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A METHOD FOR ALLOCATING
STATE POLICE OFFICERS IN ILLINOIS

INTRODUCTION

A mathematical mode] for allocating Illinois State Police (ISP) officers to the
primary unit of command, a district, has been constructed. This allocation is

sensitive to the emphasis placed on two functions of the ISP: responding to calls

Such a plan must be long-range. First, there are 56,400 square miles in
lllinois. Personne] €an not be shifted immediately to meet the changes computed,
Second, legislative mandates and the availability of Joca] law enforcement
personnel are changing. ISP priorities of police enforcement this year may be
different in the next year. Finally, the present distribution of officers has been
based on apparent, rather than computed, needs. In some areas, relatively large
(magnitude of 10 to 15 percent) shifts may be required. This would create
unwarranted problems, both with administration and with officer morale.

While a number of sources have been used, the model devised for ISP differs
in construction from those already Prepared. Most models of allocation are
designed for urban areas and depend upon the availability of additjonal units to
supplement response to calls, Although sheriffs' personnel may sometimes be

available, in many counties such additional units of the State Police often are not
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readily available. Further, the Illinois State Police are a full-service agency; the
officers are expected to answer calls for service which are non-traffic related in

addition to their patrolling of highways for purposes of traffic law enforcement.

BACKGROUND

Until recently, the Illinois State Police have allocated sworn personnel to the
districts based on apparent need. These needs often have not been well defined nor
adequately supported. Some attempts have been made to allocate manpower based
on the work of Wilson.l This has resulted in a large percentage of police officers
assigned to the populous six-county region surrounding and including Cook County
{Chicago) and to a two-county region across from St. Louis, Missouri. Although
serving 65 percent of the population of Illinois, such assignments have covered only
ten percent of the area.

Attempts to allocate manpower to districts based on proportional needs
related to crime, population, miles of highway, vehicle miles, size of district, and
the number of state police actions in terms of calls for service additionally have

suffered from several drawbacks:

¢ The variables previously used have given popu.lation. a heavy wei'ght
and have been correlated. (Crimes, vehicle reglstratxons,. and vehlc;le
miles all show strong positive correlations with population and with
each other.)

e Decisions in terms of the arrival rates of ‘calls, h0\.v .promptly they
would be answered, and appropriate accounting for minimum response
time could not be made.

e Administrative support (overhead) has not been adequately defined,
and the amount needed not adequately computed.
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The literature describing allocation of police manpower in rural areas is

limited. A study completed by Arizona used response to accidents as a basis for

allocation.? Systems Science Development Corporation of St. Louis prepared 7

methodology for assigning patrols to Interstate 80 in Illinois.> Even the work of
Lipseff and Arnold,a although designed for a semi-rural police force, was more
applicable to an urbanized area than to the more rural state-wide patrol.

That most of the work has been devoted to allocating manpower in urban
areas is not unexpected. The areas are compact; they allow overlapping response.
Traditionally, the urban police forces have been considered short of manpower. An
adequate allocation of the limited resources throughout the city therefore has been
important. Several theoretical approaches and models designed for specific cities
are noted, including Chaiken,5 Larson,6 and LeGrande.’ Even though not directly
applicable to the needs for allocating state police officers in Illinois, these models

have helped serve as a basis for the model presented in this paper.

NEEDS TO BE MET

The size of Illinois, its relatively sparse population and long distances
between major cities, and a need for enforcement of traffic laws as well ag crime
prevention throughout the state must be considered. By law, the ISP currently are
authorized 1,600 sworn officers.8 An additional number of State Police Officers

are working under contract with the Toll Road Authority and are not included in

the authorized strength. These officers have policing powers throughout Illinois -

and must be reasonably available to the 11.2 million persons living in the 56,400
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square miles. Although the ISP jurisdiction covers the entire state, tHe availability
of local law enforcement personnel in most communities with a population of 2,500
or more persons allow the State Police to concentrate their activity on state and
federally funded highways outside these communities. They generally work with
sheriffs' departments in patrolling and policing the rural areas.

Currently, officers from the State Police are assigned to all of the 102
counties. These officers report to the basic unit Qf command, a district, which

comprises three or more counties except in Cook County which is divided into two

districts. A map showing the state, counties, and districts is given as Figure 1.

Distribution of personnel to the counties and to patrols within a district is the
prerogative of district management.  Generally, the majority of available
manpower has been assigned near the centers of population.

