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ON A STATEWIDE BASIS: : _
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'BACKGROUND

” Until recently, the luinois State Police (ISP) have allocated sworn personnel
1o the dxstncts (the basic unit of command) based on compromise. Each district
commander has requested officers according to their percewed needs. Thece needa
have not been well defined nor adequately supported. At one ‘point, there was an
: | 1 This resulted in

attempt to allocate manpower based on the work of Wilson.

assignment of a large percentage of police officers to the populous six—county

region Surrounding and including Cook County (Chicago) and toa two—r:ounty region

across from St. Louis, Missouri. ."lthough serving 65 percent of. the population of

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

areas, there were not sufficient numbers of state police ofﬁcers to supplement the

relatively small local police forces. )
Attempts to allocate police officers to districts based on proportional needs

related to cr1me, populatlon, mrles of hlghway, vehxcle m1les, size of dlS‘tl‘lCt, and

S ’

the number of state pohce actions in terms of r'aills for ‘service addxtxonally have

suffered irom severel drawbacks:v

&

~ @ The variables prevxouslv used have glven population a heavy weight

and have been inter-correlated. (Crimes, vehicle registrations, and

vehicle miles all show strong positive correlations with population

v.  and with each other.)

unpredictable results. ’

° Dec1sw\“°\: t]erms of the arrwal rates of calls, how promptly they

would be answered, and appropriate accounting for minimum
response time could not be made. -

° Admmzstranve support (overhead) has not been adequately defined
and the amount needed not adequately computed. :

N

Such mter-correlatlon ‘may lead- o
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‘By law, the ISP currently are authorxzed 1606 sworn ofﬂcers.8

&

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 Development Corporation

of St Louis prepared methodology for assigning linear patrols to Interstate 80 in

Ilhnoxs.3 Finally, the models-' of Lipseff and Arnold, 4

although designed for a

"semi-rural police force' were more apphcable to an urbanized area +han to the

“

" rural patrol faced by the ISP, - : )

That most of the work has been devoted to allocatmg manpower in urban

‘ areas is not unexpected. The areas are compact; they allow overlapping response.

" T radmonally, the urban police forces have been considered short of manpower. An

adequate al!ocatlon of the limited resources throughout the city, therefore, has
been important. Several theoretical approachés and models designed for specmc
cities are noted, including Chalken, Larson,6 and LeGrande]
popular, the hypercube model de51gned by “Richard Larson of M.I.T., has been used
mpart to help allocate officers in New Havén, Connecticut and St. Louis, Missouri.
Even th(figh not applicable dlrectly to the needs for allocating state police officers
in Illinois, these ‘models have helped serve as a basis for the mode} presented in this
paper. " v R |

The size of Ilhnms, its relatively sparse population, long dxstances between

major cities, and a need for enforcement of traffic laws as well as crime

- prevention throughout the state must be consxdered in allocatmg pohce officers.

number of state police officers are working (under contract with fthe Toll Road

Authority and are not included in the authorized »stren<{h. ISP \Ofﬁcers have

\

T

One of the more'

" An additional-
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policing powers throughout Illinois and must provide services to the 11 6 million
persons living in the. 56,400 square leles (although the ISP generaﬂy does not
provide services in the City of Chicago). 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 oltside 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 officers must lie outside these counties. Patrol in the eight

(/" . . o, - L
counties ;genei%uy is limited to expressways and major highways. There are

sufficient local police officers to provide other policing services.

Currently, ofﬂcers from the ISP are a551gned to all of ‘the 102 counties.

These ofﬂces report to the basic unit of command, a district, wh1ch comprises
three or more counties except in Cook County which is divided into two districts.

A map showing the state, counties, and districts is é}.ven as Figure 1. Distribution

of personnel to the counties and the patrols within a district is the pi’erogative;of

* district manage,ment.a - Generally, the majority ‘of manpower available to the

district is assigned near the centers of population. .

L:?:;,\‘
\\

In addxtion to the personnel assngned to patrol (mcludmg thelr 1mmed1ate

“Supervisors), a portion of the authorized strength handles administrative matters.
‘Some are assigned to the central office in Si:u‘rihgﬁeid; a number also are assigned

toi security for. thg governor and top, elected officials. “Each  district requires

o

officers for district command, d_eék, and special assignmentsﬁ which «serve. the

Depart/,ment; but which do not make the officer. immediately -aeuivail‘éblé for
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Philosophy

patrol. vahe special éssignments include: pﬁblic information, 'Equipmént, ordnance,
cc:urt, abardoned vehxcle investigation, and fixed scale supervision.

