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SECTI ON 1: | nt roducti on

Police Allocation Manual Project

The Police Allocation Manual User's @Quide (herein after referred
to as the GQuide) is intended as a conpani on docunent to the Police
Al |l ocation Manual (PAM, Special Version, which can be used to
determ ne the nunber and all ocation of personnel for police
traffic services for state police departnents.

Both the Guide and the Police Allocation Manual (herein after
referred to as the Manual ) were devel oped by The Traffic Institute
of Northwestern University under contract to the National H ghway
Traffic Safety Adm nistration (NHTSA), U. S. Departnent of Trans-
portation. A summary of project activities and products is
contained in the Foreword. Additional information is available in
the final reports submtted to NHTSA at the end of phases I, I
and I'I'l in February 1990, March 1991, and Septenber 1991 respec-
tively.

Police Allocation Manual Procedures

The procedures described in the Manual for determ ning the nunber
of personnel are based on an analysis of trooper workload in terns
of the ampbunt of tinme required to conplete various tasks. Al
trooper activities are assigned to four categories:

0 Reactive: answering calls-for-service and respond-
ing to accidents;

0 Proactive - Self-lInitiated: traffic enforcenent,
field interrogations, notorist assists;

0 Proactive - Uncommtted Patrol: patrol on uncommt -
ted tinme; and

0o Admnistrative: office time, vehicle maintenance,
meal tine, etc.
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In PAM the "Proactive-Uncommtted Patrol"™ workload category refers
to unconmmtted tinme only (i.e., tinme npot spent on reactive,

self-initiated, or admnistrative activities). Self-initiated
activities that occur as a result of "uncommtted patrol” tinme are
included in the "self-initiated" category. In other words, tinme

spent looking for violators is defined as "unconmtted patrol tine"
while time spent with violators is defined as "self-initiated
tinme."

The procedures used in the PAM nodel rely on historical data and
user-supplied performance objectives. These data and objectives
are used in nine worksheets in the Manual to guide the user through
t he process of determ ning how many troopers are needed for each of
the categories identified above. For two of the categories,
Reactive (Wrksheet 3) and Proactive-Uncommtted Patrol (Wrksheet
5), workload and performance objectives are used to derive the
nunber of on-duty troopers required daily for each category. For
the Admnistrative (Wrksheet 2) and Proactive-Self-Initiated
(Worksheet 4) categories, historical data and performance objec-
tives are used to determ ne the proportion of trooper on-duty tine
t hat shoul d be spent on activities in each category.

The results of the calculations in worksheets 2 through 5 are
conbined in Wrksheet 6 to determ ne the average nunber of on-duty
troopers needed each day. This result is further nodified in
wor ksheets 7 and 8 to account for the use of two-trooper units,
m nimum staffing |l evels, troopers used for special assignnents, the
nunmber of field supervisors, the tinme-off policies of the agency,
and the nunber of command and support staff. Wrksheets 1 - 8 are
used to obtain the staffing requirement for an "autononous patrol
area" (APA). The staffing requirenent for an entire jurisdiction
is obtai ned by adding the staffing requirenents for all APAs in the
jurisdiction. Worksheet 9 is used to allocate or distribute a
total nunber of troopers anong several patrol areas (APAs) or anong
distinct tine periods or shifts for one patrol area. A conplete
description of the PAM nethodol ogy is presented in Chapter 2 of the
Manual .

Contents of the User's CGuide

The Gui de consists of four sections and four appendi xes. Section
1 ("Introduction") provides an overview of the PAM project and
met hodol ogy, and the contents of the Guide. Sections 2 and 3
provide specific information and guidelines regarding "Ceneral
| mpl ementation Strategies" and "Data Definition and Collection
| ssues" respectively. The material in sections 2 and 3 is sunma-

Xi
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rized in a "Recommended Data Col | ection and | npl enentati on Proce-
dure"” in Section 4. Appendix A contains a list of the data and
performance information required for each of the nine worksheets in
the Manual. Appendix Bis a glossary of terns and notation used in
Manual . Appendix C contains a detailed exanple in which each of
the nine worksheets in the Manual is shown in conpleted form and
Appendi x D contains derivations of all of the inportant fornulas
used in the Manual .

How to Use the Guide

It is inportant to note that the Guide has been witten for use as
a reference docunent to assist both first-tine and experienced
Manual users. It is anticipated that no one will study this doc-
ument section by section, front to back. Rather, it is expected
that the Guide will be used as questions about data definitions,
data collection, and the use of particular worksheets arise.
First-tinme users will probably be nost interested in the genera
i nmpl enentation strategies discussed in Section 2 and the recom
mended procedure outlined in Section 4. More experienced users
will likely find that they wwll refer to the information on data
definitions and collection in Section 3.

SECTI ON 2: Ceneral |nplenentation Strateqies

Thi s section provides general observations about the inplenentation
and use of the Manual for determning staffing requirenents. Al

t he observations are based on experience gained fromfield tests of
t he PAM procedures during both phases of the project. The first
part bel ow exam nes what the Manual can and cannot do. This is
fol l owed by suggestions for first-tine users.

Uses and Limtations of the Manual

The cal cul ati ons and procedures described in the Manual represent
a "nodel" of police staffing; that is, the steps in the nine
wor ksheets are based on mathematical and |ogical relationships
bet ween workl oad, patrol perfornmance, the characteristics of the
patrol area, and the total nunber of officers required. Analysts
divide nodels into two broad categories: descriptive and pre-

Xi



Special Version - April 1993

scriptive. ldentifying which category the PAM nodel belongs to is
of use in recognizing how the nodel can be used and its lim-
tations.

The PAM nodel is a prescriptive nodel; that is, using information
about the workload, the desired performance |evels, and the
characteristics of the jurisdiction, the nodel can be used to
"prescribe"” how many officers are needed. The PAM nodel is not a
descriptive (or predictive) nodel; that is, it is not possible to
specify a fixed nunber of officers, the workload, and other char-
acteristics of a jurisdiction and use the nodel to describe (or
predict) what |evel of patrol performance can be expected. Sim -
larly, it is not possible to use the PAM nodel to predict what the
change in patrol performance or workload wll be (e.g., the nunber
of accidents to be handled) if the nunber of troopers is increased
by a certain percent.

The prescriptive nature of the PAM nodel provides police planners
with a powerful tool. Not only can the Manual be used to determ ne
appropriate staffing levels for current workload, performance
obj ectives, and jurisdictional characteristics, it can also be used
to answer nunerous "Wat if?" questions. For exanple, what wll be
the inmpact on staffing if the current workl oad increases by 20% or
if the average travel tine to accidents or other CFS is reduced by
1 m nute?

Experience indicates that nodel "failures" can occur because of
l[imtations of the procedure itself and fromincorrect or unreal -
istic expectations by police planners about the capabilities of the
nodel . The PAM nodel cannot provide the answers to all staffing
and all ocation questions; for exanple, as noted above, the nodel is
not capabl e of predicting changes in performance as staffing | evels
change. Additional Iimtations are as foll ows:

o The PAM nodel cannot correct or conpensate for

i naccurate or inconplete data. This [imtation is
merely an application of the "law' nost often asso-
ciated with data processing and is summari zed as A GO
that is, "Garbage in, garbage out." At the sane tine,
it is also true that the nodel is nore sensitive to
the accuracy of sone data itens than others. Thi s
fact is inportant in determ ning what |evel of effort
should be expended in data collection. (See the
di scussion below in Section 4: "Recommended Data
Col l ection and | nplenentati on Procedure.")

o The PAMnodel can only prescribe how many officers are
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needed when performance objectives are provided; that
i's, when sonmeone or sone group deci des what |evel of
service is desired. Stated in another way, the Manua
is not a "silver bullet,” that is, it is not a nethod
for determning staffing levels that can be conpleted
wi t hout managenent invol venent or input.

o The PAM nodel cannot be used to predict the future
wor kl oad (i.e., calls for service) of a patrol area.

o The PAM nodel, by itself, will not convince |egisla-
tors or policy nmakers to increase funding support for
additional staff. Decisions on staffing Ilevels
eventual ly reflect fiscal and political realities that
transcend the specific nmethods used in any staffing
procedure. The PAM procedures wll strengthen
requests for additional staff, but cannot guarantee
their acceptance.

Qlidelines for First-Ti ne PAM Users

For persons who are using PAMfor the first time, it is recomended
that the steps outlined in Chapter 1 in the Manual (pages 1-2, 1-3,
and 1-4) and the recomended procedure discussed in Section 4 bel ow
be carefully followed. The steps are:

0 Read Chapter 2 in the Manual to gain an overview of
the PAM nodel. (Sone users may also want to review
the material in Appendix Din the Guide.)

0 Review Appendix A in the Guide.

0 Review chapters 3 and 4 in the Manual with reference,
as needed, to appendixes B and C in the Guide.

o Estimate the data collection effort.

0 Assess the benefits of using the PAMnodel. (Only use
PAMif the benefits to the agency outwei gh the cost of
the data effort.)

0 Review the recommended procedure in Section 4 in the
Qui de.

o Collect the required data.

Xi v
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o Conplete the worksheets.

0 Review the results and adjust the input data.

Two inportant guidelines to renenber, particularly for first-tine
users, are:

1. It is not necessary to conplete all sections of

each worksheet or even all the worksheets to obtain
useful results.

2. It is not necessary to have highly accurate val ues
for every input data itemto obtain useful results.
(See Section 4 bel ow.)

The rerai nder of this section discusses the first guideline. Work-
sheets 1 - 8 in Chapter 3 in the Manual are used to determ ne the
staffing level of an APA; that is, the "nunber" of troopers re-
quired. Worksheet 9 in Chapter 4 in the Manual is used to deter-
m ne how the total nunber of troopers for several APAs shoul d be
"distributed" or "allocated" over the APAs. W rksheets 1 - 8 can
be conpl eted w thout conpleting Wrksheet 9; and it is not neces-
sary that the staff totals used in Wrksheet 9 be cal cul ated based
on worksheets 1 - 8 if an alternative nethod for estimating staff-
ing levels is avail able.

Wthin worksheets 1 - 8, it is possible to identify entire work-
sheets and sections of worksheets that may not need to be conplet-

ed. | f the PAM procedures are only used to determne the tota
nunber of troopers and field supervisors, section 8.4 dealing with
t he nunber of staff and command personnel can be ignored. |If the

PAM procedures are being used to determ ne onlythe average nunber
of "on-duty" troopers required each day, then only worksheets 1 -
5 and Section 6.1 are needed. Even within these worksheets, not
all sections are required. In Wrksheet 2, the user nust use ei-
ther Section 2.1 or Section 2.2. In Wrksheet 3, Section 3.1 can
be skipped if the agency prefers to aggregate accidents with O her
CFS (i.e., only use Section 3.2) or, alternatively, Section 3.2 can
be skipped if the agency only responds to accidents (i.e., only use

Section 3.1). In Wrksheet 4, the user nust use either Section 4.1
or Section 4.2 or Section 4.3; and in Wrksheet 5, the user nust
use either Section 5.2 or Section 5.3. In Section 5.1, the user

has the option of using as many or as few roadway types as appro-
priate for the APA
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Beginning with Section 6.2 in the Manual, the remaining sections
and wor ksheets, which the user nmay elect not to use, provide ad-
justnents to the average nunber of on-duty troopers required per
day derived in Section 6.1. Sections 6.2 and 6.3 are used to ac-
count for agencies that use two troopers per unit for sonme patrols
and for APAs with m ninum staffing requirements. Wrksheet 7 is
used to account for troopers on special assignnents and to deter-
m ne the nunber of on-duty field supervisors required. Wrksheet
8 is used to determ ne the total nunber of troopers and field su-
pervisors (i.e., both on-duty and off-duty) and the total nunber of
support and command staff required.

SECTION 3: Data Definition and Coll ection |Issues

Data Coll ecti on Categories

As noted above, the PAM nodel requires that all regular trooper
activities for patrol be classified into four categories. As a
result, an essential first step in using the nodel is a "tailoring"
process in which each type of trooper activity recorded by an agen-
cy is "assigned" to a particular category. Wile it is likely that
all state-level |aw enforcenment agencies will define and use sim -
lar kinds of activities in each category, it is also true that
because of differences in operational practices and data definition
and col l ection procedures, it is probable that no two agencies w ||
define the data itens to be included in each category in precisely
t he sane way.

The lists below indicate the kinds of activities that were incl uded

in each of the categories by the field test agencies for the pro-
j ect.

Adm nistrative Tinme

on-duty court tinme

training (less than one day)”
meal s

aut o mai nt enance

equi pnent nai nt enance

agency adm ni strative duties
relay of equi pnent

[eleNeolNoNeNoNeo)

XVi
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o roll cal

o briefings

o report witing (if not put into reactive tine)

" - Time off for training that requires one or nore conplete
days can be included in the calculations for the shift
relief factor in Wrksheet 8.

Reactive Tinme (dispatches to accidents, crimnal activities,
ener genci es, and non-ener genci es)

travel tinme

on-scene tine

report witing tine

foll owup investigation

reactive time by all units dispatched
assi sts to other agencies

escort and relay

nmotori st assistance (if dispatched)
traffic control (if dispatched)
searches for m ssing and wanted persons
VIN verifications

[eNelelNoNeNoNoNeNoNoNel

Proactive Tine - Self-lnitiated Activities

traffic stops (traffic citations and warni ngs)
nmot ori st roadway assi stance

crimnal investigation

traffic control

field interrogations

[eNeleolNoNel

Proactive Tine - Uncommitted Patrol

o] patrolling assigned roadways (includes both noving and
stationary patrol)

The ability to tailor the PAMprocedures to reflect the particul ar
data collection practices of an agency is a strength of the nodel;
that is, rather than requiring an agency to redefine existing data
collection procedures to "fit" the nodel, it is possible to tailor
the PAM nodel to fit the agency. At the same tinme, however, the
flexibility that such tailoring permts requires that caution nust
be used when conparing the staffing estinates produced by the PAM
nodel for different agencies; that is, unless both agencies use the

XVi i
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sane data itens, defined in the sanme way, in each activity catego-
ry, it may not be possible to reliably determ ne the underlying
causes for differences in staffing estimates between the agenci es.

Experience to date indicates that decisions about which of the four
categories each activity is assigned to have a relatively small
impact on the final total staffing estimate. Far nore inportant
t han the question of which category to use for each workload item
is the need to insure that all trooper patrol workload activities
are included and accounted for sonewhere in the PAM nodel.

Sel ecti ng Aut ononbus Patrol Areas (APAs)

The PAM nodel estimates the total staffing for an agency by first
determning the staffing levels for patrol areas using the foll ow
i ng steps:

o] The entire state is divided into a nunber of auton-
onous patrol areas. The APAs nust cover the entire
state and not overl ap.

o] The PAM nodel is used to determine the staffing
| evel for each APA

o] The individual APA results are added together to
obtain the staffing requirenment for the entire
state.

The selection of the APAs is dictated by the requirenent that each
APA shoul d exhibit the follow ng characteristics:

o] Virtually all of the CFS that originate in the APA
are handl ed by troopers assigned to the APA or, con-
versely, alnost none of the CFS that originate in
the APA are handled by troopers assigned to areas
out si de of the APA;

o] Troopers assigned to the APA are rarely dispatched
to CFS outside of the APA; and

o] Al t hough troopers may be assigned to patrol specific

areas within the APA, troopers are routinely dis-
pat ched, as needed, to CFS anywhere within the APA

XViii
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The first two characteristics define what is neant by "autononous."
Sinply stated, it nmeans that the APA nust be, for the nost part, a
sel f-contained or independent operational area with l[ittle or no
cross-over of personnel either into or out of the area. (As a
gui deline, 90% of the CFS in the APA should be handled by units
assigned to the APA)

The third characteristic indicates that the APA cannot itself be a
collection of smaller APAs; that is, all the units assigned to the
APA nust routinely be dispatched to CFS throughout the APA. |If,
however, units are only dispatched to CFS within their patrol areas
and are rarely dispatched to CFS in other parts of the APA, then
consideration should be given to dividing the APA into several
smal | er APAs.

The size of each APA wthin a state will vary dependi ng on work-
| oad, popul ation density, and traffic volunme. From an operati onal
per spective, APAs can be viewed as separate command areas, often
characterized by the use of separate radio frequencies for dis-
patch. For sone agencies, APAs may be defined by natural barriers;
for exanple, a resort area that is separated fromthe rest of the
jurisdiction by a | arge | ake.

Wr ksheet Options and the Use of Performance St andards

To provide as nuch flexibility as possible, four of the worksheets
in the Manual give the user two or three different ways to derive
a particular value. The decision about which option to use in each
case is based on the availability of historical data and the desire
of the agency to set an operational performance standard as a mat-
ter of policy.

Cccasionally, first-time PAM users are disappointed to |l earn that
all the PAM cal cul ations are not based on historical data and/or
"national" standards for staffing or workload. (No such national
standards exist.) Although, it is theoretically possible to use
t he PAM nodel based entirely on historical data, this is rarely
done for at |east two reasons. First, it is very difficult to
collect all the required data, and second, use of historical data
in all of the worksheets should yield staffing totals, assum ng the
nodel is valid and accurate, that will replicate the current staff-
ing levels of an agency. Wile this may be useful in verifying the
validity of the nodel, it is nore likely that agencies are inter-
ested in examning the inpact on staffing levels if one or nore of
the current workl oad, performance, or other data itens are altered.
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The remai nder of this section briefly outlines the options explic-
itly available to the user in the worksheets. It should be noted
that the term"explicitly" is used to highlight the fact that the
user "inmplicitly" has options in determning every data itemre-
quired by the nodel (i.e., the value used for each item can be
sel ected by policy or can be based on historical data). For each
of the options identified below, the decisions of the field test
agenci es regardi ng which option was sel ected and the average val ue
sel ected or derived for each are shown in Table 1. (The data pre-
sented in Table 1 is based on 10 applications of the PAM procedures
by the six field test agencies; that is, the PAM procedures were
used for 10 different APAs.)

Adm nistrative Tine Per Trooper (Wrksheet 2). Wrksheet 2 permts
the user to use either of two options (Section 2.1 or Section 2.2)
to derive the average nunber of m nutes per hour per trooper to be
spent on admnistrative activities. Section 2.1 allows the user to
set the average nunber of mnutes as a matter of policy. Section
2.2 directs the user through the process of deriving the value
based on historical data. Table 1 indicates that anong the 10
field test applications during Phase Il11, 2 were based on Section
2.1 (Policy) and 8 were based on Section 2.2 (H storical Data).
The average time based on historical data, 12.07 m nutes per hour
per trooper, was higher than the average of 9.75 m nutes per hour
per trooper based on policy.
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Self-Initiated Tine Per Trooper (Wrksheet 4). Wrksheet 4 permts
the user to use any one of three options (Section 4.1 or Section
4.2 or Section 4.3) to derive the average nunber of m nutes per
hour per trooper to be spent on self-initiated activities. Section
4.1 allows the user to set the average nunber of mnutes directly
as a matter of policy. Section 4.3 directs the user through the
process of deriving the average val ue based on historical data.
(Sections 4.1 and 4.3 parallel the options provided in sections 2.1
and 2.2 in Wirrksheet 2.) The third option, described in Section
4.2, is a conbination of the options available in 4.1 and 4.3. The
derived value is based both on a policy decision (i.e., the average
nunmber of self-initiated contacts per shift per trooper) and the
average tine spent on each contact based on historical data. Dur-
ing the field test, 9 out of the 10 applications determ ned self-
initiated time based on historical experience (Section 4.3). The
average value for the 9 applications was 7.49 m nutes per hour per
trooper. (One application used the policy-indirect option in Sec-
tion 4.2 and obtained a value of 9.80 mnutes. Sone field test
agencies were hesitant to use the policy options out of concern
that they could be interpreted as a system of enforcenent "quotas."

Uncommi tted Patrol Availability (Wrksheet 5). W rksheet 5 gives
the user two options (Section 5.2 and Section 5.3) for determ ning
the nunber of on-duty troopers needed per day for "uncommtted
patrol availability." This value is then conpared with the average
nunber of troopers needed for "uncommtted patrol visibility" (Sec-
tion 5.1) to derive a total nunber of on-duty troopers needed per
day for "proactive-uncommtted patrol." Section 5.2 is used to
determ ne the nunber of troopers needed to have enough units avail -
able to respond inmedi ately to a specified percentage (provided by
the user) of all accidents and CFS. Section 5.3 is used to deter-
m ne the nunber of troopers that are needed to provide an average
travel tinme to reactive activities. The average travel tinme objec-
tive is set by the user. The calculations in Section 5.3 (steps
5.3.1 through 5.3.6) assune area patrol (i.e., patrol units have
responsibility for responding to calls throughout a geographic
area). |If line patrol (i.e., patrol units have responsibility for
a specific roadway segnent only) assignnments are also used, the
nunber of troopers required is calculated in a supplenental work-
sheet in Appendix B and entered into (5.3.7). Table 1 indicates
that nost applications (i.e., 9 out of 10) for the Phase Ill field
test used Section 5.2. Five agencies al so exam ned the area patrol
option (Section 5.3), but none used the line patrol option in Ap-
pendi x B.

Strategies for Controlling the Data Collection Effort

Use of the PAM nodel for one APA can vary in difficulty dependi ng
on the availability of data and the amount of work required to
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obtain the data. Wuen all the APAs for a state or for even parts
of a state are considered, the nmagnitude of the data collection
effort required may be significant. For agencies that may elect to
use several APAs, the field test experience revealed two strategies
that agencies can use to limt this effort.

APA- | ndependent Data. There are a nunber of input data itens re-
quired in the nodel that are | argely independent of the |ocation or
other attributes of each APA, and as a result, it may be possible
to use one value for each data itemfor all APAs. Although the
specific data itens will vary from one agency to another, the fol-
lowng |ist should apply to nost:

o average nunber of on-duty hours per year per trooper,
o average nunber of troopers per field supervisor,

o average fraction of tinme spent on patrol by field
supervi sors,

0 average service tinme for accidents,
0 average service tinme for other CFS,
o percent of units with two troopers,

0 average tine per hour spent on adm nistrative activ-
ities per trooper

0 average tine per hour spent on self-initiated activ-
ities per trooper, and

o shift length.
APA- Dependent Data. There are also a nunber of input data itens

that will likely vary by APAwithin the sane state. A partial |ist
woul d i ncl ude:

o nunber of roadway mles by roadway type,

o nunber of accidents and other CFS,

o anount of patrol coverage by roadway type,
0 average patrol speed by roadway type,

o patrol interval by roadway type,

o immedi ate response percent age,
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0O average response speed,
o average travel tine,

o anount of patrol available fromtroopers on special
assi gnnent, and

o presence and influence of mnimumstaffing limts.

