9.98%,
Region-wide average travel time = 3.456 minutes
Average travel time for queued calls = 5,178 minutes
Fraction of dispatches that are cross-sector = 0.483

Profile of patrol unit operations

Average
Patrol % of Fraction of dispatches % of travel
unit no.  Workload mean out of sector mean time
1 0.509 101.9 0.516 106.8 3.246
2 0.527 105.5 0.563 116.5 3.360
3 0.501 100.1 0.486 100.7 3,210
4 0.504 100.8 0.457 94.5 3.168
5 0.477 95.5 0.426 88.3 4.164
6 0.481 96.2 0.441 91.3 3.636
Profile of sector operations
Sector Fraction of district’s % of Fraction of dispatches Average
no. total workload mean that are cross-sector travel time
1 0.162 97.3 0.493 3.018
2 0.157 94.2 0.511 3.066
3 0.166 99.7 0.484 3.318
4 0.178 106.9 0.488 3.258
5 0.169 101.6 0.461 4,422
6 0.167 100.4 0.465 3.612

The police planner must study these figures, weigh the importance of
balanced workloads against that of police accessibility to various neighbor-
hoods and other factors, and he must decide to alter the sector map still
further, to accept the currently proposed sector map, or to retrace steps and
accept a previously examined sector map.

Playing the role of police planner here, this author decided to pursue the
balancing of workloads, in effect discounting the importance of police

1]
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accessibility as measured by travel times. It must be emphasized that this is
a purely arbitrary choice that may not reflect the priorities of many police

planners.
TABLE 1IX

Iteration #:2
Profile of selected reporting areas

Calls/ Average Fraction of calls handled by unit:
100 travel

hours time 1 2 3 4 5 6

Reporting area 2

Park Square 12.8 2.928 051 020 0.3 0.03
Reporting area 16:

Prudential Center 8.3 3.108 022 049 007 013 004 006
Reporting area 26:

Warren and

Columbus Aves. 8.6 2.898 0.07 011 021 051 004 006
Reporting area 39:

Washington St.

and Union Park 11.8 3.150 007 0.1 052 021 004 0.06
Reporting area 45:

Albany St.
Reporting area 57:

Hemenway St.

to Mass. Ave. 15.6 3.138 006 011 003 005 021 054
Reporting area 60:

Kenmore Square 10.5 4.260 011 006 003 005 0354 021
Reporting arca 68:

Beacon St. and

Park Drive 6.7 5.676

0.09 0.05

4.3 4.164 007 011 052 021 0.04 006

0.11 006 003 005 054 021

Iteration number 3: Interchanging St. Cecilia Street reporting area

Examining the performance of the district with the sector map of iteration
number 2, this planner initially felt that removing just one reporting area
from sector 2 could reduce the workload of patrol unit two to near normal.
Since sectors 3 and 4 scored high on the “neighborhood integrity” scale and
since their units had almost exactly average workloads, it was decided to
leave sectors 3 and 4 intact. The workload of unit 1 was also very close to
average, so sector one was left intact. The only viable option was to reassign
reporting area 53, centering on St. Cecilia Street, to either sector S or sector 6.
Even though sector 5 would be the obvious choice on grounds of workload
balancing, it was ruled out on grounds of neighborhood integrity and resulting
noncompact sector geometry. Thus reporting area 53 was assigned to sector
6, in the hope that the workload of unit 6 would increase above the 96.2
mark; it was also hoped that the workload of unit 5 would increase above the
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95.5 percent mark, mainly due to increased cross-sector dispatches into
sector 6, whose patrol unit would be busier a larger percentage of the time.

The new sector map is shown in Figure 6 and the resulting performance
characteristics are given in Tables X and XI. To the author’s disappointment,
it was found that the workload imbalance was almost unchanged, being
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FIGURE 6 Sector map at iteration number 3.