Those officers assigned to general patrol handle any police matter. Most of
their time is spent enforcing traffic laws; however, they a_lsb respond to motor
vehtcle accidents, criminal complaints, and assist: rnunici;;al and sheriffs' police as
needed. Thus, any model prepared must accbunt for all of these functions.

Ctner related police services- including laboratory and forensic sgrvices,
crime scene technicians, criminal intelligence, criminal identification, detective
services, internal investigatvion, and training are provided by separate divisic;ns
within the Department of Law Enforcement. The Department is examining these
functions separately for the purpose of deter{nining better metho’dsﬁf‘or allocating

o

the affected personnél. |

MODEL FOR ALLOCATING OFFICERS

The geographic size of partrols ior the ISP are rel;tIVély large; rany.cover
more than 1000 squareﬁ rniles. Response time can be measured in tens of minutes.
Differences in v‘one or two minutes becomg relatively un”import’ant. The major
factor is the volurne of calls. Where they are "overslapping, one officer must be
assigned to handlé each call, or service to that call must be rielayed. Further, that
an officer is available in one county to answer calls ggnerally does not make this
officer available to answer calls in another cbunty. Distances are too great.

This is the biggest difference between rurai apid urban allocation. In urban

areas small increments in response time may be critical, particularly in criminal

N
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- assigned boundaries.

m,atters.9 As noted earlier, work by such researchers as Larson have.also taken

~into account availability of nonobligated officers to handle calls outside their

10

As a result, one part of the model for Illinois State Police must deal
pecxﬁcally witn response to requests for service. At the same t1me, towever, the
model must aécount for preventative patrol (a visible presence). An officer not

engage‘d'in énswering a call provides this patrel. The distance covered by the

-officer is inversely related to the volume of calls.

The model drawn for the ISP accounts for three categories of activity:
administration, response, and general patrol. The model also incorporates the

following premises.

1.  Wherever possible, the variables used to allocate manpower are
excgenous to the control of the agency.

2,  These variables aJso are weakly correlated; multlcolhneanty is reduced.
3. ; The number of ofﬁcers available for allocation is less than the total

available (authorized strength); the remaining officers provide
admm1stratwe support and are assigned by executive decision.

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

answer calls for service, is not limited except by the total number of
officers available for allocation.

5. © The'same techmques used for allocatlon caﬁ also be used for pro;ectmg

. needs. , ,

It

Basic Model . ) ot .

The basic model for allocation contains three components:

3y
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S o ) T § i - District level
e Overhead, called "administrative support r ]
' : e s £ . c - Central office level
e Response, called "calls for service™ > ) L1
e Patrol, called "policing and patrolling" = 1 , ‘ : ; .

Administrative Support 0

i3
. s

The sum of the officers assigned to each ef these functions equals the number The administrative support needed and allocated is an executive decision.
e “h of these .  the ,

of poli ffic ilable. It can be expressed simply as: The support required could edual the number of officers available, 'bu% that would
of police officers avallable. , ]

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

=

N=O+C+D n . S 1 : level has in¢luded ali personnel in the district at the rank: of sergeant and above
N=0+C+ ' 4 e .
" [
- and a few selected special assignments, plus central office staff and executive
where: ST g
N - Number of officers available security. The total in this category varies between 25 and 30 percent of the
- Number of officers & ‘ . . |
) : 0 7 g i - avallable force.
> O - Officers assigned to administrative support as specified by 2 i _
- management : Admmlstratwe support is subtracted before other computauons are made.

C - Officers answering calls for seryice which is a function of
accidents, criminal complamts, and response time | Lo
cC=f(A,CQ _

, - D - Officers pohcmg and patrolling whxch 1s a’ functxon of
B highway mileage and traffic volume

e L

- Calls for Service

—

Two types of calls have been selected for use in 'the model: accidents and

D={ (M, V) - . RN . - B | criminal complaints. The number of calls answered can be documented. They also
‘ e : v SRR " o canbe, pro)ected. For either category is known:
| e | | :
In the operation of the model, for equation (1) O is established for each N | % ’
district as well as central administrative activity. C and D are computed for each : 1 ‘g R The number that oceurs  for each exght-hour shift in a given

) ‘ ) . : OB . county.
shift within a county (the smallest practical unit for data collection) and summed : ”’ ' ‘ ¢

o tsbinnicc

: 2. The average time taken to service the call,
to the district level. Thus, more formally: : : - .

