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FOREWORD 

The Police Allocation Manual (PAM) and the Police Allocation 
Manual User's Guide were developed and field tested by The Traf
fic Institute of Northwestern University under a contract (No. 
DTNH22-88-C-05016) issued by the Office of Traffic Safety of the 
National Highway Traffic Safety Administration, U.S. Department 
of Transportation. Principal Investigator and author for the 
study was Dr. William Stenzel. Dr. Stenzel was assisted by Mr. 
Roy Lucke who had prime responsibility for the design, implemen
tation, and coordination of the field test program. The Con
tracting Officer's Technical Representative for the project was 
Mr. David Seiler (The Office of Traffic Safety). 

The PAM project was initiated in June 1988 and Phase I was com
pleted in February 1990. The Phase I field test was conducted 
during the summer and fall of 1989. Phase II of the project was 
completed in July 1991. Several versions or "editions" of the 
Manual were produced during the project. Version 1.0 was com
pleted in March 1989. Version 2.0 was completed in June 1989 and 
was used for the Phase I field test. Version 3.0 was completed 
at the end Phase I (February 1990), Version 3.5 was sU0mitted to 
NHTSA in January 1991, and Version 4.0 was completed in July 
1991. 

The project team wishes to thank the following state agencies 
which served as field test sites for the study. (The project 
liaison person for each agency is identified with an "*". Ranks 
and titles reflect those held during the Phase I field test.) 

Arizona Department of 
Public safety 

Lt. Colonel Larry N. Thompson, 
Chief 
Arizona Highway Patrol Bureau 

* Captain Coy Johnston 
Arizona Highway Patrol Bureau 

Trooper Jack Bell 
Arizona Highway Patrol Bureau 
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Califcrnia Highway Patrol 

Colorado state Patrol 

Florida Highway Patrol 

Illinois state Police 

Commissioner M. J. Hannigan 
Department of California Highway 

Patrol 

* Captain Gary Townsend 
Operational Planning Section 
Department of California Highway 

Patrol 

Captain Robert Haworth 
operational Planning Section 
Department of California Highway 

Pat~ol 

Mr. Alan J. Bailey 
Operational Planning Section 
Department of California Highway 

Patrol 

Colonel John N. Dempsey, 
Chief 
Colorado State Patrol 

* Lt. Ralph Martin 
Colorado State Patrol 

Lt. Michael Farnsworth 
Colorado State Patrol 

Ms. Leslie Nelson 
Colorado State Patrol 

Bobby R. Burkett, Director 
Florida Highway Patrol 

* Mr. James M. Roddenberry 
Management Review Specialist 
Florida Highway Patrol 

William O'Sullivan, Deputy Director 
Division of State Troopers 

* Mr. James G. Milbrandt, Bureau Chief 
Management Information Bureau 
Illinois State Police 

Mr. Charles Clark 
Management Information Bureau 
Illinois State Police 

iv 



Massachusetts state Police 

Nebraska state Patrol 

New York state Police 
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William McCabe, Commissioner 
Massachusetts state Police 

* Lt. Col. Thomas J. Kennedy 
Research and Development 
Massachusetts state Police 

Corporal Alfred L. Lussier 
Research and Development 
Massachusetts state Police 

Col. H. W. LeGrande, superintendent 
Nebraska state Patrol 

Lt. Jerry Petersen 
Research and Planning 
Nebraska state Patrol 

* Sgt. steve Evans 
Research and Planning 
Nebraska State Patrol 

Ms. Diann Bauer 
Research and Planning 
Nebraska State Patrol 

Thomas A. Constantine, 
Superintendent 
New York State Police 

* Lt. Colonel James McMahon 
Assist. Deputy Superintendent 
Planning and Research 
New York State Police 

Mr. Leonard B. Clifford 
Planning and Research 
New York State Police 

Completion of the Manual would not have been possible without the 
cooperation of the 46 state and provincial law enforcement agen
cies that provided information about their current staffing and 
deployment procedures to the project. A list of the 46 agencies 
is presented below: 

Alabama Department of 
Public Safety 

v 

Alaska State Troopers 
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Arizona Highway Patrol 

California Highway Patrol 

connecticut state Police 

Florida Highway Patrol 

Idaho Department of Law 
Enforcement 

Indiana state Police 

Kansas Highway Patrol 

Louisiana state Police 

Massachusetts state Police 

Minnesota state Patrol 

Montana Highway Patrol 

Nevada Highway Patrol 

New Jersey state Police 

North Carolina state 
Highway Patrol 

Ohio state Highway Patrol 

ontario Provincial Police 

pennsylvania state Police 

Royal Canadian Mounted 
Police 

Tennessee Highway Patrol 

Utah Highway Patrol 

Virginia state Police 

West virginia state Patrol 

Arkansas state police 

Colorado state Patrol 

Delaware state Police 

Georgia Department of 
Public Safety 

Illinois State Police 

Iowa state Patrol 

Kentucky State police 

Maryland State Police 

Michigan state Police 

Missouri Highway Patrol 

Nebraska State Patrol 

New Hampshire State Police 

New York State Police 

North Dakota Highway 
Patrol 

Oklahoma Highway Patrol 

Oregon state Police 

Rhode Island State Police 

South Dakota Highway Patrol 

Texas Highway Patrol 

Vermont state Police 

Washington state Patrol 

Wisconsin State Patrol 

The project team also wishes to thank Messrs. Michael Buren and 
Alex Weiss of The Traffic Institute, Mr. Sid Girling of the 
ontario Provincial police, and Mr. Richard Raub of the Illinois 
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state Police (ISP) all of whom reviewed initial drafts of the 
Manual and provided many valuable suggestions. 

A special acknowledgment is extended to Mr. Raub of the ISP. 
Many of the ideas used in the Manual reflect concepts developed 
and documented by Mr. Raub and his colleagues in a series of ISP 
reports beginning in 1981. Mr. Raub's outstanding work into the 
identification and estimation of the major elements of staffing 
and allocation of state-wide police agency resources provided 
many of the basic components for the PAM model. 

A special note of thanks is extended to Ms. Darry Ware whose 
diligence and persistence helped to insure that a steady stream 
of project materials were sent to the field test agencies in a 
timely manner. 
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CHAPTER 1: Introduction 

Purpose of the Manua~ 

The Police Allocation .Manual (PAM, is designed to be used by 
state and provincial law enforcement agencies, or divisions 
within those agencies, whose mission includes the delivery of 
police traffic services. The Manual is designed to help such 
agencies address two key resource allocation questions: 

1. What is the total number of officers (i.e., troop
ers, field supervisors, and staff and command per
sonnel) that are required to provide an acceptable 
level of service? and 

2. How should a specified total number of officers be 
allocated by geographic regions or time periods to 
maximize agency productivity? 

The staffing and allocation methods described within the 
Manual are based on a review of procedures currently used by 
state and provincial agencies throughout the United states and 
Canada (see the Foreword for a list of agencies which provided 
information for the project). The framework and rationale pre
sented in the Manual are the result of a distillation process 
that identified the "best" procedures, and then modified and 
blended those procedures into a comprehensive model for determin
ing appropriate staffing levels and deployment patterns for 
state-wide agencies. 

It is anticipated that the Manual will provide both immedi
ate and long-range benefits. The procedures in PAM will provide 
agencies with a logical and explicit format in which to frame 
requests for additional staff and/or staff deployment. In addi
tion, it is anticipated that the Manual will serve as a catalyst 
for stimulating further discussion and research in the area of 
staffing and allocation for law enforcement agencies with state
wide responsibilities. 

How To Use the Manual 

Version 4.0 of the Police Allocation Manual consists of four 
chapters and one appendix. Chapter 1 provides a brief introduc
tion to the purposes and use of the Manual and Chapter 2 de
scribes the staffing and allocation model. Chapter 3 contains 

1 - 1 



version 4.0 - July 1991 

eight worksheets, each with instructions, which provide a 
step-by-step process for determining staffing levels. Chapter 4 
contains one worksheet for determining staff allocation over 
several geographic areas or time periods. Appendix A contains a 
supplementa\ worksheet that can be used to expand on the material 
presented in Worksheet 5 in Chapter 3. 

Additional information about the PAM procedures can also be found 
in the companion document, Police Allocation Manual User's Guide. 
The Guide presents implementation, data definition, and collec
tion strategies utilized by the fi.ld test agencies and addition
al reference material that were contained in earlier versions of 
the Manual. The appendix material in the Guide identify all of 
the input data required to use the P~M ~odel (Appendix A), 
present a glossary of key terms and a list of a:U of the notation 
used in the Manual (Appendix B), include a detailed example 
showing all nine worksheets in completed form (Appendix C), and 
illustrate the derivation of all formulas that are us~d in the 
model (Appendix 0). 

For the first-time user of the Manual, the. following proce
dure is recommended: 

1. Read Chapter 2 Chapter 2 can be used to gain an 
initial understanding of the overall logic of the model and its 
major components. (The reader may also want to refer to the 
material that is presented in Appendix 0 in the Guide.) It is 
not imperative for the user to understand every detail at first 
reading. The primary objective of this chapter is to provide 
sufficient understanding to permit readers to assess how the 
model can best be used to assist their agency. 

2. Review Appendix A in the User's Guide Appendix A 
provides an overview of the types of data that are required to 
use the PAM model. 

3. Review Chapters 3 and 4 Chapters 3 and 4 contain all 
of the worksheets and instructions for the PAM model. Appendixes 
Band C in the Guide can be used as references as needed. The 
purpose of this review is to enhance understanding of the model, 
to resolve questions about the procedures that are used, and to 
help the user assess the effort required to use.the model. 

4. Determine the Data Collection Effort After reading 
chapters 2, 3: and 4 (and referring to appendixes A, B, C, and 0 
in the Guide as needed), the user should determine the data 
collection effort that will be required to use the model. The 
following steps are recommended for this assessment: 

o Review the sections in the Guide entitled "General 
Implementation strategies" (section 2) and "Recom
mended Data Collection and Implementation Procedure" 
(Section 4). 

1 - 2 
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o Review the worksheets in chapt~rs 3 and 4 to identi
fy which model options will be used. (Section 3 in 
the Guide may also be useful for this step.) 

o Compile a list of the input data requirements for 
the agency, This list will include all of the data 
items in Worksheet 1 plus additional data items from 
worksheets 2 - 9 as required by the options to be 
used. The user may find it more convenient to use 
Appendix A in the Guide to compile this list. 

o For each data item on the list, determine its avail
ability and accessibility, and estimate the effort 
that will be required to obtain it. It is important 
to recognize that no agency is likely to have avail
able all of the data required; that is, it is proba
ble that every agency will have to estimate some of 
the data items, at least initially. (section 3 in 
the Guide provides specific guidelines and recommen
dations for defining, collecting, and using a number 
of input data items.) 

5. Assess the Benefits of the Model to the Agenc~ Before 
proceeding further, the user should weigh the benefits to be 
gained from using the model versus the data collection effort 
that will be required. This tradeoff can be used to help decide 
whether to use the model or not. 

6. Collect the Required Data If a decision is made to 
use the model, initial activities should focus on data collec
tion. The actual time required for this effort will vary consid
erably by agency and will depend on the size of the agency, the 
degree of automation within the records section, and the scope of 
existing records. Initial data collection efforts may require 
time that will not be necessary for later uses of the model 
because some input data items are not likely to change (e.g., 
highway miles, patrol areas, etc.). 

7. Complete the Worksheets Once the input d~ta items 
have been collected, the nine worksheets in chapters 3 and 4 can 
be used to determine the staffing and allocation levels required 
for each patrol area. Once the data are available, actual com
pletion of the worksheets themselves will require relatively 
little time (i.e., only a few hours) compared to the days or 
weeks that may be required to collect the data. 

8. Review and Adjust the Results After the model has 
been used to determine staffing and allocation levels, the work
sheets and results should be reviewed. The purpose of this 
review is to: 

o explicitly identify the rationale for each model 
option that is used, 
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o explicitly identify the rationale for each perform
ance objective value that is used, 

o verify that the agency data used is both comprehen
sive (e.g., all agency workload is accounted for) 
and consistent with model data definitions, and 

o identify and understand differences between current 
staffing levels and those specified by the model. 

The Role of Resource. Allocation Models 

It is important for the PAM user to remember that the Manual 
is based on a "model" of staffing and deployment. All models are 
limited by the assumptions on which they are built and by the 
data that are used. (See Chapter 2 for additional discussion 
concerning the limitations of the PAM model.) The user must 
guard against the temptation to believe that the model provides 
"the answer." All models, including the one described in the 
Manual, use a variety of assumptions about the "real" world to 
assemble data into rational patterns that can be used by deci
sion-makers. (Police administrators do not suffer from a lack of 
data; but rather from a scarcity of tools for effectively using 
that data.) The decision-maker, in turn, must weigh the merits 
of the recommendations of the model against other factors (e.g., 
political, economic, operational, etc.) in ~rriving at a final 
course of action. Perhaps John Schuiteman said it best when he 
wrote: 

"Adequate police protection, like beauty, lies in 
the eye of ':.:he beholder. The optimal or appropri
ate ratio of troopers to population, traffic vol
umes, reported crimes or accidents, etc., is not a 
matter of mathematics or statistics. It is a 
matter of human judgment and community resources." 

"Allocating state Troopers: The 
Virginia Experience," The Police 
Chief, July 1985. 

1 - 4 
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CHAPTER 2: overview of the Police Allocation Manual Methodology 

Time-Based Model 

The procedures that are used in the PAM model to determine 
the total staff requirements for the delivery of state-wide 
police traffic services are based on an analysis of workload 
requirements and performance objectives, measured in time, asso
ciated with major field activities. The PAM model divides all 
trooper activities into four time components: 

1. Reactive time (calls-for-service), 

2. Proactive (self-initiated) time, 

3. Proactive (patrol) time, and 

4. Administrative time. 

Reactive Time 

Reactive time refers to trooper time spent on activities 
that can be described as service-on-demand. These are usually 
calls for service (CFS) that are assigned by radio dispatch. For 
many state agencies, the most important CFS activities are re
quests for police assistance at traffic accidents. Since most 
agencies also provide services beyond traffic-related activities, 
the PAM model classifies all CFS as either "accidents" or "other 
CFS." The total time spent answering CFS is referred to as 
"obligated time." 

Proactive (Self-Initiated) Time 

Proactive (self-initiated) time refers to the time spent by 
troopers on non-CFS activities. In the PAM model, self-initiated 
activities include the issuance of citations and warnings for 
driving violations, assisting motorists, providing traffic direc
tion and control, and conducting field interrogations. 

Proactive (Patrol) Time 

Proactive (patrol) time refers to the time spent by troopers 
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patrolling the highway system within the jurisdiction. The 
patrol function provides two benefits: "visibility" for the 
general deterrence of traffic and criminal violators, and "avail
ability" for self-initiated activities and for the timely re
sponse to CFS. Patrol time includes time spent on both moving 
and stationary patrol. 

Administrative Time 

Administrative time refers to trooper activities that do not 
fall into the reactive, self-initiated, or patrol time catego
ries. Typical administrative activities include on-duty court 
time, personal time (e.g., for meals), patrol car maintenance, 
training, and agency administrative duties. (Non-permanent 
special assignments such as long-term training and duty at the 
state fair are accounted for in the "shift relief factor" for the 
agency that is computed as part of the PAM procedures.) 

Autonomous Patrol Areas 

The PAM procedures are designed to determine total staffing 
requirements for "autonomous patrol areas"; that is, geographic 
areas which exhibit the following charaoteristics: 

o virtually all of the CFS that originate in the area 
are handled by troopers assigned to the area (or 
conversely, few CFS are handled by troopers assigned 
to other areas) : 

o troopers assigned to the area are rarely assigned to 
CFS outside of the area; and 

o although troopers may be assigned to specific geo
graphic subdivisions within the area for patrol, a 
trooper may be dispatched, if required, to a CFS 
anywhere within the area. 

In some state agencies, each police district or trooper zone 
operates as an autonomous patrol area (APA). In other states, 
with larger geographic areas, one district may consist of several 
counties with each county serving as an APA. 

Total Staff Requirements 

To determine the total staff requirement for a state-wide 
agency, the PAM model is used in the following way: 

1. The entire state is subdivided into a number of au
tonomous patrol areas (APAs). The APAs shOUld cover 
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the entire state and should not overlap. 

2. The PAM procedures are used to determine the total 
staffing requirement for each APA. 

3. The total staffing requirement for the entire state 
is obtained by adding the staffing numbers for all 
of the APAs. (The resulting total may need to be 
supplemented with additional personnel assigned to 
the central or regional headquarters of the agency.) 

The PAM model uses the following steps to determine the total 
staffing requirements within each APA: 

1. Determine the average daily on-duty police services 
staff requirement (i.e.; the number of troopers re
quired to meet the administrative, reactive, self
initiated, and patrol requirements). The resulting 
number of troopers is then adjusted for the use of 
two- officer patrol units, specialized units, and, 
if applicable, minimum staffing require~ents. 

2. Determine the average number of on-duty field super
visors required to support the average daily on-duty 
trooper requirement. The number of troopers may be 
adjusted to account for patrol workload performed by 
field supervisors. 

3. Determine the total staff requirement (i.e., the 
total number of personnel needed, both on and off
duty, to provide the required on-duty patrol 
presence) for the APA. The total staff requirement 
will include troopers, field supervisors, and staff 
and command personnel. 

Average Daily On-Duty Trooper Requirement 

The PAM model determines the average number of on-duty 
troopers that will be required each day (i.e., within each 24-
hour period) based on the following formula (see Appendix D in 
the Guide for a derivation of this formula): 

+ 
N = 

1 
60 60 

where: 
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N 

1 

60 

the average number of on-duty troopers re
quired per day (i.e., per 24-hour period), 

the average number of on-duty troopers re
quired per day to service all CFS and acci
dents in the APA, 

the average number of on-duty troopers re
quired per day to provide the specified level 
of patrol in the APA, 

a constant, 

the average number of minutes per hour spent 
on administrative activities by each on-duty 
trooper, 

the average number of minutes per hour spent 
on self-initiated activities by each on-duty 
trooper, and 

a constant. 