During the Phase | field test for state-level agencies, severa
sites were able to control the data collection effort for APA-depe-
ndent data by recogni zing that nost data itens that vary by APA are
related to the proximty of the APA to urban or rural areas. Rec-
ogni zing this, groups of APAs were categorized by their "urbani -
city" and identical input data values were used for all APAs in the
sane category.

Di scussion of Individual Data |Itens

The PAM nodel estimates the required staffing |evel for an APA by
accounting for all the tinme that troopers need to perform patrol
activities. The PAM nodel (Version S3.0) uses four tinme categories
and general definitions about what activities are associated with
each category. It is inportant to note, however, that the current
nmodel represents only one way out of many that could be used to
categorize and define patrol activities. The significance of this
observation is that regardl ess of what categories and definitions
are used, they nmust account for all patrol activities. As expect-
ed, the field test provided considerabl e feedback about a nunber of
data definition and data collection issues. This section provides
an overview of sonme of the data-related issues that arose during
the field test.

| mredi at e response percent. The inmedi ate response percent is used
in Section 5.2 to determ ne how many on-duty troopers are needed
each day to insure that a trooper will be available for imediate
assignnent for a given percent of all accidents and other CFS. It
is inmportant to note that "imedi ate" response is not the sane as
"rapi d" response. Immediate response nerely inplies that at |east
one trooper will be avail able, somewhere in the APA, for the as-
signment. No consideration is give to how far away the trooper may
be fromthe incident. Users that are interested in the nunber of
troopers that are needed to maintain a user-specified average trav-
el time in responding to incidents should use Section 5.3. Table
1 indicates that the i medi ate response option in Section 5.2 was
used in 9 of the 10 field test applications and the average val ue
sel ected was approximately 85 percent.

17



Version S3.0 - Septenber 1991

On-duty hours on patrol per year per trooper. The average nunber
of on-duty hours per year per trooper is used in Section 8.2 to
calculate the "shift relief factor" (SRF). The shift relief factor
i ndi cates how many troopers are needed to cover one shift position
every day. For 8-hour shifts, SRFs typically range from1.60 to
1.90; i.e., for each shift position, a total of 1.6 to 1.9 troopers
i S needed. A common question is whether the average nunber of
on-duty hours per year per trooper equals 2,080 hours obtained by
mul tiplying 52 weeks by 40 hours per week. The answer to this
guestion is no. The 2,080 hours equals the nunmber of hours for
which a trooper is "paid" for one year and is greater than the
nunber of on-duty hours because it includes paid "tine off" (e.g.,
vacations and holidays). The average nunber of on-duty hours on
patrol per year per trooper is the nunber of hours each trooper is
actually on patrol duty, not on the nunber of hours for which the
trooper is paid.

Although it is easy to see why "benefit tine off" |ike vacations
and hol i days should not be included, there are other situations in
whi ch the definition of "on-duty" tine is nore difficult to inter-
pret. The difficulty arises because not all on-duty tinme is spent
on patrol (i.e., tenporary special assignments may renove an offi-
cer fromregular patrol duty). As an exanple, consider a trooper
who is sent to a two-week training program An adm ni strator may
argue that the trooper is "on-duty"” whether he/she is on patrol or
at a training program A patrol conmander, on the other hand, may
argue that when the trooper is gone for two weeks, there is a staf-
fing shortage on patrol that is just as real as if the trooper were
on a two-week vacation. Fromthe commander's point of view, the
trooper is not "on-duty" in the sense that he/she is not on patrol,
and as a result, the two weeks spent at training should not be
included as on-duty tinme. There is no one "right" way to define
on-duty patrol tine; it depends on the policies and practices adop-
ted by each agency. Since the definition used to cal cul ate SRFs
may vary from one agency to another, the follow ng guidelines
shoul d be not ed:

o The calculation of the shift relief factor in Section
8.3 requires that a definition of "on-duty patrol™
tinme, appropriate for the agency, be adopted; and

o The conparison of shift relief factors for different
agencies is not appropriate unless the sanme definition
of "on-duty patrol"™ tinme is used by both agencies.

Table 1 indicates that the average value for on-duty tine per year

per trooper was 1, 810.27 hours that, assum ng 8-hour shifts, pro-
duces a SRF of 1.61 troopers per shift position.
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Patrol coverage. Patrol coverage is used in Section 5.1 to cal cu-
| ate the nunber of on-duty troopers required each day to neet a
user-specified patrol interval. Patrol coverage refers to the
nunber of hours per week that an agency will provide services in an
APA or on a roadway segnent. (The maxi num coverage is 168 hours
per week.) Patrol coverage is a policy decision and represents an
either-or situation (i.e., either coverage is provided or it is
not). Patrol coverage does not identify the level or intensity of
coverage for a particular area; this is indicated by the "patro

interval " discussed below Table 1 indicates that patrol coverage
was approximately the sane for all roadway types; the average was
about 140 hours for each of the three categories. (Care nust be
taken in interpreting field test results based on roadway catego-
ries since each agency was free to define roadway types to fit the
characteristics and data availability of the APAin its jurisdic-
tion.)

Patrol interval. Patrol interval is used in Section 5.1 of the
Manual as a neasure of the level or intensity of patrol coverage.
It is nmeasured in hours and indicates the average tine that a
stranded notorist would have to wait to see a trooper conme by on
free patrol (i.e., proactive-uncommtted patrol). As an exanpl e,
a patrol interval of one hour neans that a notorist, stranded on
t he roadway, would have to wait an average of one hour before see-
ing a trooper. Wile there is no theoretical upper Iimt to the
patrol interval, the |largest value used during the field test was
168 hours (i.e., a motorist would have to wait for one week).
Table 1 indicates that the average patrol interval for category 1
roadways for the field test was only 6.40 hours. For category 2
roadways, the average was 13.20 hours, and for category 3 roadways,
t he average was 20.40 hours.

Patrol speed. Patrol speed is used in Section 5.1 as part of the
calculation to determne the nunber of on-duty troopers required to

meet a specified patrol interval. Average patrol speed and average
response speed (di scussed below) are often anong the nost difficult
data itens to obtain for use in the PAM nodel. A nunber of differ-

ent approaches can be used to estimate this val ue:

0o Use of log sheets. Average patrol speed equals the
total nunber of mles driven while on "patrol" divided
by the total tinme spent on "patrol." The m|eage and
tinme estinmates nust be based on "proactive-unconmtted
patrol" as defined in the PAM nodel; that is, only
m | eage and tine spent on unconm tted patrol (includ-
ing stationary patrol) should be used for the cal cul a-
tions. Any mleage accunmul ated for or tine spent on
activities that fall into any of the non-unconmtted
patrol categories (i.e., admnistrative, reactive, and
self-initiated) is not included.
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o0 Ride along observers. Sone agencies have attenpted to
estimate average patrol speeds by having observers
ride along with troopers while on patrol. Experience
i ndi cates, however, that the presence of an observer
may cause changes in driving behavior.

o Survey of troopers. Another approach is to survey
troopers to obtain an estinate of the average speed.
Use of this nethod, however, is often questioned since
experience indicates that human recollection is often
not very reliable in estimating "average" speeds.
(There is a tendency to renenber only the cruising or
top speed and to forget tinmes when a unit is either
stationary or noving very slowy.)

In the last section of the Guide, a general approach to using the
PAM nodel is outlined. One of the inportant suggestions is that
users nust exercise judgnent in determ ning how accurate each input
val ue shoul d be and how nmuch effort shoul d be expended in obtai ning
each item Patrol speed is a data itemthat can, if one is not
careful, require far nore effort than may be justified by its con-
tribution to the final staffing estimates. In Table 1, the average
patrol speeds used by the field test agencies were 39.45 MPH for
category 1 roadways, 27.47 MPH for category 2 roadways, and 19.22
MPH for category 3 roadways.

Response speed. Response speed is used in Sections 5.3 to estimte
t he nunber of on-duty troopers required to provide a response capa-
bility that maintains a user-specified average travel tine. Like
patrol speed, this data itemmay be quite difficult to obtain. The
same procedures that were outlined above for determ ning patro

speeds can al so be used to estimte response speeds with all the
corresponding difficulties associated with each of the procedures.
(If log sheets are used, mleage and tines nust be based on travel

to reactive incidents only.) 1In fact, the influence of ride-al ong
observers and the unreliability of personal recollection to esti-
mat e response speeds nay be even nore pronounced. PAM users are
strongly encouraged to follow the recommended data collection stra-
tegy outlined in the last section of the Guide to avoid unnecessary
effort spent on obtaining response speed estimates. |In Table 1,
t he average response speed (over all roadway types) is 36.27 MPH
for area patrol

Roadway types. To use the PAM procedures in Section 5.1, the user
must define three roadway types for the APA. As an exanple, al
roadways in the APA could be divided into primary highways, rura
hi ghways, and residential streets. The user nust also indicate how
many mles of each roadway type there are in the APA. These cate-
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gories are used in Section 5.1 for the derivation of the nunber of
on-duty troopers needed each day to neet the patrol interval objec-
tives set by the user for each roadway type. PAM users are not
required to use any particular set of roadway categories or to use
exactly three roadway types. To acconmodate data collection proce-
dures within their state or agency, users nmay want to use a differ-
ent nunber of roadway types. The critical issue is not whether
three roadway types are used, but rather that all roadway types and
mles routinely patrolled in the APA are included in the procedures
for deriving agency staffing estimates. The selection of how many
roadway types and how each should be defined will vary from agency
to agency. It is recommended that definitions be used that rely,
to the extent possible, on the follow ng factors:

o traffic volune on the road,

o use of the road (i.e., feeder, collector,
t hroughway, etc.),

0 average speed on the road,
o need for police patrol on the road, and

0o the availability of traffic and operational data
by roadway type.

Self-initiated tine. Wrksheet 4 is used to determ ne the average
nunber of m nutes per hour per trooper for self-initiated activi-
ties. In PAM self-initiated activities refer to activities initi-
ated by a trooper rather than directed by the dispatching center.
It is inportant to note that the distinction between reactive and
self-initiated activities is not determ ned by what is done but
rather by the manner in which the activity is initiated. As an
exanple, if a trooper is directed to a particular |ocation to con-
trol traffic because of a fallen tree on the roadway, the tinme
spent on this activity would be charged to reactive tine. |[If, on
the other hand, the trooper discovers the fallen tree while on
unconmtted patrol and determnes that he/she should control traf-
fic until the tree can be renoved fromthe roadway, this tine would
be assigned to the self-initiated category. Table 1 indicates that
no field test agencies determ ned the average self-initiated tine
by policy. Wen based on a specified nunber of contacts per shift
and the average tine per contact, the average self-initiated tine
was 9.80 m nutes per hour per trooper. Wen based solely on his-
torical data, the value was 7.49 m nutes per hour per trooper.

Service tinme. Average service tinmes for accidents and other CFS
are used in Wrksheet 3 to determ ne the average nunber of on-duty
troopers needed each day to handl e the "obligated" workload. Ser-
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vice time refers to the total spent on an incident by all agency
patrol personnel. Service tinmes should include:

o travel tinme (not including dispatching tine),
0 on-scene tine,

O report witing tine,

o investigation tine (by patrol),

0O processing tinme (e.g., for DUSs), and

o tinme spent by backup units.

In Table 1, the average service tinmes for accidents and other CFS
are 1.88 hours and 0.87 hours respectively. Few agencies have data
coll ection procedures that capture all the conponents of service
time listed above. Many CAD systens, for exanple, will capture the
travel, on-scene, and possibly sone followup tine of the category
2 unit dispatched to an incident, but may not capture report wit-
ing and tinme spent by backup units. Sone agencies do not routinely
record the frequency and anmount of tine spent by backup units al -
t hough backup time can represent a significant part of the total
obligated tinme for an agency. |If an agency plans to use operation-
al data captured by a CAD system it is recomended that the spe-
cific definitions built into the system be exam ned to detect pos-
Ssible shortcomngs in the data summaries produced by the system
Recogni zing that few agencies routinely capture all the conponents

of service tinme, it is likely that nost PAM users wll have to
estimate all or part of the average service tines they use in the
PAM nodel . Reliable estinmates for average service tines do not
require that information be obtained fromall incidents. (In fact,

this is not realistic since incident records are often inconplete.)
A reliable value for the average service tine for a particular
i nci dent category can be obtained by randomy drawi ng a sanpl e of
100 or nore incidents in the category for the period of interest.

In Wrksheet 3, total obligated tine for an agency is determ ned
first by calculating the total obligated time required for all
accidents and then using that tine to determne the total nunber of
on-duty troopers needed each day to handl e accidents (Section 3.1).
The sanme procedure is used in Section 3.2 to determ ne the total
nunmber of on-duty troopers required each day to handle all other
CFS. The results are then added together in Section 3.3 to obtain
the total nunber of on-duty troopers needed each day for both acci-
dents and other CFS. The PAM nodel separates accidents and ot her
CFS to enable the user to identify explicitly the nunber of troop-
ers required for each type of incident. During the PAMfield test,
sone agencies did not use both categories in Wrksheet 3, but de-
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cided instead to group all incidents in either the accident or the
other CFS category. This procedure will yield the sane total num
ber of on-duty troopers if an adjusted average service tinme based
on both types of incidents is used.

It is also possible to use nore than two CFS categories. For exam
ple, the collection of all "other CFS' can be divided into several
subcat egori es and each subcategory can be used to determ ne the
nunber of on-duty troopers that are needed each day to handl e al
the calls in that subcategory. (To use this procedure, however
requires that an average service tinme nust be estimated for each
subcategory.) The total nunber of troopers required is obtai ned by
adding the trooper requirenents for each subcategory together.
While the use of subcategories provides additional information
about which types of incidents require the nost personnel, it has
no inpact on the total staffing level required for all incident
types collectively. As a result, the value of the additional in-
formati on nmust be weighed against the extra effort required to
collect incident data by subcategory and to estinate an average
service tinme for each

Shift length. The PAM procedures are designed to accommodate any
shift length (e.g., 8 hours, 10 hours, or 12 hours). Changes in
the shift length will alter the shift relief factor for an agency.
For 8-hour shifts, SRFs typically fall into the range: 1.60 - 1.90.
For 10-hour shifts, the range is 2.00 - 2.40; and for 12-hour
shifts, the usual range is 2.40 - 2.90. A common mi sperception is
that since a change in the shift |ength changes the SRF, it nust
al so change the total staffing requirenment for an agency. This is
not true. In fact, if the average work week (e.g., 40 hours per
week) and the total tine off given for benefits (e.g., vacations,
hol i days, etc.) remain the sanme, a change in shift |length has no
i npact on total staffing.

Speci al assignnent personnel. Special assignnment personnel who are
al so used for patrol can be included in Wrksheet 7 of the Manual.
For each type of special assignnment, the user nust provide the
total nunber of troopers used for that assignnent in the APA and
the average fraction of tinme each trooper spends on patrol. This
information is then used to adjust the total nunber of "non-speci al
assi gnnent" troopers that are needed and the final staffing val ue
from Wrksheet 7 includes both the special and non-special assign-
ment troopers. The PAM nodel, however, cannot be used to estinmate
how many troopers will be needed for special assignnents (e.g.,
accident investigation and hazardous materials).

Staff and conmmand personnel. Section 8.4 in the Manual is used to
i nclude the nunber of staff and command personnel for the APA. The
value is supplied by the PAMuser. It is not necessary, however,
to use this section to obtain estimtes for the nunber of troopers
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and field supervisors that are required; these values are obtained
in Section 8. 3.

Travel tine. In Section 5.3 and the supplenental worksheet in
Appendi x B (in the Manual), the PAMuser nust provide a travel tinme
obj ective as part of the procedure for determ ning how many on-duty
troopers are needed for area and/or line patrol. Travel tinme re-
fers to the tinme interval that begins when a trooper receives a
di spatch and ends when he/she arrives on scene. Travel tine does
not include dispatching tinme (i.e., the tine required at the conmu-
ni cation center to process and transmt the assignnment to the troo-
per). It is also inportant to note that the travel tines required
in Section 5.3 and Appendi x B are "averages." This neans that the
actual travel tinme wll be less than the user-specified average
about half of the time and greater than the average for the other
half. |In Table 1, the average travel tine objective selected for
the field test for area patrol was 5.35 mnutes. No field test
agency used the |ine patrol option.

SECTI ON 4: Recommended Data Collection and | npl enentation
Pr ocedur e

The bul k of the work associated with using the PAM procedures in-
vol ves defining and collecting data, and unless caution is exer-
cised, it is possible to be overwhel med by these activities. This
section of the Quide presents a recommended procedure for using the
PAM nodel that is designed to avoid excessive data collection ef-
forts. The recommended procedure is based on the successes and
probl ens encountered by the six sheriff's departnents in the Phase
Il field test. The procedure consists of four steps that describe
an iterative process for using the PAM nodel .

STEP 1: Obtain Initial Staffing Level Estimates Wth M ni num
Data Collection Effort

It is |likely that every agency that uses the PAM procedures w ||
find that it does not have all the input data that is required.
This may occur for several reasons: the agency does not routinely
collect the data; the agency collects the data, but not in the form
or categories required; or the data is collected but not stored in
an easily retrievable form What ever the reasons, every agency
will be faced with the question of how nuch effort to expend in
obtai ning each data item Step 1 recommends mnimzing the initial
data collection effort; that is, for input data itens that are not
easily obtained, "quick and dirty" estimates or guesstinmates should
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be used. The rationale for this recomendation is that it is nore
inportant to obtain an initial estinmate of the total staff than it
is to obtain a high level of accuracy for every input data item
It is strongly recommended that plans for extensive data coll ection
be deferred until steps 2 and 3 described bel ow are inpl enent ed.

STEP 2: Assess the Quality of the Input Data ltens

After the initial staffing estimtes have been obtained, each of
the input data itens should be assessed in ternms of conpl eteness,
reliability, and accuracy. The assessnment of each data itemwl|
be, to sonme extent, a subjective process. As an exanple, it may be
determ ned that the nunber of category 2 roadway mles in an APA
equal s 68 mles. If this figure is obtained from the state or
state hi ghway departnent based on recent data, it can be concl uded
that this data itemis fairly "strong.” On the other hand, if the
average service tinme for handling accidents is based on a survey of
three field sergeants who give individual estimates of 2.1, 2.5,
and 3.2 hours, it would be clear that further effort is needed to
obtain a better estimate. It is recommended that all the data
itenms be placed into three or four groups depending on their rel a-
tive quality (i.e., accuracy, reliability, etc.). Those data itens
in the |lowest category (i.e., least accurate, least reliable, etc.)
wll be the initial candidates for additional refinenent.

STEP 3: lInvestigate the Sensitivity of the Staffing Estimates to
Changes in Individual Data |tens

The next step is to identify which of the "soft" input data itens
shoul d be refined. The basis for identifying these itens is to
determ ne which itens nmake the biggest contribution to the overal
staffing estimate. Not all input data itenms in PAM are equally
inportant. For exanple, in an agency that places a low priority on
unconmtted patrol visibility on category 3 roadways, it may not be
important to have a highly accurate figure for the nunber of cate-
gory 3 roadway mles in the APA since a change of 20 or 30 percent
in the nunber of mles may only have a mninmal inpact on the final
staffing estimates. In contrast, final staffing estimates tend to
be fairly sensitive to changes in the value used for the shift
relief factor for an agency, and changes of only 3 or 4 percent in
the relief factor can produce equally-sized changes in the final
staffing estimates. Sensitivity anal yses should be done for each
of the input data itens in the |owest data quality categories to
identify those itens for which additional accuracy is needed.

STEP 4: |nprove Accuracy of lnportant Data Itens
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The final step recommends that the input data itens targeted for
addi tional refinenment be prioritized based on the results of steps
2 and 3 above. Such a list serves two purposes. First, effort can
be directed toward those data itens that are "soft" and, equally
i nportant, that have a significant inpact on the final staffing
figures. Second, limted resources can be targeted efficiently to
insure that the maxi mum benefit in terns of the quality of the
final results is obtained. As each input data itemis inproved,
nore reliable staffing figures will be generated. Cearly, this
process has no natural termnation point, but rather is [imted by
the resources and tinme that are avail able. At some point, the
effort and resources required to inprove the input data values w |
out wei gh the val ue gained by the changes in the overall staffing
esti mat e.
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APPENDI X A: Conprehensive List of Data Requirenents for
Use of the PAM Mbde

Thi s appendi x presents a list of all of the data itens that may
be used in the PAM nodel. The list is organized by the worksheet
in which each itemis first used.

Wr ksheet 1: Operations, Wrkload, and Roadway Dat a

All of the data itens in Wrksheet 1 are required.

Wor ksheet

Data Item ldentifier
Name of the APA . . . . . . . . . . . . . . . . . . 11
Shift length (hours) . . . . . . . . . . . . . . . 1.2.1
Aver age nunmber of on-duty hours on patrol

per year per officer . . . e I~ |
Aver age nunber of benefit (paid) off- duty

hours per year per officer . . . e ... 1.2.2.2
Aver age nunber of on-duty hours spent on

non-patrol tenporary assignnents per

year per officer . . . . . . . . . . . . . . . . 1.2.2.3

Aver age nunber of troopers to be supervised by
each field supervisor . . . . . . . . . . . . . . 1.2.3

Percentage of field supervisor on-duty tinme

spent on uncommitted patrol, reactive, and

self-initiated activities . . . . . . . . . . . . 1.2.4
Type nanme, category 1 roadways inthe APA. . . . . 1.2.5.1

Patrol coverage per week (hours),
category 1 roadways in the APA . . . . . . . . . 1.2.5.2

Aver age patrol speed (MPH), category 1
roadways inthe APA. . . . . . . . . . . . . . . 1.2.53
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Patrol interval performance objective (hours)
category 1 roadways in the APA Co

Type nane, category 2 roadways in the APA .

Patrol coverage per week (hours) cat egory
2 roadways in the APA . : Ce

Aver age patrol speed (MPH), category 2
roadways in the APA . . . . . . . . .

Patrol interval performance objective (hours)
category 2 roadways in the APA -

Type nane, category 3 roadways in the APA .

Patrol coverage per week (hours) cat egory
3 roadways in the APA . : Ce

Average patrol speed (NPFD category 3
roadways in the APA . . Ce

Patrol interval performance objective (hours)
category 3 roadways in the APA :

Total nunber of days in the workl oad
sanpl e period . Ce e e

Total nunber of accidents handl ed by t he agency
during the sanple period : : :

Average service tine (hours) per accident
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Total nunber of other CFS handl ed by the agency

during the sanple period . . . 1.3.4
Aver age service tinme (hours) per CFS 1.3.5
Nunmber of mles, category 1 roadways

inthe APA . . . . . . . . . . . . . . . . ... 141
Nunmber of mles, category 2 roadways

inthe APA . . . . . . . . . . . . . . .. ... 142
Nunmber of mles, category 3 roadways

inthe APA . . . . . . . . . . . . . . . . . .. 143

Wrksheet 2: Administrative Tinme

I n Worksheet 2, the user has the option of providing data item
2.1 or data itens 2.2.1 and 2. 2. 2.