Peag
o e

-
¢

) [ 0 ‘ . ; . . ___
“\g N Z (0 + C1 N Dl) . Oc “ : @ - i i Computatxon oi the number of calls expected due‘l.ng the perlod, any one call
: L _ o o ’ : . £ is being serv1ced the\\ is computed through a Po1sson function:
where° | e S o ] , { D
% ) o i * :
) T » » ’ 9 )
\ 8 i

o .

7

o : . \ R

N e SR S R TR

B U T R




e

) . T M\I\ ! & s s s [ R e e s o AR A 4 1 e SN -z v R
i .
Y ) 1
/,/:,{"/,\ i ;
Q '4 = \‘\\'
4 . : } |
o ~-In . . a : S .y . . ‘:: . S S . : ‘\\
| P(x) = e™ “?x /x! | (3) - o . | 1 : Because calls for seryice can be so few, P (0) for both accidents and criminal
where: - I 5 7 ‘ ‘ B K - complaints can exceed the service level. No. ofﬁcer is assxgned. However, the
m-~ Is the alverafge number of ﬁaﬂs occurrmg during the service | " police ph1losophy is that an ofﬂcer must be available to respond, in a reasonable .
mterva s 1y or any, one-call. v
. ) o 3 : S 5 ¢ ) % time, even for one call per year. Therefore, equation 3 is modified.
" “ mA = AI" ta PA/2920 s ' o ‘ ‘(3:a) . , % o ;
‘" mg="B tgpgf2920 ' - (3b) 1 -
B= PrtgPp : g ,
. / u S e i “a+ Xp)2
where: b : s R
o , ' ' L . v . » - ' where- -
A Accidents (an‘nua,l) c ~ : ‘ : ' ‘ _ S
: ) k ] , ’ ) C ' - Positions required to handle calls for .‘service .
¢ B« Criminal complamts annual 4 ’ ' DI ; , N
\ \ R . oo g o X A® Xg - Total number of officers ass:gned in one shift to meet a
t - Tﬁne taken to service A or B \ ' | o ’ : ~ requisite service level for accidents and criminal
, ~ { T S _ complaints - : '
p - Proportional’ factor used to increase or & : ‘ » ' . , : S ,
decrease the number of accxdents or { . - #{Q) - Response time which is a function of the area served
o o ) criminal complaints handled i : ' ' o o
L 1 Note: In equation (4), the latger of the two sides X At Xy
2920 - T*;liurfnber of annual hours in an ei§h¢mour » ’ Talt ! _ or £(Q) is used. ) v k S ,
: s 1 t ) . . i E l . } : ! ‘ . 4, . , B e ;
" e P FQ- Qfad' 2 T e
: B  d'=d f(c) (4b) Core | o
The number of offlcers needed for any one sh1ft is the "x" at the pomt where R R (A s : ;
i - g where:f '
_‘P(x) from equation (3) is equal to or greater than some servxce level. Service level : ; ' ' ' - o
¥ Q- Areain square mxles
is expressed as a portxon of calls handled xmmedxately. Any call recewed after the ) \ DR, v ‘ ' L IR
’ s N BRI - , d- Dr1v1ng tlme adjusted for ckngestzon R
level is reached is placed in a queue that is servxred by delaying response or ’ e B ; ' o o L\v STRRE _ ~
R TS , S o d - Desxred response time R
requestmg assxsuance from another agency. (All computatxons assume that only . | Lo Y ( ) o , L
k , IR : e He) - The ra’uo of actual speed of the responding vehicle, given
one ofﬁcer servxces a call. ) In the model, the servxce level is a parameter. While a - AR £ » _ congestion, to the potenual speed. o ‘ .
- 100 percent servxce level is fea51b1e, it isnot pracucal. In mahy cases this_ would ~ . ‘ . o T R - O£1(0)£ 1.0
{ : . : oo B B : : s : W Do .
- cause the model to add one officer to serve one percent or less of the expected - ‘ R, , " * " 'Note: In all bUt urbamzad areas, f(C) 1.0 (see Appendix A for the
. . B r ) Q. > App .
4 N e h S R T B ' ; ormuause | . S AT
number of calls received, . \ co . b . R ) RN v R B O RS SR v
o : ) B ~‘ - K B | . ' N 0 : o . ‘ o o i:\" A BN 3 : : : 4
w = : ‘ i .é’v : : °[w
1‘%;3‘ | - | ;’.w Y 10 U e = 2 - : o (’?)y i » | | L "v': y . ’ ’ ” . L ) | R ,‘D . | 11 (" ) . . | 7 | ' ) . . I
. o o S : L S . ;
% 1 s e AETEER T |

