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ALLOe:;A TING POLICE OFFICERS 
ON A STATEWIDij BASIS: 

A MATHE.MATICAL MODEL FOR 
~HEJLLINOIS STATE POLICE, ' 

Ii 

Rational allocation of police officers always has presented a difficult 

problem. The number avaUcible to serve the population is small. The size is 
'.1 

further r~duced for two reasons. First, a portiqn of the officers serve the 

administrative needs of the organization. In all but emergencies, they do not Serve 

the P9pulation drrectly~ Secondly, the agency generally provides 24-hour, seven-
'-, I' ., ,,'" 

day-per-week 2bverage. It takes between four and five officers to fill the three, 8- . 

hour patrols. Even\\ 'what may be a favorable ratio of police ;0 PUblic" rapidly U 
, , . . 

diminishes. " 

In. an urban'~sett1ng, the relatively small geOgraphic ~rea s~;rved allows 

overlapping coverage by the police officers on duty. Thus, more. than one offi~ek' is' 

avai1abl~ almost.,immediately t~ serve the public. With an organiiation such as,the 
i ' 

Illinois' State.Police, the 'wide. geographic area served and laCk of immediate 
I:l D" (', I 

"."", i 
. assistance makes the placement of each o~!icer crit,isal: ' SUChl,0fficer must be 

vis~le: in patrol_?utalso ~ble to res~6nd rapidly to call~ for servic,., 

, The moqel describ!~ in, tnis paper attempts to 'Pro~ide a me~hod of assigning 

police personnel to maximize their service while minimizing deilays and la~kof 
c ! 

Visible presence. It is an ol\tgrowth ofw()rkperfo'rmed both on a) state-wide basis ,. 
" ~, ' , 

aod in the urbanized areas. 
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BACKGROUND 

Until recently, the Illinois State Police (lSP) have allocated sworn personnel 

to the districts (the basic unit of co~mand) bas~d on compromise. Each district 

commander has requested' officers a~cording to their perceived needs. Tl)ese needs 

have not been well defined nor adequattr,ly supported. At one point, there was an 

attempt to allocate manpower based on the work of Wilson. l This resulted in 

assignment of a large percentage of policeofficersi? to the populous six-county 

region surrounding and including Cbok County (Chicago) a~d to a two-county region 

a~ross from St. Louis~ Missouri. ~Ilthough serving 65 percent Of the population of 
, b)\ ~_,y 

Illinois, such assignments covered only ten percent of th~ area. In other rural 

areas, there wer~ not sufficient numbers of state police officers to supplem~nt the 

relatively sma1110cal police forces. 

Attempts t~ allocate police officers to districts based ort proportional needs 

related to crime, population, ~iles of highway, vehi~le miles, size ofe district, 'and 
. . ~ (f' ~\ " , . ~~ 

the number of state police actions in terms of Gills for 'service additionally have 

suffered from several drawbacks: 

• The variables previous1; used have given population a heavy weight 
and have been il\lter-correlcrted. (Crimes~ vehicle registrations, and 
vehicle. miles all show stron.lg posi~ive correlati~ns ~ith pOPulatio. n 
and wIth each other.) Such Inter-corre}a,tlon may lead· .to 
unpredictable results. ",' . 

~, " 
• DeciSiC\~s,,-in~ibrms of the arrival ra.tes of calls, ~ow p~ompt!y~'they 

would . be answered, and appropr late accountmg fQr mmlmum 
response time cou,ld not be made. 
, 

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

limited. A study completed by the Arizona Department of Public Safety based 

allocations on response to aCcidents.2 Systems Science DeveloPl1lent Corporation 

pi S~. J..ouis prepared methodology for assigning linear patrols to Interstate 80 in 

Illinois.
3 

Finally, the models of Lipseff and Arnold,fI. although designed for a 
" ' ~. . 

"semi-rural police force", were more appl,icable to an urbanized area than to the 

rural patrol faced by the ISP. 

That most of the work ha.s been devoted to allocating manpowe~ in urban 

areas is not unexpected. The"areas are compact; they allow overlapping response. 
': ~\ , 

rraditionally, the urban police force~ have been considered short of manpower. An 

adequate allocation of the limited resources throughoutt?e city~ therefore, has 
'<:.'~ 

been im()ortant. Several theoretical approaches and models designed for SP~ific 

C 't' t d . 1 d' Ch ik 5 L 6 " 7 lies are no ~ , mc II mg a en, arson,' and LeGrande. One of the more. 

popular, the hypercube mo?el designed by ';;{ichard Larson .of M.I. T., has been used 

in part to help allocate officers iQ New Haven, Connecticut and St. Louis, Missouri. 
\' .' " 

'even thG:Jgh not' applicable directly to the needs for allocating state police officers 

in Illinois, these'models have helped selCve as a basis for the mod~l presented in this 
" paper. 

The size of Ulino is , its relatively sparse population, long distances between 

major cities, and a needior el1forcement of traffic laws as weU as crime 

prevention throughout the state must be considered in allocating' polic~ officers. 