reduced from 9.98 percent only to 9.88 percent. Indeed, the workload of
unit 2 did drop slightly, but so did the workload of unit 5, thus retaining the
imbalance at almost the same level. To understand why the workload of unit
5 dropped, it is necessary to consult Tables X and XI, under the “Park Square”
entries, With the previous sector map, unit 5 responded to 9 percent of the
calls in the Park Square reporting area (reporting area 2) and thus to 9
percent of the calls in sector 1; unit 6 responded to 5 percent of the sector 1
calls. Under that sector plan, unit 5 was the fourth preferred unit to dispatch
to calls in sector 1 and unit 6 was the fifth preferred. On the other hand,
under the newly devised sector plan, which tends to shift the statistical center
of unit 6’s location toward Park Square, units 5 and 6 reverse positions;
now unit 6 is the fourth preferred to dispatch to sector 1 and unit 5 is fifth
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preferred. This apparently minor change in dispatch preferences caused a
reduction in unit 5’s workload sufficiently large so that the district-wide
workload imbalance remained about the same. It should be noted that, as
desired, unit 5 did respond to more of sector 6’s calls, from 21 percent to
22 percent (examine reporting area 57), but this effect is far less significant
than hoped for.

Again playing the role of police planner, the author decided to take more
decisive action in arriving at sector plan number four.

TABLE X
Tteration 43

Maximum workload imbalance = 9.88%
Region-wide average travel time = 3.444 minutes
Average travel time for queued calls = 5.178 minutes
Fraction of dispaiches that are cross-sector == 0.483

Profile of patrol unit operations

Average
Patrol % of Fraction of dispatches % of travel
unit no. Workload mean out of sector mean time
1 0.507 101.5 0.512 106.0 3.246
2 0.523 104.6 0.578 119.6 3.324
3 0.500 99.9 0.484 100.3 3.204
4 0.503 100.6 0.454 94.1 3.162
5 0.474 94.7 0.418 86.5 4,116
6 ) 0.493 98.7 0.443 91.7 3.672
Frofile of sector operations
Sector  Fraction of district’s % of Fraction of dispatches Average
no. total worklond mean that are cross-sector travel time
1 0.162 97,3 0.491 3.006
2 0.149 89.5 0.506 2.988
3 0.166 99.7 4.483 3,294
4 0.178 106.9 0.486 3.246
5 0.169 101.6 0.457 4.428
6 0.175 105.1 0.477 3.642

iteration number &: A further reduction of sector 2's workload

The sector map at iteration number 4 is shown in Figure 7. The Prudential
Center was shifted from sector 2 to sector 6, thereby reducing sector 2’s
annual workioad to only 10778 (79 percent of the average). To help offset
the increased workload in sector 6, two of the sector 6 reportingareas {numbers
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62 and 65) were shifted back into sector 5. These shifts enhanced the neighbor-
hood integrity of sector 2 and reduced the neighborhood integrity of sector 6;
it is difficult to determine how neighborhood integrity changed in sector 5.

The resulting performance characteristics are shown in Tables XII and
XIII. As desired, the maximum workload imbalance dropped, from 9.88
percent to 5.48 percent. Examining the workloads of units we discover a
very peculiar phenomenon: unit two is the busiest unit, but sector 2 generates
the least workload of all sectors (21 percent below the average); unit five is
the least busy unit, but sector five generates the most workload of all sectors
(9.8 percent above the average). Here is a classic example of principles 5 and
6: A patrol unit’s workload is not equal to its sector’s workload; the burden of
central location causes increased workloads. Unit 2, with its central location,
is the first preferred out-of-sector unit to dispatch to sector 1; the second
preferred to sectors 3, 4 and 6; and the third preferred to sector 5. Fully
61.1 percent of its dispatch assignments are cross-sector assignments; this is
26.6 percent above the average amount of cross-sector assignments. Unit 5,
with its relatively remote location in the western end of the district, is the
first preferred out-of-sector unit only for sector 6; it is preferred last for
sectors 1, 3 and 4. Only 39.8 percent of unit 5°s assignments are cross-sector,
and this is 17.7 percent below the average.

Examining principle 4, regarding the relationships between cross-sector
dispatches, workloads and workload imbalances, we note that the total
amount of cross-sector dispatching has decreased slightly from 48.5 percent
in iteration 1 to 48.3 percent in iteration 4. More importantly from a sector
identity and equity point of view, all sectors in iteration 4 have about 47 to
49 percent of their calls handled by out-of-sector units; for no sector is it
more likely for a calling citizen to discover an out-of-sector unit responding
to his call rather than the sector unit. At iteration 1, on the other hand, citizens
in sector 2 experienced an out-of-sector unit responding to their calls 54.2
percent of the time, whereas citizens in sector 5 experienced this only 41.2
percent of the time.