Much of the effort required to use the PAM model is spent deter
mining appropriate values for Nr , N , ms ' and ma based on the 
workload level, operational pOl1cie~, and highway and traffic 
characteristics of the agency and patrol area. The basis for 
deriving each of these values is outlined below. 

Number of troopers for reactive time workload (NrLo The 
average number of troopers required per day to provide service to 
all accidents and other CFS in the patrol area is based on the 
average total obligated time per day required for all accidents 
and other CFS and the agency shift length. 

Number of troopers for patrol time eN 1. The average number 
of troopers required per day to provide Batrol is based on two 
factors: 

o the number of troopers required to provide an ade
quate level of patrol visibility as measured by the 
"patrol interval" (i.e., the average time between 
trips past any given point on the highway); and 

o the number of troopers required to insure a timely 
response to CFS. 

The number of troopers required for visibility is based on the 
miles of highway to be patrolled, the hours of coverage per week, 
the average patrol speed, the shift length, and the desired 
patrol interval by highway type. As an example, a patrol inter
val of eight hours indicates that a trooper will be observed on 
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patrol on a given highway segment about once every eight hours or 
three times per day. 

Two criteria are available in the PAM model for determining 
the number of troopers required for a timely response to CFS. 
The number can be determined based on either: 

o the percentage of CFS for which a trooper is immedi
ately "available" (i.e., a trooper not currently 
involved in a CFS, self-initiated, or administrative 
activity), or 

o the average travel time to each CFS. 

The number of troopers required for immediate response is based 
on the average number of troopers required per shift for reactive 
time activities, the hours of coverage per week, and the immedi
ate response percentage set by the agency. Travel time values 
are based on the area of the patrol area (or highway miles for 
line patrol), the hours of coverage per week, the average re
sponse speed, the shift length, and the average travel time 
objective set by the agency. 

Self-initiated time per hour per trooper (msl. The PAM 
model does not attempt to directly determine tpe total number of 
troopers that are necessary for all self-initiated activities. 
To produce such a value would require an accurate measure of the 
total self-initiated workload for the agency (i.e., the total 
time that an agency should spend on these activities within the 
patrol area.) To avoid the difficulties associated with deter
mining this value, the PAM model focuses on the self-initiated 
effort of each trooper as :neasured by the historical or specified 
number of minutes per hour spent on self-initiated activities 
em). The PAM model allows the user to either directly specify a 
va~ue for ms or to derive a value based on self-initiated statis
tics from previous years. 

Administrative time per hour per trooper (mal. Paralleling 
the rationale for determining ms given above, the PAM model does 
not attempt to determine the total administrative workload of the 
patrol force, but rather focuses on the amount of administrative 
time required per hour per trooper (ma ). The PAM model permits 
the user to eit~er directly specify a value for ma or to base it 
on agency exper1ence. 

Adjustments to the Average Daily Number of On-Duty Troopers 

The initial value for t~e average number of on-duty troopers 
required per day is examined to determine whether additional or 
fewer troopers are needed because of: 

o the use of two-trooper patrol units, 
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o patrol provided by troopers assigned to specialized 
units, and 

o minimum staffing levels. 

Average Daily Number of on-Duty Field Supervisors 

The average number of on-duty troopers required per day 
serves as the basis for determining th·! number of on-duty field 
supervisors that will be required. Two factors are used to 
determine the final number of on-duty troopers and supervisors: 
(1) the average number of troopers supervised by each field 
supervisor (set by agency policy), and (2) the fraction of each 
field supervisor's time that is spent on patrol (or non
supervisory) activitie~. 

Total Staff Requirements 

Worksheet 8 of the PAM model is used to determine the total 
number of personnel, both on- and off-duty, required to support 
the average number of on-duty troopers and field supervisors 
required per day. The total number of personnel consists of 
troopers, field supervisors, and staff and command personnel. 
The total number of troopers and field supervisors is based on 
the shift relief factor for the agency. This factor indicates 
the average number of persons required to staff one shift posi
tion every day, and is based on the shift length of the agency 
and the average number of on-duty patrol hours that can be ex
pected from each officer per year. 

The number of staff and command personnel required is deter
mined in one of two ways: either the user specifies the number of 
personnel required directly, or determines the number required 
based on the current rank and staffing distribution of the agen
cy. 

Total Staff Allocation 

The final worksheet in the Manual (Worksheet 9 in Chapter 4) 
is used to determine staff allocation over several geographic 
areas based on the PAM staffing estimates for each APA and the 
actual total number of staff personnel available for the deploy
ment. Although the discussion in this section and Chapter 4 
refers only to the allocation of staff over several APAs (i.e., 
over geographic "areas"), the logic of the allocation procedures 
can be applied equally 'well for staff allocation over time peri
ods or domains (e.g., over shifts or days of the week). However, 
to use Worksheet 9 for different time areas requires that PAM 
staffing estimates must be determined for each time period of 
interest withi~ each APA. 
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Worksheet 9 can be used to determine two kinds of alloca
tions. 

unconstrained Allocation 

Unconstrained allocation refers to a redistribution of all 
available staff among several APAs according to the relative 
percentage of staff in each APA based on the staff estimates 
determined by the PAM model. Such an allocation is called 
"unconstrained" because it is possible that a reallocation of the 
total staff may produce a deployment in which some APAs gain 
staff and other APAs lose staff. 

Constrained Allocation 

Constrained allocation refers to a reallocation of staff 
under the following limitations: 

o if the total staff is to be increased, no APA will 
lose staff because of the reallocation, or 

o if the total staff is to be decreased, no APA will 
gain staff because of the reallocation. 

The process for determining the allocation under these limita
tions consists of the following steps: 

1. The results of the unconstrained allocation are 
used to identify each APA as either over or under
staffed. 

2a. If the total staff is to be increased, the addi
tional staff (i.e., the difference between the 
current total staff and the final total staff) is 
allocated, based on the PAM staffing estimates for 
each APA, only to those APAs that are currently 
understaffed; (Staffing levels for overstaffed APAs 
remain unchanged.) or 

2b. If the total staff is to be decreased, the staff 
reduction (i.e., the difference between the current 
total staff and the final reduced total staff) is 
allocated, based on the PAM staffing estimates for 
each APA, only to those APAs that are currently 
overstaffed. (Staffing levels for understaffed 
APAs remain unchanged.) 

It is possible under the limitations of constrained allocation 
that, even after reallocation, some APAs may still be over or 
understaffed. 
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Limitations of the PAM Model 

The PAM model, as presented in this document, should be 
viewed as a generic procedure which must be adapted to fit the 
mission, physical environment, highway system, and operational 
idiosyncrasies of each state agency_ The missions of state-wide 
law enforcement departments in the United states range from full
service state police agencies to highway patrols limited almost 
exclusively to traffic responsibilities. The varieties of agency 
missions, in turn, exist within a wide range of environmental and 
highway settings. 

In addition, there are a number of issues which, although 
addressed in a general sense in the PAM model, represent rela
tionships and circumstances for which additional research and 
operational experience are needed. Some of these areas include: 

o the impact of local law enforcement agencies upon 
the mission and resource requirements of state 
agencies; 

o the relationship between the amount of self-initiat
ed work and various highway and traffic characteris
tics; 

o the determination of travel time for large non-urban 
areas with sparse highway systems; and 

o the determination of staffing requirements for high
volume, high-density, urban interstate and express
way systems. 
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CHAPTER 3: PAM Instructions and Worksheets for 
Determining Total staff Requirements 

Introduction 

This chapter provides a systematic format and process for 
determining the total staff requirements for state-wide agencies 
providing police traffic services in autonomous patrol areas. 
The process is presented in a series of eight worksheets enti
tled: 

Worksheet 1: Operations, Worlcload, ar,d Highway Data 

Worksheet 2 : Administrative Time 

Worksheet 3: Reactive Time 

Worksheet 4: Proactive Time - Self-initiated 

Worksheet 5: Proactive Time - Patrol 

Worksheet 6: Average Daily Number of On-Duty Troopers 

Worksheet 7: Special Assignments and Field Supervision 

Worksheet 8: .Total Staff Requirement 

Worksheet Format 

The same format for data entry and calculation is utilized 
within each worksheet. The beginning and end of each section or 
procedure in the worksheet is identified with a double line. 
Each section, in turn, consists of a series of individual steps. 
For each step, a numeric value is obtained and recorded in a box 
on the right-hand side of the worksheet. Each box is labeled 
with a numeric identifier to facilitate reference to values that 
are used in later steps or worksheets. The numeric value that is 
recorded for each step iF obtained in one of four ways: 

I 
. I 

o data co lect1on, 

o policy decision, 

o referenced from an earlier step, or 
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o calculated using the method or formula given in the 
worksheet based on numeric quantities from previous 
steps. 

Two methods are used to highlight important results: 

1. The box is drawn with double lines, and/or 

2. A letter notation, shown in parentheses to the right 
of the box, is used to identify the result. 

Preceding each worksheet is a brief description of its pur
pose followed by instructions for individual steps and the antic
ipated source of required data items; that is: data collection 
(D), policy decision or current agency practice (P), referenced 
value (R), or calculation (C). 

For some procedures, more than one method is available for 
obtaining a particular data item. When two or more options are 
presented, they are separated by a pair of horizontal lines with 
the word "OR" between them. 

Terminology. Notation. and Key Assumptions 

Appendix B in the Guide presents definitions for key terms 
that are used in the PAM instructions and worksheets. The appen
dix also lists and identifies all notations that are used in the 
worksheet formulas. 

Within the Manual, the term "patrol" is defined and used in 
two ways. The specific or nar,row definition of patrol refers to 
one of the four time categories used in the PAM model. (See 
discussion in Chapter 2.) The "patrol" time category includes 
time spent in the field while not engaged in reactive, self
initiated, or administrative activities. This definition of 
patrol is sometimes referred to as "preventive patrol" or "uncom
mitted time" by other authors. The total patrol time per hour 
equals the time left over when the average number of minutes per 
hour that are spent on reactive, self-initiated, and administra
tive activities are subtracted from 60 minutes. When the generic 
or more traditional definition of patrol is used, it refers to 
all field activities; that is, this definition of "patrol" in
cludes some of the activities associated with the reactive, self
initiated, administrative, and patrol activities used in the PAM 
model. The appropriate meaning of "patrol" in the Manual is 
indicated by the context in which it is used. 

The PAM model is based on a number of assumptions that are 
identified in the instructions preceding each worksheet. Two key 
assumptions that should be kept in mind are: 

1. The total staff requirement determined with the 
worksheets is only applicable to autonomous patrol 
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areas (APA). If a district or zone consists of more 
than one APA, the total staffing requirement for the 
district or zone is obtained by determining the 
staffing requirement for each APA and then adding 
the results together. 

2. The procedures used in worksheets 1-5 and section 
6.1 of Worksheet 6 assume the use of only one troop
er for each patrol unit. As a result, the phrases 
"number of troopers" and "number of patrol units" 
are used interchangeably. An adjustment for the use 
of two-trooper patrol units is presented in Section 
6.2 in Worksheet 6. 
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Instructions for Worksheet 1: Operations, Workload, and Highway Data 

Worksheet 1 is used to identify most of the data items that 
will be used in worksheets 2-8. Worksheet 1 is not a complete 
list of all of the data items that may be needed since several of 
the worksheets permit the use of optional procedures, each re
quiring a slightly different set of data items, to obtain a 
particular result. (A complete list of all input data items is 
presented in Appendix A in the Guide.) 

Some of the procedures permit the user to provide data for 
three categories of highways within an APA: controlled-access, 
primary, and secondary. Federal definitions for each highway 
type are provided in Appendix B in the Guide. Some users may 
prefer to modify these definitions to make better use of data 
sources within their agency or jurisdiction which rely on differ
ent highway type definitions. It is not necessary to use all 
three highway types and, if needed, additional highway types can 
be added with slight modifications to the model. 

Instructions for Individual Steps 

1.1 Name of the autonomous patrol area (usually a district, zone, 
or county) (D). 

1.2 Operations Data for the APA 

1.2.1 Shift length is the number of hours each trooper is on 
duty for one tour br watch or shift (P). If shift 
length varies by trooper or assignment, an average 
value should be used. 

1.2.2 The average number of "on-duty" hours per year per 
trooper refers to the actual number of hours that a 
trooper appears for regular auty each year (D). This 
number should include both regularly scheduled on-duty 
time and paid overtime. (See discussion below about 
"off-duty" time.) 

The average number of actual on-duty hours may be 
determined in a number of ways. The agency may have a 
system that keeps track of the number of on-duty 
patrol hours for each trooper. The average nUmber of 
hours is obtained by adding all of the on-duty patrol 
hours and dividing by the number of troopers. In some 
agencies, it may be easier to determine the average 

3 - 4 



version 4.0 - July 1991 

on-duty hours per year per trooper by assuming that 
each trooper works one shift on patrol every day and 
then subtracting the average number of off-duty hours 
per year per trooper. If this method is used, paid 
overtime hours must be added to the total number of 
on-duty hours. 

"Off-duty" time consists of: 

(1) regular days off (e.g., two days off per 
week), 

(2) benefit days off (i.e., time off for vaca
tions, holidays, illness, compensatory time, 
etc.) Note: only compensatory time off in 
excess of straight time is counted as time off 
(e.g., if a trooper works two days of overtime 
at time and a half, the trooper receives a 
total of three days of compensatory time. 
Only the excess or "benefit" time of one day 
is counted as time off in computing the aver
age time off per year.), and 

(3) special assignments which remove the trooper 
from field operations (e.g., training that 
lasts for more than one day). Roll-call 
training is included in administrative time 
(ma ) • 

1.2.3 Average number of troopers to be supervised by one 
field supervisor (P). 

1.2.4 Percentage of field supervisor on-duty time spent on 
patrol activities (D). 

"Patrol activity" refers to any activity that would be 
performed by a trooper if the field supervisor was not 
present. Alternatively, patrol activities for field 
supervisors can be thought of as all non-supervisory 
activities. The percentage is a number between 0 and 
100. A value of 0 indicates that each field supervi
sor spends no (zero) time on patrol activities. A 
value of 50 indicates that each field supervisor spend 
an average of 50% of his/her time on patrol activi
ties. 

1.2.5 Patrol operations - controlled-access highways 

1.2.5.1 Coverage per week (P) (D). 

The number of hours that controlled-access 
highways in the patrol area are covered per 
week. A highway is considered "covered" during 
a shift if at least one trooper has patrol 
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Average 
Coverage 
(hrs/wk) 

where: 

= 

responsibility for the highway. Note that a 
"covered" highway does not imply that the pa
trol level is adequate; merely that at least 
one unit has patrol responsibility for it 
whether it can provide adequate coverage or 
not. 

Coverage is expressed in hours per week (i.e., 
a number between 0 hours (no coverage) and 168 
hours (coverage 24 hours per day, seven days a 
week). Coverage in shifts per week can be 
easily converted to hours; e.g., 

Patrol Coverage, 
Number of 8-Hours 
Shifts per Week 

21 

14 

5 

Patrol Coverage, 
Number of Hours 

Per Week 

168 

112 

40 

If coverage varies by highway location, deter
mine an overall average level of coverage based 
on the following formula (assumes three cover
age levels): 

Hours of coverage for segments 1, 2, 
and 3. 

Miles of segments 1, 2, and 3. 

1.2.5.2 Average patrol speed (D). 

The average speed (MPH) of units while on "pa
trol" only (i.e., it does not include the aver
age speed during travel to an accident or other 
CFS or travel while performing administrative 
or self-initiated activities). This value can 
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be determined by dividing the miles driven per 
shift (excluding miles driven for reactive, 
self-initiated, and administrative activities) 
by the time spent on patrol during the shift. 
Patrol time equals the shift length minus time 
spent on accidents, other CFS, self-initiated, 
and administrative activities. Note that pa
trol time includes time spent on stationary 
patrol and time spent on moving patrol even 
when speeds are reduced because of traffic vol
umes or control devices. 

1.2.5.3 Patrol interval performance objective (P). 

The patrol interval indicates the frequency 
with which·a trooper will pass a given point on 
a highway. Measured in hours, it is the aver
age length of time a stranded motorist would 
have to wait for a trooper to come by on pa
trol. As the patrol interval objective is low
ered, the number of troopers required in
creases. As examples, consider the table below 
(based on 8-hour shifts): 

Patrol 
Interval Patrol Frequency 
(hours) (times past fixed location) 

2 4 times per shift 

4 2 times per shift 

8 once a shift 

24 once per day 

168 once per week 

Note that "patrol interval" and "patrol cover
age" are not directly related. Patrol coverage 
merely indicates responsibility for patrolling 
a highway segment. The patrol interval deter
mines the extent or intensity of the coverage. 

1.2.6 Patrol operations - primary highways 

See instructions for steps 1.2.5.1 - 1.2.5.3. 

1.2.7 Patrol operations - secondary highways 

See instructions for steps 1.2.5.1 - 1.2.5.3. 
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1.3 Workload Data for the APA 

1.3.1 Total number of days in the sample period (D). 

Collect accident and other CFS data for the previous 
1, 2, or 3 years. 

1.3.2 Total number of accidents during the sample period (D). 

Total number of accidents serviced or investigated by 
the agency during the sample period. Includes acci
dents in which the agency provides bac}~up services. 

1.3.3 Average service time (hours) per accident (D). 

The average time required to handle one accident. The 
average time can be determined on the basis of a 
sample of 100 or more accidents. The average service 
time for an accident includes: 

- travel time to the accident, 

- on-scene time, 

- report writing time, 

- follow-up investigation time, and 

- time charged by all agency units assigned 
to the accident. 

Note that the average service time for accidents does 
not include dispatching time. 

1.3.4 Total number of other CFS during the sample period (D). 

Total number of other CFS handled by the agency during 
the sample period. Includes CFS for which the agency 
provides backup support. 

1.3.5 Average service time (hours) per other CFS (D). 

The average time required to process one CFS. The 
average time can be determined on the basis of a sam
ple of 100 or more other CFS. The average service 
time for a CFS includes: 

- travel time to the CFS, 

- on-scene time, 

- report writing time, 

- follow-up investigation time, and 
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- time charged by all agency units assigned 
to the CFS. 

Note that the average service time for other CFS does 
not include dispatchinq time. 