A e T o R e
s i S . 3
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’ ' < 4 ** - traffic laws. Given a population to be served and highways to be patrolled, a basis
One further adjustment cf C' from equation (4) is required. What is computed - ¥ ;, .' e |
for measuring patrol is available. Chosen for this model was both mileage and
is the number of officers requxred to satisfy the parameters. However, to prowde ] _ . '
¢ . . persons served per patrolling officer.
this service 365 days a year requxres more than oné person to fill the position £ : . -
v N : The two parameters are distinct. The mileage is patrolled to prevent
created. For the ISP, a work year of 220 eight-hour days was selet:ted. ‘Given 8760 1 : o | \
_ v ‘ o : violations of traffic law, Ferve the motorist, and, in the end, to reduce accidents.
hours in one year, it takes 1.66 persons to fill that one position per shift. Thus, C S s :
A ‘ » ‘ The objective is.to maximize that mileage. In preparing the model, three highway
is adjusted by this amount. : e
’ : patrolling philosophies were used: patrol of Interstate highways, of state highways

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

C=C's o (5) 3
. ' : roads. Frequent patrol is requ1red on Interstate hlghways. This means short f
s wnere: 2 ™
‘ C S _ e patrolling lengths. More mfrequent patrol occurs on hlgher volume, two-lane roads ;
C - Number of officers required to answer calls for service g '_
S £ and very mfrequent patrol on all other hlghways. The model separates these three. N
s - Adjustment of posmons to achxeve annual coverage, 1.66 . %
for this model. , o } highways but uses the same mathemat1ca1 phxlosophy the compute length of patrol. :
, ' , e X : Addmonally, some pohce personnel have to be available to serve the rural
\ From the total strength, then is subtracted both administrative support and i ] '
4 ‘ ; SR . e i . y§ 4 * population as a whole regardless of ‘highway mll,eage. The presence of any police . i
calls for service. If the result is negative, either the parameters used for calls for | , oy ’ . . V {
_ . s , Y g i . ‘satisfy this need; ISP officers augment the local efforts: In effect, this yields a gk
service (desired level of servite) must be reduced or the administrative support : o :
: , A i , g % fourth parameter for patrol. As shown in equatlon (7), there are four elements to
reduced. Resulting from this action should be a body of persons not assigned. : . i
o o . R . ‘ ‘ X be solved. i
These are distributed according to policing and patrolling needs. | , .
| o . T D= Df+D +D_ +D. B AR 14
D=N-0-C R T (I B .
. S e e e T ' BRSPS i where'
DXROO . | | , < N
B " ) ‘ R : o- Offxcers avallable for patrol S
T . o Dy, D, D D D Officers needed to patrol four-lane (Interstate), two-lane £
Pohcmg and Patrolhng R : ' . (state marked roads with volumes exceedmg 1500 vehlcles :
. : M B | ' f‘j , per «day, 1500 ADT), other roads, and augmented service to <
Pohcmg and patrollmg refers. to the pteventatwe aspect of pohcmg. - In | R o S the rural P°PU13t1°n : :

B}

theory, avyns1ble patrol ve\tggle w;il "help prevent, cnmes or motorlst_ violations of
: 3 . b

13°
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- always busy, their free time also can be 'f.dev'oted to the patrol specified in equatron

o E . . o e e g S o S e i b

‘Because the officers needed to answer calls for service in equation (5) are not

(7). Therefore, before computing and distributing personnel, D is adjusted for that

free time.