In addition to the personnel assigned to patrol (including their immediate
supervisors), a portion of the authorized strength handles administrative matters.
Some are assigned to the central office in Springfield: a number also are assigned
to executive security for the governor and top elected officials. Each district,
requires officers for district command, desk, and specialty functions. The latter
include: public information, automotive equipment, ordnance, court, vehicle
identification, Second Division (co\mmercial vehicles), and the most recently
mandated activity, enforcement of the laws governing the shipment of hazardous
materials. In some of these positions, the officer is not readily available for
patrol.

Those officers on patrol handle any police matter. Most of their time is

spent enforcing traffic laws; however, the State Police also respond to motor
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vehicle accidents, criminal complaints, and assist municipal and sheriffs' police as
needed. Thus, any model prepared must account for all of these functions.

Other related police services including laboratory and forensic services,
crime scene technicians, criminal intelligence, criminal identification, detective
services, internal investigation, and training are provided by separate divisions
within the Department of Law Enforcement. The Department is examining these

functions for the purpose of determining better methods for allocating personnel.

MODEL FOR ALLOCATING OFFICERS

Background and Philosophy

Several methods of allocation have served as a basis for the model described
in this paper. Most of these methods have been applicable to urban areas. Size of
the patrolling area and an ability to use multiple resources in responding to a call
generally have been the determinates of these allocafcions.9 The size of the patrol
reflects on the time of response, small increments of which appear to be critical in
the urban area.lo The size of the patrols for the ISP are relatively large; many

cover more than 1,000 square miles. Small differences in response time and the

availability of multiple resources do not play a significant role when planning

allocations for these relatively large areas.

Two philosophies are employed in this model: response to calls for service and
preventive patrol (both for traffic law enforcement and suppression of crime).

Once the administrative support is subtracted, the remaining manpower can be

divided according to the emphasis placed on each philosophy. Greater attention
given to answering calls for service will reduce the amount of manpower available
for poljcing and parrolling, i.e., patrol remaining when the maximum number of
calls have been received.

As will be discussed on the following pages, the model incorporates the

following premises.

L. Wherever possiblg, the variables used are exogenous to the control of
the agency for which manpower is allocated.

2. These variabls:-s. also are weakly correlated; a change in one variable
should have minimal effect on any other variable.

3. The. number of officers available for allocation is less than the total
aval!aplc (authorlzed strength); the remaining wvificers provide
administrative support and are assigned by executive decision.

4, The amount of manpower to be assigned to a specific philosophy, e.g.

calls for service, is not limited except by the tot er o i
vai : al number >
available for allocation. f ctficers

5. The same techniques used for allocation can a!so be used for projecting

needs.

The remainder of this report presents the generalized equations of the model.
Specific equations for each of the elements‘are shown in Appendix A. The model
itself takes the form:

Ni= O + £(C) + (D (1)
where:
N - Number of officers allocated.
Oi - Administrative support.
f (Ci) - Function of the calls for service.

f (Di) - Function of demographic and geographic
variables establishing a need for patrol.

e e e



i- The smallest unit of distribution, e.g. a district.

such that:

Ny = T (T is total manpower available
for distrittion.)

Administrative Support

Those officers assigned to administrative duties or to specialty functions
generally are not available to answer calls for service or to engage in preventative
patrol. Their allocation to central office and to districts is based upon needs
perceived by the executive. (For the Illinois State Police, additional officers are
assigned to Executive Security because of legislative mandate.) Therefore,
increasing the number of officers required for administrative support w:ll reduce
the number to be allocated according to needs for response and patrols. This is
apparent from equation (l1). The danger of withholding too many officers for
administrative purposes is that these assignments may bear minimal relationship to
the policing needs of a district. That, in turn, will reduce the usefulness of the

model.

Calls for Service

An essential service of the lilinois State Police is their response to requests
for assistance. Although the ISP answer many requests, two are of special
importance: handling and investigating accidents, and investigating complaintsvof
a criminal nature. Each district should have enough officers available to answer
requests adequately for each of these two services in order to minimize the number

of requests placed in queue.11 Further, these officers should be able to respond
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within a maximum acceptable time. Thus, the function of response to calls for
service f (C) minimizes both the amount of calls placed in queue and response time.
Regardless of the number of officers allocated, the unexpected -- snow storms,
prison riots, and the like -- cannot be predicted and cannot be considered by the
model.

The minimization of the percentage of calls placed in queue can be computed
from an expected rate of arrival for calls and the time taken to service each call.
Arrival rates for random events fit a Poisson distribution, the relevance of which

has appeared in several works.lz’ 13

14
documented. In the two equations below, the maximum £ (C) is selected. The

The need to minimize response time also is

first, shown in equation (2a) provides enough personnel to answer calls for service.