1.4 Roadway Data for the APA 

For steps 1.4.1 - 1.4.3, enter the number of miles in 
the patrol area for controlled-access, primary, and sec
ondary highways using either the highway type defini
tions provided in Appendix B in the Guide or an alter
nate set of definitions provided by the user. 

The total miles determined should be based on highways 
in the jurisdiction of the agency that are routinely 
patrolled by agency personnel. Highway miles within a 
municipality that are considered within the jurisdiction 
of the state-wide agency, but are not usually patrolled 
by state agency personnel would not be included. 

Note that if visibility or access to opposing lanes is 
limited (e.g., on some interstate highways and urban 
expressways), each direction of travel can be considered 
as a separate highway in determining total length. 
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WORKSHEET 1: Operations, Workload. and Highway Data 

Objective: Identify data items to be used for determining 
the number of state-wh~e traffic services person
nel wi thin an APA. r 

Method: Data is identified as either operations, work
load, or highway. 

1.1 Autonomous Patrol Area Name 

1.2 operations Data for the APA 

1.2.1 Shift length (hours) ..•.... 

1.2.2 Average number of on-duty 
hours per year per trooper . . • • 

1.2.3 Average number of troopers 
to be supervised by each 
field supervisor . . . . . 

1.2.4 Percentage of field supervisor 
on-duty time spent on patrol, 
reactive, and self-initiated 
activities . . . • • . . • . . 

3 - 10 

(1.1) 

(1.2.1) 

(1.2.2) 

[ 
(1.2.3) 

(1.2.4) 



Version 4.0 - July 1991 

1.2.5 Patrol operations - controlled-access highways 

1.2.5.1 Coverage per week (hours), 
(maximum value = 168) • • • 

1.2.5.2 Average patrol speed 
(MPH) • • • • • • • • 

1.2.5.3 Patrol interval 
performance objective 
(hours) • • • • • • • 

. . . 

1.2.6 Patrol operations - primary highways 

1.2.6.1 Coverage per week (hours), 
(maximum value = 168) • • • 

1.2.6.2 Average patrol speed 
(MPH) • • • • • • • • 

1.2.6.3 Patrol interval 
performance objective 
(hours) • . • • • . . 

1.2.7 Patrol operations - secondary highways 

1.2.7.1 Coverage per week (hours), 
(maximum value = 168) ••. 

1.2.7.2 Average patrol speed 
(MPH) • • • • • • • • 

1.2.7.3 Patrol interval 
performance objective 
(hours) . • • • • . • 
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1.3 Workload Data for the APA 

1.3.1 Total number of days in 
the sample period • • • 

1.3.2 Total number of accidents 
handled by the agency 
during the sample period • 

1.3.3 Average service time (hours) 
per accident • • • . • • • • 

1.3.4 Total number of other CPS 
handled by the agency 
during the sample period • 

1.3.5 Average service time (hours) 
per CFS • • • . • • • . . . . . • 

1.4 Highway Data for the APA 

1.4.1 Controlled-access highways 
(miles) ••••••••• • 41 • • 

1.4.2 primary highways (miles) ••••• 

1.4.3 Secondary highways (miles) •••• 
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Instructions for Worksheet 2: Administrative Time 

Worksheet 2 is used to determine the average number of 
minutes per hour per trooper spent on administrative activities 
(e.g., on-duty court time, range training, etc.). Either of two 
procedures can be used to obtain a value for the administrative 
time (rna). In section 2.1, the user specifies the value direct
ly. In section 2.2, the user determines the value based on 
agency administrative-workload information for the APA. Care 
must be taken in defining what agency activities will be included 
as administrative time to insure that all non-patrol time is 
included and tnat no activities are counted more than once. (See 
Section 3 in the Guide.) 

Instruction for Individual Steps 

2.1 User specifies average number of minutes per hour per trooper 
spent on administrative time (P). 

2.2 Determine ma based on the historical experience of the agency 
within the APA (D). 

2.2.1 Select a sample period (e.g., one year) and collect 
data that indicates the total amount of time (hours) 
spent by the patrol force on administrative activities 
during the sample period within the APA. 

2.2.2 Determine the number of on-duty hours provided by the 
patrol force within the APA during the sample period 
used for Step 2.2.1. 

2.3 Administrative Time 

User selects a value for ma based on either section 2.1 or 
2.2. 

Note that the value selected for ma (step 2.3) must satisfy 
the following condition: 

o 

-~~-----~-------

< 60. 
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This condition requires that the total administrative time 
per hour for administrative activities must be greater than 
or equal to zero minutes and less than 60 minutes. In prac
tice, administrative time per trooper is usually less than 20 
minutes per hour. 
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WORKSHEET 2: Administrative Time 

Objective: Determine the average number of minutes per hour 
per trooper to be spent on administrative activi
ties within the APA (ma ). 

Method: Based either on policy decision or historical 
experience. 

OPTION: Complete Section 2.1 Qr section 2.2. 

2.1 Average Number of Minutes Per Hour Per Trooper - policy 
Decision 

Select administrative time 
performance objective in minutes 
per hour per trooper . . . . • . 

Continue with section 2.3. 

OR 

(2.1) 

2.2 Average Number of Minutes Per Hour Per Trooper -
Historical Experience 

2.2.1 Total time (hours) spent on 
administrative activities within 
the APA during the sample period 

2.2.2 Total on-duty hours by patrol 
troopers within the APA during 
the sample period • • • • • • • • 
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2.2.3 Fraction of time spent on 
administrative activities, 
divide: (2.2.1) + (2.2.2) . . ., . 

2.2.4 Average number of minutes per 
hQur per trooper, multiply: 
(2.2.3) x 60 ••••••••• 

2.3 Administrative Time 

Minutes per hour per trooper, 
select either (2.1) or (2.2.4) 
(note: 0 ~ ma < 60 ) 

3 - 16 
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Instructions for Worksheet 3: Reactive Time 

Work~heet 3 is used to determine the average number of on
duty troopers (N~) that are needed each day to handle accidents 
and other CFS w1thin an APA. The average number of on-duty 
troopers required per day is determined with the formula: 

= 

Average Total obligated Time (hours) 
Per Day For Accidents and Other CFS 

Shift Length (hours) 

Derivation of this formula is presented in section D.1 in Appen
dix D in the Guide. 

sections 3.1 and 3.2 are used to determine the average 
obligated time per day for accidents and other CFS respectively. 
If desired, the "other CFS" category can be divided into subcate
gories (e.g., other agency assists, criminal calls, etc.) for 
informa'cional purposes. The total average obliga'ced time per day 
is obtained in step 3.3.1, and the number of on-duty troopers is 
calculated in step 3.3.3. 

Agencies that are using computer-aided dispatching (CAD) 
systems may be able to obtain the total obligated time data 
required for steps 3.1.3 and 3.2.3 directly. Agencies that use 
this approach should insure that the total time reported by the 
CAD system includes all of the elements of obligated time; i.e., 

o travel time to the scene, 

o on-scene time, 

o report writing time, 

o follow-up investigation time, and 

o time consumed by all units involved with the 
incident. 

3 - 17 
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WORKSHEET 3: Reactive Time 

= 

Objective: Determine the number of troopers required to 
handle accidents and other CFS within an APA 
(Nr > • 

Method: Based on the total time required to handle all 
accidents and other CFS, and the shift length. 

3.1 Daily service Time Requirement for Accidents 

3.1.1 Total number of accidents 
wl.'thin the APA during the 
sample period, use (1.3.2) 

3.1.2 Average service time (hours) 
for each accident, use (1.3.3) 

3.1.3 Total obligated time for 
accidents within the APA 

... during the sample period, 
multiply: (3.1.1) x (3.1.2) 
(or enter directly from CAD 
system) 

3.1.4 Total number of days in the 
sample period, use (1.3.1) • 

3.1.5 Average workload per day for 
accidents (hours), divide: 
{3.1.3} + (3.1.4) ••••• 
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3~2 Daily service Time Requirement for other CFS 

3.3 

3.2.1 Total number of other CFS 
within the APA during the 
sample period, use (1.3.4) . . . .. 

(3.2.1) 

3.2.2 Average service time (hours) c== 
for each CFS, use (1.3.5) •••. L-________ ~ 

3.2.3 Total obligated time for 
other CFS within the APA 
during the sample period, 
multiply: (3.2.1) x (3.2.2) 
(or enter directly from CAD 

3.2.4 Total number of days in the 
sample period, use (1.3.1) . 

3.2.5 Average workload per day for 
other CFS (hours), divide: 
(3.2.3) + (3.2.4) •.... 

(3.2.2) 

system) (3.2.3) 

(3.2.4) 

(3.2.5) 

Total Number of TrQopers Required per Day for Reactive Time 

3.3.1 Total average workload per 
day within the APA (hours), ] 
add: (3.1.5) + (3.2.5) . . .. 

(3.3.1) 

3.3.2 Shift length (hours) , 
use (1.2.1) . . . . . . . . . 

(3.3.2) 

3.3.3 Average number of on-duty 
troopers required per day 
within the APA to meet the [ ~ average daily workload, (Nr ) 
divide: (3.3.1) (3.3.2) . . . . . 

(3.3.3) 

= 
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Instructions for Worksheet 4: Proactive Time - Self-initiated 

Worksheet 4 is used to determine the average number of 
minutes per hour (ms ) each trooper spends on self-initiated 
activities within tlie APA. Three alternative procedures are 
available to determine ms' The user can either: 

(1) select the value directly based on agency policy 
(Section 4.1), 

(2) select the value indirectly by specifying a number 
of self-initiated contacts per shift per trooper, 
the shift length of the agency, and the average 
time per contact (based on agency experience within 
the APA) (Section 4.2), or 

(3) determine the value based on agency workload expe
rience within the APA (Section 4.3). 

Instructions for Individual Steps 

4.1 User selects the average number of minutes per hour per 
trooper to be spent on self-initiated activities within the 
APA (P). 

4.2 User selects ms based a performance objective of the average 
number of self-initiated contacts (i.e., warnings, citations, 
assists, etc.) per shift, the agency shift length, and the 
average time per contact within the APA (P) (D). 

4.2.1 Collect data to determine the totnl number of self
initiated contacts within the APA during a specified 
sample period (e.g., one year). 

4.2.2 Determine the total time (hours) spent on self-initi
ated activities by the patrol force within the APA 
during the same sample period used for step 4.2.1. 

4.3 Determine Ms based on agency experience within the APA (D). 

4.3.1 Determine the total time (hours) spent on self-initi
ated activities within the APA during a sample period 
(e.g., one year). Note: the total hours indicate the 
time actually spent handling self-initiated activites; 
i.e., issuing violations, assisting disabled motor-

3 - 20 
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ists, etc. It does not include the time spent in 
looking for the~e activities. 

4.3.2 Determine the total on-duty hours by the patrol force 
within the APA during the sample period used for step 
4.3.1. 

4.4 Proactive Time (Self-initiated) 

User selects a value for ms based on either section 4.1, 4.2, 
or 4.3. 

Note that the values s91~cted for m~ (section 2.3) and ms 
(Section 4.4) must satisfy the follow~ng conditions: 

o < 60, 

o < 60, and 

o < 60. 

These conditions require that the total time per hour for 
administrative activities, self-initiated activities, and for 
administrative and self-initiated activities combined must be 
greater than or equal to zero minutes and must be less than 
60 minutes. In practice, self-initiated time per hour is 
usually less than 15 minutes. 

The 
for 
ms} 
per 

PAM field test results suggest that the combined times 
administrative and self-initiated activities (i.e., ma + 
for most agencies falls into the range 15 - 30 minutes 
hour; i.e., 

15 30. 

It should be noted that the general structure of the PAM 
model is predicated on the assumption that the combination of 
administrative and self-initiated activities does not consume 
a majority of available patrol time (i.e, that m~m S 30 
minutes). The use of combined times for administrati~e and 
self-initiated activities greater than 30 minutes is not 
recommended. ---
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WORKSHEET 4: Proactive Time - Self-initiated 

Objective: Determine the average number of minutes per hour 
per trooper to be spent on self-initiated activi
ties within the APA (ms ). 

Method: Based either on policy decision or historical 
experience within the APA. 

OPTION: Complete Section 4.1 or section 4.2 or section 4.3. 

4.1 Average Number of Minutes Per Hour Per Trooper - Policy 
Decision (Direct) 

Select self-initiated performance 
objective for the APA, 
minutes per hour per trooper 

continue with section 4.4 

OR 

. . . . L_ 
(4.1) 

~.2 Average Number of Minutes Per Hour Per Trooper - Policy 
Decision (Indirect) 

4.2.1 Total number of self-initiated 
contacts within the APA 
during the sample period . . . 

4.2.2 Total time (hours) spent on 
self-initiated contacts within 
the APA by all troopers on 
patrol during the sample period 

3 - 22 
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4.2.3 ~v£~age time (hours) per 
self-initiated contact within L 
the APA during the sample period, 
divide: (4.2.2) + (4.2.1) ••.. ------~ 

4.2.4 Select number of self-initiated 
contacts per shift per trooper 
performance objective • • • . . • 

4.2.5 Shift length (hours), 
use (1.2.1) ••.••• 

4.2.6 Number of self-initiated 
contacts per hour per trooper, 
divide: (4.2.4) + (4.2.5) 

4.2.7 Self-initiated performance 
objective for the APA in minutes 
per hour per trooper, multiply: 
60 x (4.2.3) x (4.2.6) ..•... 

Continue with section 4.4 

OR 

(4.2.3) 

(4.2.4) 

[ 
(4.2.5) 

(4.2.6) 

(4.2.7) 

4.3 Average Num~er of Minutes Per Hour Per ~~0~per -
Historical Experience 

4.3.1 Total time (hours) spent on 
self-initiated contacts within 
the APA by all troopers on 
patrol during the sample period, 
(same as (4.2.2» ..•..... 

4.3.2 Total on-duty hours by troopers 
on patrol within the APA during 
the sample period, 
(same as (2.2.2» •.••.... 
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4.3.3 Fraction of time spent on 
self-initiated activities 
the APA during the ~ample 
divide: (4.3.1) + (4.3.2) 

within 
period, . . . . . 

4.3.4 Average number of minutes per 
hour per trooper to be spent on 
self-initiated activities within 
the APA, multiply: 60 x (4.3.3) . 

4.4 Proactive Time (Self-initiated) 

J 
(4.3.3) 

(4.3.4) 

Minutes per hour per trooper, I I 
select either (4.1) or (4.2.7) or [ (m

s
) 

(4.3.4) (note: 0 S ms < 60) . • . . . .. ~========~ 
(4.4) 

3 - 24 



Version 4.0 - July 1991 

Instructions for Work£heet 5: Proactive Time ~ Patrol 

Worksheet 5 is used to determine the number of troopers (N ) 
that are required for an adequate level of patrol to proviRe 
visibility for general deterrence and availability for the timely 
response to accidents and other CFS within the APA. 

3ection 5.1 is used to determine the number of troopers that 
are required to meet the ~atrol interval level specified by the 
user for each highway type within the APA. The formula for the 
number of troopers (used in steps 5.1.2.5, 5.1.3.5, and 5.1.4.5) 
is based on: 

0 the number of highway miles, 

0 the hours of patrol coverage per week, 

0 the average patrol speed (MPH) , 

0 the shift length (hours) , and 

0 the patrol interval (hours) set by agency policy. 

The total number of troopers required for patrol equals the sum 
of the number of troopers needed for each highway type (step 
5.1.5). The derivation of the formula used in steps 5.1.2.5, 
5.1.3.5, and 5.1.4.5 is presented in section 0.2 in Appendix D in 
the Guide. 

The number of troopers required for timely response is 
determined using either steps 5.2, 5.3, or 5.4. section 5.2 
determines the number of troopers that must be available to 
insure that at least one trooper will be available in the APA 
during the hours of coverage for immediate dispatch or action for 
a user-specified percentage of all accidents, CFS, and self
initiated activities. The number of required troopers is based 
on the number of troopers required for reactive activities, the 
immediate response percentage set by the agency, the hours of 
patrol coverage per week, and the values determined for ma and ms 
in worksheets 2 and 4. 

Two procedures are available for determining the number of 
troopers. A simplified procedure based on Table 3-1 is presented 
in Section 5.2. If the simplifying assumptions used in section 
5.2 are not valid, a supplemental worksheet in Appendix A can be 
used. For either procedure, the final number of patrol officers 
required is obtained from a table (either Table 3-1 for section 
5.2 or one of several tables in Appendix A) based on a queuing 
theory IDGdel that assumes that accidents, other CFS, and self-

-- ---- ~~-~-~~-~-
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initiated activities occur randomly and that service times are 
distributed exponentially. The derivations of the formulas and 
procedures used in section 5.2 and in the Supplemental Worksheet 
are presented in Section 0.3 in Appendix D in the Guide. 

sections 5.3 and 5.4 determine the number of troopers that 
must be available in the APA to provide a specified average 
travel time. Section 5.3 is used when patrol is provided over a 
designated geographic area and section 5.4 is used when a trooper 
is assigned to a line or linear patrol consisting of a highway 
segment only. 

The formula for the number of troopers required for area 
patrol (step 5.3.6) is based on the: 

o shift length (hours), 

o area (square miles) of the APA, 

o patrol coverage per week (hours), 

o average response speed (MPH), and 

o average travel time specified by the agency. 

The derivation of the formula for travel time for area patrol is 
presented in section D.4 in Appendix 0 in the Guide. 

The formula for the nu~ber of troopers required for line 
patrol (step 5.4.6) is based on the: 

0 shift length (hours), 

0 number of highway miles, 

0 pat.rol coverage per week (hours) , 

0 averag'e response speed (MPH) , and 

0 average travel time specified by the agency. 

The derivation of the formula for travel time for line patrol is 
presented in section 0.5 in Appendix 0 in the Guide. 

Whether response time is based on area or line patrol, the 
average response speed that is used should be equal to or greater 
than the average patrol speed used in Section 5.1. 