~" By Jaw, the ,JSP currently ar~, authorized 1600 sworn officers. 8 An additional~ 

nU~ber of state police officers are working II under ~,ontract with \rhe Toll Road 

Authority and are not included, In the authorized strent_ ISP \officers have 

, -~:-', 
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policing powers throughout Illinois and must provide services to the 11.6 million 
\\ 

persons Hving in the" 56,400 square miles (although the ISP generally does not 

provide services in the City of Chicago). Although the ISP jijrisdiction covers the 

entire state,. the avail~bility 9f locfl-l law enforcement personnel in most 
'"". .. 

'\) 

communities with a population of 2,500 or more persons allow the state pollce to 

concentrate their .activity outside these communitIes. They are supplemented by 

sheriffs' departments 'for patrol and policing rural areas. As a result, even though 

more than 65 percent of the popUlation resides in eight Illinois counties, the major 

distribution of ISP offic~rs must lie outside these counties. Patrol in the eight 
,p 

counties generally is limited to expressways and major highways. There are 

sufficient local police officers to provide other policing services. 

Currently, officers from the ISP are assigned to all of the 102 counties. 

These o~fices report to the basic unit of command; a district, which comprises 

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

A map snowing the state, counties, and distric!s is given asFigure 1. Distribution 

of personnel to the q:~unties and the patrols, within a district is the prerogative .of 

district management., Generally, the majority of manpower available .to the 
. 0 

district is assigned near the Genters ol,population. 
" (.:.::'":::::.-~~< 

In . addition to the person'Oel assigned to patrol (including their immediate . . . 
---..- " , .J -...:..' 

'supervisors), a portion of the .authorized strength handles administrative matters. 

Some ar~ assigned to the central office in Springfie'id; a number:: also" ar~ assigned 

to,. security' for .. th~ governor and top, elected officia'ls. Each. district requires 

officers for ,district command, desk; and special assignments which .:zserve, the 

Department but which do not fn*e the officer., immediately,!vailable for 
-:"/ 
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patrol. The special assignments include: public information1 'equipmeryt, ordnance, 

c()urt, aba,,:(foned vehicle investigation, and fixed scale supervision~ 

Those officers assigned to gelleral patrol handle any police matter. Most of 

their time is spent enforcing traffic laws; however,· they also respond to motor 

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 ,., includipg 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 separately for the purpose of dete~ining better methods for allocating 
,,'! ). 

the affected personnel. 

MODEL FOR ALLOCATING OFFICE.R~ 

Philosophy 

The geographic size of patrols for the ISP are relatively large; many,cover 

more than 1000 square miles. Response time can be measured in tens of minutes. 

DifferencEi,s in one 01' two minutes become relatively unimportant. The major 

factor is the volume of calls. Where they areove;iapping, one officer must be 

assigned to handle each call, or service to that call must be delayed. Fur!~er, that 

an officer is available in one county to answer calls g~neral1y does not make this 

officer available to answer calls in another county. Distances are too great. 

This is the biggest difference between rural a,fiJ urban aUocation. In urban 

areas small increments ip response. time may be critical, particularly in criminal 
" 
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matters.9 As noted earlier, work by such researchers as Larson have"also taken 

Into account availability of nonobligated officers to handle calls outside their 

assigned boundar ies. l 0 

As a result, one part of the model for I!linoisState Police must deal 
I) 

\ ,) 

specifically with response to requests for service. At the same time,however, the 

model must accoun.t for preventative patrol (a visible presence). An officer not 

engaged in ans~ering a call provides this patrol. The distance covered by the 

. officer is inversely related to. the volume of calls. 

The model drawn for theISP accounts for three categories of activity: 

administration, 'response, and general patrol. The model also incorporates the 

following premises. 
" 

1. 

2. 

3. Ii 

4. 

~, \~, 

5. 

Wherever possible, the variables used to al~ocate. manpower ~re 
exogenous to the control of the agency. 

These variables aJso are weakly correlated; multicollinearity is reduced. 

The number of officers available for allocation is less than the total 
available (authorized strength); the remammg officers provide 
administrative ~upport and are assigned by executive decision. 

The ·amount of manpOWer to be assigned to a . specific philosophy, e.g., 
an~wer calls for servic~, is not limited except by the total number of 
officers available for allocation. ' 

\ , , 

The same techniques used for alloc·ation ca~ also be used for projecting 
needs. 

Basic Model " I' .) 

The basic model for allocati(,)O contains three components: 

7 

I 
f 



, II 

fit Overhead, called "administrative, supp~rt" 

• Respol1se,. called "calls for service" 

• Patrol, called "policing and patrolling" 

The sum of the officers assigned to each of these functions ,equals the number 
~- j, -, 

of police officers available. It can be expressed simply as: 
o 

,N= 0 + C + D 
(1) 

where: 

N - Number of officers available 

o _ Officers assigned to administrative s\}pport as specified by 
management 

C _ Officers answering calls f,or seryice which is) a function of 
accidents, criminal complaints, and response time 

C ="f (A, C, Q) , 

D - Officers policing and patrolling which 
highway mileage and traffic volume 
. , D = f (M, V)" , 

,I) 

is a" function of 

In the operation of the roodel, for equation (1) 0 is estahlished for each 

district as well as central ad~ioistrative activity. f'C and D are computed for each 
OR· 

shift within ~ county (the smallest practical unit for data collection) and summed 
(\ \\, t) 

to the district level. Thus, more formal!y: 

() 

(2) 

wl)ere: 
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i-District level 

c - Central office level 

Administrative Support () 

The administrative support needed and allocated is an execut;'ve decision. 