D'=1760D +(1760C - App ts - Bpgtg) : : ,(}s) |

" where: §
D' - Hours available for patrol
C - From eduation (3
B, pp» ty- Described in equation (3)

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

¥
4

i S P PR o arofing bt g
The first step is to arrive at a rational decision regarding the ,dlstrlbutxon of

, /ée available officers (or hours). among the four patrols. This is done by

{

~management.- It reﬂects the empha51s placed on "urban or rural orientation.
Emphasxs given to Interstate highway patrol is urban or1ented because of the

- volume of trafﬂc on those roads. -Further, two-lane and other mlleage is grouped |

o

as one unit, two-lane patrol. This is done to solve for unknowns. In equatlon (9)~

4

the p (f, 1, r) represents t“ne proportlon of 1.0 a551gned to each oi the thr7=.\W

n o o

D = (pr+ptD+p D) /1760/1 66 S (9)

where° 5

Proportmn of avaxlable offléers to be dlstrlbuted among

‘ Pf" Pr Pr Interstate, two-lane (state and other); and rural patrol.

By

o ~ o N : : ; : U
kt

N o . O AN e

‘ Interstate) hmhwavs, T.h.e State Pglic

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 mileage in a county), is dependent upon the miles of highway to be patrolled and
thé miles of hlghway that can be patrolled per hour. The latter is dependent upon
the speed of +he patrol vehxcle, congestion, and the number of traffic stops made

by the' o;fflcer. Only mlles of hlghway and volume of traffic are 1ndependent

 variables in the equation. Multlple regression analysis has shown that these

variables are hlghly related to other measures such as population, reglstered

vehlcles, accidents, cxtatlons written, etc., but are not related tc/reach other.

Whlle the model shows an amount of miles in a patrol, the mileage that will
be patrolled in any county during any shift w1ll be less when congestlon is present.

%

This adjustment is derwed mathematlcally It is given in Appendix.A.

- Four-Lane Patrol ©

. One of the two divisions used for determining patrol is four-lane (generally

e provides sme patrol for most of thlS

mlleage throughout Illinois. ‘The number of posmons available to work tour»lane

'roads 1s shown in equation (lO) It is derwed ;rom a dec1sxon by management to

assign pf proportlon to that hlghway

T D; = pr /1760/1 6 TR (10)
| | where- ' “ | S e “ B T Ca
. " 15 .
& »

S R T T T T S e
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D; - Positions dvallable per shift to patrol the four-lane
hlghway . e

fr

- Two-Lane Patrol

w

pf - Spec ﬁled asa parameter, proportlon of ofﬂcers to be g1ven

to fdur-lane patrol v ¥ The same technique is used to assign patrol to two-lane roads. Because both
D - ,From equation (8) state maj"ke"ﬂ,‘ highway and other types of two-lane highway are included and
because only one equation is available, the miles of patrol for other highways is
: Y fixed. What has b ed i ] iles. This is i
Because D; and total miles of four-lane roads are, known, what is solved is the 1 AN at has been used in the model is 6000 miles. This is approximately
miles of patrol for any one officer assigned to patrol of four-lane roads: If, at the 3 - €quivalent to one pass of the patrol vehicle 0"3? every month.
conclusion of processing, the miles of patrol are too hlgh,:then either the available \
ofﬁc_ers; D', must be increased, or the propox;tion of ofiieers assigned to four-lane D = ptD /1760 [ 1.66 : (13)
~roads, p, increased. - . ' = £(s) M, /(D, - M /6000) v o 1)
where:
H, = £(s) M, /‘D‘f R | | e (11) _H, - Miles of pa"c’rolof a two-lane{state marked highway)
wheres " f(s) - As shown in Appendix A | ' '
? - .
H; - Miles of patrol per pdsition D' - From equation .
| Mf _ Miles of four-lane roads M, - leles :)f two-lane (state marked) higher volume roads :
Df - From e que tion (10) / - ” % "“Dt - Persons assfgned to patrol of two-lane highway
 #(s) - Correction factor for'speed as shown. in Appen dix A. In ’ p t - Proportion of persons to be assigned other highway patrols
- most rural counties for all shifts, f ()R k0. In Cook M -
. _County for shifts covering rush hour f(s)w may exceed 4.0 o &:ﬁ;ezfth()at:igorooidn%and state marked roads with, less. .
s : ) ‘ ; , L ‘ 6000 - Miles of patr01 for other hxghways. ' "
In practice, H; is solved for all counties for all shifts. - The assignment of 7 | o
g . ) o - 12 n L i . y ) . . ‘ B - i‘.?
9951“0“5 In any one count;i is then performed by equaﬂon( <) e . .+ Similar to four-lane patrol, H,, is solved given all counties and all three b
<;\\\\ : » ( 0 . . . , ‘ L : I
N v SR ) shifts. In an equation similar to (12), the positions are assigned to each county. - : 5
= M; £s), / Hyy S - N ¢t . ~' B
(subscmpt i stands for 'the individual ('ounty and Shlft within that e - | _ o “ e T ‘ o v
county) , & : , - 1 é . Dti = ‘Mﬁ‘f(S)i / Hﬂ o : TN . .‘ ~(1?)
. 16
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| // D, = My; /6000 S (16)