The average number of troopers per day for patrol eN ) is 
determined by calculating the number of troopers requirJa for 
visibility (step 5.1.5) and the number of troopers required for 
timely response (step 5.5) and using the larger of the two values 
(step 5.6). 
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Instructions for Indivinual Steps 

5.1 Patr~l Visibility 

5.1.2.3 In Worksheet 1, the average patrol speed (MPH) 
is defined as the average speed while on 
"patrol" only. Patrol is defined as total 
shift time minus time spent on reactive (i.e., 
accidents and CFS) , self-initiated, and admin
istrative activities. Some agencies make a 
distinction between "moving" and "stationary" 
patrol. The PAM model does not make this 
distinction and the average patrol speed used 
in the PAM model should be based on both moving 
and stationary patrol time. If the average 
patrol speed is known for moving patrol time 
only, it is possible to estimate the overall 
patrol speed with the formula given below. 

Average 
Patrol Speed 

(MPH) 
= 

Average 
Patrol Speed 

(moving) (MPH) 
x 

Fraction of 
Time on Moving 

Patrol 

As an example, if the average speed during 
moving patrol is estimated to be 40 MPH and 
moving patrol time represents approximately 50% 
of total patrol time, then the average patrol 
speed that should be used in the PAM model is 
20 MPH (i.e., 20 = 40 x .50). The fraction of 
time on moving patrol (a number between 0 and 
1) is obtained by dividing the percent of time 
by 100. Notice that if all patrvl time is 
spent on moving patrol, the average speed 
patrol for the PAM model equals the average 
speed for moving patrol. 

5.1.3.3 See discussion above for Step 5.1.2.3. 

5.1.4.3 See discussion above for Step 5.1.2.3. 

5.2 Patrol Availability - Immediate Response 

Determination of the number of troopers needed for immediate 
response in section 5.2 is based on three simplifying assump
tions: 

1. staffing is uniform over all shifts, 
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2. the values for ma (step 2.3) and m (step 4.4) are 
approximately 15 and 9 minutes per tour per trooper 
respectively, and 

3. the same user-specified immediate response perform-
ance objective is used for each shift. 

If any of these assumptions are not valid, the user should 
use the Supplemental Worksheet in Appendix A to determine the 
number of troopers needed to satisfy the immediate response 
performance objective. As a rule of thumb, shift staffing 
can be considered uniform if the proportion of staff on each 
shift is within 10% of exact uniform staffing level for each 
shift. The table below indicates the range of staffing for 
operations with 2, 3, and 4 shifts. 

Number 
of Shifts 

------~. Uniform Staffing -------
Percent of staffing on Each Shift 

Exact Range 

2 50.0 45.0 - 55.0 

3 33.3 30.0 - 36.7 

4 25.0 22.5 - 27.5 

5.2.6 Specify the percentage of calls for which at lea;:;\.: one 
trooper will be available for inu •• ediate dispatch {P}. 
Select a percentage value that corresponds to one of 
the columns in Table 3-1. The lowest value is 50% and 
the highest is 99%. 

5.2.7 Determine the number of troopers needed with Table 3-1. 

Using Table 3-1: 

o Examine the left-hand column of the table and 
select the row that is closest to the average 
daily number of troopers per shift (Step 5.2.5) 
that are needed to handle the obligated time 
workload (Nr ). 

o Read across the row until the percentage at the 
top of the column equals or exceeds the agency 
performance obj ecti ve 'percentage {step 5.2.6}. 

o The table entry indicates the average number of 
troopers that are needed on each shift to meet 
the agency specified percentage. Enter the 
table value in (5.2.7). 
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5.3 Patrol Availability - Travel Time for Area Patrol 
~ 

This section is used to deterlnine the average number of 
troopers required for patrol within the APA during hours of 
coverage to provide a user-specified average travel time 
response to CFS for area patrol (i.e, patrol activities not 
restricted to a highway segment). 

5.3.4 Average response speed (MPH) (D). 

The average speed of a patrol unit while responding to 
a CFS. The average speed is usually lower than antic
ipated due to factors that may delay or impede a 
responding unit (e.g., heavy traffic, cornering, etc.) 

5.3.5 Average travel time performance objective (minutes) (P). 

The average travel time performance objective required 
to respond to all accidents and other CFS within the 
APA specified by the agency. It is important to note 
that this procedure is based on the average travel 
time, not the maximum time. The number of troopers 
determined in step 5.3.6 will provide a level of 
trooper availability that will yield average travel 
times that will equal the performance objective value; 
that is, some travel times will be lower and some will 
be higher. The number of troopers obtained does not 
guarantee that the travel time will always be less 
than the agency-specified performance objective value. 

5.4 Patrol Availability - Travel Time for Line Patrol 

This section is used to determine the average number of 
troopers required for patrol within the APA during hours of 
coverage to provide a user-specified averagg travel time 
response to CFS for line patrol (i.e, patrol activities 
restricted to a highway segment). This step should only be 
used when troopers are assigned to specific highway segments 
with no responsibilities other than police services on the 
highway. 

5.4.3 The total number of highway miles for line patrol 
depends on the access between opposite direction 
lanes. If complete access is available, the number of 
highway miles to be patrolled will equal the length of 
the segment. If, however, no access is available 
between the opposing direction lanes except at each 
end of the segment and at a limited number of cross
over points, the "effective" number of highway miles 
to be patrolled will be greater than the length of tile 
segment. The chart below can be used to estimate the 
"effective" number of miles for line patrol that 
should be used for step 5.4.3. To use the chart, find 
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the row that best corresponds to the number and loca
tion of crossover points along the highway segment. 
The entry for step (5.4.3) is obtained by multiplying 
the length of the highway segment in miles by the 
value listed in the righthand column (Adjustment 
Factor) of the row. 

Number of 
Access Points 

2 

3 

4 

5 

Location 
of Access Points 

Each end of the segment . · 
Each end of the segment and 

middle of the segment . · 
Each end of the segment and 

two crossovers dividing 
the segment into thirds · 

Each end of the segment and 
three crossovers dividing 

Adjustment 
Factor 

· 3.000 

· 2.250 

· 1.889 

the segment into fourths .. 1.689 

6 Each end of the segment and 
four crossovers dividing 
the segment into fifths 1.560 

Unlimited Everywhere . . . . . . . 1.000 

5.4.4 See discussion for Step 5.3.4. 

5.4.5 See discussion for Step 5.3.5. 
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WORKSHEET 5: Proactive Time - Patrol 

Objective: Determine the number of troopers required within 
the APA to provide an adequate level of visibili
ty and availability. 

Method: Based on: (1) the patrol interval, and (2) the 
probability of immediate response to accidents 
and other CFS or the averagte travel time to 
accidents and other CFS. 

5.1 Patrol Visibility 

5.1.1 Shift length (hours), 
use (1.2.1) ..... 

5.1.2 Number of troopers needed per day 
for patrol on controlled-access 
highways in the APA 

5.1.2.1 Miles of highway, 
use (1.4.1) ••• . . . . . 

5.1.2.2 Hours of. coverage per 
week, use (1.2.5.1) • 

5.1.2.3 Average patrol speed 
(MPH), use (1.2.5.2) 

5.1.2.4 Performance objective 
patrol interval (hours), 
use (1.2.5.3) ••.••• 

3 - 31 

[----I 
(5.1.1) 

(5.1.2.1) 

(5.1.2.2) 

(5.1.2.3) 

(5.1.2.4) 

l 



---------------------------------------_ .. ------

Version 4.0 - July 1991 

Number of 
Troopers 
(5.1.2.5) 

= 

5.1.2.5 Number of troopers required 
per day to meet patrol 
interval performance 
objective for 
controlled-access 
highways with the APA, 
use the formula below . 

(5.1.2.5) 

Highway 
Miles 

(5.1.2.1) 
x 

Hours of Coverage 
Per Week 

(5.1.2.2) 

7 
Average 

x Patrol 
Speed 

(5.1.2.3) 

Shift 
x Length 

(5.1.1) 

Perf. Obj. 
x Patrol 

Interval 
(5.1.2.4) 

5.1.3 Number of troopers needed per day 
for patrol on primary highways in the APA 

5.1.3.1 Miles of highway, 
use (1.4.2) ... 

5.1.3.2 Hours of coverage per 
week, use (1.2.6.1) . 

5.1.3.3 Average patrol speed 
(MPH), use (1.2.6.2) 

5.1.3.4 Performance objective 
patrol interval (hours), 
use (1. 2 . 6. 3) . . . . . . 
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5.1.3.5 Number of troopers required 
per day to meet patrol 
interval performance 
objective for primary 
highways within the APA, 
use the formula below . . 

(5.1.3.5) 

Highway 
Miles 

(5.1.3.1) 
x 

Hours of Coverage 
Per Week 

(5.1.3.2) 

7 
Average 

x Patrol 
Speed 

(5.1.3.3) 

x 
Shift 
Length 

(5.1.1) 

Perf. Obj. 
x Patrol 

Interval 
(5.1.3.4) 

-----------------------------------------------------------------

5.1.4 Number of troopers needed per day 
for patrol on secondary highways i~ the APA 

5.1.4.1 Miles of highway, 
use (1.4.3) ... 

5.1.4.2 Hours of coverage per 
week, use (1.2.7.1) . 

5.1.4.3 Average patrol speed 
(MPH), use (1.2.7.2) 

5.1.4.4 Performance objective 
patrol interval 
(hours), use (1.2.7.3) 
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Number of 
Troopers 
(5.1.4.5) 

= 

5.1.4.5 Number of troopers required 
per day to meet patrol 
interval performance 
objective for 
secondary highways 
within the APA, use 
the formula below . . . • • 

(5.1.4.5) 

Highway 
Miles 

(5.1.4.1) 
x 

Hours of Coverage 
Per Week 

(5.1.4.2) 

7 
Average 

x Patrol 
Speed 

(5.1.4.3) 

x 
Shift 
Length 

(5.1.1) 

Perf. Obj. 
x Patrol 

Interval 
(5.1.4.4) 

5.1.5 Total number of troopers 
required per day to meet 
patrol interval performance 
objective within the APA, add: 
(5.1.2.5) + (5.1.3.5) + (5.1.4.5) 

(5.1.5) 

OPTION: Complete Section 5.2 or section 5.3 or section 5.4 ~ 
the Supplemental Worksheet in Appendix A. 

5.2 J:1atrol Availability - Immediate Response 

5.2.1 Shift length (hours), 
use (1,2,1) ..... 
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5.2.2 Coverage per week (holl,rs), 
(maximum value = 168) 

5.2.3 Calculate the effective 
number of shifts per day 
based on the formula below 

= 

Coverage Per 
Week (hour~,) 

(5.2.2) 

(5.2.2) 

(5.2.3) 

Effective 
Number of 
Shifts Per 
Day (5.2.3) Shift Length 

7 x (hours) 

5.2.4 Average daily number of 
on-duty troopers for 
reactive time, use (3.3.3) 

(5.2.1) 

[ 
(5.2.4) 

] 

5.2.5 Average daily number of r==' 
on-duty troopers per shift (Nrs)' ~ 
divide: (5.2.4) + (5.2.3) ..•. ~--------~ 

5.2.6 Performance objective, 
percentage of accidents, CFS, 
and self-initiated activities, 
immediate response (a number 
between 50 and 99) . . . . • . 

5.2.7 Number of troopers required 
per shift, use (5.2.5), 
(5.2.6), and Table 3-1 •.. 

5.2.8 Total number of patrol troopers 
required per day within the APA to 
provide immediate response to the 
performance objective percentage 
of accidents and CPS, either 
multiply: (5.2.3) x (5.2.7) or 
enter value from Step (A.7) ..• 
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(5.2.6) 

(5.2.7) 

(5.2.8) 

(PIR%) 
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Table 3-1 0 
=:s 

Number of Patrol Troopers Required To Provide Immediate Response ~ 

Capability Based On the Average Number of Reactive Troopers 0 
Required and the Selected Response Percentage (Ks = 0.25) , 

q 

----- Performance Objective Immediate Response Percentage (PIR%) (5.2.6) ~ 
I-' 

Number of '< 
Reactive Troopers 50 60 70 75 80 85 90 95 97 98 99 I-' 

(Nrs ) (5.2.5) \0 
\0 
I-' 

.05 0.3 0.4 0.6 0.8 0.9 1.1 1.4 2.0 2.4 2.7 3.3 

.10 0.3 0.5 0.7 0.8 1.0 1.2 1.5 2.1 2.5 2.8 3.4 

.15 0.3 0.5 0.8 0.9 1.1 1.3 1.6 2.2 2.6 2.9 3.5 
w 

.20 0.4 0.6 0.8 1.0 1.1 1.3 1.7 2.2 2.7 3.0 3.6 

w .25 0.4 0.6 0.9 1.0 1.2 1.4 1.7 2.3 2.8 3.1 3.7 

0'1 .30 0.5 0.7 0.9 1.0 1.2 1.5 1.8 2.4 2.8 3.2 3.8 

.40 0.5 0.7 1.0 1.1 1.3 1.6 1.9 2.5 3.0 3.4 4.0 

.50 0.6 0.8 1.0 ),,2 1.4 1.7 2.0 2.7 3.1 3.5 4.2 

.60 0.6 0.8 1.1 1.3 1.5 1.7 2.1 2.8 3.3 3.6 4.3 

.80 0.6 0.9 1.2 1.4 1.6 1.9 2.3 3.0 3.5 3.9 4.6 
1. 00 0.8 1.0 1-3 1.5 1.7 2.0 2.5 3.2 3.7 4.1 4.8 
1. 20 0.8 1.1 1-4 1.6 1.8 2.2 2.6 3.4 3.9 4.3 5.1 

1. 60 0.9 1.2 1.5 1.8 2.0 2.4 2.9 3.7 4.3 4.7 5.5 
2.00 1.0 1.3 1.7 1.9 2.2 2.6 3.1 4.0 4.6 5.0 5.9 
2.50 1.1 1.4 1.8 2.1 2.4 2.8 3.4 4.3 4.9 5.4 6.3 

3.00 1.2 1.5 2.0 2.3 2.6 3.0 3.6 4.6 5.2 5.8 6.7 
4.00 1.3 1.7 2.2 2.5 2.9 3.4 4.0 5.1 5.8 6.4 7.4 

5.00 1.5 1.9 2.4 2.8 3.2 3.7 4.4 5.5 6.3 6.9 8.0 
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continue with section 5.5. 

OR 

5.3 Patrol Availability - Travel Time for Area Patrol 

5.3.1 

5.3.2 

5.3.3 

5.3.4 

5.3.5 

5.3.6 

Shift length (hours), 
use (1.2.1) . . . . · · · · · · · (5.3.1) 

Coverage per week (hours) 
(maximum value = 168) · · · · (5.~.2) 

Area (square miles) of the [ 
APA . . . . . . · · · · · (5.3.3) 

Average response speed (MPH) 
(equal to or grea~er than 
average patrol speed) · · · · · · (5.3.4) 

Average travel time performance 
objective (minutes) · · · 
Number of troopers required 
the APA to meet the average 
time performance objective 

5.3.6.1 

K = 

Calculate It based 
formula below · 

Speed (MPH) 
(5.3.4) 

3 - 37 

· 
on 

40 

x 

· · · · (5.3.5) 

within 
travel 

[ 
· · · (5.3.6.1) 

Time (min) 
(5.3.5) 

l 

(It) 
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= 

5~3.6.2 Calculate K x K, multiply: 
(5.3.6.1) x (5.3.6.1) ... 

5.3.6.3 Number of troopers 
required, use the 
formula below . . . .. . . . 

K2 
(5.3.6.2) 

x Area 
(5.3.3) 

x 

(5.3.6.2) 

(5.3.6.3) 

Coverage Per 
Week (Hours) 

(5.3.2) 
No. of 
On-Duty 

Troopers, 
Area Patrol 

(5.3.6.3) 7 x 
Shift Length 

(hours) 
(5.3.1) 

continue with section 5.5. 

OR 

5.4 Patrol Availability - Travel Time for Line Patrol 

5.4.1 Shift length (hours), 
use (1.2.1) ..... 

5.4.2 Coverage per week (hours), 
(maximum value = 168) 

5.4.3 Total highway miles to be 
patrolled within the APA . 

3 - 38 

(5.4.1) 

(5.4.2) 

. . . . 
(5.4.3) 
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5.4.4 Average response speed (MPH) 
(equal to or greater than 
average patrol speed) ... 

5.4.5 Average travel time performance 
objective (minutes) ...•••• 

5.4.6 Number of troopers required within 
the APA to meet the average 
time travel performance objective, 
use formula given below • • • • • 

(5.4.4) 

(5.4.5) 

.( 5.4.6) 

No. of 
On-Duty 

Troopers, 
Line Patrol 

(5.4.6) 

20 
Highway 

x Miles 
(5.4.3) 

x 
Coverage Per 
Week (Hours) 

(5.4.2) 
= 

Speed 
7 x (MPH) x 

(5.4.4) 

5.5 Patrol Availability 

Total troopers required within 

Time 
(min) 

(5.4.5) 

the APA, select either (5.2.8) ~ 
(5.3.6.3) .Q!: (5.4.6) ..•.•...••• 

Shift 
x Length 

(hours) 
(5.4.1) 

(5.5) 

5.6 Total Number of Troopers Required for Patrol 

Averag~ number of troopers (Np ) 
required per day for patrol 
within the APA, select the 
larger of (5.1.5) and (5.5) 

3 - 39 

(5.6) 

J 

l 
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Instructions for Worksheet 6: Average Daily Number of On-Duty 
Troopers 

Worksheet 6 uses information from worksheets 2, 3, 4, and 5 
to determine the average number of on-duty troopers that are 
needed per day within the APA. The formula for the average 
number of on-duty troopers (step 6.1.5) is based on: 

o the average number of on-duty troopers needed for 
reactive activities (Nr ), 

o the average number of on-duty troopers needed for 
patrol (Np )' 

o the average number of minutes per hour per trooper 
spent on administrative activities (ma ), and 

o the average number of minutes per hour per trooper 
spent on self-initiated activities (ms )' 

The derivation of the formula for step (6.1.5) is presented in 
section D.6 in Appendix 0 in the Guide. 

sections 6.2 and 6.3 are used to add troopers to account for 
the use of two-trooper patrol units and the presence of minimum 
staffing requirements set by the agency. The derivation of the 
formula for adjusting the number of on-duty troopers for two
trooper units is presented in Section D.7 in Appendix D in the 
Guide. 