The second, equation (2b) satisfies a maximum response time:

£(C) =f(Am) + £(B;m) (2a)
f(C) =1(Q) (2b)
where:

f (A;m) - Poisson distribution of accidents where m is the
mean number of accidents occurring during the
time taken to handle one accident.

£ (Bsm) - Poisson distribution of requests for assistance
(criminally related) where m is the mean number
of requests occurring during the time taken to
handle one request.



£(Q) - An exponential function of the area and the
maximum response time converted to distance.
The conversion of maximum response time to
distance is dependent upon speed of response
which itself is affected by congestion.

Because each of the functions use information that applies to any one period
of the day, the number of officers required can be found for any shift and the
number accumulated and adjusted for 24-hour coverage. The method of computing
either £ (A;m) or f(B;m) is the same. The probability of any number of
occurrences including zero are computed and summed. The maximum number of
calls expected occurs at the point where the sum of the probabilities is equal to 1.0
minus the proportion of calls placed in queue.

The function f (A;m) uses the number of accidents the state police expect to
handle during any one period. These can be predicted from a trend analysis which
is based on the amount handled as a percent of those reported to the state
(including those reported to the state police) and that number reported.
Accounting for criminal complaints is more difficult. There are no data bases from
which to obtain a count of the number of reported incidents and the number
ultimately handled by the state police. A weakness in the model as used for Illinois
is a lack of accurate information to be used with function f (B;m).

The other step is computing the number of officers required to minimize
response time. This is obtained by cohverting the maximum response time allowed

to distance using the amount of congestion to reduce the distance from the

maximum possible.

10
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£(Q) = Q/2d? (3)

where:

Q - Area in square miles

d = tq/f(c) ()
where:
tq - Maximum response time
f(c)- Is a percent of free moving speed dependent

upon congestion as described by the American
Association of State Highway and Transportation
Officials.17

f(c) is described as k,V where k is a constant
that represents a change in patrolling speed
based on the volume of traffic. It is given in the
form a + bx.

Assignment to Policing and Patrolling

The number of officers required for administrative support and the number
needed to answer calls for service are subtracted from the authorized strength. If
a negative number results, either the number assigned to administrative support is
too many or the parameters used for allocating officers to calls for service too
liberal. Remaining are the number of officers available to meet a minimal
standard for the patrol of highways as well as preventative patrol in rural areas.
This preventative patrol supplements that of the sheriff and other smaller

municipal forces. Allocation to specific patrols within the district remains the

commander's prerogative.

11



The model uses three types of patrol for allocating ’the remaining manpower:
Interstate highways, other two-lane roads, and rural areas. The latter is assumed
to be shared with county and small municipal departments. In this case, to the
extent possible, the State Police provide additional patrolling where local

enforcement does not meet expected requirements for manpower.

£(D) = £ (M, V) +f (Mg, V) + £ (R,L) (5)
where:
f(My, V) - Miles of Interstate highway and the
volume of traffic on those highways.
f (Mg, Vo) - Miles of other highways and the volume
of traffic on those highways.
f(R,L)- Rural population and number of sheriffs'

patrols and municipal police.

Available from the Illinois Department of Transportation are current highway
mileages and traffic volumes expressed in vehicle-miles. The equations for
determining the number of officers required for Interstate highway patrol and
patrel of two-lane roads are similar. Two separate equations have been written
because Interstate highways, while representing only 2.5 percent of the mileage,
carry 48 percent of the volume of traffic. Use of a separate equation for
Interstate highways allows for more realistic assignment of patrol to this type. On
any highway, the miles driven on patrol are a function of the average patrolling

speed, which in turn is a function of volume and the number of traffic stops made.

12

Because traffic stops are correlated to volume, the number of officers required for

a specific length of patrol on either Interstate or other highways f (M, V) can be

written:

£t(M,V) = M (55-1(c))/ 55G (6)

where:

55 - National maximum speed limit.

M - Miles of road.

G- Miles of patrol.

f (c) - Factor based on volume which accounts for both
reduced driving speed and increased number of
vehicle stops resulting from increasing volume.

and:

f(c) = V (k] +k (7)

)
2 (Given as the form a + bx)

where:

- Constant representing a change in patrolling speed.

ko - Constant representing a change in the number in
traffic stops.

V -  Volume of traffic.