The support required could equal the number of officers avaHaple,but that would 

defeat the use of a model. In practice, the administrative support at the district 

level has included allpersonnei in the district at the rank of sergeant and above 

and a few sele~ted special assignments, plus central office staff and executive 

security. The total in thist;::ategory varies between 25 and 30 percent of the 

available force. 

Administrative support is subtracted before other computations are made. 

Calls for Service 

Two types of calls have been selected for use in the ~odeh accidents and 

crim~nal complaints. The number of calls answered can be documented. They also 

o can be ,projected. For either category is known: 

1. Th~ number that occurs for each eight-hour" shift in a given 
county. 

2. The' average time taken to service the call. 

C?mputation of the number of calls expected during the period, anyone call 
- .~, .\ 0 

is being serviced .:th~'l is computed through a Poisson function: 
" 
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where: 
(3), 

m ~ Is the aver,age number of c~1!s occurring during the service 
. interval, t, fpr anY:, one ·cal1~ , 

tnA = Ar tA PA/2920 

mB = "Br tB PB/2920 

where: 

(3a) 

(3b) 

' .. o 

A - Accidents (annuql) 

\.' B - Criminal complaints '(annual) 
:~ 

t - Time taken to service A or B 

p - Proportional" factor used to increase or 
decrease the numbes of accidents or 
criminal complaints,handled 

2920 - Number of annual hours in aneight-hol,.!r 
shift 0 

The number of officers needed for q,ny one shift is the "Xli at the point where 

P(x) ,from equation (3) is equal to or greater than some service level. ~ervice level 

is expressed as a porti<.)~ of calls h~ndled imm~diately. Any call rece!ved aJter the 

level is reac;hed is placed in a queue that is servi~eq: by delaying response or 

requesting" assis'i:ance from another agency. (All c9~putations assume that,only 

one officer services a call.) .b:l the model, the serv~ce l~vel is a parameter. WhHea 

100 percent ser~ice' level is feasible, it 159not practical. In many cases this would 

(j e,:,ause the model to add one officer to serve ori~ perc;:ent or less of the expected 
Q 

number of ~a\.us received. 
" 0 

u 

10 # (, 

t 

(l It 

p 

, /) 

't 

o 

~I 
> ~".......----•••• ''''''--'~-':-:;::'''''''~':;:';:=-;:-::=:::::~.~:!.~'.:~-':':'::::::'::::.:::,.'::::"::,:::,::::,,,-::,::::,'' 

. \\ 
Because calls for ser«ice can be so few,P (0)' for both accidents and criminal 

complaints can exceed the service level. No -officer is assigned. However, the c, 

\I police philosophy is that an officer must be available to respond, in a reasonable 

time, even for one call per year. Therefore, equation 3 is modified. 

"C' = (X A + XB) l!: f( Q) 

where: . 

c" - Positions required to handle calls for service 

(4) 

XA, XB - Total number of officersa~signed in one shift to meet a 
requisite service level for accidents and criminal 
complaints . 

(,J 

f(Q) - Response time which is a function of the area served 

Note: In equa~ion (4), the larger of the two sides X
A 

+ X
B or I( Q) IS used. , 

F(Q) ~. Q/2d' 2 (4a) 

(4b) 

where: 

Q - Area in squaremlles , 

d' - Drivi~ ~hne adjusted for ~estion 
d D · d . 0 - '. eSlre response tIme . 

(1 

fCc) - The ratio of actual speed of the responding Vehicle, given 
conge~tion~ to the potential speed • 

. ' 0 ~ fCcl'~ 1 .. 0 

, Note: In all but urbanized afeas, fCc) 
formula used). 

o 

110 

1.0 (see Appendbc A for the 

o 

-< <) 
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One ~,urther adjustment of C'from equation (4) is r~qUired. What is compu~ed 

is the number of officers required to. satisfy the parame~ers. However, to provide 

this service 365 days a year requires more than one person to fill the position 
" . 

cr~ated. For the IS?, a work year of 220 eight-hour days was selected. Given 8760, 

hours in one year~ it takes 1..66 persons to fill that one position per shift. Thus, C 

is adjusted by this amount. 

C= C' s (5) 

where: 

C - Number of officers required to answer calls for service 

s - Adjustment of posit~ons to achieve annual coverage, 1.66 
for this model. 

From the total strength, then is subt~acted both administrative support and 
co.) ;'.r-:::::~~) 

calls for service. If the result is negative, either the parameters used for calls ~r 

service (desired level of service) must be reduced or the administrative support ,,_ 

reduced. Resulting from this" action should be a body of persoi1.s~ not assigned. 