Instructions for Individual steps 

6.1 Number of On-Duty Troopers per Day - All One-Trooper Patrols (C) 

with the completion of step 6.1.5, it is possible to deter
mine how much time each trooper, on the average, will spend 
on each of the four work categories: reactive, self-initiat
ed, patrol, and administrative. The four times are given by: 

Administrative 
Time (min/hr) 

Self-Initiated 
Time (min/hr) 

= 

= 

rna (Step 2.3), 

ms (Step 4.4), 

3 - 40 
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Activities 
Time (mr.) 

(min/hr) 

Patrol 
Activities 

Time (min/hr) 

= 

= 60 
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Nr (3.3.3) x 60 
, and 

No (6.1.5) 

The four times will sum to 60 minutes. The time (in hours) 
~pent on each activity for an entire shift can be determined 
by dividing each time by 60 and multiplying by the shift 
length (in hours). 

6.2 Adjustment for Two-Trooper Patrol units (P). 

6.2.1 The percentage of time that patrol units are staffed 
with two troopers. A value of 0 indicates that no 
patrol units within the APA are staffed with two 
troopers while a value of 100 indicates that every 
patrol unit has two troopers. 

6.2.3 The adjustment factor is a number between 1 and 2 that 
is derived from the percentage entered for (6.2.1). 
The factor indicates the average number of troopers 
per unit. A value of 1 indicates an average of one 
trooper per unit (i.e., no two-trooper units are 
used). A value of 2 indicates that every unit has two 
troopers. 

6.3 Minimum Staffing Level 

The minimum number of on-duty troopers that must be available 
each day in the APA as determined by agency policy. 

3 - 41 

l 



version 4.0 - July 1991 

WORKSHEET 6: Average Daily Number of On-Duty Troopers 

Objective: Determine the average total number of troopers 
required per day within the APA. 

Me~hod: Combine the total number of troopers required for 
reactive (Hr) and patrol activities (ND) with the 
per trooper time requirements for selY-initiated 
(ms ) and administrative (ma ) activities. Adjust 
the required number of troopers based on the 
percentage of two-trooper patrols and, if ap
plicable, minimum daily staffing levels. 

6.1 Number of on-Duty T:oopers par Day - All ona-Trooper Patrols 

6.1.1 Administrative time - minutes 
per hour per trooper, 
use (2.3) •••••••• 

6.1.2 Average number of troopers 
required per day to meet 
reactive time workload, 
use (3.3.3) ••••••••• 

6.1.3 Self-initiated time - minutes 
per hour per trooper, 
use (4.4) •••••••••• 

. . 

. . 
6.1.4 Average number of troopers 

required per day to meet patrol 
time requirements, use (5.6) •• 

6.1.5 Average total number of on-duty 
troopers required per day for 
all patrol activities within the 
APA, one trooper per unit, 
use the formula below • • • • • • • 
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(6.1.1) 

(6.1.2) 

(6.1.3) 

(6.1.4) 

J 
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Average Total Number 
of On-Duty Troopers 
Per Day ( 6. 1. 5) 

= 

1 

Nr (6.1.2) + 

ma (6.1.1) 

60 

6.2 Adjustment for Two-Trooper Patrols 

Np (6.1. 4) 

ms (6.1.3) 

60 

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 time patrol 
units within the APA are 
staffed with two troopers 

6.2.2 Fraction of time patrol 
units within the APA are 
staffed with two troopers, 
divide: (6.2.1) + 100 

6.2.3 Adjustment factor: average 
number of troopers per unit, 
add: 1 + {6.2.2} •.•• 

6.2.4 Average total number of on-duty 
troopers required per day for all 
patrol activities, multiply: 
(6.1.5) x (6.2.3) ••••••.• 
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(6.2.1) 

(6.2.2) 

(6.2.3) 

(6.2.4) 

I 
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6.3 Adjustment for Minimum staffing Levels 

Note: If m~n~mum staffing levels are not used, enter (6.2.4) 
into (6.3.2) and continue with Worksheet 7. 

6.3.1 Average minimum number of on-duty 
troopers required per day for all 
patrol activities, based on 
agency policy • • • • • . • • . • 

6.3.2 Average daily number of on-duty 
troopers required for all patrol 
activities (No)' select the 
larger of (6.2.4) and (6.3.1) 

3 - 44 

(6.3.1) 

(6.3.2) 
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Instructions for Worksheet 7: special Assignments and 
Field Supervision 

Worksheet 7 is used to determine the impact of special 
assignment units (e.g., inspections, weights, accident investiga
tion, etc.) on total patrol staffing and the number of field 
supervisors required in the APA. 

The impact of special assignment personnel is based on the 
number of on-duty troopers required for the specialized unit 
(specified by the agency) and the percentage of patrol work, if 
any, performed by the specialists. The procedure assumes that 
special assignments are permanent (i.e., that they will continue 
for an indefinite period of time). staffing for non-permanent or 
temporary assignments such as traffic and crowd control at spe
cial events (e.g., a state fair) is usually dependent on local 
characteristics that are beyond the scope of the PAM model! 

The number of field supervisors is based on the span of 
supervision (i.e., the average number of troopers that report to 
each field supervisor) set by agency policy and the amount of 
patrol work done by each field supervisor. 

The derivations of the formulas used for steps 7.1.6, 
7.2.1.6, 7.2.2.6, 7.2.3.6, 7.2.4, and 7.3.1 are presented in 
Section 0.8 of Appendix 0 in the Guide. 

Instructions for Individual Steps 

Since field supervisors, and troopers assigned to special 
assignments, may spend part of their time performing patrol 
activities, the addition of field supervisors and special assign
ment personnel to the patrol force may reduce the number of full
time (i. e., non-supervisory and non-special assignment) troopers 
that are needed. The number of on-du,ty troopers determined in 
sections 7.1 and 7.2 consists of an adjusted number of full-time 
troopers and the number of troopers used for special assignments. 

7.1 Number r.f full-time, on-duty troopers required per day, 
adjusted tor field supervisors (P,D,C) 

7he adjusted number of full-time, on-duty troopers (Nao ) is 
based on the number of troopers (No) derived in step 6.3.2, 
the average number of troopers supervised by each field 
supervisor (step 7.1.1), and the percentage of on-duty time 
field supervisors spend on patrol activities (i.e., time 
spent on reactive, self-initiated, patrol, and non-superviso
ry administrative work), (step 7.1.2). If field supervisors 
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spend llQ time on patrol activities, then the adjusted number 
of full-time, on-duty troopers required is unchanged (i.e, 
Nao = No> . 

7.2 Number of on-duty troopers required per day, adjusted for 
special assignment personnel (D/C) 

If special assi9nment personnel are used, section 7.2 can be 
used for up to three types of special assignments and can 
easily modified by the user if more than three are needed. 
The adju5tment is based on the adjusted number of full-time, 
on-duty troopers (NaQ > deriv~d in step 7.1.6, the number of 
on-duty troopers requ~red for special assignments (i.e., .al' 
NS2' an(i N.sS from steps 7.2.1.1, 7.2.2.1, and 7.2.3.1) 1 and 
the percentage of time special assignment personnel spent on 
patrol activities (i.e., time spent on reactive, self-initi
ated, patrol, and patrol-related administrative work) (steps 
7.2.1.2,7.2.2.2, and 7.2.3.2). The final adjusted value for 
the number of on-duty troopers required per day (Not> is 
detenained in step 7.2.4 and includes both full-time patrol 
troopers and troopers on special assignment. 

Note that the number of full-time, on-duty troopers per day 
(Nft ) is given by: 

= Not - NS1 - NS2 - Ns3 
(7.2.4) (7.2.1.1) (7.2.2.1) (7.2.3.1) 

7.3 Total number of on-duty field supervisors (Nos> required per 
day for the adjusted number of on-duty troopers (Not) (C) 

The number of on-duty field supervisors (N s) is based on the 
adjusted number of on-duty troopers (Not) ~rom step 7.2.4 and 
the number of troopers assigned to each field supervisor 
(step 7.1.1). The value determined for Nos in step 7.3.1 
includes supervisors for both full-time patrol troopers and 
troopers assigned to special units. 
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WORKSHEET 7: Special Assignments and Field Supervision 

Objective: Determine the revised on-duty troopers required 
per day because of the availabilitv of special 
assignment troopers for patrol and the number of 
field supervisors required per day. 

Method: The number of troopers for special assignments is 
based on the number of specialists assigned by 
the agency and the percentage of time each spends 
on field patrol activities. The number of field 
supervisors is based on the span of supervision 
(set by agency policy) and the percentage of 
field supervisor on-duty time spent on patrol 
activities. 

7.1 Number of Full-Time, on-Duty Troopers Required per Day, 
Adjusted for Field supervisors 

7.1.1 Average number of troopers to 
be supervised by each field 
supervisor, use (1.2.3) ••• . . . 

(7.1.1) 

7.1.2 Percentage of field supervisor 
on-duty time spent on patrol r 
activities (a number between 0 
and 100), use (1.2.4) • • ~--------~ 

7.1.3 Fraction of field supervisor 
on-duty time spent on patrol 
activities, divide: 
(7.1.2) + 100 ••••••• 

7.1.4 Total number of on-duty troopers 
required per day within the 
APA (N ) for all patrol 
activi~iesl use (6.3.2) ••••• 
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7.1.5 Adjustment factor (Rf), 
use formula below • • • . . . . . . '--____ J-I (Rt ) 

(7.1.5) 

Adjustment 
Factor (E t > 

(7.1.5) 

Troopers Per 
Field Super. 

(7.1.1) 
= 

Troopers Per 
Field Super. + 

(7.1.1) 

7.1.6 Adjusted daily number of 
full-time, on-duty troopers 
(Hao> required per 
day, use formula below ••. 

Adjusted Number of 
Full-Time, On-Duty 
Troopers Per Day 

(Hao > (7.1. 6) 
= x 

Fraction of Field 
Super. Ti.me on 
Patrol (7.1.3) 

II ~ h . . . 
(7.1.6) 

No. of On-Duty 
Troopers Per Day 

(No> (7. 1. 4) 

NOTE: If no special assignment personnel are to be included, 
enter (7.1.6) into (7.2.4) and continue with section 7.3. 
If special assignment personnel are to be included, con
tinue with section 7.2. 

7.2 Number of on-Duty Troopers Required Per Day, Adjusted 
for special Assignment Personnel 

7.2.1 Special Assignment 1 

7.2.1.1 Assign. 1 name 
(7.2.1.1) 
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7.2.1.2 Average number of 
on-duty troopers per 
day on specialized 
assignment 1 • • • . 

7.2.1.3 Percentage of on-duty 
time spent on patrol 
activities by troopers 
assigned to special 
assignment 1 (a number 
between 0 and 100) 

7.2.1.4 Percentage of on-duty 
time spent on non-patrol 
activities by troopers 
assigned to special 
assignment 1, subtract: 
100 - (7.2.1.3) •• 

7.2.1.5 Fraction of on-duty 
time spent on non-patrol 
activities by troopers 
assigned to special 
assignment 1, divide: 
(7.2.1.4) + 100 ••.... 

7.2.1.6 Adjusted daily number 
of on-duty troopers 
assigned to special 
assignment 1, use 

Adjusted Number 
on-Duty Troopers, 
Special Assignment 
1 (Nas1> (7.2.1.6) 

= 

formula below • • • • • . . 

Number 
On-Duty 
Troopers x 
S .A. 1 

(NS1 ) 
(7.2.1.2) 

3 - 49 

Fraction 
Time On 
Non-Patrol 
Activities 

(fsl ) 
(7.2.1.5) 

(7.2.1.2) 

1 
(7.2.1.3) 

(7.2.1.4) 

(7.2.1.5) 

(7.2.1.6) 

x 
Adjustment 
Factor (Rf ) 
(7.1.5) 
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NOTE: If personnel for a second special assignment are to be 
i:ncluded, complete 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. 

'7.2.2 Special A~signment 2 

7.2.2.1 Assign. 2 name 
(7.2.1.1) 

7.2.2.2 Average number of 
on-duty troopers per 
day on specialized 
assignment 2 •••• 

7.2.2.3 Percentage of on-duty 
time spent on patrol 
activities by troopers 
assigned to special 
assignment 2 (a number 
between 0 and 100) .... 

7.2.2.4 Percentage of on-duty 
time spent on non-patrol 
activities by troopers 
assigned to special 
assignment 2, subtract: 
100 - {7.2.2.3} •• 

7.2.2.5 Fraction of on-duty 
time spent on non-patrol 
activities by troopers 
assigned to special 
assignment 2, divide: 
(7.2.2.4) . 100 •••••• 

7.2.2.6 Adjusted daily number 
of on-duty troopers 
assigned to special 
assignment 2, use 
formula below • . • • . . • 
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Adjusted Number 
On-Duty Troopers, 
Special Assignment 
2 (NaS2 ) (7.2.2.6) 

= 

Number 
On-Duty 
Troopers x 
S.A. 2 

(Ns2 ) 
(7.2.2.2) 

Fraction 
Time On 
Non-Patrol 
Activities 

(t s2 ) 
(7.2.:L5) 

x 
Adjustment 
Factor (Rt) 
(7.1.5) 

NOTE: If personnel for a third special assignment are to be 
included, complete steps (7.2.3.1) through (7.2.3.6). If 
not, enter zero for step (7.2.3.6) and continue with step 
7.2.4. 

7.2.3 special Assignment 3 

7.2.3.1 Assign. 3 name 
(7.2.3.1) 

7.2.3.2 Average number of 
on-duty troopers per 
day on specialized 
assignment 3 .. . . . . . 

7.2.3.3 Percentage of on-duty 
time spent on patrol 
activities by troopers 
assigned to special 
assignment 3 (a number 
between 0 and 100) 

7.2.3.4 Percentage of on-duty 
time spent on non-patrol 
activities by troopers 
assigned to special 
assignment 3, subtract: 
100 - (7.2.3.3) ...• 
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7.2.3.5 Fraction of on-duty 
time spent on non-patrol 
activities by troopers 
assigned to special 
assignment 3, divide: 
(7.2.3.4) + 100 ...•.. 

7.2.3.6 Adjusted daily number 
of on-duty troopers 
assigned to special 
assignment 3, use 

Adjusted Number 
On-Duty Troopers, 
Special Assignment 
3 (Nas3 ) (7.2.3.6) 

= 

formula below . . • . . . . 

Number 
On-Duty 
Troopers x 
S .A. 3 

(NS3) 
(7.2.3.2) 

Fraction 
Time On 
Non-Patrol 
Activities 

(fS3) 
(7.2.3.5) 

7.2.4 Adjusted total daily number of 
on-duty troopers required per 
day, use formula below •... 

{7.2.3.5} 

(7.2.3.6) 

x 
Adjustment 
Factor (X t ) 
(7.1.5) 

{7.2.4} 

Adjusted Total 
Number of On-Duty 

Troopers Per 
Day (Not) 

(7.2.4) 

= Nao + Nas1 + Nas2 + Nas3 
(7.1.6) (7.2.1.6) (7.2.2.6) (7.2.3.6) 

3 - 52 



version 4.0 - July 1991 

7.3 Total Number of on-Duty Field supervisors Required 
Per Day for the Adjusted Number of On-Duty Troopers 

7.3.1 Total number of on-duty field [C· I superv~s~rs (Nos) required per day, ~ ~ (Nos> 
day, d1v1de: (7.2.4) + (7.1.1) ~========~ 

(7.3.1) 
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Instructions for Worksheet 8: Total Staff Requirements 

Worksheet 8 is used to determine the total staff needed to 
support the on-duty trooper and field supervisor requirements 
determined in worksheets 6 and 7. The total staff requirements 
for the APA are derived using the following procedure: 

o Sections 8.1, 8.2, and 8.3 are used to determine the 
total number of troopers and field supervisors, both 
on and off- duty, that are needed. 

o Section 8.4 or 8.5 and Section 8.6 are used to 
determine the total number of staff and command 
personnel that are required. 

o Section 8.7 is used to collect the results into a 
final tabulation of the total staff requirements for 
the APA. 

The total number of troopers and field supervisors required 
is determined based on the shift relief factor for the APA. The 
shift relief factor is defined as the average number of persons 
required to staff one shift position per day, 365 days a year. 
The shift relief factor for an APA is calculated with the follow
ing formula: 

Shift 
Relief 
Factor 

= 

Total Number of Hours To Cover One Shift 
Position Per Day, 365 Days Per Year 

Average Number of Actual On-Duty 
Hours Per Person Per Year 

The average number of actual on-duty hours per person per year is 
determined by the on- and off-duty pattern of the work schedule, 
the shift length, the benefit time policies (i.e., vacation time, 
holiday leave, sick leave, etc.) of the agency, and the extent to 
which troopers are used for non-patrol activities. For agencies 
with eight-hour shifts, shift relief factors usually fall between 
1.60 and 1.90. Derivation of the shift relief factor formula is 
presented in Section 0.9 in Appendix D in the Guide. 

Two options are available to determine the number of staff 
and command personnel. The user can either specify the number 
directly (Section 8.4) or the number can be obtained by determin
ing the average number of staff and command personnel for each 
trooper and field supervisor based on the current staffing prac
tices of the agency (Section 8.5). 
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Instructions for Individual steps 

8.4 The Number of Staff and Command Personnel - Agency Policy (P). 

This category should include all command personnel (e.g., 
lieutenants, captains, majors, etc.) and other staff person
nel (i.e., administrative, technical, etc.) that are needed 
for the supervision and support of the patrol force within 
the APA. The specific kinds of personnel included in this 
category will vary from agency to agency. 

8.5 The Number of Staff and Command Personnel - Historical 
Experience (D). 

See discussion for step 8.4. 
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WORKSHEET 8: Total Staff Requirements 

Objective: Determine total staff needed to support the re
quired daily on-duty field personnel. 

Method: Use the shift relief factor, daily on-duty staff 
requirements, and the number of staff and command 
positions based on either historical data or 
agency policy. 