13



Because the amount of manpower required for policing and patrolling depends
upon the length of patrol G, either it must be given or found by solution. When a
fixed number of officers are assignhed to this portion, G is found so that the sum of
the officers assigned to the patrol of the specific type of highway will equal the

proportion of officers available for patrolling that type of highway:

f(M,V) = p (D) ®)
note: The proportions p of manpower assigned to each
of the three categories of patrol, when summed,
equal 1.0. The portion assigned to any one
category is a managerial prerogative.

The equation for two-lane roads follows the form of equations (6) through (8)
except that they comprise two components, state two-lane highways and other
local roads.

Finally, a portion of this remaining manpower is assigned to patrolling rural
areas. Because the state police assist local law enforcement personnel in the
prevention of crime, the primary factor is the number of local law enforcement
personnel. Limits should also be placed on the number of state police required for
this function. A computation of less than zero officers means that the number of
officers assigned to a specific county will be reduced. This would occur because
there are more than sufficient local police to patrol the rural area. In applying the
model to the Illinois State Police, a lower limit of zero was set for equation (9)
below. The number allocated by the remainder of the computations, therefore, will

not decrease. On the other hand, some jurisdictions fail to provide a sufficient

number of law enforcement personnel to adequately patrol. Where this occurs

14

one state police officer could be assigned. To ensure adequate coverage for
102 counties in Illinois, a limit of one state police officer per shift was set as a
maximUm. Such-a limit is not as severe as it seems initially. Other parts of the
model have allotted police to handle accidents, answer calls for service, and patrol
the highways. Thus, officers have been assigned to the county in addition to the

number assigned by equation (9) solely for rural patrol:

f (R,L) = R/r - L
9)

such that 0.0 (R, L) max. officers per shift

where:

R - Rural population (assumed to be unincorporated
areas and municipalities of less than 1,500 persons).

r - Number of persons per shift per law enforcement
officer.

L - Number of sheriffs' patrols and local law enforce-

ment personnel (in municipalities of less than 1,500
persons).

note: When there is a fixed number of officers to be
assigned, r is found such that the sum of the
officers assigned in equation (9) satisfies the number
of officers, totally, to be assigned to rural patrol.
This is similar to that shown in equation (8).

SUMMARY

What has been shown are equations of a model designed to allocate a fixed

number of Illinois State Police officers to districts throughout the state. This is

15




done by computing the needs for each county and combining these counties into
districts. With the use of computing equipment, the managerial options such as
percentage of calls placed in queue, the percentage of officers assigned to four-
lane, two-lane, and rural patrol, response time, etc., can be varied and different
allocations produced. This gives the manager an opportunity to examine the results
of choices of action without first taking any action. A sample of the output from
the version programmed for the computers at the Department of Law Enforcement
is shown in Appendix B. This version works with an authorized strength of 1600
officers.

The model is not limited to an allocation of a fixed strength. Manpower can
be projected. When the model is use. for projection, the miles of patrol on each

type of highway and the number of persons in rural areas per police officer, instead

of being solved mathematically as shown in equations (8) and (9), are set by the

user. Thus, the number of officers needed to handle calls for service, the number
required for policing and patrolling, and the total allocated vary according to the
parameters used. A total of those computed for each of the three categories
(including administrative support) then becomes the projected number of officers
required to satisfy a managerial philosophy. Many philosophies can be proposed.
Their effects on future strength, as well as its allocation, can be projected. Once a
path is selected, the requisite justification for changes has already been set forth.
While the number of equations and variables used preclude accurate and rapid
computations with a désk-top calculator, the model is readily adaptable to small
computers. The amount of storage needed to opera.te the model is relatively small;

programming is relatively simple. Further, because of the number of parameters

16
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used to control the computations, the model is extremely flexible. This would
make it readily adaptable to other states that have a full-service police agency,
traffic enforcement responsibility, and concurrent local law enforcement bodies,

and who were seeking a method to help allocate their officers.
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APPENDIX A

MATHEMATICAL FORMULAE FOR
ALLOCATING STATE POLICE OFFICERS

l. MODEL

such that: T

r N;
variables:

N. - Number of officers allocated

O; - Officers performing administrative support

Ci - Officers answering calls for service

Di - Officers patrolling

T, - Total number of persons available for allocation
subscript

i- any county

note: If the model is used for projection, this
portion of the formula is not used.

2. CALLS FOR SERVICE

(note: each of the steps below is performed for each county, as the smallest
unit of area, and for each of three shifts within that county.)

C=1.66 Cy or 1.66 C, (whichever is greater)

note;: 1.66 represents the number of persons
required to staff a 24-hour shift (4.98 for this
model) divided by thrie shifts.