g where: | N

Poi - Patrol of other highwayS

e e e e

i - Subscript denoting each county

- Rural Patrol

A

additional personnel to supplemen't their strength. First determined is a ratio of

populanon to police ofﬁcers. State pohce officers are added to number of local

S ORI L T S R YT S R TT a  E  e

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

t

o?ﬁcers would, not be removed from a location if there are more than a sufficient

officers added per shift also should be hmlted One officer per sh1ft has been

chosen as that hm1t

2,

N

‘co"m‘pute_d directly by solving for the unknown, numbér of persons sérved. Rather a
T  solution is esumated and thy computatxons carrxed through to determine “whether
the number of oﬁlcers assigned matches the number to be assigned. If the equahty
? is not found, the number of persons ‘served is mcreased or decreased and,‘;teratxons-.
v " are continued. L,
1 * 0 (
. D_=p, D'/ 1760 / 1.66 - R an
T Dpy=Ri/H [1.66°- L[#98 = S uy
\ 18
% . ; e : o o ; . B

i

Some allowance’ is made for assisting local law enforcement in terms_of

- . number of other police officers. Second, the number of additioqal state pclice

Setting limits, however, means that the actual distribution. can fot be_

T T R T IR R e

s R e
NI XS e i+ e eSS LS e 8 e TN e L mrts S R TN e g, S T T T pogee

i\
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where:

D, - Positions assigned to rural patrol

R - Rural populafion :
- From equation 8 -

- 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 o’f officers needed to supi)ort three shifts

®  Note:' H_is adjusted until D, =¥. D,

Adlustment For Officers Assxgned to Calls For Serwce

All of the computatlons have been performed thh a varlable, D', whi¢h has

included free t1me of officers assxgried by the model to calls for service. To obtain

the actual count of officers assxgned to pohcmg and patrollmg requu'es a reduction

.0f D by the free time that had been mcluded. The ratio of D to D then can be

multlphed dxrect.ly through the posmklons asmgned, the posmons added, and
mumphed by offlcers per shxft. - ’
. i s ) ’ : & ‘ T, N G ! .

' 5
where:

D, - Number ‘of ofﬂcers allocated to policing and patrolhng ina
county .
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SUMMARY

| The model has been transferred to an IBM 360 at the Department bf_ Law
Enforcement at;d has been in use for more than one year. buring that_time it has
been ?Jpgraded from the original described in Raub and“; Sweat.(t“ What this
upgrading has yielded has been \reﬁne/me»nts», in the allocations a;ﬁd a better balance
between urban and rural patrol.

The Department has used  this modél to évaluate the, effect of several
philosophies in terms of changes iﬁ strength for all districts. Its use has helped
support a décision by the Division of State Police to put greater emphasis on rural
patrol and to spend mére patrol ‘on st;te highways as opposed to Interstate
highways. ” o ”

Additionally, thé Department has examined the size of a force r,eauirea to
meet improvements in services. Most recéntly, it has determined to mw‘hat« extent
services would be Curtailed if there where réduétions in the number of police

7 .
officers. Finally, in conjunction with its present policing philosophies,' thg
Department is aSsignihg graduating cade;s to‘districts depending: upon relative
need. R |

Thez next step will be to use premises developed for this model to identify

allocations of dete‘ctives‘. Here, instead of-highway and volume, case load would

serve as the basis. What needs to be determinedy, yet, are the independent

s

> variables required for projection of case load. Also, unlike policing servf'ices, ‘the,

o

type of case .undertaken has a large bearing on the amount of time and, therefore,

nieed for‘*invesﬁgative 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 sérvices, its three-fold

concept of overhead, .reactiym,“ and prevention can be applied to other fields.
: 20 : ‘
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L MODEL