These are distributed according to policing and patrolling needs. ~. 
. ,,:' . ,,'.::. 

D=N-O-C (6) 

Policing and Patrolling 

Policing and patr0111ng refers, to the pr-eventative aspect of p~licing. In 

theory, a visible"patrol veblfle wi1l"heJp prevent, crimes or motorist vioiations of 
\. 

o 
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traffic laws. Gi~en a population to b"e served and highways to b,e patrolled, a basis 

for 'measuring patrol is available. Chosen for this model was, both mileage and 

persons served per patr0111ng officer~ 

The two parameters are distinct. The mileage is patrolled to preven~ 

violat~ons of traffic law, ~erve the motorist, and, in the end, to reduce accidents. 

The objective 1~, to maximize that mileage. In preparing the model, three highway 

patrolllng philosophies were used: patrol of Interstate highways, of state highways 

with moderate to high volume of traffiC, and of low volume, county, and township 

roads. Frequent patrol is required on Inter:;tate highways. This means short 
c.:1 

patroUing lengths. More infrequent patrol occurs, on higher volume"two-lane roads 

and very infrequent patrol on all other highways. The model separates ,these three, 
,;- " 

highways but uses the same mathematical philosophy the compute length of patrol. 

j\pditionally, some police personnel have to be available to serve the rural 
(\ ..-- t\ 

populatio~ as a whole regardless o'f 'highwa{ mileage. The presence of any police 

satisfy this need; ISP officers augment the local efforts~ In, effect, this yields a 

fourth parameter for patrol. As shown in equation (7), there are four elements to 

be solved. 

D = P f "+ Dt + Do + Dr 

where: 

o - Officers available for patrol 

(7) 

Of' 0t' Do, Dr -
~j 

Officers needed to pattolfour-lane (IJlterstate), two-:lane 
(state marked roads with volumes exceeding 1500 ve,~Ic1es 
per ,day,,, 1.500 AOT),. other roads~ and augmented service to " 
~he rural population "J, 

13 ~. n 
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Because the officers need~d to,an'swer calls for service il1 equation (5) are not 

always busy, their free time ~lso can bedevo~~d to the patrol specified in ~quation 
(7). Therefore, before computing and distributing per~onnel, D is adjusted for that 

free time. 

Ii 

D~ = 1760D + (1760G - A P~tA - B PB t B) 

where: 

Df _ Hours available for patrol 

C - From equation (5) 

A, P A tN 

B, PB' tB - Described in equation (3) 

1760 - Manhours per officer at 220 man-days per year 

(8) 

;he first, step is to arrive ata rationaf decision regarding the distribution of 

available officers (or hours) among the four patrols. .. This is done by 
;) 

management. It refle2ts the emphasis placed on c urban or rural orientation. 

Emphasis given to Int~rstatehighway patrol is urban orien~ed "because of the 

volume of traffic on those roads. ., Further, t;"o":l~~e a~d' o~her mileage is grouped 

~'s one unit two-lane patrol. This is done to "solve i~[' u~nowns. In ~quation (9). , " 

the p (f, t, r )represen;;±h~. proportion of" 1.0 assigned to ea9h ot the th7-"'v ' , 
''/' j 

JI <':::f" 

(9) 

where: 
\) 

Proportion of available" offi~rs' to be distributed :among 
Pf' Pt' Pr - Interstate, two-lane (stiite and other); and rural patrol. ' 
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-1760 - Man hours per officer per year 

1.66 - Persons per position per shift (see equation (5» 

The number of officers needed to Serve a segment of highway (the basic unit 

is mi,leage in a county), Is dependent upon the miles of highway to be patrolled and 

the miles of highway that can be patrolled per hour~ The latter is dependent upon 

the speed of the patrol vehicle, congestion, and the number of traffic stops made 

by th~ officer. Only rrilies of highway and volume of traffic are independent 
,.' 

variables in the equation. ('Multiple regression analysis has shown that these 

variable$ are hig;hly related to other' measures such as population, registered)" 

vehicles, accidents, citations written, etc., but are not related to;;~ach other. 
\) /1 ~ ",:. 

While the model shows an amount of miles in a patrol, the mileage that will 

be patrolled in any county during any shift will be less when cong~stion is present. 

This adjustment is derived mathematically. It Ls given in Appendix,.A. 

- Four-Lane Patrol (' 

One of the two divisions used for 'determining patrol is four-lane (generally 
'1'\ 

Interstate) highways. The State Police provides sole patrol for most of this 

mileage throughout Illinois.Tfie number of positions available to work foyr.,.lane 

roads is shown in equation (10). It is deriVed from a decision by management to 
\ " \ 

ass!g~ Pf preportion to that hJghway. 
~ 

"~'-'\\ 

Df = Pf Df /1760/1.66 

where: 
\l 

(J 

(, ., 

n (10) 

15 
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Of - P~sitions available per shift to patrol the four-lane 
hlg~way 

fI 
, " ,) 9J < ;::. , 

Pf - Specj:1ied;:is a parameterJ proportion of officers to be given 
tofJur-lane patrol v 

0' - ,.From equation (8) 