Wor ksheet

Data Item ldentifier
Adm ni strative tinme performance objective

in mnutes per hour per trooper . . . . . . . . . 2.1
Total tinme (hours) spent on administrative

activities during the sanple period . . . . . . . 2.2.1
Total on-duty hours on patrol

during the sanple period . . . . . . . . . . . . 222

Wor ksheet 3: Reactive Tine

All data itens are required for Wrksheet 3 are obtained from
Wor ksheet 1.

Wor ksheet 4: Proactive Tine - Self-lnitiated

In Worksheet 4, the user has the option of providing data item
4.1 or data itens 4.2.1, 4.2.2, and 4.2.4, or data itens 4.3.1 and
4. 3. 2.
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Self-initiated performnce objective tine
in mnutes per hour per trooper . . . . . . . . . 4.1

Total nunber of self-initiated contacts
during the sanple period . . . . . . . . . . . . 4.21

Total tinme (hours) spent on self-initiated
contacts during the sanple period . . . . . . . . 4.2.2

Nunber of self-initiated contacts per
shift per trooper performance objective . . . . . 4.2.4

Total tinme (hours) spent on self-initiated
contacts during the sanple period . . . . . . . . 4.3.1

Total on-duty hours on patrol
during the sanple period . . . . . . . . . . . . 4.3.2

Wor ksheet 5: Proactive - Uncomitted Patrol

I n Worksheet 5, the user has the option of providing data itens
5.2.2 and 5.2.6 or data itens 5.3.2, 5.3.3, 5.3.4.

Wor ksheet
Data Item ldentifier
Coverage per week for imredi ate
response (hours) . . . . . . . . . . . . . . . . 522
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Per f or mance obj ective percentage of accidents,
CFS, and self-initiated activities for which

there will be at |east one trooper available . . 5.2.6
Coverage per week for area patrol (hours) . . . . . 5.3.2
Area (square mles) of the APA . . . . . . . . . . 533
Aver age response speed (MPH . . . . . . . . . . . 534

Aver age travel tinme perfornmance
objective (mnutes) . . . . . . . . . . . . . . . b35

Wor ksheet 6: Average Daily Nunber of On-Duty Troopers

I n Worksheet 6, the user can provide data item6.2.1 or data
item6. 3. 1.

Wor ksheet
Data Item ldentifier
Percentage of tinme patrol units are staffed
with tw troopers . . . . . . . . . . . . . . . 6.2.1
Aver age m ni mum nunber of on-duty troopers
requi red per day for all patrol activities,
based on agency policy . . . . . . . . . . . . . 6.3.1

Wor ksheet 7: Special Assignnents and Field Supervision

In Worksheet 7, the user has the option of using all, sone, or
none of the data itens |listed bel ow

Wor ksheet
Data Item I dentifier
Nanme of special assignment 1 . . . . . . . . . . . 7.2.1.1
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Aver age nunber of on-duty troopers on
speci alized assignnrent 2 . . . . . . . . . . . . 7.2.1.2

Percentage of on-duty tine spent on

patrol by troopers assigned

to special assignnents 1 . . . . . . . . . . . . 7.2.1.3
Nanme of special assignment 2 . . . . . . . . . . . 7.2.21

Aver age nunber of on-duty troopers on
speci alized assignnent 2 . . . . . . . . . . . . 71.2.2.2

Percentage of on-duty tine spent on

patrol by troopers assigned

to special assignnents 2 . . . . . . . . . . . . 7.2.2.3
Nanme of special assignmrent 3 . . . . . . . . . . . 7.2.3.1

Aver age nunber of on-duty troopers on
speci alized assignnent 3 . . . . . . . . . . . . 7.2.3.2

Percentage of on-duty tinme spent on

patrol by troopers assigned
to special assignnents 3 . . . . . . . . . . . . 7.2.3.3

Worksheet 8: Total Staff Requirenents

In Wrksheet 8, the user may provide data item 8. 4.

Wor ksheet
Data Item ldentifier
Nunber of staff and conmand personnel -
agency policy . . . . . . e e e . . .. ... 8.4

Wr ksheet 9: Allocation of Patrol Personnel Anmong Several APAs

Wor ksheet
Data Item | dentifier
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Total nunber of additional personnel
for all APAs (enter a negative val ue

for personnel reduction) . . . . . . . . . . . . 9.1.1
Total nunber of current personnel . . . . . . . . . 9.1.2
Nunmber of current personnel in each APA. . . . . . 9.1.3

Number of personnel estinmated for each APA
by the PAModel . . . . . . . . . . . . . . . . 9.1.5

Suppl enental Worksheet: Uncommtted Patrol Availability -
| medi at e Response

The suppl enental worksheet for Section 5.2 is |located i n Appen-
dix A in the Mnual

Wor ksheet

Data Item ldentifier
Percent of on-duty staff onshift 1. . . . . . . . A21
Percent of on-duty staff on shift 2 . . . . . . . . A22
Percent of on-duty staff on shift 3. . . . . . . . A23
Per f or mance obj ective percentage of accidents,

CFS, and self-initiated activities on shift 1

for which there will be at |east one trooper

available . . . . . . . . . . . . . . ... ... A61l1
Per f or mance obj ective percentage of accidents,

CFS, and self-initiated activities on shift 2

for which there will be at |east one trooper

available . . . . . . . . . . . . . . ... ... A6.21
Perf ormance obj ective percentage of accidents,

CFS, and self-initiated activities on shift 3

for which there will be at |east one trooper

available . . . . . . . . . . . . . . ... ... A6.31

Suppl enental Worksheet: Uncommtted Patrol Availability -
Travel Tinme for Line Patrol
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di x

The suppl enental worksheet for Step 5.3.7 is located in Appen-
B in the Manual .

Wor ksheet
Data Item ldentifier
Coverage per week for line patrol (hours) . . . . . B.2
Total roadway mles to be patrolled in the APA . . B.3
Aver age response speed (MPH . . . . . . . . . . . B4
Aver age travel tinme perfornmance
objective (mnutes) . . . . . . . . . . . . . . . B5
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APPENDI X B: d ossary and Wrksheet Abbreviations and Notation

G ossary

Accident - In PAM an accident refers to a sequence of events
i nvol ving one or nore vehicles that produces injury, death,

or property damage and requires investigative tinme by one or
nore troopers.

Adm nistrative tinme - Tine spent by patrol personnel on activi-
ties other than reactive, self-initiated, or uncommtted
patrol. My include supervision, neals, on-duty court tine,
auto mai ntenance, training, and agency adm nistrative du-
ties.

Agency policy - The specification of performance objectives for
use in the PAM nodel. (See "Performance (bjective.")

Allocation - In the PAMnodel, allocation refers to the distri-

bution of a specified nunber of troopers over several APAs.

Area - The geographic area of the APA in square mles. Large areas
within the jurisdiction without roads (e.g., |akes, wlder-
ness areas, etc.) should not be included. The area is used
to determne the nunber of troopers needed to provide a
specified average travel tinme to accidents and other CFS.
The val ue used in the nodel may include areas outside of the
jurisdiction of the agency if passage through these areas is
routinely used in responding to accidents and ot her CFS.

Area patrol - Patrol assignnment which includes responsibility for
both traffic services and general police response wthin a
speci fi ed geographic area. (See "Line Patrol.")

Aut ononobus patrol area (APA) - Patrol area in which one or nore
troopers are assigned which has the follow ng characteri s-
tics: (1) CFS may be assigned to any of the troopers in the
APA, (2) CFS are rarely dispatched to troopers assigned
outside of the APA, and (3) troopers assigned to the APA
rarely respond to CFS outside of the APA

Avai lability - In the PAM nodel, one criterion for determning
the nunber of troopers required for uncommtted patrol is
based on an analysis of the nunber of troopers that nust be
"available" in order to neet two performance standards: (1)
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the likelihood or probability (set by the user) that at
| east one trooper will be available for imedi ate dispatch
to a CFS, and (2) that enough troopers will be available to
insure that a specified average travel tine (set by the
user) wll be net.

Average work week - The average nunber of paid on-duty hours per
of ficer per week.

Backup unit - A patrol unit that is assigned or responds to a CFS
to assist the primary unit.

Benefit days off - Paid tinme off taken by officers in addition to
regul ar days off provided by the work schedul e. Benefit
time off includes vacation | eave, sick |eave, holidays, and
conpensatory tinme off.

CFS - CFS stands for "calls for service" (i.e., calls to the
police agency which require the dispatch of one or nore
troopers). The PAM nodel uses the total time required to
service CFS as the workl oad neasure for reactive tine. For
agencies with full police powers, CFS include crimnal ac-
tivities, traffic accidents, and various other police ser-
vices. Some agencies may |imt their reactive time to CFS
whi ch consist primarily of traffic accidents and assi stance
to notorists and ot her agenci es.

Ctation - A summons or notice to appear issued by an officer for
atraffic | aw viol ation.

Conmpensatory time off - Time off granted in |ieu of nonetary
paynment for overtine work. Conpensatory tinme or "conp tine"
may be granted at different rates. A straight tinme rate
inplies that one hour of conp tinme is given for each hour of
overtinme worked. A conp tine rate of tine and a half im
plies that 1 1/2 hours of conp tine is granted for each hour
of overtimne.

Constrained allocation - Constrained allocation refers to the
di stribution of a specific nunber of officers over several
APAs with [imtations on the nunber of officers that can be
assigned to each APA. I n the PAM nodel, constrained all oca-
tion is used for two cases: (1) when a specific nunber of
officers are to be added to an existing allocation, the
constrained allocation will determ ne a new allocation of
the existing and new officers with the limtation or "con-
straint"” that the revised staffing | evel for each APA nust
equal or exceed the existing level for each APA, and (2)
when a specific nunber of officers are to be subtracted from
an existing allocation, the constrained allocation wll
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determ ne a new al |l ocation of the reduced nunber of officers
with the limtation or constraint that the revised staffing
| evel for each APA nust not exceed the existing staffing
| evel for each APA. (See "Unconstrained Allocation.")

Contacts - In the PAM nodel, contacts refers to self-initiated
activities. One neasure of the level of self-initiated
activity is a count of the nunber of self-initiated contacts
(i.e., the nunber of stops for traffic violations, warnings,
and assists) per hour per shift.

Control | ed-access highway - A roadway in which owners or occu-
pants of abutting | ands have no | egal right of access to or
from the roadway except at such points only and in such
manner as may be determ ned by the public authority having
jurisdiction over the roadway (e.g., nost interstate high-
ways) .

Depl oynment plan - A generic termthat refers to the resource
al l ocation staffing plan for an agency. A conprehensi ve
depl oynent plan may indicate the |level of staff resources
that are needed and how those resources should be all ocated
by time (e.g., by tine of day and day of the week) and by
geography (e.g., by APA).

Trooper - The initial rank for officers in state police depart
nent s.

Deterrence - The inpact of visible patrol units on potenti al
traffic and crimnal offenders. (See "Preventive Patrol.")

D spatching time - The tinme interval that begins when a call is
received at the dispatching center and ends when the assign-
ment is comunicated to a trooper.

D spatched unit - A patrol unit that is assigned to a CFS by the
di spatching or tel ecomunication center.

Field supervisor - Field supervisor refers to agency personnel
who provide on-the-road supervision of patrol troopers.
Typically, field supervisors hold the rank of corporal, or
ser geant.

Fol l ow-up investigation - Investigation of an incident after the
initial on-scene investigation.

Fraction - In the PAMnodel, a fraction refers to a nunber
bet ween zero (0) and one (1). A fraction can be converted
to a percentage by multiplying it by 100. For exanple, a
fraction of 0.5 is equivalent to 50%(i.e., 100 x 0.5 = 50).
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Full-time - In PAM the term"full-tine" is used to refer to
troopers and field supervisors who are assi gned excl usively
to patrol. Oficers who work on non-patrol units or have
per manent special assignnents are not "full-tinme" on patrol

Hi storical experience - Refers to the derivation of a value in
t he PAM nodel based on data fromthe past experience of an
agency.

| medi ate response - An agency provides an "i medi ate response”

to a CFS when the assignnment is dispatched as soon as it is
received at the dispatching center and the assigned unit
begins travel to the scene as soon as it receives the as-
signnent. (See "Probability of |Imedi ate Response.")

Interstate highway - A roadway identified by the Federal gov-
ernment as part of the U S. National Interstate and Def ense
H ghway system Interstate highways nust conformto a num
ber of design requirenents (e.g., they nust be limted ac-
cess roadways) and are designated by red and blue identi-
fication shield-shaped signs.

Jurisdiction - The entire area in which an officer has | aw
enforcenment powers. For sheriffs' agencies, the "jurisdic-
tion" usually includes one state.

Line patrol - Patrol assignnent for which troopers are assigned
exclusively to roadway segnents. (See "Area Patrol.")

Li near patrol - Sane as "Line Patrol."

Mbdel - The PAMnodel is a systematic procedure for representing
the rel ationshi ps between the staff requirenments for police
agenci es and a nunber of workl oad, operational, and policy
descriptors.

Moving patrol - Unconmmtted patrol tinme during which a patro
vehicle is noving with the normal flow of traffic. (See
"Stationary Patrol.")

Non-patrol tinme - In PAM "non-patrol tinme" refers to on-duty
time spent on special assignnents.

Non- per manent assignnent - A tenporary special assignnent.
Tenporary special assignnents that require one or nore
shifts (e.g., assignnent to a state fair) are usually in-
cluded in the calculation of the shift relief factor for the
agency. Tenporary special assignnments that require |ess
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than one shift are included in the "adm nistrative" tine
category. (See "Special Assignnents.")

Non- supervisory work - Wrk done by a field supervisor that does

not invol ve the supervision of subordi nates. Non-supervis-
ory work usually includes patrol activities that could be
performed by troopers.

obligated tine - The total time required by patrol units to

respond to and service CFS. bligated tine includes the
travel time, on-scene time, report witing time, and foll ow
up investigation tinme expended by all patrol units that
respond to a CFS. In the PAM nodel, total obligated tinme is
based on the tinme spent by each unit, not each officer.
Total obligated tinme serves as the workl oad neasure to de-
termne the nunber of patrol units required for reactive
time activities. Total obligated tinme is also referred to
as total service tine or total reactive tine.

Oficers - Ageneric termthat refers to sworn personnel in a | aw

enf or cement agency.

On-duty tinme - In the PAM nodel, on-duty tine refers to the

actual tinme that an officer appears for work. On-duty tinme
i ncl udes both patrol tinme and non-patrol tine. Non-patrol
time includes tinme spent on tenporary special assignnents.
On-duty tine can be determ ned by assum ng that an officer
wor ks every day and subtracting the nunber of days that an
officer is off duty for both scheduled tine off (i.e., regu-
| ar days off) and benefit time off (i.e., vacation tine,
hol i days, sick leave, etc.). |If this nethod is used, paid
overtime nust be added to determ ne the total on-duty tine.

One-trooper unit - A patrol unit wwth only one trooper assigned
toit.
Patrol activity - A generic termthat refers to the activities

Pat r ol

Pat r ol

included in the four tinme categories used in the PAM nodel
(i.e., reactive, self-initiated, uncommtted patrol, and
adm ni strative).

area - See "Area."
contacts - Used in the PAM nodel to refer to incidents
included in the "self-initiated" category (e.g., an officer

who issues four citations and assists two notorists during
one shift would have had six contacts).
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Pat r ol

Pat r ol

Pat r ol

Pat r ol

coverage - Patrol coverage is used in the PAM nodel to

i ndi cate the presence of agency patrol activities by roadway
category. Coverage is indicated in terns of hours per week
Conpl ete coverage of a roadway segnent (i.e., 24 hours per
day, seven days per week) is 168 hours per week. Sone agen-
cies may only provide partial patrol coverage on sone road-
ways (e.g., coverage nmay only be provided during the day and
afternoon shifts). | f coverage is provided for only two
shifts a day, the coverage is 112 hours per week (i.e., 2
shifts/day x 8 hours/shift x 7 days/week). The extent or
intensity of patrol coverage is neasured by the patrol in-
terval. (See "Patrol Interval.")

interval - A measure of the extent or intensity of patrol
coverage. The patrol interval is defined as the frequency
with which a trooper will pass a given point on the roadway
or the average tine a stranded notorist would have to wait
for a trooper to come by on uncommtted patrol. Pat r ol
interval is determ ned by the nunber of roadway mles, the
nunber of patrol units, the anmount of uncommtted patro

time per hour per unit, and the average patrol speed.

speed - The average speed in mles per hour of a unit

while on uncommtted patrol. The speed can be determ ned by
dividing the mles driven per shift by uncommtted patrol
time. The total mles should not include mles driven while
responding to an accident or other CFS, or performng an
admnistrative activity. Uncommtted tinme does not include
time spent on admnistrative, reactive, or self-initiated
activities. The time spent on uncommtted patrol should
include tine spent on both noving and stationary patrol.

unit - A vehicle used by one or two troopers for patrol
activities. |In the PAMnodel, the procedures used in work-
sheets 2 - 5 and Section 6.1 in Wrksheet 6 are based on the
assunption that each patrol unit has one trooper. As a
result, in these worksheets, the ternms "nunber of patro
uni ts" and "nunber of troopers on patrol" are used inter-
changeably. (An adjustnent for the use of two-trooper pa-
trol units is presented in Wrksheet 6.)

Performance objective - A target or specified perfornmance

standard that is set either by policy or by historical expe-
rience. In the PAM nodel, perfornmance objectives may be set
for (1) the nunber of mnutes per hour per trooper spent on
adm nistrative activities, (2) the nunber of mnutes per
hour per trooper spent on self-initiated activities, (3) the
nunber of self-initiated contacts per shift per trooper, (4)
t he average patrol interval, (5) the percentage of accidents
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and other CFS for which a trooper can be di spatched i medi -
ately, (6) the average travel tine to accidents and ot her
CFS, (7) the percentage of two-trooper units, (8) the aver-
age nunber of troopers per field supervisor, and (9) the
nunber of staff and conmand personnel required.

Per manent assignnment - An assignnent that will continue for an
indefinite period of tine. In PAM the adjustnent for the
nunmber of officers required for patrol when some officers
are on pernmanent special assignnent is covered in
Wor ksheet 7.

Preventive patrol - Visible uncommtted patrol designed to
prevent or limt unlawful activity. (See "Deterrence.")

Primary highway - A U S. or state-nunbered route, or other major
hi ghway designated by authorities as part of a nmjor system
of roadways within their jurisdiction.

Primary unit - Patrol unit that is assigned to or initiates a
patrol activity and has responsibility for investigating and
reporting the activity.

Proactive time - Proactive tine refers to tinme spent by a trooper
on self-initiated activities and uncommtted patrol; it
includes the tine spent performng the activity (e.g., iSsu-

ing a citation) and the time spent on unconmtted patro
| ooking for the activity (e.g., for traffic violators).

Probability of imredi ate response - The probability that when the
next CFS arrives, at |east one trooper will be free or
avail abl e for assignnment to the call.

Queuing theory - A branch of mathematics that uses statistics and
probability to describe the operating characteristics of
gueues (i.e., waiting lines). The receiving and assi gni ng
of CFS at a police dispatching center can be viewed as a
wai ting line operation in which CFS represent custonmers who
will have to wait in line (i.e., stacked) if all of the
servers (i.e., patrol units) are busy. The determ nation of
the "probability of imedi ate response” in the PAM nodel is
based on formul as derived from queui ng theory.

Reactive tine - The total tinme required by all patrol units to
respond to and handle a CFS. (See "Obligated Tine.")

Reall ocation - In PAM the term"reallocation" is used to
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identify or distinguish a revised allocation of a specific
nunmber of officers over several APAs from the original or
initial distribution of the officers.

Regul ar duty - The usual or permanent assignnment for a trooper or
field supervisor. Regular duty may consi st of patrol duty,
speci al assignnent, or a conbination of both. An officer is
not on regular duty while on tenporary assignnment.

Response speed - The average speed in mles per hour of a patrol
unit responding to an accident or other CFS.

Resource allocation - |In PAM resource allocation refers to the
det erm nati on of the nunber and allocation of |aw enforce-
ment personnel whose primary mission is the delivery of
police traffic services.

Roadway - A generic termused in PAMto refer to any type of
hi ghway or street patrolled by a state-w de | aw enforcenent
agency (e.g., interstate highways, primary hi ghways, second-
ary hi ghways, nunicipal streets, etc.)

Sanple period - In PAM the sanple period refers to the tine
period for which data is collected. It 1s not necessary

that all of the input data used in the PAM nodel be obtai ned
fromthe sane "sanple period."”

Secondary highway - Any non-arterial or rural roadway.

Self-initiated activities - Activities carried out by patrol
officers that are not assigned by a dispatcher. Exanples
i nclude nost traffic enforcenent and notorist assists.

Self-initiated contact - See "Contacts."

Service tine - The total tinme expended by a patrol unit to handle
an accident, CFS, or self-initiated activity. Service tine
includes travel tinme (for dispatched calls), on-scene tine,
report witing tinme, and foll owup investigation tine ex-
pended by all units that provide service. Service tinme does
not include dispatching tine. Service time spent on dis-
patched calls is used to determine the total obligated tine
for an agency. (See "bligated Tine.")

Service-on-demand - A termused to characterize CFS in order to
di stinguish themfromself-initiated activities.

Shift - An officer's regular on-duty period; sonetines called a
tour or watch.
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Shift length - The length in hours of each tour, watch, or shift.

Shift relief factor - The shift relief factor indicates the
aver age nunber of personnel needed to provide one on-duty
officer for one shift every day. Shift relief factors for
agencies wth eight-hour shift |lengths are usually between
1.6 and 1.9. The shift relief factor is nmultiplied by the
average nunber of on-duty personnel required per day to
determne the total staff size. Shift relief factors depend
on the shift length, average work week, benefit time off
policies of the agency, and the anmount of on-duty, non-pat-
rol time per officer.

Speci al assignnents - Additional assignnents given to patrol
personnel (e.g., accident reconstruction and hazardous nate-
rials). Permanent special assignnments are handled in Wrk-
sheet 7 of the Mnual. Time spent on tenporary special
assignnents that last for nore than one shift are not in-
cluded in any of the four patrol tine categories used in the
PAM nodel , but are accounted for in the determnation of the
shift relief factor. Tinme spent on tenporary special as-
signnents that require less than one shift are included in
admnistrative tine.