8.1 on-Duty Troopers and Field Supervisors Required per Day 

8.1.1 Total number of on-duty 
troopers per day within 
the APA, use (7.2.4) ••.. 

8.1.2 Total number of on-duty field 
supervisors per day within 
the ,APA, use (7.3.1) . • • . . 

8.2 Shift Relief Factor 

8.2.1 Shift length (hours), 
use ( 1. 2 . 1) .•• . . . . . . 

8.2.2 Total hours on one shift 
during one year, multiply: 
365 x (8.2.1) •••••• 
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8.2.3 Average number of actual 
on-duty hours per year per 
trooper and field supervisor, 
use (1.2.2) ........ . 

8.2.4 Shift relief factor, 
divide: (8.2.2) + (8.2.3) . . . . 

(8.2.3) 

(8.2.4) 

8.3 Total Number of Required Troopers and Field supervisors 
within the APA 

8.3.1 Total number of troopers, 
multiply: (8.1.1) x (8.2.4) · · · (8.3.1) 

8.3.2 Total number of field 
supervisors, multiply: [ 
(8.1.2) x (8.2.4) . . . · · · (8.3. :,) 

8.3.3 Total number of troopers and 
field supervisors, add: 
(8.3.1) + (8.3.2) . . . · · · (8.3.3) 

OPTION: Complete section 8.4 .Q1: section 8.5. 

8.4 Number of staff and Command Personnel - Agency policy 

Select number of staff and command 
personnel required for the 
number of troopers and field 
supervisors given in (8.3.3) •.•••• 

(8.4) 

continue with section 8.6 
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OR 

8.5 Number of Staff and Command Personnel - Historical Experience 

8.5.1 Current number of troopers and 
field supervisors within the APA 

8.5.2 Current number of staff 
and command personnel 
within the APA . • . . • . . . 

8.5.3 Average number of staff and 
command personnel for each 
trooper and field supervisor, 
divide: (8.5.2) (8.5.1) 

8.5.4 Required number of troopers 
and field supervisors within 
the APA, use (8.3.3) .. 

8.5.5 Required number of staff 
and command personnel 
within the APA, mUltiply: 
(8.5.4) x (8.5.3) .•.. 

(8.5 .• 1) 

(8.5.2) 

(8.5.3) 

(8.5.4) 

(8.5.5) 

8.6 Total Number of staff and Command Personnel for the APA 

Select either (8.4) or (8.5.5) . . . . . 
(8.6 ) 
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8~7 Total staff Bequirements for the APA 

8.7.1 Number of troopers within 
the APA, use (8. 3 .-1) .• . . . . . 

8.7.2 Number of field supervisors 
within the APA, use (8.3.2) 

8.7.3 Number of staff and 
command personnel 
within the APA, use (8.6) . . . . . 

8.7.4 Total required staff 
for the APA, add: 
(8.7.1) + (8.7.2) + (8.7.3) 
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Chapter 4: PAM Instructions and Worksheet for Allocating 
Personnel Among Several APAs 

Introduction 

This chapter describes a systematic procedure for allocating 
personnel for police traffic services over several APAs based on 
staffing estimates obtained from the procedures described in the 
eight worksheets in Chapter 3. The allocation procedure is 
presented in Worksheet 9 which uses the same format as the work
sheets in Chapter 3. 

Throughout this chapter, the terms "personnel u and "staff" 
are used generically to refer to troopers, field supervisors, and 
support and command staff who are to be added or subtracted from 
current staffing levels or reallocated among the APAs. 

To facilitate the allocation procedure, the data items and 
calculations for each step in Worksheet 9 can be recorded in the 
worksheet at the end of this chapter (Table 4-1). The worksh~et 
provides for up to six APAs, but the format of the table can be 
expanded or reduced to accommodate any number of patrol areas. 
Each step in Worksheet 9 indicates where the entry should be 
placed in Table 4-1. 

To use Worksheet 9 and Table 4-1, the user must provide the 
following information: 

o the total number of personnel tha~ will be added to 
the current staff assigned to the APAs (or the 
nu~ber of personnel that will be subtracted from the 
current total) (step 9.1.1), 

o the number of personnel currently assigned to each 
APA (Step 9.1.3), and 

o the number of personnel estimated by the PAM model 
for each APA (Step 9.1.5). 

The total number of personnel included in the reallocation con
sists of the total current number of staff (TC) plus the number 
to be added or subtracted (TA). If personnel are to be subtract
ed (noted in Worksheet 9 as -TA), then the total number to be 
allocated will be equal to TC minus TA. Worksheet 9 and Table 4-
1 are used to derive two allocations for the total personnel: 
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a Unconstrained (Section 9.1) - The values recorded in 
Column 3 of Table 4-1 indicate the reallocation of all 
personnel based on the PAM estimates. This allocation is 
"unconstrained" because: 

there are no limitations on the final number of 
personnel that can be assigned to each APA 
(i.e., each APA may gain or lose personnel), 
and 

all personnel, both current and new, are eligi
ble for reassignment. 

o Constrained (Section 9.2) - 'llhe values recorded in Column 
8 of Table 4-1.indicate a reallocation of personnel by 
APA based on the limitation that none of the personnel 
currently assigned to an APA can be reassigned. Applica
tion of this limitation produces the following effects: 

only personnel being added to the current staff 
are considered for allocation. As a result, p~ 
APA will lose personnel because of the reallo
cation. (New·personnel are only added to APAs 
that are understaffed and no personnel are 
added to APAs that are overstaffed.) Under 
this limitation, however, it is possible that 
some APAs that were understaffed prior to the 
reallocation will continue be understaffed even 
after the staff additions. 

If a reduction in the total number of current 
personnel is considered, no reassignment of the 
remaining personnel is permitted. As a result, 
no APA will gain personnel because of the 
reallocation. (Personnel are only taken from 
APAs that are overstaffed and no personnel are 
taken from APAs that are understaffed.) It is 
possible, however, that some APAs that were 
overstaffed prior to the personnel reductions 
will continue to be overstaffed even after the 
reallocation. 

The derivation of the formulas for both unconstrained and 
constrained allocation are presented in Section 0.10 in Appendix 
o in the User's Guide. 

Although Worksheet 9 and Table 4-1 are designed for the 
allocation of staff over geographic areas (i.e., over several 
APAs), the procedure described in Worksheet 9 can also be used to 
allocate staff over several time periods (e.g., shifts or days of 
the week). Such allocations, however, require that PAM staffing 
estimates be determined for each time period (e.g., for each of 
three shifts) for each APA. 
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Instructions for ~ndividual steps 

9.1 Unconstrained Allocation 

9.1.1 Indicate either the total number of personnel that is 
to be added to the APAs or the total number of per
sonnel to be subtracted. Typically, the number of 
new personnel is determined by the number of gradu
ates from the training academy. The number of per
sonnel to be added is entered as a positive number in 
9.1.1. If personnel reductions are planned, the 
total size of the staff reduction is entered as a 
negative number in 9.1.1. 

The value entered in 9.1.1 (TA) should also be en
tered in Table 4-1 in following locations: at the 
top of the page in the box labeled (TA) , in the Sum 
Check row for columns 6 and 7, and, after being 
multiplied by minus one, in the Sum Check row for 
Column 4. 

9.1.2 Determine the total number of current personnel in 
the APAs. The value is entered in 9.1.2 and in the 
Sum Check row for column 1 in Table 4-1. 

The sum of (9.1.1) and (9.1.2) is entered in the Sum 
Check row for columns 3 and 8. 

9.1.3 Determine the current number of personnel in each APA 
and enter the values in column 1 in Table 4-1. 

9.1.4 The sum of column 1 should equal the Sum Check amount 
(9.1.2) • 

9.1.5 Deter.mine the number of personnel estimated by the 
PAM model for each APA and enter the values in column 
2 in Table 4-1. 

9.1.7 The unconstrained allocation results for each APA are 
recorded in column 3 in Table 4-1. 

Note: If a value of zero is entered for (9.1.1) 
(i.e., TA = 0), then the results in column 3 will 
indicate the unconstrained allocation of the current 
number of personnel assigned to the APAs. 

9.1.8 The sum of column 3 must equal the Sum Check amount 
given by (9.1.1) + (9.1.2). 

9.2 Constrained Allocation 

9.2.1 The values in column 4 are ~omputed by taking the 
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difference between the current number of personnel 
(column 1) and the unconstrained allocation of per
sonnel (column 3) for each APA. A positive value 
indicates that the APA is overstaffed when compared 
to the reallocation based the adjusted number of 
personnel eTC + TA). A negative value indicates that 
the APA is understaffed. 

9.2.2 The sum of the values in column 4 must equal the 
number of personnel, multiplied by minus one (-1), to 
be added or reduced (i.e. -1 x (9.1.1». As an 
example, if the number of personnel to be added is 
10, then the sum of column 4 must equal -10. 

9.2.3 Additional Personnel (TA(9.1.1) ~ 0) 

9.2.3.1 Based on the values in column 4, identify 
which APAs are overstaffed (a positive value 
in column 4) and which APAs are understaffed 
(a negative value in column 4). If an APA is 
overstaffed, a zero is entered in column 5. 
If an APA is understaffed, the negative value 
in column 4 is entered in column 5. When com
pleted, every entry in column 5 should either 
be zero or a negative number. 

9.2.3.3 Based on the formula given in step 9.2.3~3, 
determine the number of personnel to be added 
to each APA and enter the values in column 6. 

9.2.4 Personnel Reduction (TA(9.1.1) < 0) 

9.2.4.1 Based on the values in column 4, identify 
which APAs are overstaffed (a positive value 
in column 4) and which APAs are understaffed 
(a ne~ative value in column 4). If an APA is 
overstaffed, the positive value in column 4 is 
enterea in column 5. If an APA is under
staffed, a zero is entered in column 5. When 
completed, every entry in column 5 should ei
ther be zero or a positive number. 

9.2.4.3 Based on the formula given in step 9.2.4.3, 
determine the num.ber of personnel to be sub
tracted from each APA and enter the values in 
column 6. 

9.2.5 The sum of column 6 must equal the Sum Check amount 
(9.1. 1) TA. 

9.2.6 Determine an adjusted number of personnel to be added 
or subtracted from each APA by rounding each value in 
column 5 to a whole number and entering the result in 
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column 7. 

9.2.7 The sum of the values in column 7 must equal the Sum 
Check amount (9.1.1) (TA). If the sum of the adjust
ed values does not equal (9.1.1), then one or more 
the rounded values must be changed. 

9.2.8 Detennine the number of personnel in each APA for the 
constrained allocation by adding together the values 
in columns 1 and 7 and entering the result in column 
8. 

9.2.9 The sum of the values in column 8 must equal the num
ber of current personnel plus the number of persons 
to be added or subtracted. 
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WORKSHEET 9: Allocation of Patrol Personnel Among Several APAs 

Objective: Determine the appropriate number of personnel to 
be assigned to each APA based on the estimated 
PAM staffing levels for each APA. 

Method: Based on the number of personnel estimated for 
each APA by PAM, two reallocations of current and 
new personnel are determined. The unconstrained 
allocation redistributes all personnel, both 
current and new, among the APAs in the same 
proportion as the PAM estimates. The constrained 
allocation restricts the allocation to only new 
(or reduced) personnel insuring that no APA loses 
staffing when new p~rsonnel are added (or that no 
APA gains staffing when personnel reductions are 
applied). 

9.1 Unconstrained Allocation 

9.1.1 

9.1. 2 

Total number of new 
personnel for all APAs, 
(enter zero if none or a 
negative value for 
personnel reductions) . . 

Enter (9.1.1) in Table 4-1 
at four locations: in the 

til • • • 

box labeled (TA) , in the Sum 
Check row for columns 6 and 7, 
and multiplied by -1 in the 
Sum Check row for column 5. 

Total number of current 
personnel for all APAs . . . . . 

Enter (9.1.2) in the Sum Check 
row for column 1 in Table 4-1. 
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9.1. 3 Number of current personnel 
for each APA, enter in 
column 1 in Table 4-1 • • • . . . 

9.1.4 Sum the values in column 1 and 
enter in the Col. Sum row ••• 

Compare (9.1.4) with the Sum 
Check value (9.1.2) in column 1. 
If values agree, continue with 
step 9.1. 5. 

9.1.5 Number of personnel estimated 
by PAM for each APA, enter 
in column 2 in Table 4-1 

9.1.6 Sum the values in column 2 and 
enter in the Col. Sum row ... 

9.1.7 The unconstrained reallocation 
for each APA, use the formula 
below and enter in-column 3 
in Table 4-1 . • • • • • • • 

TA + 

Column 1 

(9.1.3) 

Column 1 

(9.1.4) 

[ Column 2 J 
(9.1.5) 

[column 2 

(9.1.6) 

[iolumn 3 

(9.1.7) 

(TEl 

Column 3 
Entry 

(9.1.7) 

(9.1.1) 
TC 

(9.1.2) PAM APA Est. 

= 
TE 

(9.1.6) 

x Column 2 
(9.1.5) 

9.1.8 Sum the values in column 3 and I COlU~ 
enter in the Col. Sum row .... 

Compare (9.1.8) with the Sum 
Check value in column 3. If 
the values agree, continue 
with section 9.2. 
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9.2 Constrained Allocation 

9.2.1 Difference in personnel 
between the current staffing 
and the unconstrained 
allocation for each APA, 
subtract: 
Col 1. (9.1. 3) - Col 3. (9.1. 5) 
and enter in column 4 • • • • • 

9.2.2 Sum the values in column 4 and 
enter in the Col. Sum row ••• 

Compare (~.2.2) with the Sum 
Check value in column 4. If 
the values agree, continue 
with Step 9.2.3 or Step 9.2.4. 

Column 4 

(9.2.1) 

Column 4 

(9.2.2) 

NOTE: Complete section 9.2.3 or section 9.2.4. If TA (9.1.1) is 
greater than or equal to zero, continue with Step 9.2.3. 
If TA (9.1.1) is less than zero, continue with step 9.2.4. 

9.2.3 Additional Personnel (TA(9.l.1) ~ 0) 

9.2.3.1 Understaffing indicator 
for each APA, use rules 
below and enter in 
colum,n 5 • • • • 

If column 4 entry is: 

greater than or equal 
to zero, enter 0 in 
column 5. 

less than zero, enter 
column 4 value in 
column 5. 
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9.2.3.2 Sum the values in column 
5 and enter in the Col. 
Sum row . . . . . . . . . 

9.2.3.3 Number of personnel to 
be added to each APA, 
use the formula below 
and enter in column 6 

Column 6 Entry 
(9.2.3.3) 

= 

TA x 
(9.1.1) 

Column 5 
(9.2.3.1) 

TN 
(9.2.3.2) 

continue with step 9.2.5. 

OR 

9.2.4 Personnel Reduction (TA(9.1.1) < 0) 

9.2.4.1 overstaffing indicator 
for each APA, use rules 
below and enter in 
column 5 . ~ • • • • • • 

If column 4 entry is: 

greater than zero, 
enter column 4 value 
in column 5. 

less than or equal 
to zero, enter 0 
in column 5. 

9.2.4.2 Sum the values in column 
5 and enter in the Col. 
Sum row 

4 - 9 

Column 5 (TN) 

(9.2.3.2) 

ColuIDn 6 

(9.2.3.3) 

Column 5 

(9.2.4.1) 

ColuIDn 5 (TN) 

(9.2.4.2) 



Version 4.0 - July 1991 

9.2.4.3 Number of personnel to 
be added to each APA, 
use the formula below 
and enter in column 6 

TA x 
(9.1.1) 

= 

Column 5 
(9.2.4.1) 

Column 6 Entry 
(9.2.4.3) TN 

(9.2.4.2) 

9.2.5 Sum the values in column 6 and 
enter in the Col. Sum row .• 

Compare (9.2.5) with the Sum 
Check value in column 6. If 
the values agree, continue 
with step 9.2.6. 

9.2.6 Adjust the value for each 
APA in column 6 to a whole 
number and enter in column 7 

9.2.7 Sum the values in column 7 and 
enter in the Col. Sum row • • 

Compare (9.2.7) with the Sum 
Check value in column 7. If 
the values agree, continue 
with Step 9.2.8. 

9.2.8 Constrained reallocation 
for each APA, add: 

Column 6 

(9.2.4.3) 

Column 6 

(9.2.5) 

Column 7 

(9.2.6) 

Column 7 

(9.2.7) 

Col 1. ( 9 • 1. 3) + Col 7. (9 • 2 • 6) 
and enter in column 8 . • • • • 

Column 8 

(9.2.8) 
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9.2.9 Sum the values in column 8 and 
enter in the Col. Sum row •• 

Compare (9.2.9) with the Sum 
Check value in column 8. If 
the values agree, Worksheet 9 
is completed. 
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Table 4 - 1 

Worksheet for the Allocation of Patrol Personnel 
Among Several APAs Based on PAM Staff Estimates 

Total Number of Additional (or Reduced) Personnel (TA) 
for All APAs (9.1.1) •• • ••••••••• 

Current 
Staff 

(9.1.3) 

PAM 
Staff 
Est. 

(9.1.5) 

unconst 
Real10. 

(9.1.7) 

I i~d:~ I Constr. 
Rea11o. 

Diff. (9.2.3.3) 
Col. 1(9.2.3.1) or I Col. 1 

-Col. 31 or IReduced Rounded +Col. 7 
(9.2.1) (9.2.4.1(9.2.4.3) (9.2.6) (9.2.8) 

APA Col. 1 Col. 2 Col. 3 Col. 4 Col. 5 Col. 6 Col, 7 Col. 8 

1 

2 

3 

4 

5 

6 

Col. 
Sum 

Sum 
Check 

(9.1.4) (9.1.6) (9.1.8) (9.2.2) (9.2.3.2) (9.2.5) (9.2.7) (9.2.9) 
(TC) (TE) I or I 

(9.1.2) 
(TC) 

(9.1.1) 
+ 

(9.1.2) 
(TA+TC) 

-1 x 
(9.1.1) 

(-TA) 
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APPENDIX A: Supplemental Worksheet for Chapter 3, Section 5.2 

Instructions for Supplemental Worksheet: 
Patrol Availability - Immediate Response 

The Supplemental Worksheet for section 5.2 can be used to 
determine the number of patrol troopers (N ) that will be re
quired to insure that the probability that it least one trooper 
will be available for immediate response to an accident, CFS, or 
self-initiated activity that meets or exceeds the user-specified 
performance requirement. 