Because Of and total miles of four-lane roads are, known, what is solved is the 
(! 

miles of patrol for anyone officer assigned to patrol of four-lane roads~ If, at the 
I' 

conclusion of processing, the miles of patrol are too high, then either the available 

officers, 0', must be increased, or the proportion of officers assigned to four-lane 
" . I) 

roads, p f' increased. 
" 

(11) 

where: 

Hf - Miles of patrol per position 
, '\i 

Mf - Miles of four-lane roads 

Of - From equation (10) « 
f(s) 'I-Correction factor for' speed ,as , shown, in Appendix A. In 

mostrurql counties for all sbifts, £ (5) ~ hO. In Cook 
County for shifts covering rush hour f(s) may exceed 4.0 

,In practice, Hf is so'lved for all counties for aU shifts., The assignment of 

positions in anyone county is then per.formed by equation (12): <J 

(12) 
II 

(subscript i stands for the individual J:ounty,andshift within that 
coUhty.) Q. " p , " 

() I) 

I' 
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- Two-Lane Patrol 

The same technique is used to assign patrol to two-lane roads. Because both 

state marked highway a.nd other types of two-lane highway are included and 

because only one equation is available, the mUes of patrol for other highways is 

fixed. What has been used in the model is 6000 miles. This is approximately 

equivalent to one pass of the patrol vehicle once every month. 

0t = PtOl /1760 /1.66 

Ht = £(s) Mt / ( 0t - Mo / 6000 ) 

where: ., 

. Ht - Miles of patrol of a two-Iane,,(state marked highway} 

f(s) As shown in Appendix A 

0' From equation 8 

(13) 

(14) 

M t - Miles of two-lane (state marked) higher volume roads 

D t - Persons assigned to patrol of two-lane highway 

Pt - Propol,"tion of persons to be assigned other highway patrols 

Mo - Miles of other roads and" state marked roads with, less 
¥olumes than 1500 ADT 

6000 .. Miles 1)f patrol for other highways. 

r:-, 

Similar to fot:1r-lane patrol, Ht' is solved given all counties and all three 

shifts. In an equation sim.i1ar to (12), the positions are assigned to each county. 

(15) 

r:? 
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Ii 

f j D" . ::: M . / 6000 
01 01 

(16) 

/1 
i where: 

P. 
01 

Patrol of other highways 

i ':" Subscript d~noting each county 

- Rural Patrol 

Some allowanct? is made for assist,ing local law enforcement in terms of 

additional personnel to supplement their strength. First determined is a ratio of 

population to police officers. State police officers are added to number of local 

,officers to help meet this ratio. Two conditions are set. First~ state police 

officers would,. not be re,moved from a location if there are more than a sufficient 

number of other police officers. Second, the number of additiol)al state poiice 
l\ . 

gfficers added per s~ift also should be limited. One officer per shift has been 

chosen as that limito 

Setting limits, however, means that the actual distribution can not be 

\\, compu~epd~reGtiy by solving for the unknown, number ·of persons served. Rather a 

solution is estimated and tt1~ compu!ations carried through to determine "whether" 
, , 

the n~mber of o.fficers assigned matches the number to be assigned. If the ~q~~lity 
"Jl - ' 

is not found, the number of persQI1~' served is increased or decreased and)terations 

, are continued. 

n = p 'D' / 1760 / 1.66' 
r r 

" 

D~i = Ri /Hr / 1~66:'- L / 4.98 
tl .l 

J8 

(17) 

(18) 

o 

" 

", 
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~ .' • 1 ' • ~ .' • fl. .' o. ." • , '., ., • 1 .. \ \',,' ~ , • t ,f. 

c. 

o 

I'.:) 

i~ , 

where: 

() 

Dr Positions as~Jgned to rural patrol 

R - Rural population 

D' - From' equation 8 . 

Hr - Number of persons per officers 

L - Local police officers 

i Subscript standing for any county 

1.66 - Number of officers required to support one position per 
shift 

4.98 - Number of officers needed to support three shifts 

Note!' . Hr is adjusted until Dr =1:. D . . n 

" 

Adjustment For Officers Assigned to Calls For Service 

All of the computations have been performed with a variabl~, 0', which has 

included free time of officers assigned by the model to calls for service. To obtain 
'" 

the actual count of officers assigned to policing and patrolling requires a reduction 

"of [) by. the free time that had been included. The ratio of D to D then can be 

multipli~d directly through" the PosJ\~ons assigned, the po;itions added, and 

multiplied by officers per shift •. 

(" D. = 1.66D ( D. + Dt . + D . ) / D 
1 rI 1 rl 

C::-' 
(19) 

(1 

where: 

D. 
1 

Number '?of officers allocated to policing and patrolling in a 
c04nty 
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SUMMARY 

The model has been transfer,red to an IBM 360 at the Department of Law 

Enforcement and has been in use for more than one year. During that", time it has 

been ~pgradedfrom the original described in Raub and Sweat'(P What this 

upgrading has yielded has been refinements in the allocations and a better balance 

between urban arid rural patrol. " 

The Department has used this model to evaluate the, effect of several 
, Ii 

philosophies in terms of changes in strength for: all districts. Its use has helped 

support a decision by the Division of State Police to put greater emphasis, on, rural 

patrol and to spend more patrol on state highways as opposed to Interstate 

highways. 
~ -", 

Additionally, the Department has examined the size of a force required to 

meet improvements in services. Most recently, it has determined to ,what extent 

services would be curtaileq if there where reductions in the number of polite 
/1 

officers. Finally, ", in conjunction with its present policing philosophies, the 

Department is assigning graduating cadets to districts depending upon relative 

need. 