Staff - The PAM nodel uses the term"staff" to refer to the total
nunber of sworn personnel (both on- and off-duty) that are
required to provide a specified nunber of on-duty officers
per day.

Staff and command personnel - Those personnel assigned to an APA
or several APAs who provide support services (e.g., train-
ing, range, or desk officers) and the command staff above
the rank of field supervisor.

Stationary patrol - Uncommtted patrol tine in which the patro
vehicle is not in notion. Exanples include running station-
ary node radar and observing an intersection or high acci-
dent location for traffic violators.

Tenporary assignnment - See "Non-Permanent Assignnent."
Tour - See "Shift."
Travel time - The tinme interval that begins when a patrol unit

receives a CFS assignment from a dispatcher and ends when
the unit arrives on scene. Travel tine does not include
di spatching tine.

Two-trooper unit - A patrol unit with two officers assigned to
it.
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Uncommtted patrol - Tine spent by patrol personnel on activities
other than reactive, self-initiated, or admnistrative.
Uncomm tted patrol tinme is used to provide agency visibility
for the deterrence of traffic violators and agency avail -
ability for reactive and self-initiated activities.

Uncommtted tine - See "Uncommtted Patrol Tine."

Unconstrained allocation - Unconstrained allocation refers to the
di stribution of a specific nunber of officers over several
APAs with no [imtations on the nunmber of officers that can
be assigned to each APA. (See "Constrained Allocation.")

Uniformstaffing - Uniformstaffing by shift or APA refers to an
all ocation in which the sane nunber of officers are assigned
to each shift, day of the week, or APA

Visibility - One purpose of uncommtted patrol is to pronote the
general deterrence of traffic and crimnal violators by
mai ntai ning a high level of trooper visibility.

Watch - See "Shift."
Wrk activity - See "Patrol Activity."
Wrkload - |In the PAM nodel, the termworkload refers to the

total obligated tine generated by all accidents and ot her
CFS, and the total time required to provide a user- speci-
fied level of self-initiated activities.
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Wr ksheet Abbrevi ati ons and Not ati on

APA - Aut ononous patrol area.

AWV - Aver age wor k week.

CAD - Conput er - ai ded di spat chi ng.

CFS - Calls for service.

H, - Aver age nunber of benefit (paid) hours off
per year per officer.

H,p - Aver age nunber of on-duty hours on patrol per
year officer per year.

H - Total hours required to cover one shift
position for one year.

H. - Aver age nunber of on-duty hours on tenporary
assignnments (non-patrol) per officer per
year .

H, - Aver age nunber of paid hours of work per year
per officer.

fs - Fraction of on-duty tinme spent on non-patrol
activities by troopers assigned to speci al
unit i.

- Hours of coverage on roadway segnent i.

K - Nunber used in Section 5.3 to determ ne the nunber
of troopers required to neet the travel tine per-
formance objective for area patrol. Based on the
aver age response speed and the travel time objec-
tive in m nutes.

K - Factor used in WrkSheet 7 to adjust the daily
nunber of on-duty troopers. Based on the average
nunber of troopers that report to each field su-
pervi sor and the percentage of time supervisors
spend on patrol work.

Ks - Nunber used in Appendix Ain the Manual to
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determ ne which table to use to estimate the
nunber of troopers required for immediate
response. Based on m and m.

M - Length (mles) of roadway segnent i.

m, - The average nunber of m nutes per hour per
trooper spent on adm nistrative tine.

MPH - M | es per hour.

m - The average nunber of m nutes per hour per

trooper spent on reactive activities (i.e.,
di spat ched acci dents and ot her CFS).

m - The average nunber of m nutes per hour per
trooper spent on self-initiated activities
(e.qg., traffic citations, traffic warnings,
and notorist assists).

N - The average nunber of on-duty troopers re-
qui red per day unadjusted for two-trooper
units, special assignnments, or field
supervi si on

N, - Adj ust ed average daily nunber of on-duty
t roopers.
Ni - Adj usted daily nunber of on-duty troopers

assigned to special assignnent i.

N - The average nunber of full-tinme, on-duty
troopers required per day.
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The total nunber of personnel required for
staff and conmand, both on and of f-duty.

The average m ni mum nunber of on-duty patro
troopers required per day.

The average total nunber of on-duty troopers
per day.

The average nunmber of on-duty field supervi-
sors per day.

The average nunber of on-duty troopers per
day.

The average nunber of on-duty troopers re-
quired per day to neet the uncommtted patrol
tinme requirenent.

The average nunmber of on-duty troopers re-
quired on shift i to neet the uncommtted
patrol tinme requirenent.

The average nunber of on-duty troopers re
quired per day to neet the reactive tinme
(servi ce-on-demand) requirenent.

The average nunmber of on-duty troopers re-
quired on shift i to neet the reactive tine
(servi ce-on-demand) requirenent.

The average nunmber of on-duty troopers re-
quired per shift to neet the reactive tine
(servi ce-on-demand) requirenent.

The total nunber of field supervisors, both
on and of f-duty.

The nunber of on-duty troopers assigned to
special unit i.
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N( ot -
PAM -

PIR% -

PIR -

SRF -
TA -

TE -

TN -

Sept enber 1991

The total nunber of troopers, both on and
of f-duty.

The total staff requirenment.
Police Al ocati on Manual .
The agency-specified performance objective
for the percent of accidents, other CFS, and
self-initiated activities for which at | east
one trooper will be avail able.
The agency-specified performance objective
for the percent of accidents, other CFS, and
self-initiated activities on shift i for
whi ch at | east one trooper will be avail abl e.
Shift relief factor.

The total staff to be added (or subtracted)
for the allocation.

The total current staff.

The total staff requirenent based on PAM
esti mat es.

Total overstaffing (or understaffing) based

on current staff |evels and PAM staff esti -
mat es for each APA.
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APPENDI X C. Exanpl e Usi ng PAM Wrksheets 1 - 9 To Deternine
Staffing Requirenents and All ocation

| nt r oducti on

This appendi x illustrates the use of worksheets 1-8 to de-
termne staffing |l evels for one APA and Wrksheet 9 to allocate
staff anong three shifts. The data used for this exanple are
based on information obtained fromthe field test agencies during
Phase 111 of the PAM project.

The remai nder of this appendix is divided into two parts.
The first presents observations about the exanple agency and the
particul ar options used in each worksheet. Conparisons between
the data val ues used or calculated for the exanple and the field
test results (shown in Table 1 in the GQuide) are al so di scussed.
The second part consists of the conpl eted worksheets.

bservati ons

In the discussion below, references to specific values in the
wor ksheets are made by identifying the correspondi ng worksheet
step nunbers in parentheses.

Wr ksheet 1: perations, Wrkl oad, and Roadway Dat a

The exanpl e APA covers the entire barraks area for a state
police departnent that has police patrol responsibilities over
all the unincorporated areas for a large section of a state state
that also contains a city of approxi mately 300,000. The agency
handl es a | arge nunber of accidents (1.3.2) and other calls-
for-service (CFS) (1.3.4) each year. The jurisdiction contains
152 mles of primary highways (1.4.1), 775 mles of rural high-
ways (1.4.2), and 488 mles of residential streets (1.4.3). The
agency provides full coverage (i.e., 168 hours per week)
((1.2.5.2), (1.2.6.2), and (1.2.7.2)) over all roadways. A pa-
trol interval of 8 hours is used for primary highways (1.2.5.4)
while rural highways and residential streets are patrolled with a
target interval of 24 hours, (1.2.6.4) and (1.2.7.4).
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Wrksheet 2: Administrative Tinme

The agency uses historical data in Section 2.2 to determ ne
that the admnistrative tine per hour per trooper is 10.8 m nutes
(2.2.3). The field test average for Section 2.2 was 12.07 m n-
ut es.

Wor ksheet 3: Reactive Tine

The total obligated tinme per day for the agency is 29.51
hours (3.3.1) which consists of 9.39 hours for accidents (3.1.5)
and 20.12 hours for all other CFS (3.2.5). Based on an 8-hour
shift, this level of workload requires 3.69 on-duty troopers per
day (3.3.3). The average service tinme for accidents is 2.40
hours (3.1.2) which is slightly higher than the field test aver-
age of 1.88 hours. The average tine of 0.85 hours for all other
CFS (3.2.2) is very close to the field test average of 0.87
hour s.

Wor ksheet 4: Proactive Tine - Self-lnitiated

The agency determnes the self-initiated tinme based on the
hi storical experience of the agency and policy in Section 4.2.
The average of 9.75 m nutes per hour per trooper (4.2.7) is nost
equal to the field test average of 9.80 mnutes for the sane
section. (Note: the field test average of 9.80 was based on only
one field test application. The average for Section 4.3 (9 ap-
plications based on historical data) was 7.49 m nutes per hour
per trooper.)
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Wor ksheet 5: Proactive Tine - Uncomitted Patrol

In Section 5.1, the agency cal cul ates a requirenent of 7.94
on-duty troopers per day (5.1.5) to provide the desired |evel of
patrol visibility. The 7.94 troopers consist of 1.33 troopers
(5.1.2.6) for primary highways to neet the 8-hour patrol interva
objective (5.1.2.5), and 3.23 troopers (5.1.3.6) for rural high-
ways and 3.39 on-duty troopers for residential streets (5.1.4.6),
both to neet a 24-hour patrol interval, (5.1.3.5) and (5.1.4.5).

For patrol availability, the agency exam nes two options: the

i mredi ate response option in Section 5.2 and the travel tine for
area patrol option in Section 5.3. Based on an inmmedi ate res-
ponse objective of 95% (5.2.6), the agency determnes that 3.4
on-duty troopers (5.2.7) are needed per shift to insure that at

| east one trooper will be imedi ately available for 95% of the
accidents, other CFS, and self-initiated activities. The daily
requirenent for 3 shifts is 10.2 troopers (5.2.8).

The assunptions required for the use of Section 5.2 are that
m equals 9 mnutes, m equals 15 mnutes, and that staffing is
equal over all shifts. These values for m and m produce an
adj ustnment factor (K/) value of 0.25 which is used to produce the
values in Table 3-1. For the exanple agency, the actual val ues
of m = 10.8 mnutes (2.3), m = 9.75 mnutes (4.4) which yields
an adjustnment factor value of 0.247. This result plus the fact
that the agency uses uniformstaffing over the 3 shifts indicates
that there is no need to use the suppl enent worksheet in Appendi x
A (not shown) in place of Section 5. 2.

In Section 5.3, the required on-duty staffing for area patrol
is determ ned. The agency provi des around-the-cl ock coverage
over the entire area of the jurisdiction (520 square m | es,
(5.3.3)). Based on an average response speed of 40 mles per
hour (5.3.4) and a target travel time of 15 mnutes (5.3.5), the
nunmber of troopers required for area patrol is 6.93 (5.3.6).

Since the agency has no patrol units assigned exclusively to
desi gnat ed roadway segnents (i.e., line patrol), the supplenental
wor ksheet in Appendi x B (not shown) is not used.

To determ ne the nunber of troopers for availability, the
agency conpares the results of sections 5.2 and 5.3 and sel ects
the larger value (i.e., 10.2 on-duty troopers for imedi ate re-
sponse, Section 5.2). The last step in Wrksheet 5 (5.5) is used
to determ ne the nunber of on-duty troopers for uncommtted pa-
trol. This is done by conparing the nunber of on-duty troopers
needed for "visibility" (i.e., 7.94 troopers in Step 5.1.5) with
t he nunber of troopers needed for "availability" (i.e., 10.2
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troopers in Step 5.4) and selecting the | arger value. Hence, a
val ue of 10.2 troopers is entered in Step 5.5.

Wor ksheet 6: Average Daily Nunber of On-Duty Troopers

The agency uses Section 6.1 to determ ne that 21.12 on-duty
troopers (6.1.5) wll be needed each day. Since no patrol units
are staffed with two troopers and the agency has no overall mni-
mum staffing requirenents for the jurisdiction, the nunber of
troopers is unchanged for sections 6.2 and 6. 3.

Wor ksheet 7: Special Assignnent and Fi eld Supervision

Wor ksheet 7 is used to adjust the nunber of troopers for
patrol work perforned by field supervisors and troopers on spe-
cial assignnent. For the exanple, each field supervisor is re-
sponsi bl e for an average of 10 troopers and spends approxi mately
60% of his/her time on patrol (i.e., non-supervisory) activities.
In Section 7.1, the agency determ nes that the adjusted nunber of
on-duty, full-time troopers is 19.93 (7.1.6).

The agency uses an average of 3 troopers (7.2.1.2) on-duty
each day for crinme prevention activities. FEach trooper assigned
to the unit spends only about 5% of his/her tinme on patrol
(7.2.1.3). The adjusted nunber of on-duty troopers for crine
prevention is 2.69 (7.2.1.6).

The total adjusted daily nunber of on-duty troopers equals
22.62 (7.2.4). The nunber of on-duty, full-tinme troopers can be
obtai ned by subtracting all the on-duty special assignnent staff
(i.e., 3 troopers) fromthe total adjusted nunber of troopers
found in Step 7.2.4; that is, the nunber of on-duty, full-tinme
troopers equal 19.62.

The total nunber of on-duty field supervisors required per
day is 2.26 (7.3.1). This value is obtained by dividing the ad-
justed nunber of on-duty troopers (7.2.4) by the average nunber
of troopers that report to each supervisor (7.1.1).

Worksheet 8: Total Staff Requirenent

Since the agency has an average work week of 40 hours (8.23),
t he average nunber of paid hours of work per year per trooper is
2,085.71 (8.2.4). \Wen non-patrol time for benefit tine off
(8.2.5) and tenporary special assignnents (8.2.6) are renoved,
t he average nunber of patrol hours per year per trooper equals
1,795.21 (8.2.7). The shift relief factor for the agency is
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1.627 (8.2.8). Miltiplying the on-duty trooper and field super-
visor estimates by the shift relief factor yields the total staff
requi renents (i.e., 36.79 troopers (8.3.1) and 3.68 field super-
visors (8.3.2)).

The agency uses Section 8.4 to specify a total of 4 staff and

command personnel. The total staff requirenent of 44.46 officers
for the APAis recorded in Section 8.5.

Wrksheet 9: Allocation of Patrol Personnel Among Several shifts

Only Table 4-1 from Wrksheet 9 is shown belowto illustrate
the allocation procedure. The allocation exanple is based on 3
shifts. The current staffing levels for each shift are shown in
colum 1. The sumof colum 1 indicates that the total current
staffing (TC) is 39 troopers. The PAMstaffing estimates for
each shift are shown in colum 2. (The derivations of these
estimates are not shown.) The sumof colum 2 indicates that the
total staff estimate (TE) for the 3 shifts fromthe PAM nodel is
45 troopers (the val ue obtai ned when the staffing estimte for
each shift is rounded to a whole nunber and the results are add-
ed). Conparison of the colums 1 and 2 indicates that shifts 2
and 3 are understaffed. For the exanple allocation, 6 additional
troopers (TA) are to be added to the current staffing total of
39.

The val ues for the unconstrai ned all ocation of the 45 troo-
pers (i.e., 45 + 12) are shown in colum 3. (See Step 9.1.7 in
Worksheet 9 for the fornmula used to deternm ne the values in col -
um 3.)

Colums 4 - 8 are used to determi ne the constrained all oca-
tion of the 45 troopers. The difference between the values in
colums 1 and 3 for each shift are shown in colum 4. The dif-
ference indicates the anmount of over or understaffing for each
shift. (Only shift 1 has a positive value which indicates it is
overstaffed.) Since the total staff is to be increased (i.e., TA
> 0), the procedures described in Step 9.2.3 are used to deter-

m ne the values in colum 5. (For each shift, if the value in
colum is negative, it is copied in colum 5. |If the value in
colum 4 is positive, a zero is entered in colum 5.) Step
9.2.3.3 is used to calculate how the 6 new troopers will be dis-
tributed over the 3 shifts (colum 6). For the constrained all o-
cation procedure, additional staff is only added to shifts that
are understaffed (i.e., shifts that have negative values in col -
um 5). The values in colum 6 are rounded to whol e nunbers and
entered colum 7. (The sumof the values in colum 7 nust equal
the nunmber of staff to be added.) The final value for each shift
for the constrained allocation, shown in colum 8, is obtained by
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adding the current staff (colum 1) to the staff to be added
(colum 7). Note that even though troopers are only added to
shifts 2 and 3, Shift 1 remains overstaffed.
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WORKSHEET 1: perations, Wrkl oad., and Roadway Dat a

oj ective: ldentify data itens to be used for determ ning
t he nunber of patrol personnel wthin an APA

Met hod: Data is identified as either operations,
wor kl oad, or roadway.

Q4449494444449 94949 4944444494949 494944444444449494494444444444444/4

+333232313333313133311))).,
> Detail ed Exanpl e >

1.1 Autononous Patrol Area Nane . . BIDIIIIIIIIIIIIIIIIIIE
(1.1)

Q4449494444444 9494949 4444449494949 44 4444444444949 4494444444444444/¢

1.2 OQperations Data for the APA
I)))%)g))))*),
1.2.1 Shift length (hours) . . . . . . . 3)))))-
(1.271)

1.2.2 Average nunber of on-duty hours
on patrol per year per officer

1.2.2.1 Average work week (average I,
nunber of paid hours per > 40.0 >

week per officer) . . . . . D))~
(1.2.2.1)
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1.2.2.2 Average nunber of benefit +IODDDDD)D.
(paid) off-duty hours per >  242.2 *

year per officer . . . BIIIIIIIIIIE
(1.2.2.2)
1.2.2.3 Average nunber of on-duty
hours spent on non-patrol DI,
tenporary assignnents per *  48.3 >
year per officer . . . BIIIIIIIIIIE
(1.2.2.3)
1.2.3 Average nunber of troopers D)),
to be supervised by each > 10.0 >
field supervisor . . . . . . . . . (-)))3)))))))—
1.2.3

1.2.4 Percentage of field supervisor
on-duty tinme spent on unconmtted DI,
patrol, reactive, and self- > 60. 0 >

initiated activities . . . . . . . BIIIIIIIIIIE
(1.2.4)

1.2.5 Patrol operations - roadway category 1
s DD DDDDDDDDDDDDIDDIDDDD I

1.2.5.1 Category 1 * Primary H ghways >
roadway type . . -)))))))8?%?%)3?)))))))—

+33333131313))).,
1.2.5.2 Coverage per week (hours), > 168.0 >
(maxi mum val ue = 168) . . . -)%))))))%))—
1.2.5.2

_ +3333313131))).,
1.2.5.3 Average unconm tted > 43.0 >
patrol speed (MPH . . . . .33>323)0)))-
(1.2.5.3)
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1.2.6 Patrol

1.2.6.1

1.2.6.2

1.2.6.3

1.2.6.4

1.2.7 Patrol
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Patrol interval +II0I0)0)d)),
per f or mance objectlve > 8.0 >
(hours) . . . S D3PI P D

(1.2.5.4)
operations - roadway category 2

+333333333333333333333)

Category 2 Rural H ghways >
roadway type . . -D>3322I22)2I2322DID0DD0)D))-
(1.2.6.1)
+33313)33)))).,
Cover age per week (hours), > 168.0 >
(maxi mumvalue = 168) . . . D)D)~
(1.2.6.2)
) +33333)3)))).,
Average uncomm tted >~ 30.0 >
patrol speed (MPH) . . . . B3PI DID L
(1.2.6.3)
Patrol interval +IDIIDIDD)D),
per f or mance objectlve > 24.0 >
(hours) . . . S BIIIIIIIIIIE
(1.2.6.4)
operations - roadway category 3

+333333333333333133)31))

1.2.7.1 Category 3 * Residential Streets *
roadway type . . -D332I2I2D2222D2I03D0ID0))0))-
(1.2.7.1)
+33333131313))).,
1.2.7.2 Coverege per week (hours), > 168.0 >
(maxi mum val ue = 168). . . B3I
(1.2.7.2)
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_ +3333213131))).,
1.2.7.3 Average unconm tted > 18.0 >
patrol speed (MPH . . . . -23J3I33))))))-
(1.2.7.3)
1.2.7.4 Patrol interval +333333131))).,
per for mance objective > 24.0 >
(hours) . . . . . . . .. BIIIIIIIIIIE
(1.2.7.4)

Q4449494444444 94949 4444444494949 49 4944444444449 494494444444444444/¢

1.3 Wrkload Data for the APA

_ +3333)33131))).,
1.3.1 Total nunber of days in > 365 >
the sanple period . . . . . . . . D)) -
(1.3.1)
1.3.2 Total nunber of accidents +3333331313))).,
handl ed by the agency duri ng > 1,428 >
the sanple period . . S DI I
(1.3.2)
+333331311))).,
1. 3.3 Average service tine (hour s) > 2.4 >
per accident . . . . S I I I
(1.3.3)
1.3.4 Total nunber of other CFS +3333))31313))).,
handl ed by the agency duri ng > 8,639 >
the sanple period . . S I I IO
(1.3.4)
_ _ +333333131))).,
1.3.5 Average service tine (hours) > 0. 85 >
per other CFS . . . . . . . . . . -))()1)%)%))))—

Q4449494444444 9494949 4444449494949 44444444444494944444444444444/

1.4 Roadway Data for the APA

+333333333)).,

C 5858



Version S3.0 -

1.4.1 Roadway category 1 (mles)

1. 4.2 Roadway category 2 (mles)

1. 4.3 Roadway category 3 (mles)

Q4449494444449 9494949 4444449494949 4944444444449494494444444444444/4
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WORKSHEET 2: Administrative Tine

Qoj ective: Determ ne the average nunber of m nutes per hour
per trooper to be spent on admnistrative activi-
ties within the APA (m).

Met hod: Based either on policy decision or historical
experi ence.

OPTI ON: Conpl ete Section 2.1 or Section 2. 2.

AA4494949444444449494949 4444449494949 494444444444949449444444444444/7

2.1 Average Nunber of M nutes Per Hour Per Trooper - Policy

Deci si on
Sel ect administrative time +33313313333)).,
per f ormance objective in m nutes * >
per hour per trooper . . . . . . . . . . D)D)~
(2.1)

Continue with Section 2.3.