Aspects of principles 1, 2 and 6 played roles in increasing the average travel
time to the “Beacon Street and Park Drive” reporting area from 4.94 minutes
at iteration 1 to 5.76 minutes at iteration 4. During the iterations, the area
of the sector increased very slightly (principle 1), it became less compact
(principle 2), and its unit’s workload increased, thereby requiring dispatches
of distant out-of-sector units more frequently (principle 6).

The purposes of this paper are satisfied by stopping at iteration 4. This
by no means suggests that the sector map of iteration 4 is recommended as
the “optimal’ sector design. For a particular police planner with a particular
set of priorities, he may find any of the earlier three sector maps preferrable,
or he may wish to devise his own.
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TABLE XI
Iteration $:3

Profile of selected reporting areas

Fraction of calls handled by unit:
Calls/] Average

100 travel
hours time 1 2 3 4 5 6
Reporting area 2
Park Square 12.8 2.89 0,51 020 0.3 003 005 008
Reporting area 16: . -

Prudential Center 8.3 3.13 022 049 007 013 0.04 005
Reporting area 26

Warren and

Columbus Aves. 8.6 2.88 0.07 011 021 051 004 005
Reporting area 39:

Washington St.

and Union Park 11.8 2.98 0.07 0.1 052 021 004 0.5
Reporting area 45;

Albany St. 4.3 4.14 007 011 052 021 004 005
Reporting area 57:

Hemenway St.

to Mass. Ave. 15.6 3.19 006 0.11 003 005 022 032
Reporting area 60;

Kenmore Square 10.5 4,13 001 006 003 005 054 020
Reporting area 68:

Beacon St. and

Park Drive 6.7 5.7 0.11 006 003 005 054 020

IMPLEMENTATION

The methodology of this paper is (at the time of this writing in October, 1973)
being used in various ways by the police departments of Boston, Cambridge,
and Quincy, Massachusetts.

The Boston Police Department, on September 18, 1973, announced the
largest change ever in its policies of patrol manpower allocation. The total
number of cars on the street was increased from a daily average of 179 to 261,
an increase of 46 percent. Commissioner Robert J. diGrazia announced that
the department’s new “Maximum Patrol and Response Plan” was the result
of a five-month study by the Police Command Staff, the Bureau of Field
Services, field personnel and consultants. During July, the first draft of this
paper was written in response to a request from the Police Command Staff
and copies were distributed to the Boston task force. The initial focus was on
District 4 because that district contained nearly an entire spectrum of neigh-
borhood characteristics that were to be found elsewhere in Boston. Thus, it
was felt that if the plan worked in District 4, it would also work in the other
Boston police districts.
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Several quantitatively-based objectives provided the goals of the re-
allocation plan:

I? Provide immediate reponse (i.e., no queue delay at the dispatcher’s
position due to patrol unit unavailabilities) for at least 95 percent of all calls.

2) Approximately equalize workload per car.

3) Provide about 50 percent of street time for patrol.
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FIGURE 7 Sector map at iteration number 4.

During a trial implementation in District 4, using numbers of patrol units
derived from queuing analysis, T 93 percent of calls were answered immediately
according to District 4 Commander, Deputy Superintendent J oseph M.
Jordan.

Workloads were distributed very unevenly prior to implementation of the
new plan. For instance, cars in District 7 (East Boston) were answering calls
for about three hours during the day, five hours at night, and two hours in
the early morning shift. However, cars in District 11 (Dorchester) were
answering calls for more than six hours during the day, virtually all of the

t Using the M/M/N queuing model, upon which this paper is based.
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Maximum workload imbalance = 5.48%
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TABLE XU

Region-wide average travel time== 3.426 minutes
Average travel time for queued calls = 5,178 minutes
Fraction of dispatches that are cross-sector == 0,483,