The ,next step will be to use p~~mises developed for this model to identify 

allocations of detectives. Here, instead ofchighway and volume, case load would 

serve as the basis. What needs to be determined, yet,arethe independent 
, \) \ '. 

" variables required ior projection of Case load. Also, unlike policing services, the, .' (, 

" 
t~pe of case undertaken has a large bearing o~ the amolJnt of time and, therefore, 

need for"investigative efforts. This also must be resolved. 

Given 'the limited information originally,) available, the model devised appears 

to be a practical tool. While it has been limited to police services, its three-fold , 

concept of overhead,reactibn, and prevention can be applied to other ~ields. 
20 
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(1)0. W. Wilson and R. C. Mclaren, Police Administration, 2nd ed., Charles C. 

(2) 

(3) 
t . 

Thomas, Springfield, U., 1972. 

A Compendium of Illinois 1-80 Project, Systems Science Development 
Corporation, St. Louis, Mo., June 1970. 

(4) F. R. Lipseff and J. G. Arnold, "Computer Simulation of Patrol Operations of 
a Semi-Rural Police Force," Journal of Police Science and Administration, 
2:2, June 1974,. 

(5) J. M. Chaiken, Patrol Allocation Methodology for Police Departments, 
Report R-1852-HUD, Corporation, Santa Monica, Ca., September 1975. 

(6) R. C. Larson, ,A Hypercube Queuing Model for Facility Location and 
Redistricting Emergency Services, Report R-1238-HUD, RAND Corporation, 
Santa Monica, Ca., March 1973. 

(7) 

(8) 

(9) 

(10) 

J. L. LeGrande, "Distribution of Municipal Police Patrol Manpower," Planning 
and Research Bulletin, No. VI, School of Police Administration and Public 
Safety, Michigan State University, Lansing, July 1968. 

Illinois Revised Statutes, 121-307.1, Amended by P~ 76-270, July 1, 1969. 

C. Clawson and S. K. Chang, "The Relationship o~ Response Delays and 
Arrest Rates,"" Journal of Police Science and Administration, 5:1, March 
1977, pp. 59-68. 

Larson, supra. 

(1 I) Richard A. Raub and George L. Sweat A Method for Allocating State Police 
Officers In Illinois, Illinois Department of Law Enforcement, Springfield, 11., 
June 1981. 

(12) AmericaJ Association of State Highway and Transportation Officials, A 
Policy on Geometric Design of Rural Highways, 1965, Washington, D.C., 
1977~' p. 95~ 

\' 

21 

, I 



,) 

~ ./ + ' 

REFERENCES 

Allocation of Patrol Manpower Resources in the St. Louis Police Department, St. 
Louis Police Department, St. Louis, Mo., 1966. 

Bennett, W. and DuBois, J. R., The Use of Probability Theory in the Assignment of 
Patrol, Edina Police Department, Edina, Mn., July 1970. 

Bristow, A. P., Effective Manpower Utilization, Charles C. Thomas, Springfield, 11., 
1969. 

Chaiken, J. M., Patrol Allocation Methodology for Police Departments, Report R-
1852-HUD, Corporation, Santa Monica, Ca., September 1975. 

Clawson, C. and Chang,. S. K., "The Relationship of Response Delays and Arrest 
Rates," Journal of Police Science and Administration, 5=1, March 1977, pp. 53-68. 

Co 

A Compendium of Illinois 1-80 Project, Systems Scienqe Development Corporation, 
St. Louis, Mo., June 1970. 

Gourley, G. D. and Bristow, A. P., Patrol Administration, Charl~s C. Thomas, 
Springfield, 11., 1961. 

Heller, N. B. and McEwen, J. T., "The Use of an Incident Seriousness Index in the 
Deployment of Police Patrol Manpower," St. Louis Police Department, St. Louis, 
Mo., January 1972 (three volumes). 

Kakalik, J. S. and Wildhorn, S., Aids to Decision Making in Police Patrol, Report R-
593-HUD/RAND Corporation, Santa Monica, Ca., February 1971. 

Kolesar, P., "A Model for Predicting Average Fire Engine Travel Time," Operations 
Research, 23:4, July-August 1975, p. 603-613. 

Kolesar, P. and Blum, E. M.~ "Square Root Laws for Fire Engine Response 
Distances," Management Scienc~ 19:12, August 1973~ pp. 1368-1378. 

Larson, R. C., The Hypercub"~ Queuing Model: An Introduction to its Structure and 
UtiUTh Massachusetts Institute of Technology, Cambridge, Ma •. , December 1975. 