2333333333333333333333331313331313331313331313331313133131313313131331313133131311131))2
OR

2333333333333333333331333131333131333131333131333131313313133313131331313133131313131))2

2.2 Average Nunber of M nutes Per Hour Per Trooper -
Hi storical Experience

2.2.1 Total tinme (hours) spent on +ID)))))).,
adm nistrative activities within * 9,172.0 =*
the APA during the sanple period . D>)DO))))))-

(2.2.1)

2.2.2 Total on-duty hours on patrol I,

wi thin the APA during the * 50, 956. 00 =

C 6060



Version S3.0 - Septenber 1991

sanple period . . . . . . . . . . D)D)
(2.2.2)
2.2.3 Fraction of tine spent on +IIIDDI0DD)))D.,
adm ni strative activities, > 0. 18 >
divide: (2.2.1) = (2.2.2) . . . . BIIIIIIIIIDE
(2.2.3)
2.2.4 Average nunber of m nutes per +IIDDIDDD))D.,
hour per trooper, nultiply: > 10. 8 >
(2.2.3) x 60 . Ce BIIIIIIIIIIE
(2.2.4)

Q4449494444449 9494949 4444449494949 4944444444449494494444444444444/4

2.3 Adm nistrative Tine

6444444444447
M nut es per hour per trooper, 5 10. 8 5(m)
select either (2.1) or (2.2.4) . . . . . 9444444444448
(note: 0 <m < 60) (2.3)

Q4449494444444 9494949 4444449494949 44 4444444444949 4494444444444444/¢
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WORKSHEET 3: Reactive Tine

bj ecti ve:

Met hod:

Det erm ne the nunber of troopers required to
handl e accidents and other CFS within an APA

(N).

Based on the total tinme required to handl e al
accidents and other CFS, and the shift |ength.

Q4449494444449 9494949 4444449494949 4944444444449494494444444444444/4

3.1 Daily

3. 1.

3. 1.

3. 1.

3. 1.

1

2

3

4

Service Tinme Requirenent for Accidents
Tot al nunber of accidents +3333331313))).,
wi thin the APA during the = 1,428 >
sanple period, use (1.3.2) . . . . BIIIIIIIIIIE
(3.1.1)
_ _ +3333313131))).,
Aver age service tinme (hours) > 2.40 >
for each accident, use (1.3.3) . . BIIIIIIIIIIE
(3.1.2)
Total obligated tinme for
accidents within the APA DI,
during the sanpl e period, > 3,427.2 =
multiply: (3.1.1) x (3.1.2) . . .  DDDDD-
(or enter directly from CAD (3.1.3)
system
_ +3333)331))).,
Total nunber of days in the > 365 >

sanple period, use (1.3.1) . . . . BIIIIIIIIIIE
(3.1.4)

C 6262
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3.1.5 Average workl oad per day for +IIDDIDDD))D.,
acci dents (hours), divide: > 9. 39 >
(3.1.3) = (3.2.4) . . . . . . .. -))()3)%)%)))))—

Q4449494444449 9494949 4444949494949 44 4444444444949 4494444444444444/
Q4449494444449 9494949 4444449494949 44 4444444444949 4494444444444444/~

3.2 Daily Service Time Requirenent for O her CFS

3.2.1 Total nunmber of other CFS D)),
wi thin the APA during the = 8,639 *
sanple period, use (1.3.4) . . . . BIIIIIIIIIIIE

(3.2.1)
) ) +333213)))))).,

3.2.2 Average service tinme (hours) > 0. 85 >
for each CFS, use (1.3.5) . . . . BIIIIIIIIIIE

(3.2.2)

3.2.3 Total obligated tine for
other CFS within the APA +DD)D)D,
during the sanple period, > 7,343.2 =
mul tiply: (3.2.1) x (3.2.2) . . B3I D
(or enter directly from CAD systen‘) (3.2.3)

) +33323)3)))).,

3.2.4 Total nunber of days in the > 365 >
sanpl e period, use (1.3.1) . . . . BIIIIIIIIIIE

(3.2.4)

3.2.5 Average workl oad per day for I,
ot her CFS (hours), divide: > 20.12 >
(3.2.3) = (3.2.4) . . . . . . .. -))()3)%)%))))—

AA44Q49494444444494949 4944444494949 49 444444444444 9494494444444444444/¢

3.3 Total Nunber of Troopers Required per Day for Reactive Tine

3.3.1 Total average workl oad per D)),
day within the APA (hours), * 29.51 >
add: (3.1.5 + (3.2.5 . . . . . . OO -

(3.3.1)
+33333)0)3)0)),

3.3.2 Shift length (hours) * 8.0 *

use (1.2.1) . . Ce e -))()3)%)2))))))—

3. 3.3 Average nunber of on-duty
troopers required per day

C - &8
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within the APA to neet the 6444444444447

aver age daily worKkl oad, 5 3.69 5 (N)

divide: (3.3.1) + (3.3.2) . . . . . 9444444444448
(3.3.3)

Q4449494444449 9494949 4444949494949 44 4444444444949 4494444444444444/
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WORKSHEET 4: Proactive Tine - Self-initiated

Qoj ective: Determ ne the average nunber of m nutes per hour
per trooper to be spent on self-initiated activi-
ties wwthin the APA (m).

Met hod: Based either on policy decision or historical
experience within the APA

OPTI ON: Conpl ete Section 4.1 or Section 4.2 or Section 4. 3.

AA4494949444444449494949 4444449494949 494444444444949449444444444444/7

4.1 Average Nunber of M nutes Per Hour Per Trooper - Policy
Decision (Direct)

Select self-initiated perfornmance +III0D0))D)DD.

objective for the APA > >

m nutes per hour per trooper . . . . . . BIIIIIIIIIIE
(4.0

Continue with Section 4.4

2333333333333333333333331313331313331313331313331313133131313313131331313133131311131))2
OR

2333333333333333333331333131333131333131333131333131313313133313131331313133131313131))2

C 6565
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4.2 Average Nunber of M nutes Per Hour Per Trooper - Policy
Decision (Indirect)

4.2.1 Total nunber of self-initiated D)),
contacts within the APA > 27,577 >
during the sanple period . BIIIIIIIIIIE

(4.2.1)
Total tinme (hours) spent on
self-initiated contacts wthin D)),
the APA by all troopers on > 7,170.0 =

patrol during the sanple period
(4

Average tinme (hours) per

2)—)))))))))))—

self-initiated contact within D)),
the APA during the sanple period, > 0. 26 >
divide: (4.2.2) + (4.2.1) . . D)D) -
(4.2.3)
Sel ect number of self-initiated DI,
contacts per shift per trooper > 5.0 >
per for mance objective : BIIIIIIIIIIE
(4.2.4)
+33333)331))).,
Shift length (hours) > 8.0 >
use (1.2.1) . . -23330)3)))))-
(4.2.5)
Number of self-initiated D)),
contacts per hour per trooper, > 0. 63 >
divide: (4.2.4) + (4.2.5) BIIIIIIIIIIE
(4.2.6)
Self-initiated performance
obj ective for the APA in m nutes DI,
per hour per trooper, nultiply: > 9.75 >
60 x (4.2.3) x (4.2.6) . . . . -))()4)%)%))))—

Continue with Section 4.4

2333333333333333333333331313331313331313331313331313133131313313131331313133131311131))2
OR

23333333133333333333331333131333131333131333131333131313313131331313133131313313131313)))2

4.3 Average Number of M nutes Per Hour Per Trooper -

C 6666



Version S3.0 - Septenber 1991

Hi storical Experience

4.3.1 Total tine (hours) spent on
self-initiated contacts within

the APA by all troopers on D DDPIIIIIIIIME

pat r ol durlngthe sanpl e perlod > >

(same as (4.2.2)) . . . - . =DIIIID)D)))-
(4.3.1)

4.3.2 Total on-duty hours by troopers

on patrol within the APA during D)),

t he sanpl e peri od, > >

(same as (2.2.2)) . . . . . . . . BIIIIIIIIIIE
(4.3.2)

4.3.3 Fraction of tinme spent on
self-initiated activities within +IODDDD)D.
t he APA durlngthe sarrple perlod > >

divide: (4.3.1) + (4.3.2) . . . =D
(4.3.3)
4.3.4 Average nunber of m nutes per
hour per trooper to be spent on DI,
self-initiated activities within * *
the APA, multiply: 60 x (4.3.3) . . D)) -
(4.3.4)

Q4449494444444 9494949 4444449494949 49 4444444444949 4494444444444444/7

4.4 Proactive Time (Self-initiated)

6444444444447
M nut es per hour per trooper, select 5 9.75 5 (m)
either (4.1) or (4.2.7) or (4.3.4) . . . 9444444444448
(note: 0 < m < 60 ) (4.4)

AA44949494444449494949 4944444494949 49 4944444444449 494494444444444444/7
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WORKSHEET 5: Proactive Tine - Uncomm tted Patrol

Qoj ective: Determ ne the nunber of troopers required
within the APA to provide an adequate |evel
of visibility and availability.

Met hod: Based on: (1) the patrol interval, and (2)
the probability of imedi ate response to
accidents and other CFS or the average trav-
el time to accidents and ot her CFS.

AA4494949444444449494949 4444449494949 494444444444949449444444444444/7

5.1 Uncomm tted Patrol Visibility

) +33333)3)))).,
5.1.1 Shift length (hours), > 8.0 >
use (1.2.1) . . . . . . . o D))
(5.1.1)
5.1.2 Nunber of troopers needed per day
for uncomnmtted patrol on category
1 roadways in the APA
5.1.2.1 Category 1 s DD DDDDDDDDDDDDDDDIDDDD I
roadway type, *>  Primary H ghways >
use (1.2.5.1) . . -33D2I2222DI2IID0I2D0I0D))-
(5.1.2.1)
+33133)331))).,
5.1.2.2 Ml es of roadway, > 152.0 >
use (1.4.1) . . . . . . . . )OO
(5.1.2.2)
+331313)3))))).,
5.1.2.3 Hours of coverage per > 168.0 >
week, use (1.2.5.2) . . . . D)D)~
(5.1.2.3)
+3333)3))))).,
5.1.2.4 Average patrol speed > 43.0 >

C 1717
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(MPH), use (1.2.5.3) . . . ODIIID)D))-
(5.1.2.4)
5.1.2.5 Performance objective +))))))))))) .
patrol interval (hours), 8.0 >
use (1.2.5.4) . . . . . . . )))))))))))—
(5.1.2.5)
5.1.2.6 Nunber of troopers required
per day to neet the patrol
i nterval performance
obj ective for category DI,
1 roadways in the APA, > 1.33 >
use the fornula below . . . BIIIIIIIIIIE
(5.1.2.6)
Roadway Hours of Coverage
M1 es X Per Week
Nurmber of (5.1.2.2) (5.1.2.3)
Troopers = )))))))))))))))))))))))))))))))))))))))))))))))
(5.1.2.6) Aver age Shi f Perf. Qoj.
7 X Pat r ol X Lengt h X Pat r ol
Speed (5.1.1) | nt erval
(5.1.2.4) (5.1.2.5)
5.1.3 Nunber of troopers needed per day
for uncomnmtted patrol on category
2 roadways in the APA
5.1.3.1 Category 2 +333233333I333113311)D))),
roadway type, * Rural Hi ghways *
use (1.2.6.1) . . -))))))()5))1)%)%))))))))))—
+3333333)))).,
5.1.3.2 Ml es of roadway, > 775.0 >
use (1.4.2) . . . . . . . . BIIIIIIIIIII
(5.1.3.2)
+3333)33))))
5.1. 3.3 Hours of coverage per * 168. 0 *
week, use (1.2.6.2) . . . . BIIIIIIIIIII
(5.1.3.3)
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+33133)33)))).,

5.1. 3.4 Average patrol speed > 30.0 >

(MPH), use (1.2.6.3) . . . D320~
(5.1.3.4)

5.1. 3.5 Performance objective D)),
patrol interval (hours), > 24.0 >
use (1.2.6.4) . . . . . . . D)D) -

(5.1.3.5)

5.1. 3.6 Nunber of troopers required
per day to neet the patrol
i nterval performance
obj ective for category 2 I,
roadways in the APA, > 3.23 >
use the forrmula below . . . BIIIIIIIIIIE

(5.1.3.6)
Roadway Hours of Coverage
Ml es X Per Week
Number of (5.1.3.2) (5.1.3.3)
Tr oopers = )))))))))))))))))))))))))))))))))))))))))))))))
(5.1.3.6) Aver age Shi Perf. Qoj.
7 X Pat r ol X Lengt h X Pat r ol
Speed (5.1.1) | nt erval
(5.1.3.4) (5.1.3.5)
5.1.4 Nunber of troopers needed per day
for uncomnmtted patrol on category
3 roadways in the APA

5.1.4.1 Category 3 s D DDDDDDDDDDDDDDDDIDDDD IS
roadway type, * Residential Streets *
use (1.2.7.1) . . -))))))()5))1)31)%))))))))))—

D000,
5.1.4.2 Ml es of roadway, > 488.0 >
use (1.4.3) . . . . . . . . )OO
(5.1.4.2)
+3333)31))))
5.1.4.3 Hours of coverage per > 168.0 >
week, use (1.2.7.2) . . . . DO -
(5.1.4.3)
+3333)3)))))
5.1.4.4 Average patrol speed > 18.0 >

©- 19
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(MPH), use (1.2.7.3) . . . D222 -
(5.1.4.4)
5.1.4.5 Performance objective +))))))))))) ,
patrol interva
(hours), use (1.2.7.4) . . )a?))))%)))—

5.1. 4.6 Nunber of troopers required
per day to neet the patrol
i nterval performance

obj ective for category 3 DI,
roadways in the APA, > 3.39 >
within the APA use BN E
use the fornula bel ow . (5.1.4.6)
Roadway Hours of Coverage
Ml es X Per Week
Nunber of (5.1.4.2) (5.1.4.3)
Troopers = )))))))))))))))))))))))))))))))))))))))))))))))
(5.1.4.6) Aver age Shi f Perf. Qoj.
7 X Pat r ol X Length X Pat r ol
Speed (5.1.1) | nt erval
(5.1.4.4) (5.1.4.5)

5.1.5 Total nunber of troopers
requi red per day to neet

patrol interval perfornmance I,
objective within the APA, add: > 7.94 >

(5.1.2.6) + (5.1.3.6) + (5.2.4.6) . D)D)~
(5.1.5)
AAAAAAAAAANNAAAAAAAAAAAAAAANAANAAAAAAAAAAAAANAAAAAAAAAAAAAAANAAAAALAA AL
OPTI ON: Conpl ete Section 5.2 or the Supplenmental Wrksheet in
Appendi x A or Section 5. 3.

Q4449494444444 9494949 4444449494949 44444444444494944444444444444/

5.2 Uncommtted Patrol Availability - |Imedi ate Response

0 - 20



+331333)3)))).,

5.2.1 Shift length (hours) > 8.0 >

use (1.2.1) . . e e e e I
(5.2.1)
+3333)3))))).,

5.2.2 Coverage per week (hours), > 168.0 >
(maxi mum val ue = 168) Co BIIIIIIIIIIE

(5.2.2)
5.2.3 Calculate the effective +IIDD))))).,
nunber of shifts per day > 3.0 >
based on the fornul a bel ow . BIIIIIIIIIIE
(5.2.3)
Cover age Per
Ef fective Week (‘hours)
Nunber of (5.2.2)
Shifts Per = DD DDDDDDDDDIIDDDIIDDIDDD)
Day (5.2.3) Shift Length
7 X (hours)
(5.2.1)

5.2.4 Average daily nunber of +)))))))))))
on-duty troopers for 69 > (NJ
reactive tinme, use (3.3.3) )))))))))))—

(5.2.4)

5.2.5 Average daily nunber of D)),
on-duty troopers per shlft (Ns) > 1.23 > (N
divide: (5.2.4) + (5.2.3) . . -)%%?%)g?)))—

5.2.6 Performance objective,
per cent age of accidents, CFS,
and self-initiated activities, +)))))))))))

i mredi at e response (a nunber (P R%
bet ween 50 and 99) S )))))))))))—
(5.2.6)

5.2.7 Nunber of troopers required I,
per shift, use (5.2.5), > 3.40 >
(5.2.6), and Table 3-1 BIIIIIIIIIIE

(5.2.7)

5.2.8 Total nunber of uncommtted patrol

Version S3.0 - Septenber 1991

troopers required per day within the
APA to provide i medi ate response to
t he performance objective percentage
of accidents and CFS, either

( +3333)331))).,
mul tiply: (5.2.3) x (5.2.7) or > 10. 2 *

4a- 21
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enter value from Step (A7) . . . BIIIIIIIIIIE
(5.2.8)

X2 - 22
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Continue with Section 5. 4.

23333333333333333333313331313331313331313331313331313133131313313131333131331313111I))2

OR

23333333133333333333331333131333131333131333131333131313313131331313133131313313131113I))2

5.3 Uncommitted Patrol
for Area Patro

Line Patrol (Step 5.3.7)

5.3.1 Shift length (hours)

5. 3.

5. 3.

2

3

5.3. 4

5. 3.

5. 3.

5

6

use (1.2.1)

Cover age per week (hours)

(maxi mum val ue = 168)

Area (square mles) of the

APA

Aver age response speed (MPH)
(equal to or greater than

aver age patrol speed)

Aver age travel tine perfornmance

obj ective (m nutes)

Nunber of troopers required within
the APA to neet the average trave
time performance objective for area

patr ol

5.3.6.1 Calcul ate K based on
f ormul a bel ow

Speed

C 2424

Avai lability -
(Steps 5.3.1 -

Ti me
5.3.6) and/or

+333333333)).,
> 8.0 >

-)))))))))))—
(5.3.1)

X+
o/
v/
v/

o\

—~
o
_oov _ov w\ 0o\ oo

DDDDD D
0

+33)33)3))3)0)),

= 774000 T

SOIIDIDID)))-
(5.372)

$523335)).
DD
(5.375)

+)))))))))))
067~ MK

)))))))))))—
(5.3.6.1)

DD DDIDDDDDDIDDIDDIDIDDDIDDDDIDIDIDIDIDIDDD)
( MPH) Time (mn)
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(5.3.4) (5.3.5)
) +)))))))))))
5.3.6.2 Calculate K x K, multiply 44 > (K2)
(5.3.6.1) x (5.3.6.1) . . . )))))))))))—
(5.3.6.2)
5.3.6.3 Nunber of troopers D)),
required for area patrol, > 6.93 >
use the fornula below . . . BIIIIIIIIIIE
(5.3.6.3)

Cover age Per

No. of K2 X Ar ea X Week (Hours)
On- Duty (5.3.6.2) (5.3.3) (5.3.2)
Troopers, = 223332333333131313133333231313131313333331113133111IIIID))D
Area Patr ol Shift Length
(5.3.6.3) 7 X (hours)
(5.3.1)

5. 3.7 Nunber of troopers required

within the APA for line patrol, OO,

enter zero or the value from * 0.0 *

Step (B.6) . . . . . . . . o o DD
(5.3.7)

5.3.8 Total nunber of troopers

required within the APA for +333333131))).,
area and line patrol, add: > 6.93 >
(5.3.6.3) + (5.3.7) . . . . . .. -))()5)%)3)))))—

Q4449494444449 94949 4944444444949 49 4944444444449 494494444444444444/¢

Q4449494444444 9494949 4444449494949 44444444444494944444444444444/

5.4 Uncomm tted Patrol Availability

Total troopers required within +IIID)DDDDD)D.,

L - 25
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the APA, select either (5.2.8) or = 10.20 >
(5.3.8) Co. Ce e -)))()5)4)1))))))—

Q4449494444449 9494949 4444949494949 44 4444444444949 4494444444444444/

5.5 Total Nunber of Troopers Required for Uncommtted Patr ol

Aver age nunber of troopers (N,)

required per day for uncommtted 6444444444447
patrol within the APA, select the 5 10.20 5 (N,)
larger of (5.1.5) and (5.4) 0444444444448

(5. 5)

AA4494949444444449494949 4444449494949 494444444444949449444444444444/7
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WORKSHEET 6: Average Daily Nunber of On-Duty Troopers

Determ ne the average total nunber of
troopers required per day within the APA

bj ecti ve:

Met hod: Conbi ne the total nunber of troopers
required for reactive (N) and patrol activ-
ities (N) with the per trooper tine re-
quirenents for self-initiated (m) and ad-
mnistrative (m) activities. Adjust the

requi red nunber of troopers based on the

per cent age of two-trooper
appl i cabl e,

patrols and, if
mnimumdaily staffing | evels.

AA4494949444444449494949 4444449494949 494444444444949449444444444444/7

6.1 Nunmber of On-Duty Troopers per Day - Al One-Trooper Patrols

6.1.1 Admnistrative time - mnutes +IIDD))))).,
per hour per trooper, >~ 10.80 > (m)
use (2.3) . . .o -III)0))))))-

(6.1.1)

6.1.2 Average nunber of troopers
requi red per day to neet D)),
reactive time workl oad, > 3.69 > (N)
use (3.3.3) - -III)0))0))))-

(6.1.2)

6.1.3 Self-initiated tinme - mnutes D DPDPIIIIIIIIME
per hour per trooper, > 9.75 * (m)
use (4.4) Coe B3PI DDD L

(6.1.3)

6.1.4 Average nunber of troopers D)),
requi red per day to neet patrol >~ 10. 20 > (N,)
time requirenments, use (5.5) BIIIIIIIIIIE

(6.1.4)

6.1.5 Average total nunmber of on-duty
troopers required per day for
all patrol activities within the D)),
APA, one trooper per unit, > 21.12 >
use the formul a bel ow . -))())))))))))—

6.1.5

C 2828
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Aver age Total Nunber N (6.1.2) + N, (6.1.4)
of On-Duty Troopers = DIMIIII33333IIIII13131313333IIIIII13131I31)I)))D
Per Day (6.1.5) m (6.1.1) m (6.1.3)

1 - 2333313233333~ D3333I3)3131))
60 60

AAAAAAAAAANNAANAAAAAAAAAAAAANAANAAAAAAAAAAANAANAAAAAAAAAAAAAAANAAAAALAA AL
6.2 Adjustnment for Two-Trooper Patrols

NOTE: If two-trooper patrols are not used, enter (6.1.5)
into (6.2.4) and continue with Section 6. 3.

6.2.1 Percentage of tine patrol D)),
units within the APA are = 0.00 >
staffed with two troopers . . . . BIIIIIIIIIIE

(6.2.1)

6.2.2 Fraction of tine patrol
units within the APA are D)),
staffed with two troopers, = 0.00 >
divide: (6.2.) =100 . . . . . . . D)D) -

(6.2.2)

6.2.3 Adjustnent factor: average D)),
nunber of troopers per unit, > 1.00 >
add: 1 + (6.2.2) . . . . . . . .. -))()6)%)??)))))_

C 2929
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6.2.4 Average total nunmber of on-duty
troopers required per day for all DI,
> 21.12 *

patrol activities, multiply:
(6.1.5) x (6.2.3) .o -2323))3)))))-
(6.2.4)
AAAAAAAAAANNAANAAAAAAAAAAAAANAANAAAAAAAAAAANAANAAAAAAAAAAAAAAANAAAAALAA AL
AAAAAAAAAANNAANAAAAAAAAAAAAANAANAAAAAAAAAAANAANAAAAAAAAAAAAAAANAAAAALAA AL

6.3 Adjustnment for Mninmum Staffing Levels

Note: If mninumstaffing |evels are not used, enter (6.2.4)
into (6.3.2) and continue wth Wrksheet 7.