The number of patrol troopers (N ) is based on the number of 
on-duty troopers required per day f8r reactive activities (Nr ) 
determined in Worksheet 3, the average number of administrative 
minutes per hour per trooper (ma ) determined in Worksheet 2, the 
average number of minutes per hour per trooper spent on self
initiated activities (m ) determined in Worksheet 4, and the 
estimated staffing distritution by time of day (i.e., by shift). 
The number of patrol troopers is determined by using this infor
mation in a queuing model that assumes randomly occurring acci
dents, CFS, and self-initiated activities with exponentially
distributed service times~ 

The procedure for determining Np in Section 5.2 in Worksheet 
5 relies on the following assumptions: 

o the agency has uniform staffing over all shifts, 

o the values for ma and ms are approximately equal to 
15 and 9 minutes per hour per trooper respectively, 
and 

o the same user-specified immediate response perform
ance requirement applies to each shift. 

These assumptions, valid for a wide range of agencies and opera
tions, simplify the determination of Np (i.e., Table 3-1 can be 
used to determine Np for every shift). 

If any of. the assumptions cited above are not valid or 
applicable, the Supplement Worksheet presented below can be used 
in place of section 5.2. The Supplement Worksheet determines the 
number of patrol troopers per day by estimating the number re
quired for each shift and. adding the results together. The 
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number of patrol tr~opers required for each shift (N~ll Np2 ' and 
N 3) is determined with a table look-up based on tne eS~1mated 
nEmber of on-duty troopers required for reactive activities on 
each shift (Nr ). The appropriate table to be used is based on 
the values for ma and ms determined in worksheets 2 and 4 respec
tively. 

The derivations of the formulas and procedures used in 
section 5.2 and in the Supplemental Worksheat are presented in 
section D.3 in Appendix D in the Guide. 

Instructions for Individual steps 

A.2 Staffing Level By Shift 

The values entered for (A.2.1), (A.2.2), and (A.2.3) repre
sent the user's estimate of the percentage of staff that 
will be on duty on each shift for the APA. The sum of the 
percents over all shifts must equal 100. (Equal percents 
for each shift are assumed in Section 5.2.) 

A.5 Determine Appropriate Table 

A.5.1 Ks values are always positive and usually fall in the 
range of 0.15 to 0.35. Higher Ks values produce 
larger Np values. 

A.6 Number of Patrol Troopers Required for Each Shift 

A.6.1 Number of Patrol Troopers Required for Shift 1 

A.6.1.1 The Supplemental Worksheet permits the user to 
select, if desired, a different immediate 
response performance objective percent for 
each shift. (Section 5.2 uses the same per
formance objective value for all shifts.) 

A.6.1.2 The expected number of daily on-duty troopers 
for reactive activities for shift 1 (Nr1 ) is 
based on the user-specified staffing percent 
for shift 1 recorded in (A.2.1). 

A.6.1.3 The table look-up process consists of the 
following steps: 

o Locate the table identified in Step 
A.5.2. 

o Examine the left-hand column of the 
table and select the row that is 
closest to the average daily number 
of reactive troopers for shift 1 
(A.6.1.2). 

A - 2 
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o Read across the row until the per
centage at the top of the column 
equals or exceeds the performance 
obj ective percent for shift 1 
(A.6.1.1) • 

o The table entry indicates the average 
number of patrol troopers that are 
needed on shift 1 to meet the per
formance objective. Enter the table 
value in (A.6.1.3). 

A.6.2 Number of Patrol Troopers Required for Shift 2 

Read A.6.1.1, A.6.1&2, and A.6.1.3 above. 

A.6.3 Number of Patrol Troopers Required for Shift 3 

Read A.6.1.1, A.6.1.2, and A.6.1.3 above. 

A - 3 
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SUPPLEMENTAL WORKSHEET: Patrol Availability - Immediate 
Response 

Objective: Determine the number of troopers required within 
the APA to provide an immediate response to a 
user-specified percent of all accidents, CFS, 
and self-initiated activities. 

Method: A queuing model formulation for each shift based 
on randomly-occurring accidents, CFS, and se~~
initiated activities with exponentially-distrib
uted service times. Input data includes the 
number of on-duty troopers required per day for 
reactive activities, the estimated staffing by 
shift, the average number of minutes per hour 
per trooper spent on administrative and self
initiated activities, and user-specified per
formance objectives for each shift. 

A.I Average daily number of on-duty 
troopers for reactive activities, 
use ( 3 . 3 . 3 ) .....•.•••• 

A.2 Staffing level by shift 

A.2.1 Estimated percent of on-duty 
staff on shift 1, (a number 
between 0 and 100) ••••• 

A.2.2 Estimated percent of on-duty 
staff on shift 2, (a number 
between 0 and 100) .•..• 

A.2.3 Estimated percent of on-duty 
staff on shift 3, (a number 
between 0 and 100) ••••• 

A - 4 

(A. 1) 

(A.2.1) 

(A.2.2) 

(A.2.3) 

1 
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NOTE: The sum of the percents for (A.2.1), (A.2.2), 
and (A.2.3) must equal 100. 

A.3 Administrative time - minutes per 
hour per trooper (ma ), use (2.3) .•.. 

A.4 Self-initiated time - minutes per 
hour per trooper (ms )' use (4.4) ...• 

A.5 Determine appropriate table 

A.5.1 

= 

Determine adjustment factor 
based on ma and ms ' use 
formula below . . • . • . . 

Self-Initiated Time 
(ms ) (A.4) 

(A. 3) 

(A. 4) 

(A.5.1) 

Ks 
(A.5.1) 60 Administrative Time 

(ma ) (A. 3) 
Self-Initiated Time 

(ms ) (A. 4) 

A.5.2 Select table based on Ks 
(A.5.1) from chart below 

A - 5 

Table . . . . 
(A.5.2) 
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Use 
If Its (A.5.l) Table 

is in the range (A.5.2) 

0 .099 A-l 
.1 .199 A-2 

.2 .249 3-1 

.25 - .299 A-3 

.3 .399 A-4 

.4 .499 A-5 

.5 .599 A-6 

.6 .699 A-7 

.7 .799 A-S 

.S .S99 A-9 

.9 or larger A-1O 

A.6 Number of patrol troopers required for each shift 

A.G.l Number of patrol troopers required 
for shift 1 

A.6.l.l Performance objective, 
percent of accidents and 
CFS, immediate response 
(a number between 50 and 
and 99) •••••••.• 

A.6.l.2 Expected number of daily 
on-duty troopers for 
reactive activities on 
shift 1, use formula 
below . . . . . . . . 

= 

Percent of Staff 
on Shift 1 

(A.2.1) 

(A.6.l.l) 

(A.6.1.2) 

Total Number of 
on-Duty Troopers 

x Per Day (Nr > 
(A.l) 

Expected Number of 
on-Duty Troopers Per 
Per Day for Reactive 
Activities on Shift 1, 100 

(Nr1 > (A.6.1.2) 

A - 6 
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A.6.1.3 Number of troopers 
required for shift 1: 
use (A.6.1.1), (A.6.1.2), L 
and the table specified _ 
in (A.5.2) • • • • • • •• ~--------~ 

(A.6.l.3) 

------------~----~~----------------------------------------------

A.6.2 Number of patrol troopers required 
for shift 2 

A.6.2.1 Performance objective, 
percent of accidents and 
CFS, immediate response 
(a number hetween 50 and 
and 99) •••••.••• 

A.6.2.2 Expected number of daily 
on-duty troopers for 
reactive activities on 
shift 2, use formula 
below • Q • • • • • • 

Percent of Staff 
Expected Number of 
On-Duty Troopers Per 
Per Day for Reactive 
Activities on Shift 2, 

on Shift 2 x 
(A.2.2) 

= 
100 

(Nr2 > (A.6.2.2) 

A.6.2.3 Number of troopers 
required for shift 2: 
use (A . 6 • 2 • 1), (A ~ 6 • 2 • 2) , 
and the table specified 
in (A.5.2) •••••••• 

(A.6.2.1) 

L..-___ .-J (Nr2 ) 

(A.6.2.2) 

Total Number of 
on-Duty Troopers 

Per Day (Nr ) 
(A.l) 

(A.6.2.3) 

-----------------------------------------------------------------

A - 7 



Version 4.0 - July 1991 

A.6.3 Number of patrol troopers required 
for shift 3 

A.6.3.1 Performance objective, 
percent of accidents and 
CFS, immediate response 
(a number between 50 and 
and 99) ••••••••• 

A.6.3.2 Expected number of daily 
on-duty troopers for 
reactive activities on 
shift 3, use formula 

Expected Number of 
On-Duty Troopers Per 
Per Day for Reactive 
Activities on Shift 3, 

(Nr3 > (A.6.3.2) 

below . . . . . • . . 

Percent of Staff 
on Shift 3 x 

(A.2.3) 
= 

100 

A.6.3.3 Number of troopers 
required for shift 3: 
use (A.6.3 ,1), (A.6.3.2), 
and the table specified 
in (A. 5.2) . . . • . . . • 

(A.6.3.1) 

(A.6.3.2) 

Total Number of 
On-Duty Troopers 

Per Day (Nr ) 
(A.1) 

(A.6.3.3) 

---~----------------.--------------------------~------------------

A.7 Total number of patrol troopers 
required per day within the APA to 
provide immediate response at the 
performance objective percents for 
each shift, add (A.6.1.3) + 
(A.6.2.3) + (A.6.3.3) •.•• 

(A.7) 

Enter (A.7) in (5.2.7) in Worksheet 5 and continue with 
Section 5.5. 

A - 8 

-1 
I 



Table A-I 

Number of Patrol Troopers Required To Provide Immediate Response 
Capability Based On the Average Number of Reactive Troopers 
Required and the Selected Response Percentage (Ks = 0.10) 

------- Performance Objective Immediate Response Percentage (A.6.x.1) --------
Number of 

Reactive ~roopers 50 60 70 75 80 95 90 95 97 98 99 
(Nri> (A.6.x.2) 

.05 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.4 1.7 1.9 2.3 

.10 0.2 0.3 0.5 0.6 0.8 0.9 1.2 1.5 1.8 2.0 2.4 

.15 0.2 0.4 0.6 0.7 0.9 1.0 1.2 1.6 1.9 2.2 2.6 

> .20 0.3 0.4 0.7 0.8 0.9 1.1 1.3 1.7 2.0 2.3 2.7 
.25 0.3 0.5 0.7 0.8 1.0 1.2 1.4 1.8 2.1 2.4 2.8 

\0 .30 0.4 0.6 0.8 0.9 1.0 1.2 1.5 1.9 2.2 2.5 2.9 

.40 0.5 0.7 0.9 1.0 1.1 1.3 1.6 2.1 2.4 2.7 3.1 

.50 0.5 0.7 0.9 1.0 1.2 1.4 1.7 2.2 2.5 2.8 3.3 

.60 0.6 0.7 1.0 1.1 1.3 1.5 1.8 2.3 267 3.0 3.4 

.80 0.6 0.8 1.1 1.2 1.4 1.7 2.0 2.5 2.9 3.2 3.7 
1.00 0.6 0.9 1.2 1.3 1.5 1.8 2.1 2.7 3.1 3.5 4.0 <: 
1.20 0.7 1.0 1.3 1.4 1.6 1.9 2.3 2.9 3.3 3.7 4.2 (l) 

11 
til 

1.60 0.8 1.1 1.4 1.6 1.8 2.1 2.5 3.2 3.7 4.0 4.6 .... 
('.1 

2.00 0.9 1.2 1.5 1.7 2.0 2.3 2.8 3.5 4.0 4.4 5.0 ::I 
2.50 1.0 1.3 1.7 1.9 2.2 2.5 3.0 3.8 4.3 4.7 5.4 ~ 

3.00 1.1 1.4 loB 2.1 2.4 2.7 3.2 4.0 4.6 5.1 5.B 0 

4.00 1.2 1.6 2.0 2.3 2.7 3.1 3.6 4.;5 5.2 5.7 6.5 
5.00 1.4 1.8 2.3 2.6 2.9 3.4 4.0 5.:0 5.7 6.2 7.0 '-I 

C ...... 
~ 

.... 
\0 
\0 .... 
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Table A-2 1-'-
0 
::1 

Number of Patrol Troopers Required To Provide Immediate Response 
"'" Capability Based On the Average Number of Reactive Troopers 
0 Required and the Selected Response Percentage (Ks = 0.20) 

C,.f 
------- Performance Objective Immediate Response Percentage (A.6.x.1) --------- C ..... Number of "<: 

Reactive Troopers 50 60 70 75 80 85 90 95 97 98 99 
J-J (Nri) (A.6.x.2) \0 
\0 

.05 0.2 0.4 0.6 0.7 0.8 1.0 1.3 1.8 2.1 2.4 3.0 
J-J 

.10 0.3 0.4 0.6 0.8 0.9 1.1 1.4 1.9 2.3 2.6 3.1 

.15 0.3 0.5 0.7 0.8 1.0 1.2 1.5 2.0 2.4 2.7 3.2 

»0 .20 0.3 0.5 0.8 0.9 1.1 1.3 1.6 2.1 2.5 2.8 3.3 
.25 0.4 0.6 0.8 1.0 1.1 1.3 1.6 2.2 2.6 2.9 3.4 
.30 0.5 0.6 0.9 1.0 1.2 

J-J 
1.4 1.7 2.2 2.6 3.0 3.5 

0 
.40 0.5 0.7 0.9 1.1 1.3 1.5 1.8 2.4 2.8 3.1 3.7 
.50 0.6 0.8 1.0 1.2 1.3 1.6 1.9 2.5 2.9 3.3 3.9 
.60 0.6 0.8 1.1 1.2 1.4 1.7 2.0 2.6 3.1 3.4 4.0 

.80 0.7 0.9 1.2 1.3 1.5 1.8 2.2 2.8 3.3 3.7 4.3 
1.00 0.7 1.0 1.3 1.4 1.7 2.0 2.4 3.0 3.5 3.9 4.5 
1.20 0.8 1.0 1.3 1.5 1.8 2.1 2.5 3.2 3.7 4.1 4.8 

1.60 0.9 1.2 1.5 1.7 2.0 2.3 2.8 3.5 4.1 4.5 5.2 
2.00 1.0 1.3 1.6 1.9 2.1 2.5 3.0 3.8 4.4 4.8 5.6 
2.50 1.1 1.4 1.8 2.0 2.3 2.7 3.2 4.1 4.7 5.2 6.0 

3.00 1.1 1.5 1.9 2.2 2.5 2.9 3.5 4.4 5.0 5.5 6.4 
4.00 1.3 1.7 2.2 2.5 2.8 3.3 3.9 4.9 5.6 6.1 7.1 
5.00 1.4 1.8 2.4 2.7 3.1 3.6 4.3 5.3 6.1 6.7 7.7 
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Table A-3 

Number of Patrol Troopers Required To Provide Immediate Response 
Capability Based On the Average Number of Reactive Troopers 
Required and the Selected Response Percentage (Ks = 0.30) 

------- Performance objective Immediate Response Percentage (A.6.x.1) --------
Number of 

Reactive Troopers 50 60 70 75 80 85 90 95 97 98 99 
(Nri) (A.6.x.2) 

.05 0.3 0.4 0.7 0.8 1.0 1.2 1.5 2.1 2.6 3.0 3.6 

.10 0.3 0.5 0.7 0.9 1.1 1.3 1.6 2.2 2.7 3.1 3.7 

.15 0.4 0.6 0.8 0.9 1.1 1.4 1.7 2.3 2.8 3.2 3.8 

~ .20 0.4 0.6 0.9 1.0 1.2 1.4 1.8 2.4 2.9 3.3 3.9 
.25 0.5 0.7 0.9 LO 1.2 1.5 1.8 2.5 3.0 3.4 4.0 

I-' 
.30 0.5 0.7 0.9 1.1 1.3 1.5 1.9 2.6 3.0 3.4 4.1 

I-' 
.40 0.6 0.8 1.0 1.2 1.4 1.6 2.0 2.7 3.2 3.6 4.3 
.50 0.6 0.8 1.1 1.2 1.5 1.7 2.1 2.8 3.3 3.7 4.4 
.60 0.6 0.9 1.1 1.3 1.5 1.8 2.2 2.9 3.5 3.9 4.6 

.80 0.7 0.9 1.2 1.4 1.7 2.0 2.4 3.1 3.7 4.1 4.9 
1.00 0.8 1.0 1.3 1.5 1.8 2.1 2.6 3.3 3.9 4.3 5.1 <! 
1.20 0.8 1.1 1.4 1.6 1.9 2.2 2.7 3.5 4.1 4.6 5.3 CD 

tot 
[Il 

1.60 0.9 1.2 1.6 1.8 2.1 2.5 3.0 3.8 4.4 4.9 5.8 ..... 
2.00 1.0 1.3 1.7 2.0 2.3 2.7 3.2 4.1 4.8 5.3 6.1 0 

:::1 
2.50 1.1 1.5 1.9 2.2 2.5 2.9 3.5 4.4 5.1 5.7 6.6 

~ 

3.00 1.2 1.6 2.0 2.3 2.7 3.1 3.7 4.7 5.4 6.0 7.0 0 

4.00 1.3 1.8 2.3 2.6 3.0 3.5 4.1 5.2 6.0 6.6 7.6 
5.00 1.5 1.9 2.5 2.9 3.3 3.8 4.5 5.7 6.5 7.2 8.3 

Y 
C 
I-' 
'< 
I-' 
\0 
\0 
I-' 
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1-" Table A-4 0 ::s 

Number of Patrol Troopers Required To Provide Immediate Response ~ 

Capability Based On the Average Number of Reactive Troopers 
0 Required and the Selected Response Percentage (Ks = 0.40) 
I 

'-I 
------- Performance Objective Immediate Response Percentage (A.6.x.1) ________ c 

l-' Number of 
'< Reactive Troopers 50 60 70 75 80 85 90 95 97 98 99 .... (Nri) (A.6.x.2) 
\0 
\0 .... .05 0.3 0.5 0.8 0.9 1.1 1.4 1.8 2.5 3.0 3.5 4.3 .10 0.4 0.6 0.8 1.0 1.2 1.4 1.8 2.6 3.1 3.6 4.4 .15 0.4 0.6 0.9 1.0 1.2 1.5 1.9 2.6 3.2 3.7 4.5 