. , A Hypercube Queuing Model for. Facility Location and 
'::R""e~d:-:-is-t-fl-:-·c-:-t-:-in--g-=E-m-e-r-ge-n-cy Services, Report R-1238-HUD, RAND Corporation, Santa 

,: Monica, Ca., March 1973. 
() 

, Model for the Allocation of Urban Police Patrol Forces9 .-:---:-::::-----:--:-' 
Technical Report No. 44, Operations Research Center, Massachusetts Institute of 
Technology, Cambridge, Ma.~ November 1969. 

LeGrande, J. L., "Distributjon of Municipal Police Patrol Manpower," Planning and 
Research Bulletin, No. VI, School of Police Administration and Public Safety, 
Michigan State University, Lansing, Mi., July 1968. 

22 

n __ 

• n 

i 

1 
I 
! 
<-

I· 
i' 
I 
I 
! 

l 
! r 
\1 

f 

... 

(, 

\1 

" 

5 

Upseff, F. R. and Arnold, J. G., "Computer Simulation of Patrol Operations of a 
Semi-Rural Police Force," Journal of Police Science and Administration, 2:2, June 
1974. 

MitcHell, P.S., "Optimal Selection of Police Patrol Beats," Journal of CrimLl"lal 
Law and Police Science,' 63:4, December 1972, pp. 577-584. 

Raub, R. A. and Swea.t, G. L., A Method for Allocating State Police Officers in 
Illinois, Illinois Department of Law Enforcement, Springfield, 11., June 1981. 

Schumate, R. P. and Crowther, R. F., "Quantitative Methods for Optimizing the 
Al~ocation of Police Resources," Journal of Criminology, Criminal Law, and Police 
SClence, 57:2, June 1976, pp. 197-206. 

Smith, R. D., Random Patrol, Field Services Division, International Association of 
Chiefs of Police, Gaithersburg, Md., 1960. 

Smith, S. A., "Estimating Service Territory Size," Management Science, 25:4, April 
1979, pp. 301-311. 

\1 

Wilson, O. W. and McLaren, R. C., Police Administ;~~ation, 2nd ed., Charles C. 
Thomas, Springfield, 11., 151,72. 

o f) 

(l 

23 

i) 

-



I 

L 

1-:;, 

,,' 

:1 

APPENDIX A 

MATHEMATICAL FORMULAE 
FOR ALLOCATION MODEL 

'1. MODEL 

2. 

N. = O. + C. + O. 
1 1 1 1 

such that: 

variables: 
f) \) 

N. - Number of officers allocated 
1 

Or - Officers performing administrative support 
I,,::.. 

C. - Officers answering calls for service 
1 

0i - Officers patrolling" 

T -' Total number oipersons aVcdlable for allocation 

subscript 

"i - any county and within any county, for each shift 

(1) 

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

jJ 

CALLS FOR SERVICE 
(Note: Each of the steps below is performed lor each coun~y, as the smallest 
unit of area, and for each of three shifts within that county.) 

Ci = SCI or S C~ {whichever is greater} 
, " 

(2)' 

where: 

Ci :-Number of officer~ for each shift in a county 

Number of offi~ers required to staff ope position, one shift 
for a 365..aay period 0 

S = 8760lMhl3 

" 
J) 
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where: 

Mh.. Man hours of work per year for one officer 
. "\ '. , 

8760 Number of hours in a year; 

,.3 - Number of shifts .. 

(3) 
\i 

C A = f (A;m) , (Accidents) (3a) 

''where for each shift: C A results, from t~~ \oisso,n distribution 

P(~).= e-mmx I xl . 

, m = A PAt A 12920 

such that: I' P(x)~ (£.0 - qA) 

"CB = f LB; m) (Criminal Investigation) (3b) 
,j "-

where for each shift: CB results from the Poisson distribution 
m x " P(x) = e-' m IxI" 

I) 

i· 
m :::: B PB tB I 2,920 

such that: ., E P(x) ~ (1.0 .. qB) 

where~,. D C) 

CA::' Officers peeded to respond toac~idents 
I' ,.I ~B - ·Officers ne.eded to respond to cfiminal complain,~S (7 

) ~\ 

A - Ac;cidel1ts occurrin& during "that shift 

B - Criminal compl~ints arising'during that shift 

<Y • P NPB - Proportiomll factor used to adjust ibe number of accidents 
and criminal complain~s 

'" 26 
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'~" ,) 

'f 

(\ l' 

:;:;:.. 

Time taken to service an accident and crimina! compjaint 

Proportion of accidents and criminal complaints :that will 
be delayed or given to another agency. 

,\ 

:-~e - Naturalldg, 2.7183 ••• 

Minimum Response Time 

0.'2 
C2 = Q 12d., (4) 

where: 

'(:2 - Officers needed to ach!eve a minJmum response time. 