6.3.1 Average m ni num nunber of on-duty

troopers required for all patrol D)D),
patrol activities, based on * --- * (Nyn)
agency policy . . . . . . . . . . BIIIIIIIIIIIIE
(6.3.1)
6.3.2 Average daily nunber of on-duty
troopers required for all patrol D)D),
activities (N,), select the: > 21.12 * (Ny)
|arger of (6.2.4) and (6.3.1) . . -))))))?g%?%?—

AA44Q49494444444494949 4944444494949 49 444444444444 9494494444444444444/¢
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WORKSHEET 7: Special Assignnents and Fi eld Supervision

bj ective: Determne (1) the revised nunber of on-duty
troopers required per day because of troo-
pers on special assignnents and (2) the
nunber of field supervisors required.

Met hod: The nunber of troopers for special assign-
ments is based on the nunmber of specialists
assi gned by the agency and the percentage of
time each spends on field patrol activities.
The nunber of field supervisors is based on
t he span of supervision (set by agency poli -
cy) and the percentage of field supervisor
on-duty tinme spent on patrol activities.

AA4494949444444449494949 4444449494949 494444444444949449444444444444/7

7.1 Nunmber of Full-Time, On-Duty Troopers Required per Day,
Adjusted for Field Supervisors

7.1.1 Average nunber of troopers to I,
be supervised by each field > 10.0 >
supervisor, use (1.2.3) . . . . . . DO

(7.1.1)

7.1.2 Percentage of field supervisor
on-duty tinme spent on patrol DI,
activities (a nunber between O > 60. 0 >
and 100), use (1.2.4) . . . . . . D)D) -

(7.1.2)

7.1.3 Fraction of field supervisor
on-duty tinme spent on patrol DI,
activities, divide: > 0. 60 >
(7.1.2) =100 . . . . . . . OO

(7.1.3)

7.1.4 Total nunber of on-duty troopers

requi red per day within the I,

APA (N,) for all patrol > 21.12 * (Ny)
activities, use (6.3.2) . . . . . BIIIIIIIIIIE
(7.1.4)
) +333213)0)))).,

7.1.5 Adjustnent factor (K;), > 0.94 > (K)
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use formula below . . . . . . . . DO -
(7.1.5)
Tr oopers Per
Field Sup.
Adj ust nent (7.1.2)
Factor (K) = ))))))))))))))))))))))))))))))))))))))
(7.1.95) Troopers Per Fraction of Fiel
Field Sup. + Sup. Tine on
(7.1.1) Patrol (7.1.3)
7.1.6 Adjusted daily nunber of
full-time, on-duty troopers 6444444444447
(N,) required per 5 19.93 5 (Ny)
day, use fornula below. . . . . 0444444444448
(7.1.6)
Adj ust ed Nunber of
Ful | -Time, On-Duty No. of On-Duty
Troopers Per Day = K; X Troopers Per Day
(Ny) (7.1.6) (N;) (7.1.4)

AAAQAAAAAAAANANAAAAAAAAAAAAAAAAAAAAAAAAAAAANAANAAAAAAAAAAAAANAANAAAAALALAL
NOTE: If no special assignnment personnel are to be included,
enter (7.1.6) into (7.2.4) and continue with Section
7.3. |If special assignnent personnel are to be includ-
ed, continue wth Section 7. 2.
AAAAAAAAAANANAAAAAAAAAAAAAAAAAAAAAAAAAAAANAANAAAAAAAAAAAAAAANAAAAALAQAL
7.2 Nunber of On-Duty Troopers Required Per Day, Adjusted
for Special Assignnment Personnel

7.2.1 Special Assignment 1

+)))))))))))))))))))))
Crinme Prevention =

7.2.1.1 Assign. 1 nane . >>>3>5330D03>>>>>>DDDD Iy
(7.2.1.1)
7.2.1.2 Average nunber of
on-duty troopers per +)))))))))))
day on specialized ~ (N,y)
assignnent 1 . . . . . . )))))))))))—
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7.2.1.3

7.2.1. 4

7.2.1.5

Version S3.0 -

Percent age of on-duty
time spent on patrol
activities by troopers
assigned to speci al
assignnment 1 (a nunber
bet ween 0 and 100)

Percent age of on-duty
time spent on non-patrol
activities by troopers
assigned to speci al

assi gnnent 1, subtract:
100 - (7.2.1.3)

Fraction of on-duty
time spent on non-patrol
activities by troopers
assigned to speci al

assi gnnent 1, divide:
(7.2.1.4) + 100 .

C - 333

Sept enber 1991

(7.2.1.2)

+DDI000))0)).

= 775007

DI~
(7.2°173)

+33333)3)))).,

= "795.00 =

OIIDD)D))-
(7.2°174)

+33333))13)0)),

= 770,95 "=

BIIIIDIIIDD I
(7.2.175)

sl
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7.2.1.6 Adjusted daily nunber
of on-duty troopers

assi gned to speci al DI,
assi gnnent 1, use > 2.69 * (Nys1)
formula below . . . . . . BIIIIIIII
(7.2.1.6)
Adj ust ed Nunber Nunber Fraction
On-Duty Troopers, On- Duty Time On Adj ust nent
Speci al Assi gnnment = Tr oopers X Non- Pat r ol X Factor (K)
1 (Ny;) (7.2.1.6) S A 1 Activities (7.1.5)
(Ns2) (fs1)
(7.2.1.2) (7.2.1.5)

2333333313333333333333133313133313133313133313131331313133131313313131333131331313111I))2

NOTE: |If personnel for a second special assignnment are to be
i ncl uded, conplete steps (7.2.2.1) through (7.2.2.6).
If not, enter zeros for steps (7.2.2.6) and (7.2.3.6)
and continue with Step 7. 2. 4.

23233313333333333131313131333333313131313333333131313131333I3I3I11313131111IIIID1D)3
7.2.2 Special Assignment 2

7.2.2.1 Assign. 2 nane . “IIIIIII2IID30)01I0I))d))-
(7.2.1.1)
7.2.2.2 Average nunber of
on-duty troopers per +IIDDD))))).,
day on speci al i zed * --- * (N)
assignnent 2 . . . . . . . BIIIIIIIIID
(7.2.2.2)

7.2.2.3 Percentage of on-duty
time spent on patrol
activities by troopers

assigned to speci al +IIII030)))),

assi gnment 2 (a nunber > --- >

between 0 and 100) . . . . D)D) -
(7.2.2.3)

7.2.2.4 Percentage of on-duty
time spent on non-patrol
activities by troopers

assi gned to speci al +IIID)DDDDD)D.,

assi gnnent 2, subtract: * - >

100 - (7.2.2.3) . . . . . BIIIIIIIIIE
(7.2.2.4)
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7.2.2.5 Fraction of on-duty

time spent on non-patrol
activities by troopers

Sept enber 1991

assigned to speci al +IIII030)))),
assi gnment 2, divi de: * - * (fs
(7.2.2.4) + 100 . -22323)0))))-
(7.2.2.5)
7.2.2.6 Adjusted daily nunber
of on-duty troopers
assigned to speci al +III3030)))),

assi gnnent 2, use (Nis2)

formul a bel ow . BIIIIIIII
(7.2.2.6)
Adj ust ed Nunber Nunber Fraction
On-Duty Troopers, On- Duty Time On Adj ust nent

Non- Pat r ol X
Activities
(fsz)
(7.2.2.5)

Speci al Assi gnnment = Tr oopers X
2 (N (7.2.2.6) S.A 2

Factor (K)
(7.1.5)

(N2)
(7.2.2.2)

233333331333333331333331333131333131333131333131333131313313133313131331313133131311131))2

NOTE: |If personnel for a third special assignnment are to be
i ncl uded, conplete steps (7.2.3.1) through (7.2.3.6).
I f not, enter zero for step (7.2.3.6) and continue with
Step 7.2.4.

2323331331313333333131313131333333313131313333331131313131333I3I3I131313131131IIII11D)3
7.2.3 Special Assignnent 3

7.2.3.1 Assign. 3 nane . -)))))()%)2))3)2))))))))))—

7.2.3.2 Average nunber of

on-duty troopers per +IIDDD))))).,

day on’ speci al i zed * - * (Ns)

assi gnnent 3 OIIIIIIDID-
(7.2.372)

7.2.3.3 Percentage of on-duty
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time spent on patrol
activities by troopers

assigned to speci al +III030)))),

assi gnnment 3 (a nunber * - >

between 0 and 100) . . . BIIIIIIIIIIE
(7.2.3.3)

7.2.3.4 Percentage of on-duty
time spent on non-patrol
activities by troopers

assi gned to speci al +IIID)DDDD)D.,

assignnent 3, subtract: * - >

100 - (7.2.3.3) . . . . . BIIIIIIIIIE
(7.2.3.4)

7.2.3.5 Fraction of on-duty
time spent on non-patrol
activities by troopers

assi gned to speci al +IIIDD)DDDD)D.,

assi gnnment 3, divide: * - * (fsa)

(7.2.3.4) = 100 . . . . . BIIIIIIIIIE
(7.2.3.5)

7.2.3.6 Adjusted daily nunber
of on-duty troopers

assi gned to speci al DI,

assi gnnent 3, use * - * (Nys3)

formula below . . . . . . BIIIIIIIII

(7.2.3.6)
Adj ust ed Nunber Nunber Fraction
On-Duty Troopers, On- Duty Time On Adj ust nent
Speci al Assi gnnment = Tr oopers X Non- Pat r ol X Factor (K)
3 (Ng3) (7.2.3.6) S.A 3 Activities (7.1.5)
(Nss) (fsa)
(7.2.3.2) (7.2.3.5)

2333333333333333333331333131333131333131333131333131313313133313131331313133131313131))2

7.2.4 Adjusted total daily nunber of 64444444444447
on-duty troopers required per 5 22.62 5 (Ny)
day, use fornula below. . . . . Q4444444444448

(7.2.4)

Adj usted Tot al
Nunmber of On-Duty

Tr OOper S Per = Nao + Nasl + Nasz + Nass
D?q?/ (2No4t)) (7.1.6) (7.2.1.6) (7.2.2.6) (7.2.3.6)
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Q4449494444949 949 4944444444949 494444444444 9494944444444444444444

7.3 Total Nunmber of On-Duty Field Supervisors Required Per
Day for the Adjusted Nunber of On-Duty Troopers

7.3.1 Total nunber of on-duty field 6444444444447
supervisors (N,) required per day, 5 2.26 5 (N,)
day, divide: (7.2.4) = (7.1.1) . . 0444444444448
(7.3.1)

Q4449494444949 949 4944444444949 49 4444444444949 4944444444444444444
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WORKSHEET 8: Total Staff Requirenents

oj ective: Determne total staff needed to support the
required daily on-duty field personnel.

Met hod: Use the shift relief factor, daily on-duty
staff requirenents, and the nunber of staff
and command positions based on agency poli -

cy.
VWV VY.V VV.V.VVV.V.V.VV.V.V.VV.V.V V.YV V.YV V.V V.VV.V.VVV.V.VV.V.V.V.V.V.V.VV.V.V.V.V.V.V.V.V.V.V.V:V.V.V.

8.1 On-Duty Troopers and Field Supervisors Required per Day

8.1.1 Total nunber of on-duty +IIID)))DD)D)D.,
troopers per day within *  22.62 > (N,)
the APA, use (7.2.4) . . . . . . . D)D)
(8.1.1)
8.1.2 Total nunber of on-duty field +)))))))))))
supervisors per day within 26 > (NB)
the APA, use (7.3.1) . . . . . . . ))()8)?L)2))))))_

Q4449494444444 9494949 4444449494949 49 4444444444949 4494444444444444/7

8.2 Shift Relief Factor

_ +))))))))))),
8.2.1 Shift length (hours)
use (1.2.1) . . Ce e )))))))))))—
(8.2.1)
8.2.2 Total hours on one shift +33)33))3))0)),
during one year, multiply: * 2,920.0 * (H)
365 x (8.2.1) . . . . .. . . .. _)()8))2)%))))))—
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8.2.3 Average work week (average +)))))))))))
nunber of paid hours per week > (AV\W
per officer), use (1.2.2.1) . . . )))))))))))—

(8.2.3)

8.2.4 Average nunber of paid hours +)))))))))))
of work per year per officer, 2,085.71 =~ (Hy)
use formula below . . . . . . . . BIIIIIIIIIIE

(8.2.4)
Aver age Nunber of Paid 365 X AWV (8. 2. 3)
Hours of Work per Year = DD DDDDDDDDDDDDDDIIDDDDIIDDDDD
per Oficer (H) 7

8.2.5 Average nunber of benefit D)),
(paid) hours off per year *  242.2 >
per officer, use (1.2.2.2) . . . . D)) -

(8.2.5)

8.2.6 Average nunber of on-duty
hours on tenporary assignnents DI,
(non-patrol) per officer > 48. 3 * (Hy
per year, use (1.2.2.3) . . . . . D)) -

(8.2.6)

8.2.7 Average nunber of on-duty, I,
hours on patrol per year per > 1,795.21 * (H,)
officer, use formula below . . . . D)D)~

(8.2.7)
Aver age Nunber of
On-Duty Hours On = H, - H, - H .
Patrol per Year per (8.2.4) (8.2.5) (8.2.6)
Oficer (H,)
) ) +)))))))))))

8.2.8 Shift relief factor 27 *(SRF)

divide: (8.2.2) + (8.2.7) .. )%%?%)g?)))—

Q4449494444444 9494949 4444449494949 44444444444494944444444444444/

8.3 Total Nunber of Required Troopers and Field Supervisors
Wthin the APA

+))))))))))),
8.3.1 Total nunber of troopers, * .79 * (N)

CcC- 3
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mul tiply: (8.1.1) x (8.2.8)

8.3.2 Total number of field
supervisors, multiply:
(8.1.2) x (8.2.8)

8.3.3 Total nunber of troopers and

field supervisors, add:
(8.3.1) + (8.3.2)

8.4 Nunber of Staff and Command Per sonnel

Sel ect nunber of staff and conmmand
personnel required for the

nunber of troopers and field
supervisors given in (8.3.3)

8.5.1 Nunber of troopers within
the APA, use (8.3.1)

8.5.2 Nunber of field supervisors
wi thin the APA, use (8.3.2)

8.5.3 Nunber of staff and
comrand per sonnel
wi thin the APA, use (8.4)

8.5.4 Total required staff
for the APA, add:
(8.5.1) + (8.5.2) + (8.5.3)

Staff Requirenents for the APA

2D~
(8.3.1)

+)))))))))))
68~ % (N)

)))))))))))—
(8.3.2)

+3)))0)))))).

=" 7740.460 T

B5IIIIIIE
(8.373)

Q4449494444444 9494949 4444449494949 49 4444444444949 4494444444444444/¢

- Agency Policy

52535)).
OO0
(8.4)

Q4449494444444 9494949 4444449494949 44 4444444444949 4494444444444444/¢

+)))))))))))

7977 (N)

)))))))))))—
(8.5.1)

+)))))))))))
68" > (N)
)))))))))))—
(8.5.2)
+333333333)).,
= TT407 T (N
-233333333))-
(8.5.3)
6444444444447
5 44.46  5(Ng)

Q444444444448
(8.5. 4)



Version S3.0 - Septenber 1991

Q4449494444449 9494949 4444449494949 44 4444444444949 4494444444444444/¢
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WORKSHEET 9: Allocation of Patrol Personnel Anbng Several APAs

oj ective: Determ ne the appropriate nunber of person-
nel to be assigned to each APA based on the
estimted PAM staffing | evels for each APA

Met hod: Based on the nunber of personnel estinmated
for each APA, two reallocations of current
and new personnel are determ ned. The un-
constrained allocation redistributes al
personnel, both current and new, anong the
APAs in the sanme proportion as the PAMesti -
mat es. The constrained allocation restricts
the allocation to only new (or reduced)
personnel insuring that no APA | oses staff-

i ng when new personnel are added (or that no
APA gai ns staffing when personnel reductions
are applied).

Q4449494444444 9494949 4444449494949 44 4444444444949 4494444444444444/¢

See Chapter 4 in the Manual for the instructions for
Wor ksheet 9.
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Table 4 - 1

Wor ksheet for the Allocation of Patrol Personnel
Anmong Several APAs Based on PAM Staff Estinates

o +)))))))
Total Nunber of Additional (or Reduced) Personnel > > (TA)
for ALl APAs (9.1.1) . . . . . . . . . . . . .. )))))))—
5 > 5Unconst 5 > >~ To Be * 5Constr. 5
5 * 5Real | 0. 5 * * Added = 5Real |l 0. 5
5 = PAM 5 sDff. = (9.2.3.3) 5 5
S5Current> Staff 5 5Col. 1(9.2.3.1) or > 5 Col. 15
5 Staff ~ Est. 5 5 Col. 3* or *Reduced*Roundeds+Col . 75
5(9.1.3)*(9.1.55(9.1.7)5(9.2.1)(9.2.4.1(9.2.4.3)(9.2.6)5(9.2.8)5
5 * 5 5 * * * 5 5

APA 5Col. 1 *Col. 2 5Col. 3 5Col. 4 *=Col. 5 *=Col. 6 *Col. 7 5Col. 8 5
4444454499449 44P 444444454444 444>4444444P4444444PA4444444PA4444444>441L

5 > 5 5 > > > 5 5
1 5 13 - 11 5 11.05 2.0~ 0.0 = 0.0 = O 5 13 5
5 > 5 5 > > > 5 5
2 5 13 = 16 5 8.05 -3.0*~ -3.0*> 2.3 > 2 5 15 5
5 > 5 5 > > > 5 5
3 5 13 - 18 5 1805 -5.0* -5.0=*~ 3.8 >~ 4 5 17 5
5 > 5 5 > > > 5 5
4 5 > 5 5 > > > 5 5

4444454499449 44P 444444454444 444>4444444P4444444PA4444444PA4444444>44L
Cl. 5 39 = 45 5 4505 -6.0~* -8.0=* 6.0 = 6 5 45 5

Sum 5 > 5 5 > > > 5 5
5(9.1.4)*(9.1.6)5(9. 1. 8)5(9 2.2)(9.2.3.2)(9.2.5) 9.2 7)5(9 2.9)5
5 (TQ) = (TE) 5 ~ or = 5
5 - 5 5 (9.2.4.2) - 5 5
5 * 5 5 * (TN) = * 5 5

)g)))SO)))9))))3)))))))05)))))))0)))))))3)))))))3)))))))3)))))))0))]

um

Checks > 5 5 > > > 5 5
5(9.1.2)* 509.1.1)5 -1 x = *(9.1.1)%9.1.1)5(9.1. 1) 5
5 (TC) = 5 + 509.1.1)* =~ (TA) *~ (TA'5 + 5
5 * 5(9.1.2)5 (-TA) = * * 5(9.1.2)5
5 * 5( TA+TC) 5 * * * 5( TA+TC) 5

A4A4444=44444944494NA4A44A444=4444444=44449449N4444444NA444444N4A444444=44/

APPENDI X D: Derivations of the Major Formulas Used in PAM
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The followng ten sections contain derivations of all of the mgjor
formul as used in the PAM nodel and is intended for those users who wish to
exam ne nore closely the relationships between the input data and the
cal culated results. For sonme derivations, famliarity with algebraic
operations is needed to follow the di scussion and consi derabl e use i s made
of notational shortcuts to reduce the |Iength of each section. Since many
of the notations are not used el sewhere in the Mnual, definitions are
supplied in each section as new term nol ogy and variabl es are introduced.
Al'l page, section, and step nunbers identified in the derivations refer to
| ocations in the Manual .
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APPENDI X D. 1: Average Nunber of On-Duty Troopers (N) Required
Per Day Wthin the APA To Meet the Average Daily
(wligated Tinme) Wrkload, (3.3.3)

The forrmula in Wirrksheet 3 that is used to determ ne the average
nunmber of on-duty troopers required per day within the APA to neet the
average daily obligated tine workload is given by:

Total Average Daily Obligated
Time Workload (3.3.1)

N (3.3.3) = )))))))))))))))))))))))))))))))DD3—1)
Shift Length (3.3.2)

where obligated tine refers to the tine required by all patrol units to
respond to and service all CFS and accidents in the APA. (See page 3-19
in the Manual for a nore detailed discussion of obligated tinme.) The
formula for N in Wirksheet 3 is based on the assunption that all patrol
units are one-trooper units only. An adjustnent for two-trooper units is
avai |l abl e in Wrksheet 6.

The derivation of fornula (D.1.1) is based on the recognition that,
at a mninum there nust be sufficient reactive patrol resources to pro-
vi de enough on-duty tinme (i.e., there nust be enough patrol units) to
respond to and service all reactive (obligated tine) workload; that is,

Tot al Tot al
Reactive Patrol = Reactive (D.1.2)
Resour ces Wor kil oad.

The total reactive workload for any period of tine (days) can be neasured
by determning the total obligated tine (TOT) required for all CFS and
accidents during the period. The total reactive patrol resources for any
period of time can be expressed in hours as:

Tot al
Reactive Patrol = N x S x D (D.1.3)
Resour ces
wher e:
N - the average nunber of on-duty troopers per
day,
S - shift length in hours, and
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D - total nunber of days in the time period used to
measure the total obligated tinme workl oad.

Repl acing the total reactive patrol resources in (D.1.2) wth (D.1.3) and
replacing the total reactive workload with total obligated tine (TOT)
yi el ds:

N x § x D = TOr (D.1.4)
Solving (D.1.4) for N gives:

TOT
N = DIDDDDDDDDIDD)D) (D.1.5)
S x D

The expression TOI/D equals the average daily obligated tine workl oad
(ADOT); that is,

TOT
ADOT = )))D)))) (D. 1. 6)

Repl acing TOI/D with ADOT in (D.1.5) yields the result (D.1.1); that is,

ADOT (3.3.1)
N (3.3.3) = D232 (D.1.7)
S (3.73.2)

APPENDI X D. 2: Average Nunber of On-Duty Troopers (N,;) Required
Per Day To Meet the Patrol Interval Performance _
Requi rement bj ective Wthin the APA, (5.1.2.6),
(5.1.3.6). and (5.1.4.6)

Derivation of the General Fornula for Patrol |nterval

The patrol interval is a neasure of the intensity or |evel of patrol cov-
erage of a given roadway segnent. Patrol interval, neasured in hours, can
be described in several ways. One definition is that the patrol interval
represents the average tine it will take a fixed nunber of patrol units to
drive over every roadway mle in the system An alternative but equiva-
lent definition is that the patrol interval indicates the average tine a
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stranded notorist will have to wait for a trooper, on uncommtted patrol,
to drive by.

| nportant assunptions associated with the patrol interval are that:

0 Uncommtted patrol activity occurs randomy over al
roadways of the sanme type; that is, all roadways within
each type are treated equally, and

0 Uncommtted patrol activity only occurs when a patrol
unit is not occupied with admnistrative, reactive, or
self-initiated duties.