Ni=0i+Ci+Di

such that:

4
j}

APPENDIX A

MATHEMATICAL FORMULAE
FOR ALLOCATION MODEL

Y
T =ZNi

variables:

T

2]

i

17
O
B

O

D;

T

- subscript

i

Q

N

Number of ofﬁce‘rs allocefed

Ofﬁcers performmg admmlstratwe support

T
o

Of:E1cers answering calls for service

Ofﬁcers patrollmg

Y

" Total number of personsiaveilable' for allocation

v

-~ any county and within any county, for eaéh shift

&

P

2. CALLS FOR SERVICE
(Note: Each of the steps below is performed for each county, as the smallest
umt of area, a.nd for eat_h of three shlfts w1th1n that county.)

where. ‘

"~c.

Y

Precedng page lank | -

T ' C, -" S C1 or S Cz (whlchever is greater)

-Number of ofﬂce“rs for each shiftkin a county

AN

i

i

for a 365-day perxod ’
 S=8760/Mh3 e,

S

e g PSS Oy

@

&

S - Number of officers required to staff one posmon, one Shlft

Note: If the model is used for pro;ectlon, thls portxon of the
lformula is not used. ‘
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where:

O

. - Mhi-.- Man\hours of work per year for one officer
E " 8760 - Number of hours in a year
.3 - Number of shifts
calls ‘ : - ‘L -,

Ci=A+B RO S @)

Cp = f(A;m)' lAccidents) , : _ . (Ga)

“where for each shift: C A results from the POISSOH dlstrlbutmn

PO =eMm¥/xt
‘m=A pAtA/Z920
such thats 2 Px)& (1.0 -q A)
. Cp=. f (;,B ;m) (»Crlminal Investigation) B (3b)

where for each shift: CB results from the Porsson dlstrxbutlon

I o Px) =™ mX/x1.
m=8 pB'tB/29zo o .
b such that: * ¥ P(x)< (1.0 - qB)
where:, ’ . k o °

of A' Offlr‘ers needea to respond to acdldents
'(;B - Ofﬂcers needed to respond to crlmmal complamts
A - Accxdents occurrmg durmg that sluft

B Criminal complalnts ansmg durmg that shift

L

p A’ pB - Proportxonal factor used to ad)ust the number of acc1dents |

o

and crlmmal complamts @ '
| 4
£ @ . 26 = 1 - ,”' 1 .
! ) o i (.?\"‘\./;’
il i i K
:C v. Q ﬂ‘ v .
? Al S 5 .

DS

N : be delayed or given to another agency.
J 3!
= - ~e - Natural log, 2.7183 ...
- :
Minimum Response Time
c, =qQ/2d? o SR ()
where: |
= ‘j‘)Cz - Officers needed to achjeve a min{lmum response time. |
Q- Area of county in square miles
' d - Driving drstance during a glven time of response. At 60
! mph d mlles is the same as response timed. For
congestion, d st be ad]usted )
d'=d0-g,)/ 60 T (5)
5 “where: \7""‘\33"‘1,}.
d - Desxred response time
e, . . 8 - Adjustment for. congestion on two-lane road,
- see equation (8a)
3. POLICING AND PATROLLING ‘ ’ '
. (Note: This portion is solved for each county and, within each county, for
( " each shift.) -
CoRTa s D=T-Eo0,. -G o ®
= 1,66 Df + l,‘.66‘ D.ﬁ + l~f6'6, Dri o : ‘ \ (6a)
‘ “ Note: Allocation for any coynty is the sum of the allocation of
J . : manpower to four—lane (Interstate) patrol, other highway (two-
' lane and local) patrol, and patrol for the rural populatxon.v D
and subsequ**ntly Df ’ D i* a\nd \3 are known. What is solved is
c thelr basxs, miles of patrol oLy hlghways and persons served m c