Q - . Area' of county in square mile;; 

d' - Driving distance during a given time of response., At 60 
mph d miie;-~ is the same as response timed~ For' 
congestIon, driiust be adjusted 

:d' "- d (60 - IS ) I 60 - t (5) 

where: 

d - Desired response time 

, gt - Adjustment for, congestion on two-lane road, 
see equa tion (~a) 

3. POLICING A ND PATROLLING.," 
.. (Note:;: This ,'portion is solved fqr each county and,. within each county, for 

each shift.) ~ 
" 

D:l T - Eo. -~C. 
. 1 ., J 

;, (6). 
,! ~., 

l 

'D. = 1.66 Df. -I- 1.66 D
t
. +'1.6.6 D . 

l' 1 .. l' rl '\ (6,~) 

Note: AUocatjcm for any co~nty is the sum of the allocation of 

manpower to four-lane (Interstate) patrol, other highway (two-
. \ 

lane and local) patrol, andp~Fol f.pr the rural population. D 

and subsequently. Df ·, Dt:,and"J!)' . are known. What is solved is 
, .,.1 l'v~~n .• 

,jheir basis, ~ miles of patrol 0(:% highways and persons served .In . ~ 

rural populations. 
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'Because there is time available from those officers assigned to 
answer calls. for service, equation (6) is adjusted and the 0 

" resulting from equation (6b) used; 

Of = 0 + 2920 ( C A pc; t 
A A (6b) 

where: 

D - Number of officers remaining after subtracting officers 
assigned to administrative suppprt and to calls for service 

0' - Adjusted numbe,!;' of officers given free time from calls for 
service 

Note: Other variables have been e~pl,ained"above. 

Four-Lane Patrol r) 

0fi =Pf D 

Given.for aU three shifts s'Jmmed: 
,-;, '-' 

" '. ~ 

Hf = 55i: eMf 1 (55 - gf)J II [Pi 0/[66 -13.75 [( Vf 1 (55 - gf >.>.J 
Ofi = 55 Mf I[Hf ,( 55 -gf U + 13.75 Yf 1 (55 - gf) 

, 

Note: Unless Rr~jections are being computed, Hi must be solved first. 

For each shift: 

", gf :: V f 'Pw isobo (7a) 
!J 

for V f Pw tG,'10300 

gf = 3.S8 + ( V f P w - ,10300 ) 1 1300 

" 
for all otQer:y f Pw 

n (. 

Y f= 6.0 W f P 1 2920 (7b) 
" w \\ 

where: 
'I.. ,,0' " 

\,'J.t.c . I), 1 ' . " 

Pf - 'Proportion of poJicing and patrolling to be assigned to four­
~ane highways 

b \ '( 
,;! C 

o 

o 
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Hf - Miles of patrol for one officer on a four-lane highway 

Mf - Mi18S of four-lane highways in a county 

Y f - Reduction in patrolling speed resulting from traffic 
stops. 

Vf - Daily volume on four-lane roads (ADT) 

W f- V 6lume expressec;f in thousands of vehicle miles, V f * 
Mf I' ) 

\ / 

gf - Reduction in speed occtirring from congestion 

p - Proportion of volume (ADT) oc'6urring during a given 
w ~ight-hour shift 

Other Highway Patrol 

Dti = Pt D 

Given for each shift: 

Ht = 55 Mt Ho Ifrf Di Ho (55 - gt) - 55 Mo - 13.75 Ho 

{y~:?+ y.)1 \, ~ O:J If ~ 

Dti = 1)5 (Mt Ho "" Mo Htl + 13.7~ Ht\H~(Y t t Yo>] . 
\,\ ' 0 

;, 1 Ht Ho(55 - gt) 
), 

For each shift: 

St = V t P w 1 2000 

for V t Pw~ 3400 

gt = 5.15+ (Vt Pw - 3400) 170 
. " . " 

for all other V t ~ w 

Yt = 8.75 Wt Pw 1 2920 

Y 0'= 1.8.3 W 0 Pw 12920 
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.... z = 
$' .,...,.,.. 

, " 

where: 

Ht -" Miles of patrol on a two-lane roads 

Ho - Miles of patrol on all other highways. This h. a constant 
supplied to the model. 

Mt' Mo - Miles of two-lane and other highways 

Y t' Yo - Reduction in patrolling speed resulting from traffic" stops 
on two-lane and other roads 

,Ir~ 

Wh, Wo"; Volume e>:pressed in thousandS of vehicle 
miles and two-lane and other roads 

V t' V 0 ... Volume (ADT) on two:..lane and other roads 

g. - Reduction in speed occurring from 
1 congestion. 

p - Proportion of v~,me w 

l~1 
Patrol For Rural Population I~ 

D . = R I H Is - L/3s (9) 
r1 r 

Given for each shift and eac:h county 

P r = 1.0 - Pf .. Pt 

where: 
;, 

R - Rural population 
u 

\ 
L, - Local police including 'deputies and those police officers in 

municipalities of less tha?)1500 persons 

Hr - Number of persons served per rural police officer 
',' .) 

" NotE\: Q. for e::lch shift within each county is constrained to a , rl' \ , 
minimum and. maxilJlum. Therefore;1 Hr is substi;tuted into 

equation and the sum of all state police officers compared to p 
., 0, iJ r 

D. This step is performed iteratively until: 

ID. = P D n ·r 

In practice: (, 
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