Bot h assunptions are inportant and limting. The assunption that
all roadways are patrolled equally is usually not the case because
of the greater inportance of sone roadways than others due to traf-
fic volume and acci dent experience. Basing the patrol interval on
"uncommtted" or "free" patrol tinme (i.e., time not spent on adm n-
istrative, reactive, or self-initiated activities) ignores the fact
that stranded notorists may be observed and reported by units while
engaged in other activities.

Cal cul ation of the patrol interval depends on the nunber of roadway
mles, the nunber of patrol units, the average patrol speed, and
the anmount of tinme spent on uncommitted patrol. The formula for
determ ning the patrol interval is given by:

Pl = )))))))));ﬁg))))))))))))) (D.2.1)
N x PS x f,
wher e:
Pl - patrol interval (hours),
HVM - total nunber of roadway m |l es,
N - total nunber of patrol units on duty,
PS - average patrol speed (MPH), and
fo, - fraction of time spent on uncommtted tine.

The derivation of formula (D.2.1) is nostly easily shown by start-
ing with the definition that the patrol interval represents the
average amount of time that it wll take a fixed nunber of patrol
units to cover the entire roadway system This definition can al so
be stated as a question: If it is known how many m | es per hour all
units drive collectively while on uncommtted patrol, how nmany
hours will it take to cover the entire roadway systenf? The ques-
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tion inplies that the total roadway mles (HVW) and the average
mles driven per hour (AHM by all units are known and are rel ated
to the patrol interval (Pl) as:

HM = AHM x Pl (D. 2.2)
Rearranging the ternms in (D. 2.2) yields:

HM
P = D3333333331)) (D.2.3)
AHM
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The average nunber of roadway mles driven per hour (AHM by all
units can be expressed as:
AHM = AM x N (D. 2. 4)
wher e:
N - total nunber of units on duty, and
AM - average mles driven per hour per unit.
Replacing AHMin (D.2.3) with (D.2.4) vyields:

HM
P = 2332333333133 (D.2.5)
AM x N

The average ml|es driven per hour by each unit (AM can be expres-
sed as:

AM = PS x f, (D. 2. 6)

where AM PS, and f, are defined above. Replacing AMin (D.2.5)
with (D.2.6) yields formula (D.2.1). For conputational purposes,
however, it is advantageous to express the fraction of tinme spent
on uncomm tted tine as:

m,
fo = ))))6)0)))))) (D.2.7)

where m, represents the average nunber of m nutes per hour spent on
unconmtted tinme by each unit. Dividing m by 60 yields the frac-
tion of time spent on uncommtted tinme. Replacing f, in (D. 2.6)
with (D.2.7) vyields:

m,
AM = PS X ))))6%))))) (D.2.8)
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and replacing AMin (D.2.5) with (D.2.8) yields the final expres-
sion for PI:

HM
P = D332333333333333133331313313131)) (D.2.9)

m,
PS X )))6)0)))))X N

Derivation of the Nunber of Troopers (N,;) Required to Meet the
Patrol Interval Performance (hjective, Steps (5.1.2.6)., (5.1.3.6),
and (5.1.4.6)

To determ ne how nmany troopers are needed to achieve a partic-
ular patrol interval performance objective for a particul ar roadway
type requires solving (D.2.9) for N, i.e.,

HM

N = 3333333333333333113333311311> (D.2.10)
m,
PS X )))6)0)))))X P

To obtain the m nimum nunber of units, let m = 60 which
reduces (D.2.10) to:

HM
N = 33333333313331133> (D.2.11)
PS x PI

Formula (D.2.11) indicates the m ni mum nunber of patrol units that
woul d be needed to neet the patrol interval objective.

Formula (D.2.11) is based on the assunption that the roadway
systemis patrolled 24 hours a day everyday (i.e., 168 hours per
week). To account for reduced coverage (i.e., for coverage that is
less than 168 hours per week), multiply formula (D.2.11) by
WC/ 168; that is,

HM WC
N = 3333333303333 X  DI3313I1) (D.2.12)
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PS x PI 168

where WC represents the total hours of coverage per week.

To determ ne the nunber of on-duty troopers that will be re-
qui red per day (N,;), use the relationship:

24
N = N X ))))S)))) (D. 2.13)
|
wher e:
N - nunber of patrol units given in (D.2.12), and
S - shift length in hours.

Substituting (D.2.12) for Nin (D.2.13) and sinplifying yields:

HV x WC
Nopi = 223222333233131313233333I111))) (D.2.14)
7 x PS x § x Pl

which is the fornmula used in Section 5.1 to determ ne the nunber of
troopers required to neet patrol interval performance objectives
for a particular roadway type. The nunber of troopers for three
roadway types are shown in Wrksheet 5 in steps (5.1.2.6),

(5.1.3.6), and (5.1.4.6). The sumof these results is recorded in
(5.1.5)
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APPENDI X D. 3: Total MNunber of Troopers (N,,) Required Per Day
Wthin the APA To Provide | nmedi ate Response To the
Perfornmance (hjective Percentage of CFES, Accidents,
and Self-lnitiated Activities, (5.2.8)

I n the PAM nodel , the appearance and servicing of CFS (i.e., acci-
dents and ot her dispatched incidents) and self-initiated activities
(e.g., notorist assists) are treated as a sinple multiserver queu-
i ng process. CFS and self-initiated activities are assuned to
occur randomy (i.e., as a Poisson process) and the service tines
associ ated with each activity are assuned to be independent and
exponential ly distributed.

The term "exponentially-distributed service tines" describes the
particul ar mathematical distribution or forrmula that is used to
describe the nature of the service tinmes (e.g., what would the
hi stogram of a sanple of service tines |look like). A key property
of exponentially-distributed service tines is that the |ikelihood
(or probability) of service tinme t, will be less than the likeli-
hood (or probability) of service time t, if t, >t,. This property
inplies that the individual bars in the histogram of sanple service
times will be smaller for |longer service tines. Field experience
i ndi cates that exponentially-distributed service tines are appro-
priate for describing many operations; for exanple, the | engths of
tel ephone calls, the tines required to conplete transactions with
bank tellers, the tinmes required to checkout at grocery stores, and
the average service tinmes associated with dispatched CFS.

In a standard, steady-state queuing fornulation with these assunp-
tions and a fixed nunber of servers (i.e., a fixed nunber of patrol
troopers), the average nunber of busy troopers at any given tinme

(N, is given by:

N, = CR x ST (D. 3. 1)

where CR represents the nunber of activities per hour and ST rep-
resents the average service tine in hours.

The |ikelihood or probability that all of the troopers will be busy
(Psat) When the next activity occurs is called the "probability of
saturation” and is given by Erlang's formula found in many intro-
ductory texts on queuing theory:

N,M
Pae = D333333D333331330330)O P, (D.3.2)
N! x (1 - N/N)
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where N, represents the total nunber of troopers in the area and
the term N"™ represents N, raised to the N th power, and

+) .1
N-1 NS N, *

P, = 2 DIIIDDD) £ DIIIIIIIIIIIIMIIIMDIIIDND (D3I
* k= K! NI x (1T 27N/ N) >
-) )-

Note that unless N equals or exceeds N, there will not be enough
troopers to handl e the workload and the systemw || be continuously
"saturated;" that is, the queue (or stack) will grow |arger and
| arger. Readers who wi sh to examne the derivation of these fornu-
las as referred to any standard text on queueing theory or opera-
tions research such as Introduction to Qperations Research by Hill-
ier and Lieberman (Hol den-Day, Inc., 1967).

The |ikelihood or probability that at |east one trooper wll be
avai |l abl e (P,.) When the next activity occurs is given by:

I:)avai | = 1 - Psat ( D. 3. 4)

For this derivation, the total nunber of troopers (N) available
for assigned and self-initiated activities consists of the total
nunber of on-duty troopers for reactive activities (N) determ ned
in Wrksheet 3, the total nunber of on-duty troopers for self-ini-
tiated activities (N,), and the total nunber of on-duty troopers
for uncommtted patrol activities (N,); i.e.,

N = N + N + N (D. 3.5)

Troopers working on adm nistrative activities (N,) are assumed not
to be available for field assignnents. The nunber of on-duty troo-
pers required for self-initiated activities per day can be deter-
mned from the nunber of on-duty troopers required per day for
reactive activities (N), the nunber of on-duty troopers required
per day for uncommtted patrol activities (N), the average nunber
of mnutes of admnistrative tinme per hour per trooper (m), and
t he average nunmber of m nutes per hour per trooper spent on self-
initiated activities (m). In the PAM nodel, the nunber of troop-
ers assigned to each category: admnistrative, reactive, self-ini-
tiated, and uncommtted patrol is proportional to the tine spend
per hour on each activity; i.e.,
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N, m N m
) = 2J)))) ))I))) = DD DD)
ot 60 ot 60
(D. 3.6)
N m N, m
) = 2J)))) ))I))) = DD DD)
ot 60 ot 60
wher e:
N, - nunber of on-duty troopers working on
admnistrative activities,
N, - nunber of on-duty troopers working on
self-initiated activities,
Noo - total nunber of on-duty troopers,
m - average nunber of m nutes spend per hour per
trooper on reactive activities,
m, - average nunber of m nutes spend per hour per
trooper on unconmtted patrol activities,
and
Noe = N + N + N+ N, (D.3.7)
and
60 = m + m + m + m. (D. 3.8)

Rearranging the ternms in (D. 3.6) yields:

Ny N N, N ot
DII2D> = 2333 = D3I = IIIIID. (D.3.9)
m m m, 60
Noting that the followng is true:
N + N, N ot
DDDDDDDDDDDDDECIEDDDDIDDDD (D. 3.10)
m + m 60
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and conmbining (D.3.9) and (D. 3.10) vyields:

Ny N+ N
23333> = DI333331))1)) (D.3.11)
m m + m

Using (D.3.8) to replace m + m wth 60 - m - m in (D 3.11)
yi el ds:

Ny N+
23233> = DI333333131331)31)) (D.3.12)
m 60 - m - m

Using (D.3.12) to solve for N yields:

N = K x (N +N) (D. 3.13)
where K, equals:
m
Ks = D0II2302301033311)0)) (D.3.14)
60 - m - m

Replacing Ny in (D.3.5) wth (D.3.13) and rearrangi ng yields:

N = N + K xN + KxN + N, (D. 3.15)

The right side of fornula (D.3.15) consists of four ternms. Three
of the terns, N + (K x N) + (K x N), represent the troopers
that are busy on assigned and self-initiated activities; i.e.,

N, N + Kix N + K x N (D. 3.16)

where N represents the troopers on reactive activities and

(K x N) + (K x N,) represents the troopers on self-initiated ac-
tivities. The only troopers represented in fornmula in (D.3.15)
that are not busy or available are represented by N,. [If no on-
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duty troopers are provided for uncommtted patrol activities (i.e,
if NN =0), then N =N + (K x N) which says that all troopers in
the field are busy. The nunber of on-duty troopers required for
reactive and self-initiated activities, N + (K, x N), is the mni-
mum nunber of troopers required to handle the CFS and self-initi-
ated activities. Hence, by definition, if only N + (K Xx N)
troopers are avail able, every trooper will be busy for 60 m nutes
an hour which is equivalent to Py, =1 and Pg.,, = 0.

As troopers are added for uncommtted patrol activities (i.e., as
N, becomes greater zero), N increases and the hourly reactive and
self-initiated workl oad for each trooper becones | ess than 60 m n-
utes per hour. As this happens, P, decreases and P,,, | ncreases.
As nore troopers are added, P,., increases until it equals or ex-
ceeds the imedi ate response performance objective expressed as a
probability (Py,); that is, N, is increased unti

I:)avail > I:)obj ( D. 3. 17)
wher e:
Pl R%
Pobi = DODDIIDDD )
100

and PI R% represents the immedi ate response performance objective
expressed as percent entered by the user in Step 5.2.6.

Because of the conplexity of formulas (D.3.2) and (D.3.3), it is
not possible to derive a closed expression for N, based on N, K,
and P,,. To overconme this difficulty, the PAM manual uses a table
| ook-up procedure to determine N, Two options are available. The
first option, described in Section 5.2 uses Table 3-1. This sim
plified procedure is based on three assunptions. The first is that
K, = 0.25. Use of this assunption permts the use of only one
tabl e and avoi ds the necessity for the user to calculate K,. Using
K. = 0.25 is equivalent to using values of 9 and 15 m nutes per
hour respectively for m and m. The second assunption is that
staffing is uniformover all shifts. The third assunption is that
t he same performance objective (i.e., PIR¥® is used for each shift.
These assunptions avoid the necessity of determ ning separate N,
val ues for each shift.

To use the procedure in Section 5.2, the user nust determ ne the
average nunber of on-duty troopers per shift (Ng) in steps (5.2.1)
t hrough (5.2.5) and sel ect an i medi ate response performance objec-
tive percent (PIR®in Step (5.2.6). Once N4 and Pl R% are known,
Table 3-1 is used in Step (5.2.7) to estimate the nunber of on-duty
patrol troopers that are needed on each shift (N,;,) to neet the
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i medi at e response objective. The total nunber of on-duty troopers
for uncommtted patrol per day, Step (5.2.8), is obtained by nulti-
pl ying the average nunber required per shift by the effective num
ber of shifts per day.

I f any of the sinplifying assunptions used in Section 5.2 are not
valid, the user can use the suppl enental worksheet in Appendix A in
the Manual to estimate N,,. This worksheet requires the use of m
and m, determned in worksheets 2 and 4, to calculate K (Step
A.5.1). The value for K, is used to select the appropriate table
based on the guidelines given on page A-6. The nunber of troopers
required for uncommtted patrol is determned for each shift (steps
(A.6.1.3), (A6.2.3), and (A.6.3.3)), and the results are added
together to obtain the total daily on-duty requirenent for uncom
mtted patrol, Step (A 7).

The values in Table 3-1 and tables A-1 through A-10 were determ ned
using formulas (D.3.2), (D.3.3), (D.3.4), and (D.3.15) with the
foll owi ng | ogic:

o For a range of values (0.05 - 5.00) for the average nunber
of on-duty troopers for reactive and self-initiated activi-
ties on each shift (N;) and a range of values (0.0 - 1.0)
for K, calculate P,,, values for integer values of Nt be-
ginning with the smallest value of N such that N > N.

o For each value of N, determ ne the nunber of troopers
avail able for uncommtted patrol (N,,) based on (D.3.16);

i.e.,
N - (1+K) xN
N,i ¢ = ))))))()%)3)Kz))))))))))))))( D. 3. 18)
| ncrease N until Paaii > . 995.
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Estimate N,, for specific values of N, P,.,, and K by
interpolating between the calculated values for N,, and
P.aii for specific values for K,. Each value of K repre-
sents a separate table in Appendix AL Wthin each table,
each estimated value for N,, corresponds to specific val ues
for N and P, .
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APPENDI X D. 4: Average Nunber of On-Duty Troopers (N,,) Required
Wthin the APA To Meet the Average Travel Tine
Perf ormance Objective for Area Patrol, (5.3.6.3)

In the PAM nodel, the average nunber of on-duty troopers required
per day to neet the average travel tine performance objective for
area patrol is given by:

+ ,2
* 40 * A X WC
Noap = DI X IIIIIIIDIIIII))) (D.4.1)
* PTT x RS = 7 X S
wher e:
N, - average nunber of troopers required to neet the
travel time performance objective for area
pat r ol
A - area (square mles) of the APA,
WC - coverage (hours) per week,
NS - nunber of shifts per day,
PTT - average travel time (m nutes) performance
obj ecti ve,
RS - average response speed (MPH), and
S - shift length (hours).

Formula (D.4.1) is based on the so-called "square root |aw'
whi ch can be used to estimate the average travel distance (D) for
a responding police unit in an area of size A with N available
units. The generic formula is given by:
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v A

D = K X DODDDDDD (D. 4.2)
v N

wher e:

D - average distance (mles),

K - a constant based on the geography of the area,

A - the area of the region (square mles), and

N - the nunber of police units avail able.

Using the tine (T), speed (S), and distance (D) relationship from
basi ¢ physics; i.e.,

D
T = ))S)))) (D. 4.3

and replacing Din (D.4.3) with (D.4.2) yields:

K x V A
T = I (D.4.4)
S x VN

Under certain conditions, Larson (Urban Police Patrol Analysis, MT
Press, 1972) found that a value of 2/3 for the constant in (D.4.2)
gives good results. (Key conditions are relatively | ow workl oad
levels, uniformty of workload over the area, and approximately
equal travel tinmes in all directions.) Putting 2/3 in for Kin
formula (D.4.4) and multiplying by 60 to change travel tinme to
m nut es vyi el ds:

60 x 2 x VvV A
T = IIIIIIIIIIIIDIIIDDI)))D (D. 4.5)
3 x S x VN

Sinplifying expression (D.4.5) yields:

40 x V A
T = I (D. 4. 6)
S x VN
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Solving formula (D.4.6) for N yields:

+ ,2
N = I x A (D.4.7)
* Tx S =*

Repl aci ng speed (S) wth the average response speed (RS) and tine
(T) with the average travel tinme performance objective (PTT)
yi el ds:

+ ,2
N = DI30))* x A (D. 4.8)

> PTT x RS =

whi ch indicates the nunber of patrol units required each day to
meet the performance travel tinme objective.

Formula (D.4.8) is based on the assunption that the area is pa-
troled 24 hours a day, 7 days a week (i.e., 168 hours per week).
To account for reduced coverage (i.e., less than 168 hours per
week), (D.4.8) can by nultiplied by W/ 168; that is,

+ ,2
* 40 > Ve

N = DI x A X DI (D.4.9)
* PTT x RS * 168

where WC represents the total hours of coverage per week.

Since each patrol unit represents one trooper, the total nunber of
troopers needed per day for area patrol is given by:

24
Nwp = N X ))g))) (D 4. 10)
|

where N is the nunber of units calculated in (D.4.9) and S, is the
shift length in hours. Replacing Nin (D.4.10) with (D.4.9) and
sinplifying yields:
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+ ,2
> 40 > A X WC
Noap = * D220 X DI (D 4.11)
* PTT x RS = 7 X S
which is the fornula given in (D.4.1). In Section 5.3, formula

(D.4.11) is used in Step (5.3.6) to determ ne the nunber of troop-
ers required to neet the target travel tine for area patrol.
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APPENDI X D.5: Average Nunber of On-Duty Troopers (N,,) Required
Wthin the APA To Meet the Average Travel Tine
Perf ormance bjective for Line Patrol, (5.3.7) and

(B.6)

In the PAM nodel, the average nunber of troopers required to neet
the average travel tinme performance objective for line patrol is
gi ven by:

20 X L X WC

Nop = DI2222223D3225D3I2IID2I0ID0I000000)0)))(D. 5. 1)
7 X RS X PTT X S

wher e:

N,, - average nunber of troopers required to neet the
travel tinme performance objective for line
pat r ol

L - roadway mles in the line patrol segnent,

NS - nunber of shifts per day,

RS - average response speed (MPH),

PTT - average travel tinme (m nutes) perfornmance
obj ecti ve,

WC - coverage (hours) per week, and

S - shift length (hours).

The average travel distance to an incident on a roadway segnent
patroll ed by one unit is given by:

L
D = ))%?))) (D.5.2)

where D represents the distance traveled in mles and L represents
the nunber of mles in the roadway segnent. The basis for fornula
(D.5.2) is observation that if calls-for-service occur uniformy
over the roadway segnment and the unit patrols uniformly over the
segnent, then the average di stance between the unit and the | oca-
tion of the CFS is equivalent to the expected difference (or range)
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in a sanple of two observations drawn froma uniform probability
density function over the interval [O,L].

Using the tinme (T), distance (D), and speed (S) relationship, D =
S x T, and solving for T yields:

D
ToF O (D.5.3)

Replacing Din (D.5.3) with formula (D.5.2) and nultiplying by 60

to calculate travel tinme in mnutes yields:
60 x L
T = DD DDDDDIDIDDDD) (D.5.4)
3 x S

Assum ng that N units are used over the entire roadway segnent and
each unit is assigned to a subsegnent approximately equal to 1/ N of
the entire segnment, then the average travel tinme fornula for each
subsegnent becones:

60 x (L/N)
T = ))))%?)))%?))))))) (D.5.5)
X

Solving (D.5.5) for N and sinplifying yields:

20 x L
N = I (D.5.5)
S x T

Repl aci ng speed (S) wth the average response speed (RS) and tine
(T) wth the travel tine performance objective for line patro
(PTT) in (D.5.6) yields:

20 x L

N = ))))))))))))))))) (D.5.6)
x PTT

Formula (D.5.6) indicates the m ni mum nunber of units (N) that are
requi red each day to neet the travel tine objective (PTT) for line
patr ol

Formula (D.5.6) is based on the assunption that the roadway segnment
is patroled 24 hours per day, 7 days a week (i.e, 168 hours per
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week). To account for reduced coverage (i.e., less than 168 hours
per week), multiply (D.5.6) by WJ 168; that is,

20 x L WC
N = IIIIIIIIIIIIIDIDX IIIDIIIID))D (D.5.7)
RS x PTT 168

where WC represents the total hours of coverage per week.
Since each patrol unit has only one trooper, the nunber of on-duty

troopers required per day (N,, equals:

24
Nop = N X )))S))))) (D. 5. 8)
|

where N is the nunber of units calculated in (D.5.7) and S, is the
shift length in hours. Substituting (D.5.7) for Nin (D.5.8) and
sinplifying yields:

20 X L X WC
Nop = DI2I22223D23D53D3D3I2I2D3DID0I)I000))0)))(D.5.9)
7 X RS X PTT X S

Formula (D.5.9) is used in the supplenental worksheet in Appendi x
B in the Manual and the result is entered in Step (5.3.7).
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APPENDI X D. 6: Average Total Nunber of On-Duty Troopers (N)
Required Per Day for Al Patrol Activities
Wthin the APA, One Trooper Per Unit, (6.1.5)

| nt r oducti on

The basic formula in the PAM nodel, used to derive the average
dai |y nunber of on-duty troopers, is given by:

N, +
N o= 33332222D213D3DD2DD2DID203D0000000010D))) (D.6.1)
m, m
1 - dII))))) - DODDIDDD
60 60
wher e:
N - the average nunber of on-duty troopers per day
(i.e., per 24-hour period),
N - the average nunber of on-duty troopers required
per day for reactive activities,
N, - the average nunber of on-duty troopers required
per day for unconmtted patrol activities,
m, - average nunber of m nutes spend per hour per
trooper on admnistrative activities, and
m - average nunber of m nutes spend per hour per

trooper on self-initiated activities.