)I .20 0.5 0.7 0.9 1.1 1.3 1.6 2.0 2.7 3.3 3.7 4.5 .25 0.5 0.7 1.0 1.1 1.4 1.6 2.1 2.8 3.4 3.8 4.6 .30 0.6 0.7 1.0 1.2 1.4 1.7 2.1 2.9 3.4 3.9 4.7 .... 
N 

.40 0.6 0.8 1.1 1.3 1.5 1.8 2.2 3.0 3.6 4.1 4.9 .50 0.6 0.9 1.2 1.3 1.6 1.9 2.) 3.1 3.7 4.2 5.0 .60 0.7 0.9 1.2 1.4 1.7 2.0 2. ~i, 3.2 3.8 4.3 5.2 

.80 0.8 1.0 1.3 1.5 1.8 2.1 2.6 3.5 4.1 4.6 5.4 1.00 0.8 1.1 1.4 1.6 1.9 2.3 2.8 3.6 4.3 4.8 5.7 
1.20 0.9 1.2 1.5 1.8 2.0 2.4 2.9 3.8 4.5 5.0 5.9 

1.60 1.0 1.3 1.7 1.9 2.2 2.6 3.2 4.1 4.8 5.4 6.3 
2.00 1.1 1.4 1.8 2.1 2.4 2.8 3.4 4.4 5.2 5.7 6.7 
2.50 1.2 1.5 2.0 2.3 2.6 3.1 3.7 4.8 5.5 6.1 7.1 

3.00 1.2 1.6 2.1 2.4 2.8 3.3 4.0 5.1 5.9 6.5 7.5 
4.00 1.4 1.8 2.4 2.7 3.1 3.7 4.4 5.6 6.4 7.1 8.2 
5.00 1.5 2.0 2.6 3.0 3.4 4.0 4.8 6.1 7.0 7.7 8.9 
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Table A-5 

Number of Patrol Troopers Required To Provide Immediate Response 
Capability Based On the Average Number of Reactive Troopers 
Required and the Selected Response Percentage (Ka = 0.50) 

------- Performance objective Immediate Response Percentage (A.6.x.l) --------
Number of 

Reactive Troopers 50 60 70 75 80 85 90 95 97 91l 99 
(Nri) (A~6.x.2) 

.05 0.4 0.6 0.8 1.0 1.2 1.5 2.0 2.8 3.4 4.0 4.9 

.10 0.4 0.6 0.9 1.1 1.3 1.6 2.1 2.9 3.5 4.1 5.0 

.15 0.5 0.7 1.0 1.1 1.4 1.7 2.1 3.0 3.6 4.1 5.1 

:J:>' .20 0.5 0.7 1.0 1.2 1.4 1.7 2.2 3.0 3.7 4.2 5.1 
.25 0.6 0.8 1.0 1.2 1.5 1.8 2.3 3.1 3.8 4.3 5.2 

I-' .30 0.6 0.8 1.1 1.3 1.5 1.8 2.3 3.2 3.8 4.4 5.3 
w 

.40 0.6 0.9 1.2 1.4 1.6 2.0 2.4 3.3 4.0 4.5 5.5 

.50 0.7 0.9 1.2 1.4 1.7 2.0 2.5 3.4 4.1 4.7 5.6 

.60 0.7 1.0 1.3 1.5 1.8 2.1 2.6 3.5 4.2 4.8 5.7 

.80 0.8 1.1 1.4 1.6 1.9 2.3 2.8 3.8 4.5 5.0 6.0 
1.00 0.9 1.1 1.5 1.8 2.0 2.4 3.0 4.0 4.7 5.2 6.2 <: 
1.20 0.9 1.2 1.6 1.9 2.2 2.6 3.1 4.1 4.9 5.5 6.5 (1) 

Ii 
(/) 

1.60 1.0 1.3 1.8 2.0 2.4 2.8 3.4 4.5 5.2 5.8 6.9 ..... 
0 

2.00 1.1 1.5 1.9 2.2 2.6 3.0 3.7 4.7 5.5 6.2 7.3 ::l 
2.50 1.2 1.6 2.1 2.4 2.R 3.3 3.9 5.1 5.9 6.6 7.7 

.t>-

3.00 1.3 1.7 2.2 2.6 3.0 3.5 4.2 5.4 6.3 6.9 8.1 0 

4.00 1.5 1.9 2.5 2.9 3.3 3.9 4.6 5.9 6.9 7.6 8.8 
5.00 1.6 2.1 2.7 3.1 3.6 4.2 5.0 6.4 7.4 8.2 9.5 

Y 
C ..... 

I<: 

I-' 
\D 
\D 
I-' 
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Table A-6 0 
~ 

Number of Patrol Troopers Required To Provide Immediate Response ,::.. 

Capability Based On the Average Number of Reactive Troopers 0 
Required and the Selected Response Percentage (Ks = 0.60) 

~ 

------- Performance Objective Immediate Response Percentage (A.6.x.1) -------- c ...... 
Number _of '< 

Reactive Troopers 50 60 70 75 80 85 90 95 97 98 99 ..... 
(Nri) (A~6.x.2) \D 

\D 
..... 

• 05 0.4 0.6 0.9 1.1 1.4 1.7 2.2 3.1 3.9 4.4 5.5 
.10 0.5 0.7 1.0 1.2 1.4 1.8 2.3 3.2 3.9 4.5 5.6 
.15 0.5 0.7 1.0 1.2 1.5 1.8 2.3 3.3 4.0 4.6 5.7 

»I .20 0.6 0.8 1.1 1.3 1.5 1.9 2.4 3.4 4.1 4.7 5.7 
.25 0.6 0.8 1.1 1.3 1.6 2.0 2.5 3.4 4.2 4.8 5.8 

..... .30 0.6 0.8 1.2 1.4 1.6 2.0 2.5 3.5 4.2 4.8 5.9 
,::.. 

.40 0.7 0.9 1.2 1.5 1.7 2.1 2.6 3.6 4.4 5.0 6.0 

.50 0.7 1.0 1.3 1.5 1.8 2.2 2.8 3.7 4.5 5.1 6.2 

.60 0.7 1.0 1.4 1.6 1.9 2.3 2.9 3.9 4.6 5.2 6.3 

.80 0.8 1.1 1.5 1.7 2.0 2.4 3.0 4.1 4.8 5.5 6.6 
1.00 0.9 1.2 1.6 1.9 2.2 2.6 3.2 4.3 5.1 5.7 6.8 
1.20 0.9 1.3 1.7 2.0 2.3 2.7 3.4 4.4 5.3 5.9 7.0 

1.60 1.1 1.4 1.9 2.1 2.5 3.0 3.6 4.8 5.6 6.3 7.4 
2.00 1.1 1.5 2.0 2.3 2.7 3.2 3.9 J.1 5.9 6.6 7.8 
2.50 1.3 1.7 2.2 2.5 2.9 3.4 4.2 5.4 6.3 7.0 8.3 

3.00 1.3 1.8 2.3 2.7 3.1 3.7 4.4 5.7- 6.7 7.4 8.7 
4.00 1.5 2.0 2.6 3.0 3.5 4.1 4.9 6.3 7.3 8.1 9.4 
5.00 1.7 2.2 2.9 3.3 3.8 4.4 5.3 6.8 7.8 8.7 10.1 



Table A-7 

Number of Patrol Troopers Required To Provide Immediate Response 
Capability Based On the Average Number of Reactive Troopers 
Required and the Selected Response Percentage eKa = 0.70) 

------- Performance Objective Immediate Response Percentage (A.6.x.1) --------
Number of 

Reactive Troopers 50 60 70 75 80 85 90 95 97 98 99 
(Nri) (A.6.x.2) 

.05 0.4 0.7 1.0 1.2 1.5 1.9 2.4 3.5 4.3 4.9 6.1 

.10 0.5 0.7 1.0 1.3 1.5 1.9 2.5 3.5 4.3 5.0 6.2 

.15 0.6 0.8 L1 1.3 1.6 2.0 2.6 3.6 4.4 5.1 6.2 

»' .20 0.6 0.8 1.1 1.4 1.7 2.0 2.6 3.7 4.5 5.2 6.3 
.25 0.6 0.9 1.2 1.4 1.7 2.1 2.7 3.7 4.6 5.2 6.4 

..... .30 0.6 0.9 1.2 1.5 1.8 2.2 2.7 3.8 4.6 5.3 6.5 
U1 

.40 0.7 1.0 1.3 1.6 1.9 2.3 2.9 3.9 4.8 5.4 6.6 

.50 0.7 1.0 1.4 1.6 1.9 2.4 3.0 4.0 4.9 5.6 6.7 

.60 0.8 1.1 1.4 1.7 2.0 2.4 3.1 4.2 5.0 5.7 6.9 

.80 0.9 1.2 1.6 1.8 2.2 2.6 3.2 4.4 5.2 5.9 7.1 
1.00 0.9 1.2 1.7 1.9 2.3 2.7 3.4 4.6 5.4 6.1 7.4 <: 
1.20 1.0 1.3 1.8 2.1 2.4 2.9 3.6 4.7 5.6 6.4 7.6 (I) 

Ii 
til 

1.60 1.1 1.5 1.9 2.3 2.6 3.1 3.8 5.1 6.0 6.7 8.0 ~. 

2.00 1.2 1.6 2.1 2.4 2.8 3.4 4.1 5.4 6.3 7.1 8.4 0 
::1 

2.50 1.3 1.7 2.3 2.6 3.1 3.6 4.4 5.7 6.7 7.5 8.8 
,j:>. 

3.00 1.4 1.9 2.4 2.8 3.3 3.8 4.6 6.0 7.1 7.9 9.2 0 

4.00 1.6 2.1 2.7 3.1 :;" ~ 4.2 5.1 6.6 7.7 8.5 10.0 
5.00 1.7 2.3 3.0 3.4 3.9 4.6 5.5 7.1 8.3 9.1 10.7 

Y 
~ 
I-' 
'< 
..... 
\0 
\0 ..... 



~ 
ro 
Ii 
Ul 
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Table A-8 0 
:J 

Number of Patrol Troopers Required To Provide Immediate Response ~ 

Capability Based On the Average Number of Reactive Troopers 0 
Required and the Selected Response Percentage (Ks = 0.80) 

Col 
------- Performance Objective Immediate Response Percentage (A.6.x.1) -------- c 

f-' 
Number of '< 

Reactive ~roopers 50 60 70 75 80 85 90 95 97 98 99 I-' 
(Nri) (A.6.x.2) I.D 

I.D 
I-' 

.05 0.5 0.7 1.1 1.3 1.6 2.0 2.6 3.8 4.7 5.4 6.7 

.10 0.5 0.8 1.1 1.4 1.7 2.1 2.7 3.8 4"7 5.5 6.8 

.15 0.6 0.8 1.2 1.4 1.7 2.1 2.8 3.9 4.8 5.5 6.8 

)lo .20 0.6 0.9 1.2 1.5 1.8 2.2 2.8 4.0 4.9 5.6 6.9 
.25 9.6 0.9 1.3 1.5 1.8 2.3 2.9 4.1 5.0 5.7 7.0 

I-' 
.30 0.7 0.9 1.3 1.6 1.9 2.3 2.9 4.1 5.0 5.8 7.0 

0'1 

.40 0.7 1.0 1.4 1.6 2.0 2.4 3.1 4.2 5.1 5.9 7.2 

.50 0.8 1.1 1.5 1.7 2.1 2.5 3.2 4.4 5.3 6.0 7.3 

.60 0.8 1.1 1.5 1.8 2.1 2.6 3.3 4.5 5.4 6.1 7.4 

.80 0.9 1.2 1.6 1.9 2.3 2.8 3.4 4.7 5.5 6.4 7.7 
1. 00 1.0 1.3 1.7 2.0 2.4 2.9 3.6 4.9 5.8 6.6 7.9 
1.20 1.0 1.4 1.8 2.2 2.5 3.0 3.8 5.1 6.0 6.8 8.2 

1. 60 1.1 1.5 2.0 2.4 2.B 3.3 4.1 5.4 6.4 7.2 B.6 
2.00 1.2 1.6 2.2 2.5 3.0 3.5 4.3 5.7 6.7 7.5 8.9 
2.50 1.3 1.8 2.4 2.7 3.2 3.8 4.6 6.0 7.1 7.9 9.4 

3.00 1.4 1.9 2.5 2.9 3.4 4.0 4.9 6.4 7.5 8.3 9.8 
4.00 1.6 2.1 2.8 3.2 3.8 4.4 5.4 6.9 8.1 9.0 10.6 
5.00 1.8 2.4 3.1 3.5 4.1 4.8 5.8 7.5 8.7 9.6 11. 2 



Table A-9 

Number of Patrol Troopers Required To Provide Immediate Response 
Capability Based On the Average Number of Reactive Troopers 
Required and the Selected Response Percentage (Ks = 0.90) 

------- Performance Objective Immediate Response Percentage (A.6.x.1) --------
Numbl3r of 

Reactive Troopers 50 60 70 75 80 85 90 95 97 98 99 
(Nri) (A.6.x.2) 

.05 0.5 0.8 1.1 1.4 1.7 2.2 2.8 4.1 5.1 5.9 7.3 

.10 0.6 0.8 1.2 1.4 1.8 2.2 2.9 4.2 5.1 5.9 7.3 

.15 0.6 0.9 1.2 1.5 1.8 2.3 3.0 4.2 5.2 6.0 7.4 

>' .20 0.6 0.9 1.3 1.6 1.9 2.4 3.0 4.3 5.3 6.1 7.5 
.25 0.7 0.9 1.3 1.6 1.9 2.4 3.1 4.4 5.3 6.1 7.6 

I-' .30 0.7 1.0 1.4 1.6 2.0 2.5 3.2 4.4 5.4 6.2 7.6 
...J 

.40 0.8 1.0 1.5 1.7 2.1 2.6 3.3 4.5 5.5 6.3 7.8 

.50 0.8 1.1 1.5 1.8 2.2 2.7 3.4 4.7 5.7 6.5 7.9 

.60 0.8 1.2 1.6 1.9 2.3 2.7 3.5 4.8 5.8 6.6 8.0 

.80 0.9 1.3 1.7 2.0 2.4 2.9 3.7 5.0 6.0 6.8 8.3 
1.00 1.0 1.4 1.8 2.1 2.5 3.1 3.8 5.2 6.2 7.0 8.5 < 
1. 20 1.1 1.4 1.9 2.3 2.7 3.2 4.0 5.4 6.4 7.2 8.7 CD 

ti 
{/} 

1. 60 1.2 1.6 2.1 2.5 2.9 3.5 4.3 5.7 6.8 7.6 9.1 ..... 
2.00 1.3 1.7 2.3 2.6 3.1 3.7 4.5 6.0 7.1 8.0 9.5 0 

::s 
2.50 1.4 1.9 2.5 2.8 3.3 3.9 4.8 6.4 7.5 8~4 10.0 

~ 

3.00 1.5 2.0 2.6 3.0 3.5 4.2 5.1 6.7 7.9 8.8 10.4 0 

4.00 1.7 2.2 2.9 3.4 3.9 4.6 5.6 7.3 8.5 9.5 11.1 
5.00 1.8 2.4 3.2 3.7 4.2 5.0 6.0 7.8 9.1 10.1 11. 8 

Y 
r::: ...... 

Io.c::; 

I-' 
~ 
~ 
I-' 
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Table A-IO 0 
::1 

Number of Patrol Troopers Required To Provide Immediate Response ~ 

Capability Based On the Average Number of Reactive Troopers 0 
Required and the Selected Response Percentage (Ks = 1.00) 

I 

C-j 

-------- Performance Objective Immediate Response Percentage (A.6.X.l) ------- c 
I-' 

Number of ~ 

Reactive Troopers 50 60 70 75 80 85 90 95 97 98 99 I-' 
(Nri) (A.6.x.2) 10 

10 
I-' 

.05 0.6 0.8 1.2 1.5 1.8 2.3 3.1 4.4 5.5 6.3 7.8 

.10 0.6 0.9 1.3 1.5 1.9 2.4 3.1 4.5 5.5 6.4 7.9 

.15 0.6 0.9 1.3 1.6 2.0 2.4 3.2 4.5 5.6 6.5 8.0 

~ .20 0.7 1.0 1.4 1.6 2.0 2.5 3.2 4.6 5.7 6.5 8.1 
.25 0.7 1.0 1.4 1.7 2.1 2.6 3.3 4.7 5.7 6.6 8.1 

I-' .30 0.7 1.0 1.5 1.7 2.1 2.6 3.4 4.7 5.8 6.7 8.2 
00 * c: .40 0.8 1.1 1.5 1.8 2.2 2.7 3.5 4.9 5.9 6.8 8.3 . 

en .50 0.8 1.2 1.6 1.9 2.3 2.8 3.6 5.0 6.0 6.9 8.5 
G') .60 0.9 1.2 1.7 2.0 2.4 2.9 3.7 5.1 6.2 7.0 8.6 
""0 

a .80 1.0 1.3 1.8 2.1 2.5 3.1 J.9 5.3 6.4 7.3 8.8 . .. 1.00 1.0 1.4 1.9 2.2 2.7 3.2 4.0 5.5 6.6 7.5 9.1 .... 
'D 1.20 1.1 1.5 2.0 2.4 2.B 3.4 4.2 5.7 6.8 7.7 9.3 'D 
Vl 
I 
Vl 
p 1.60 1.2 1.6 2.2 2.6 3.0 3.6 4.5 6.0 7.2 B.1 9.7 Vl 
I 2.00 1.3 1.8 2.4 2.7 3.2 3.8 4.7 6.3 7.5 8.4 10.1 N 

-...J 2.50 1.4 1.9 2.5 3.0 3.5 4.1 5.0 6.7 7.9 8.9 10.5 Vl 
00 

CD 
a 
a 3.00 1.5 2.1 2.7 3.1 3.7 4.4 5.3 7.0 8.2 9.2 10.9 V1 
V1 4.00 1.7 2.3 3.0 3.5 4.1 4.8 5.8 7.6 8.9 9.9 11. 7 

5.00 1.9 2.5 3.3 3.8 4.4 5.2 6.3 8.1 9.5 10.6 12.4 
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