T B T T T T T Moot s s o 4L 1 oaody oy ned o o pat g S riep e P Ty PR T TR S TS T

ta, tg - Time taken to serv1ce an acc1dent and criminal complaint

q A’ gg - Proportion of accidents and criminal complamts that will

rural populatlons. Sl
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0 N h .
° ' . Hf - Miles of patrol for one officer on a four-lane highway
i ‘Because there is time available from those officers assigned to | ‘
~answer calls for service, equation (6) is adjusted and the D ‘ Mf - Miles of four-lane highways in a county
.+ resulting from equatjon (6b) used; ' "<~. _ :
Lo ) Yf - Reduction in patrolling speed resulting from traffic
where: o A V‘f - Daily volume on four-lane roads (ADT)
D - Number of officers remaining after subtracting officers W - Volume expressed in thousands of vehicle miles, Vy *
. assigned to administrative support and to calls for service Mf o
o . . IS . i‘ ;/ . ’ - -
D' - Adjusted number of officers given free time from calls for 8 - Reduction in speed occurring from congestion
S service oo : o ) )
L o P, - Proportion of volume (ADT) occurring during a given
Note: Other variables have been explained-above. : eight-hour shift ’ '
K ; /{ |
Four-Lane Patrol @ o Other Highway Patrol ;
) ﬁ | ‘ - ‘ i ' 5 ) o . ) »
Dy =pe D - ‘ 7) D, =p,D ~ (8)
Given for all three shifts summed: Given for each shift: )
Hp=55% EMf /(55 -g, i [p;D /166 ~13.75 F( v, /(55 - & ),')f] = H, =55 M, H_ /[pf D, H_ (55 --gt) -55 M, - 13.75 H r.,/é
Dy =55 M, / El-lf (55-g, )] + 1375 Y;/(5-g,;) e g‘f’r Y.cé]. .
! § 4 7 = " 4
Note: Unless projections are being computed, H, must be solved first. - , - ‘ e
L SR 8 T D,; =[55 (M, H_+ M_ H) + 1373 HyH (v, + Y )] ;
L i . t o ot o tv oMt o'd -
- For each shift: 0 ( ° ) ’ : ' ;
| : : ' | /H H (55-g |
4 ‘ ‘ p 4 . t o] t
< 8= Vep, 78000 | . @) ! SR |
SR w , N ~ For each shift: ~ ° - '
for V; p,, %€ 10300 : o N ' ,
, . ., . 8=V, p,, /2000 . (8a)
8; = 3.88 +(Vf Py, -10300)-/ 1300 - P e ' wooE
B S ey for V, p, & 3400 : N
7 forall other Ve p, - o A ‘ SO . ‘
‘ L : ‘g,c---5.15:1-(Vt pw-3400)/70
. Yf = 600 Wf P /2920 g (7b) N ; - . i : 7 : . . E’_
B 17w - N for all other V, p
S ‘ R N e W
where: - ; S , . i
JRER . L SRR DN : « . Y. =875W.p, /2920 (8b) T
a p; - -Froportion of policing and patrolling to be assigned to four- . o , , ) : . i
t lane highways i L Y=l Wop, /2920 (8c) : !
? 28 ’ ) : I : ) ' . - ' . ;;Sr
[ s . A_\sl‘ t.
5 ‘ ' : : . ' ¢ N I
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: where:
H, - Miles of patrol on a two-lane roads
H_ - Mlles of patrol on all other highways. This is a constant
supplied to the model.
| My M, - ‘Miles of two-lane and other highways
Yt’ Y o - Reduction in patroiling speed resulting from traffic stops
. on two-lane and other roads
Y Wh’ Wa - Volume expressed in thousands of vehicle
miles and two-lane and other roads
Vt’ V, - Volume (ADT) on two-lane and other roads
g - Reduction in speed occurring from
congestion \
” Py - Proportion of vo \;‘line
Patrol For Rural Population / &
D,;=R/ H /s - L{3s (9) ‘ .
Given for each shift and each county ‘ '
/ =1.0-p. - "
\‘5 P =1.0-p £ =Py ]
’ where: » ; o\
R- Rofal population
L.- Local police mcludmg ‘deputies-and those pohce ofﬂcers 1n¥
 municipalities of less than 1500 persons )
Hr - Number of persons served per rural police officer
Note: D for eoch shift w1th1n each county is constramed to a
= minimum and maximum. Therefore,\ H is substituted into
equatmn and the sum of all state pohce offlcers compared top,
v D ‘This step is performed iteratively unt:l

ZD‘ri =P D

In practice:°

o

D, = p, D20.01p D
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