Four Wrkl oad Conponents

Derivation of formula (D.6.1) is based on the assunption that
the average total nunber of on-duty troopers required per day (N
consi sts of four conponents; that is,

N = N + N, + N, + N, (D. 6. 2)
where Nt, Nr, and Np are defined above and

N, - the average nunber of on-duty troopers required per
day for self-initiated activities, and

N, - the average nunber of on-duty troopers required per
day for admnistrative activities.
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Much of the PAM nodel is devoted to determ ning each of the four
conponents identified above. The derivation of formula (D.6.1) is
based on the procedures that are used to determ ne the nunber of
troopers for each conponent. The procedure for each conponent is
present ed bel ow.

Reactive and uncommtted patrol activities. In the PAM nodel, the
nunber of on-duty troopers required per day for reactive activities
(N) depends on two neasures: (1) the total obligated tine per day
and (2) the shift length of the agency. Neither neasure is depen-
dent upon the total nunber of troopers (N) that are present. The
nunber of on-duty troopers required per day for uncommtted patrol
activities (N,) is based on the availability of troopers for reac-
tive and self-initiated activities and trooper visibility for de-
terrence. The PAM nodel offers several options for determ ning
based on the nunber of roadway mles, patrol speed, patrol interval
performance objectives set by the agency, area of the jurisdiction,
response speed, and the nunber of on-duty troopers for reactive
activities. Regardless of which option is used, all are indepen-
dent of the total nunber of on-duty troopers (N). Hence, for both
reactive and uncommtted patrol activities, all of the workload
nmeasures are independent of the nunber of troopers that are avail -
able and, as a result, values for N and can be obtained using
hi storical data regardless of the staffing [evels of the agency in
t he past.

Self-initiated and adm nistrative activities. |In contrast to the
procedures used to determne N and N, the workload measures for
N, and N, used in the PAM nodel are not independent of the nunber
of on-duty troopers (N) that are present. The reason for this is
the fact that for virtually all |aw enforcenent agencies the anount
of work that is recorded for admnistrative and self-initiated
activities is, in fact, directly related to how many troopers are
on-duty. The validity of this assertion is based on the foll ow ng
observati ons:

0 Associated with each trooper is a certain anmount of tine
that does not fall into either the reactive or self- initi-
ated or nuncommtted patrol categories. As a result, the
total admnistrative tine for an agency is not fixed, but
rather increases or decreases as the nunber of troopers
i ncreases or decreases.

o The total time devoted to self-initiated activities is al so
directly related to the nunber of troopers in the field;
that is, as the nunber of troopers increases, the anount of
self-initiated work increases. This occurs because the
fraction of self-initiated work that can be perfornmed with
existing patrol resources is usually m nor when conpared to
the total self-initiated work that could be pursued. As a
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result, there is, potentially, enough self-initiated work
to absorb even a doubling or tripling of existing patrol
resour ces.

Determ nation of N._and N,

The dependency of N, and N, upon the average total nunber of on-duty
troopers per day (N) can be expressed as:

N = fg x N (D. 6.3)
and
NN = f, x N (D. 6. 4)
wher e:
f¢ - fraction of time spend on self-initiated
activities, and
fo, - fraction of time spend on adm nistrative

activities.

Inserting expressions (D.6.3) and (D.6.4) into (D.6.2) above
yi el ds:

N = N + N + (fsx N + (fax N) (D.6.5)
Solving (D.6.5) for N yields:

Nr + N,
N = )))%?)))))%))))))%})))))))) (D. 6. 6)

a

The fractions f, and f, can be expressed as:

m
fs = )))gg)))) (D.6.7)

and
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m
fa = )))go))))) (D.6.8)

where m and m, are defined above. Placing expressions (D.6.7) and
(D.6.8) into fornula (D.6.5) yields the basic PAM fornul a:

N + N,
N = 3333333331333133305300530005301333))> (D.6.9)
m, m
1 - 23333))) - DDDDDIDDD.
60 60

APPENDI X D.7: Average Total Nunber of On-Duty Troopers (N,) Re-
quired Per Day for All Patrol Activities Wthin the
APA, Adjusted for One and Two Trooper Units,

(6.2.4)

Determnation of the total nunber of on-duty troopers required per
day (N,) is based on:

o the average total nunber of patrol units needed per day
(N), and

o the percent of patrol units that are staffed with two
troopers (P2T9% .

The average total nunber of patrol units needed per day (N,) is
equal to the average total nunber of on-duty troopers needed each
day if every patrol unit is staffed with only one trooper. The
nunber of on-duty troopers required per day is calculated in Step
(6.1.5) of the PAMmanual. (The derivation for the fornula used in
Step (6.1.5) is given in Section D.6 above.)

The percent of patrol units that are staffed with two troopers
(P2T% is entered by the user in Step (6.2.1). Based on P2T%
define

P2T%
f = 33233 (D.7.1)
100

where f, calculated in Step (6.2.2), represents the fraction of
units staffed with two troopers. Using N, and f, let
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Ny, = F x N (D. 7.2)

where N,, represents the nunber of patrol units per day that are
staffed wwth two troopers. |If N, represents the nunber of patrol
units per day that are staffed with one trooper, then

Nu = Nlu + N2u (D 7. 3)

Solving (D.7.3) for N, and replacing N,, wwith (D.7.2) yields

Nlu = Nu - N2u
N, = N, - (f x N)
N, = (1-f) x N, (D.7.3)

The total nunber of on-duty officers is given by

N, = 1 x Ny, + 2 X Ny (D. 7. 4)

Replacing N, with (D.7.3) and N,, wth (D.7.2) in (D.7.4) and rear-
rangi ng yi el ds:

N, 1 x (1-°f) xN + 2x(fxN)

N, (1 +f) x N, (D.7.5)

Formula (D.7.5) is used in Step (6.2.4).
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Appendi x D.8: Average Total Nunber of On-Duty Troopers (N,;) and
On-Duty Field Supervisors (N,) Required Per Day for
Patrol Activities Wthin the APA, Adjusted for the
Presence of Field Supervisors and Speci al
Assi gnnment Personnel . (7.2.4) and (7.3.1)

| nt r oducti on

The adj usted nunber of on-duty troopers required per day (N,) is
based on the fornula (7.2.4):

+ ’
Ny = Koo x N, + Ny xfgg + Nopxfg, + N x fgg > (D81

wher e:
S
Ki = D2))))),
s + f
and

N, - the unadjusted nunber of on-duty troopers
requi red per day determned in Step (6.3.2);

s - the average span of control for field su-
pervisors (i.e., the average nunber of troo-
pers supervised by each field supervisor
specified by the user in Step (1.2.3) and
transferred to Step (7.1.1);

f - the fraction of supervisor on-duty tine
spent on patrol activities (i.e., non-super-
visory activities); calculated in Step
(7.1.3);

for, foo T3 - the fraction of on-duty tinme troopers as-
signed to special units spend on non-patrol
activities; calculated in steps (7.2.1.5),
(7.2.2.5), and (7.2.3.5) for special assign-
ments 1, 2, and 3 respectively; and
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N, N, N - the nunber of troopers assigned to spe-
cial assignnents 1, 2, and 3; user-sup-
plied values entered in steps (7.2.1.2),
(7.2.2.2), and (7.2.3.2) respectively.

The nunber of on-duty field supervisors required (N,) IS given by:

Ny
Nos = DDDDDDDDDDD; (D.8.2)
S

which is determned in Step (7.3.1) of the Mnual

Derivation of the Formula for the Adjusted Nunmber of On-Duty Troop-
ers (N,)

If the percent of field supervisor on-duty time (Fg) spent on pa-
trol activities is known, the fraction (f) can be determ ned as:

Fs%
f = 23230003)0)) (D.8.3)
100

The percent Fg, is specified by the user in PAMin (1.2.4) and
transferred to (7.1.2). The calculation for (D.8.3) is Step
(7.1.3) in the manual.

If the percents of on-duty tine (Sy, Sg, and Sg) that troopers
assigned to special assignnments 1, 2, and 3 respectively spend on
patrol activities are known, the fractions (fg, fs, and fg) can be
determ ned as:

100 - Sy
fsi = 2333323331333 (D.8.4)
100
100 - Sy
fso = ))))))1)0)0)))))),) and (D.8.5)
100 - Sy
fss = ))))))1)0)0))))))-) (D.8.6)

D- 72



Version S3.0 - Septenber

The percents Sy, S, and S ,z;are supplied by the user in steps
(7.2.2.3), (7.2.2.3), and (7.2.3.3); and calculations for (D.8.4),
(D.8.5), and (D.8.6) are conpleted in steps (7.2.1.5), (7.2.2.5),
and (7.2.3.5) respectively.

The derivation of fornula (D.8.1) depends on the observation that
regardl ess of the values for s, Fo, Ni, N,, N3, Swu S and S
provided by the user, the total nunber of "full-tinme equivalent”
on-duty troopers required per day after adjusting for the presence
of field supervisors and troopers assigned to special units nust
equal the nunber of unadjusted on-duty troopers required per day
(N,) determined in Wrksheet 6; that is:

N, = Nye + F X N + 0 X Ny + 02 X Ny + 0s3 X N

(D.8.7)
wher e:

Ny ¢ - represents the adjusted nunber of on-duty
troopers not assigned to a special unit;
f X Ns - represents the full-tinme equival ent num
ber of troopers for patrol that will be
provi ded by the presence of the N, field

supervi sors;

Osi, Os2y Osz - represent the fraction of on-duty tinme
troopers assigned to special units 1, 2,
and 3 respectively spend on patrol activ-
ities

Os1 X Ny - represents the full-tine equival ent num
ber of troopers for patrol that will be
provi ded by the presence of the N,; troo-
pers assigned to special assignnent 1;

Os2 X Ny, - represents the full-tine equival ent num
ber of troopers for patrol that will be
provi ded by the presence of the N,, troo-
pers assigned to special assignnment 2;
and

Oss X N3 - represents the full-tine equival ent num
ber of troopers for patrol that will be

provi ded by the presence of the Ny troo-
pers assigned to special assignnent 3.
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Replacing N, in (D.8.7) with formula (D.8.2) vyields:

N,
N, = Ny + XD + g X N+ 0 X Nz + sz X N
S

(D. 8.8)
The term N,, can be expressed as:
N, = Ny, + Ny, + N, + Ng (D.8.9)
Solving (D.8.9) for Ny, yields:
Nyt ¢ = Ny - N; - N - Ny . (D. 8.10)

Replacing Ny, in (D.8.8) with (D.8.10) and solving for N, vyields:

+

Ny = Ko x*N + N; x (1-g;) + N x (1-g,) + N3 x (1-g3)

£

(D. 8.11)

wher e:
S
Ki = D22
s + f

Formula (D.8.11) can be further sinplified by noting that

Os1 + for = 14 Os2 + o = 1; Oss + Ty = 1; (D.8.12)
whi ch yi el ds:
fslzgsl' 1, fszzgsz' 11 f53=gsg- 1. (D813)

Using the results of (D.8.13) in (D.8.11) yields formula (D.8.1):
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N, + Ny xfg + Nopxfg + Ngx fgg >
(D. 8.14)

X+

S
K= D22
s + f

The cal culation of formula (D.8.14) in Wrksheet 7 is conpleted in
sections 7.1 and 7.2. The adjustnment factor (K/) is calculated for
Step (7.1.5). The term K x N is calculated in Step (7.1.6).
The remaining factors in (D.8.13) are calculated in steps (7.2.1.-

6), (7.2.2.6), and (7.2.3.6). The entire sumis produced for Step
(7.2.4).

Notice that if no patrol work is done by field supervisors (i.e.,
if f = 0) and no special assignnent personnel are used (i.e., if N;,
=N, = N3 =0), then N; =N,).
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APPENDI X D.9: Determnation of the Shift Relief Factor (SRF) for
the Calculation of the Total Nunber of Troopers (N)
and Field Supervisors (N) Required Wthin the APA
(8.2.8)., (8.3.1) and (8.3.2)

| nt r oducti on

The shift relief factor for a |law enforcenent agency is used to
determne the total nunber of officers that nust be available
(i.e., both on- and off-duty) in order to support a specified aver-
age nunber of on-duty troopers each day. The shift relief factor
is defined as "the average nunber of persons required to cover one
shift position every day."

For agencies with 8-hour shifts, shift relief factors typically
fall in the range of 1.60 to 1.90. A shift relief factor of 1.70
for an agency using 8-hour shifts would indicate that the total
staff for regular duty should be approximately 1.7 tines the aver-
age nunmber of on-duty positions that the agency plans to use per
day. As an exanple, in order to cover 10 positions a day, this
agency woul d have to have a total of 10 x 1.7 = 17 troopers avail -
able. (Wth 8-hour shifts and one trooper per unit, three posi-
tions are needed every day to support one 24-hour coverage unit.)

Shift relief factors increase as the shift length increases. Agen-
cies using 10-hour shift will have shift relief factors in the
range: 2.00 to 2.40. Relief factors for agencies with 12-hour
shifts are in the range: 2.40 to 2.90.

Derivation of the Shift Relief Factor for Patrol Duty

The shift relief factor is determned by the shift length, the
average work week, the average anount of benefit time off given to
each trooper, and the anmount of tine troopers spend on tenporary
speci al assignnents. Calculation of the relief factor for an agen-
cy is usually based on data collected for one year and used in the
foll owi ng formul a:
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365 X S

)))))))))))))))))))))))))))))))))))([)9 1)
Aver age Nunber of -Duty Hours

on Patrol Per Trooper Per Year

SRF

wher e:
SRF - shift relief factor (nunber of troopers), and

S - shift length (hours).

The expression 365 x S in (D.9.1) indicates the nunber of hours
required to cover one position every day for an entire year. This
value is calculated in Step (8.2.2). The denomnator in (D.9.2) is
t he average nunber of on-duty hours provided by each trooper in one
year. This value is calculated in Step (8.2.7). Calculation of
the shift relief factor is conpleted in Step (8.2.8). The total
nunber of troopers and total nunber of field supervisors required
is calculated in steps (8.3.1) and (8.3.2).

Determ nation of the Average Nunber of On-Duty Hours on Patrol Per

Year Per O ficer

One difficulty with the use of formula (D.9.1) is that few agencies
actually keep track of hours worked. Rather, nost personnel tinme-
recordi ng systens are designed to keep track of the anount of tine
off for each trooper (e.g., vacation, holiday, personal |eave
etc.). Recognizing that, it is often easier to determne the shift
relief factor for an agency if formula (D.9.1) is rewitten as:

365 X S

SRF = )))))))))))))))))))))))))))))))))))I§D9 2)
Aver age Nunber of

(365 x S)) - Non-Patrol Hours
Per Year Per Trooper

In this form the average nunber of on-duty hours per year per
trooper is calcul ated as:

Aver age Nunber of
(365 x S)) - Non-Patrol Hours (D.9.3)
Per Year Per Trooper.

The first termin (D.9.3) indicates the total nunmber of hours that
one trooper would be on-duty if he/she worked every day of the
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year. The second termrepresents the average nunber of non-patrol
hours per year per trooper. Subtracting one termfromthe other in
(D.9.3) gives the average nunber of on-duty hours on patrol per
year per trooper. The usefulness of fornmula (D.9.2) is that it
requires information (i.e., average non-patrol time per trooper per
year) that is maintained by nost agencies.

The average nunber of non-patrol hours per year per trooper can be
grouped into three categories:

0 Regularly-scheduled tine off. Unpaid tine off each trooper
recei ves based on the average work week used by the agency.
As an exanple, a 40-hour work week provide each trooper
with an average of two days off per week.

0o Benefit tine off. Paid tinme including vacation |eave,
hol i day | eave, personal tinme, and conpensatory time. The
different kinds of benefit tine off given varies from agen-
cy to agency and fromone part of the country to another.

o Tenporary special assignments. On-duty tinme spent on non-
patrol activities. For exanple, a trooper sent to a one-
week training course in another state is obviously not
avail able for patrol duty, but is considered "on duty"
while at the training. Wether non-patrol, on-duty tinme
shoul d be included in the determ nation of the relief fac-
tor is not rigidly defined. An analyst trying to justify
as many troopers as possible wll likely not count non-
patrol, on-duty time as on-duty patrol tine in order to
derive a higher relief factor. Another analyst, seeking to
hold down staffing estimtes, may decide to count all on-
duty tinme whether spent on patrol or not to derive a | ower
value for the relief factor.

Formula (D.9.3) can be expressed as:

(365 X SI) - Hrs - l_L - H[a (D94)

wher e:
H, - nunber of regqgularly-schedul ed hours off
per trooper per year,

H, - nunber of benefit hours off per trooper
per year, and

H. - nunber of on-duty hours spent on tenpo-

rary special assignnents (non-patrol) per
t rooper per year.
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Note that the expression (365 x §) - H, equals the annual nunber
of paid hours. Annual nunber of paid hours (H) is also given by:

365 X AWV
))))%))))))))))))) (D.9.5)

|_ly

where AWV represents the average work week in hours. Note that if
AWN= 40, H is 2,085.7 hours per year. (The comonly used figure
of 2,080 paid hours per year is based on exactly 52 weeks. Fifty-
two weeks, however, equals only 364 days, one day |ess than the
actual year.)

Replacing (365 x S) - Hy in (D.9.4) with (D.9.5) yields:
365 x AWV
)))))))7)))))))))))- H, - Ha (D.9.6)
which is calculated in Step (8.2.7). Using (D.9.6) as the denom
inator in (D.9.1) yields:

365 X S

SRE = D33332233133313133331333311333D33I20XIDII9.7)
365 x AWV
)))))%)))))))- - Ha

which is calculated in Step (8.2.8).
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APPENDI X D. 10: Allocation of Patrol Personnel Anbng
Several APAs, Wrksheet 9

| nt r oducti on

Wor ksheet 9 provides two nmethods for allocating a given nunber of
staff anong several APAs. Both nmethods rely on staffing estimates
for each APA provided by the PAM nodel in worksheets 1 - 8. The
first nethod, identified as "unconstrained allocation," indicates
the ideal staffing if nolimtations are inposed on how nany troop-
ers can be added or subtracted fromthe current staffing level in
any APA (i.e., if there are no limtations on transfers between
APAs). The second nethod, identified as "constrained allocation,"”
can be used to determne the staffing allocation when a fixed num
ber of additional troopers are to be added and no transfers of
exi sting personnel are allowed. In this case, the no transfer
constraint has the effect of insuring that no APAw il |ose staff-
i ng because of the allocation. The constrained allocation proce-
dure can al so be used to determ ne which APAs w |l | ose personnel
when staff reductions are required. |In this case, the no transfer
rule insures that no APA will gain personnel as a result of the
overall staff reductions. Al of the calculations for Wrksheet 9
are summari zed in Table 4-1.

The derivations bel ow make use of the follow ng notation:

T - total nunber of staff in all of the APAs after the
real | ocation

TA - total nunber of new staff (or total staff to be
del et ed)

TA - total nunber of staff added to APA i (or staff de-
leted fromAPA i)

TC - current total nunber of staff anong all of the APAs
TG - current nunber of staff in APA i

TE - total nunber of staff estimated by the PAM nobde
for all of the APAs

TE, - total nunber of staff estimated by the PAM nobde

for APA i
T, - total nunber of staff in APA i after the reall oca-
tion

The total staff to be allocated is given by:
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T = TC + TA (D. 10. 1)

Unconstrai ned All ocati on

The rationale for the unconstrained allocation is that the total
staff (T) should be distributed anong the APAs in the sane propor-
tion as the PAM estimtes; i.e.,

T TE
))_?))) = ))_?E)))), al | APAs (D. 10. 2)

Solving for T, and replacing T wth (D.10.1) yields the fornmula for
t he nunber of staff that should be assigned to each APA,

TA + TC
T = TE X )))))T)E))))))) (D.10.3)

Constrai ned All ocation

The total staff to be allocated is given by (D.10.1) above.
The difference (d;) for each APA between the nunber of staff pro-
vided by the unconstrained allocation for the APA (i.e, T, given in
(D.10.3)) and the nunber of staff estimated for the APA by the PAM
nodel (TE)is given by:

d, = T - TE (D. 10. 4)
Expression (D.10.4) indicates whether an APA is under or over-
staffed; i.e.,

if di >0, the APAis overstaffed,

if di <0, the APA is understaffed.

The d; values are used to identify which APAs should gain staff (if
TA > 0) and which APAs should |ose staff (if TA < 0).

Additional staff (TA > 0). |If staff is to be added to the APAs,
the no transfer rule can be satisfied by distributing the new staff
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only anong those APAs that are understaffed (i.e., APAs with di <
0). Let Urepresent the collection of APAs that are understaffed
and determne the total deficit staffing (TN) for these APAs by
summing the dis in U i.e.,

TN = d, + d, + ds + . . . + d, (D. 10. 5)
-- only use APAs for which d; < 0 --

Al'l ocation of the TA staff anong the APAs in Uis given by (D.10. 6)
bel ow where TA represents the nunber of staff added to APA i:

TA
d x D0 (D. 10. 6)
TN

TA

The final allocation anong all of the APAs is given by:

TG if d >0

L

T = (D. 10. 7)

TG + TA  if d, <0

Staff reduction (TA < 0). For staff reductions, the constrained
al l ocation procedure uses the d; values to identify those APAs t hat
are overstaffed and, as a result, are eligible for staff reduc-
tions. Let Orepresent the collection of APAs that are overstaffed
and determne the total surplus staffing (TN) for these APAs by
summng the dis in Q i.e.,

IN = d, + d, + d; + . . . + d, (D. 10. 8)
-- only use APAs for which d, > 0 --
Al'l ocation of the TA staff anong the APAs in Ois given by (D.10.9)

bel ow where TA represents the nunber of staff to be taken from
APA i :

TA
d x D0 (D. 10.9)
TN

A
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Each TA value for staff reductions will be a negative nunber. The
final allocation anong all of the APAs is given by:

TG if d <0

L

(D. 10. 10)
TG + TA  if d >0
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