Profile of Patrol unit operations

89

Tteration 4

Average
Patrol % of Fraction of dispatches % of travel
unit ng, Workload mean out of sector mean time
1 0.499 99.7 0.495 102.5 3.222
2 0.512 102.4 0.611 126.6 3,318
3 0.497 99.4 0.479 99.3 3.192
4 0.502 100.4 0.453 93.7 3.174
5 0.485 97.0 0.398 82.3 4,074
6 0.505 100.1 0.456 94,5 3.612
Profile of sector operations
Sector  Fraction of district’s % of Fraction of dispatches Average
no. total workload mean that are cross-sector travel time
1 0.162 97.3 0.482 2.958
2 0.132 79.0 0.496 2.886
3 0.166 99.7 0.481 3.234
4 0.178 106.9 0.486 3.204
5 0.183 109.8 0.468 4.524
6 0.179 107.3 0.488 3.534

time during the night shift, and more than seven hours during the early
morning shift. Furthermore, during the night shift District 11 cars were often
unable to respond to ali of the calls. The new plan, which attempts to give at
ieast four hours to each car (in 2ach shift) for preventive patrol activities,
should significantly reduce such marked workload inequities.

Examining the computational results of this paper, the Task Force felt
that additional workload and travei time inequities due to geographical
factors (rules-of-thumb 1, 5, and 6) could be significantly reduced by formal-
izing a procedure for inter-district dispatching, Thus, a sector which may
have been “outlying” in one district now may assume a new central role if its
patrol unit is dispatched to calls in an adjacent district (and conversely for
units in the adjacent district).

The extra manpower required to implement the new Boston allocation
policy was drawn from sworn police personnel performing clerical functions.
The Task Force found many clerical functions were unnecessary or could be
handled by other agencies. Many non-vital clerical functions were eliminated,
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TABLE XIII
Iteration 34
Profile of selected reporting areas
Calls/ Average
100 travel
hours time 1 2 3 4 5 6

Reporting area 2:

Park Square 12,8 2.82 052 020 013 004 004 007
Reporting aren 16: .

Prudential Center 8.3 3.47 0.07 012 003 005 022 . 051
Reporting area 26:

Warren and :

Columbus Aves. 8.6 2.87 0.04 011 02t 051 004 0.08
Reporting area 39:

Washington St.

and Union Park 11.8 2.92 0.07 011 052 021 004 005
Reporting area 45:

Albany St. 4.3 4.08 007 011 052 021 004 005
Reporting area 57:

Hemenway St.

to Mass. Ave. 15.6 3,16 0.07 012 003 005 022 0.51
Reporting area 60:

Kenmore Square 10.5 4.34 012 006 003 005 053 020
Reporting area 68:

Beacon St. and

Park Drive 6.7 5.76 0.12 006 0.03 005 053 02

including such functions as duplicating records at the district level that were
available at headquarters. New organizations were drawn for district per-
sonnel and new procedures developed to speed the remaining paper work,
theteby making policemen who previously performed clerical functions avail-
able for street duty, ’

Use of the model by the Cambridge and Quincy Police Departments is
still at a more preliminary stage. The directors of planning and research of
both departments are now collecting the data required to operate the model.
Both plan to perform the sector redesign iterations themselves, using the
computer programs developed at M.LT.

The Cambridge sector plan has not been redesigned for more than 20
years, and there is evidence of marked inequities in patrol workloads. An
officer assigned to the most centrally located sector has recently complained
to planning and research staff about the operation of his police car radio.
He was asked, “What is the matter ? Doesn’t it work ?”” He responded, “Yes,
it works—that’s the problem. Every time I’'m free, I’'m being sent to someplace
else in Cambridge on another assignment.” Naturally, the Cambridge Director
of Police Planning and Research hopes to reduce this burden of centrality
by exploring different sector design options with the aid of the model.
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The Quincy Police Department is performing a broad-based operational
analysis under a grant for innovative planning, supported by the Massa-
chusetts Governor’s Public Safety Committee.T Part of this activity requires
use of analytical and simulation models of police activity to improve planning
and day-to-day decision making. The city of Quincy is situated on Quincy
Bay and has many natural and man-made barriers fo travel, thereby limiting
the number of feasible alternative sector designs. The Director of Planning
and Research therefore is particularly interested in learning the magnitudes
of the effects on performance discussed here in a Boston context.

Both the Cambridge and Quincy implementation experiences will be
documented as reports of our supporting project, “Innovative Resource
Planning in Urban Public Safety Systems”, Laboratory of Architecture and
Planning, M.L.T., Cambridge, Massachusetts.
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