Calls

C1=A+B

A=Yf(A ; m)s (Accidents)

23

Preceding page blank | ‘



where for each shift:
= 2
m_A‘paSta/29 0
P(x) =™ m* /x!

such that: T P(x)=( 1.0 - g )

= ; Criminal Investigation)
B_Zf(B,m)S (Crimi g
where for each shift:

P(x) =e™ " m™ / x!

such that: Y P(x)= ( 1.0 - I )

Minimum Response Time

C,=Q/2 ds2
where:
do= d[(60-g, )M, +(60-g IM ]/ 60 (M, + M)
Bts = Vi Py / 2000
for Vt Pws 3400

Btg = 5-15 + (V, p, - 3400) / 70
for all other V, Puws

note: g . is found in the same manner as Bts
by substituting Vos for V. .

variables:

A' - Number of accidents handled

B'-  Number of crimina!l investigations handled
M -~ Highway mileage
- Area _ )
(\?- Volume expressed as average daily traffic (ADT)

24
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variables (cont'd):

d'-  Maximum response time

€ - Natural log, 2.7183...

g - Reduction in speed resulting from congestion
P -  Proportion assigned

t - Time taken to handle in hours

subscripts

a -~ accidents

b- incidents

0 - other highways
S - any shift

t-  two-lane road
W - volume

notes:

8¢s = Reduction in speed on two-lane roads
resulting from corngestion.

8os = Reduction in speed on county and local
roads resulting from congestion.

P, - Proportion of accidents occurring in
as .
any shift.

Ppg = Proportion  of  criminal incidents
reported during any one shift.

Pye - Proportion of volume during any one
ws .
shift,

3. POLICING AND PATROLLING

(note: This

shift.)

portion is solved for each county and, within each county,
D=T -}:oi -}:ci

25
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note: Allocation for any county is the sum of the
allocation of manpower to four-lane (Interstate)
patrol, other highway (two-lane and local) patrol,
and patrol for the rural population. If the model is
used for projecting manpower, then D and Di in
each of the sections below are not solved.

Four-lane Patrol

ID =P D
where:

Dy; = 55 My /[H, (55 - ge, N+ 13.75 Yy /(55 - g4 )

Hy=55E M L1/ (55 - g M, /fpy D/ 1.66 -
13.75L[Lv, /(55 - 85,111

note: Unless projections are being computed,
Hf must be solved first.

/ 8000
-
for Vf p s = 10300

8¢5 = Vi Pys

g = 388 + (Vg py,g - 10300 ) / 1300
for all other V. p
wS§

variables:
H - Miles of patrol
Y - Reduction in patrolling speed resulting from traffic stops
W - Volume expressed in vehicle miles or V * M

subscript

f - four-lane highway

26
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notes:

ts -~ Reduction in speed on four-lane roads resulting

from stops of vehicles for the purpose of enforcing

traffic regulations.

8¢5 -~ Reduction in speed on four-lane roads resulting

from congestion.

Other Highway Patrol

Dpj =P, D

where:

Dy =55M,/ H (55-g, ) +13.78 Y, /(55-g, )+
55My/ Hy(55-g ) +13.75Y /(558 )

8 and 8, are given above

H, =558, L 1/(55—gts)]i/{phD/l.66—

13'75(Z[2Yts /(55-g, ), L LY, /(55- 8o,

35 L, L1/ (55- 8, 0] /.Y

note: HJ is given because this is a single
equation with the unknown as Hh' H

represents the miles of patrol along local and

county roads by one officer. Because such
roads generally serve few residences or
businesses and are patrolled by the sheriff, a
length of patrol of 4000 or more miles is not

unrealistic.  This represents one pass
er
month per shift. P P

o)

Yts = 8.75 Wt Pws / 2920

Yos = 183 W p_ /2920
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subscript,

h- patrol of two-lane and local roads
notes:
Yis- Reduction of patrolling speed resulting
from traffic stops on two-lane roads.
Yos - Reduction of patrolling speed resultin
from traffic stops on other (local
roads.

Patrol for Rural Population

LD;=p D

where:
P, = 1.O—pf-ph
DrizR/Hr/ 1.66 - L/ 4.98

variables:
R - Rural population

L - Local police including deputies and those police officers
in municipalities of less than 1500 persons .

subscript

r - rural patrol

notes:

Dy cannot fall below a specific minimum nor

rise above a specific maximum number of
officers per shift.

Available local police are divided by 4,98 to
represent the number of such police available
for one shift.

When used for allocation, Hr ‘must be solved
iteratively until the solution :Dri = Py D. In
practice, Dri = Py D +0.01 Py D.
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