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» PREFACE

" Th development, documentation, and field presentation of this
course yas performed under a contract with the Office of Policy Develop—.
»ment ang Research of the U.S. Department of Housing and Urban Develop-
.ment (H‘ )——"Contract for the Development, Field Testing, and Documen-

| tation bﬁ Management Methods for Emergency Services for Local Agencies."
'This - cohtract and earlier, contracts between HUD and The New York Cicy~-
“Rand Institute involved Work with city agencies’ designed to improve
;tHe deployment of their emergency service units. Prior ‘to beginning
such work, a training cburse was, often presented to agency. and city
officials, and tb locai analysts.
; This manual provides lecture notes, visual aids, .and references _
for such a course, to be used by students whose ‘instructor is teach- -

ing from the companipn volume.

i

R-l?S&/l—HUD A Traznzng Course in Deployment of Emergeney

Services: Inbtructor's Manual. _ , :
. ~ #/' : e :
This student's manual is not designed for self—directedfstudy. The .

companion instructor's manudl is more suitable for this purpose,

P

Y
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] - INTRODUCTION

.

‘ This student's manual provides lecture notes and visual aids for .
It ig not self—contained
but is designed for n%c in accordance with the directions of the dn—

structor.

a course in deployment of emergency services.

The instruc or will not Present all the lectures in this
volume,ﬂas there are pairs of lectures (identified by the ‘same first
initial) that eover the same topics from different perSpectives. Space

" is provided on each page for any notes or references that the student

LY

may wish to record.

I
-
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. _ o LECTURE OF.,'
' INTRODUCTION: AND OVERVIEW
FOR FIRE SERVICE AUDIENCES
'S . 3 .

[ L N

-

R Strategic issues -

How many c nies on duty - |
.. .. may v:§§§§y time ‘of day or season

How divided among subregions of city

* Where stations are located

Nature of vehicles (engines, ladders,
foam units, etc.); ménning ;\>

5

Manpower scheduling

o
ey

B Tactical issues
- (Notdfireground,tactics) » .
—-= Number and types of companies dispatched
.to an alarm T
- :. thay vary with time of day, location
of alarm, current: situation, o

S available information .
-- Which un to dispatch

e Relocation (no\e—up) <

.+ + When needed N~ -

T
.. how many companieg\move _ o
+s Which ones move .
. ot
..
. 12
\

Time: " Approx. 40 minutes T '.' -0 “‘ )
Objeotive. To provide an overview of the fire service problems that,will be .
: discussed in the.course, and to provide an- introduction to " ‘
' systems analysis. _ < . N )
;. . . ., \ ': W . ‘ .
Activity " Refererices and Notes .
- ¥ . ’ -
oL INTRODUCTION
. - ¢ Explain nature of course, audience, and N
obJeftgves o . :
® Descri e schedule‘for entire course N
e : o E
v . - t .
. 2. DEFINIEION OF "DEPLOYMENT ANALYQIS" b

3




W o ;
\
' L L Activitf./ . L ] References and Notas

3. STEPS IN "SYSTEMS ANALYSIS"
. (A-systematic approachvto solving problems)
' ]

. ° .Identify the problem R »,' o '
° ’:Select objectives O . ‘ .
R Define criteria to be used to. evaluate
) alternative policies |
. R :’_ Qesign_elternative,policiesg
. "o Select‘models.to‘ge used B 1 l IR
;ﬂw:j - ;:o S'Collect required dete"' ‘
L 5; e Egmpare alternatﬂyeé'using criteria
7 ';“ (Return to an earlier step) | . _
o o “ Test out and implement final choice
S /PROBLEMS - c L
o This course will: deal*with the: strategic ot
' - and tactical issues of deployment analysis..*fk

. 5. OBJECTIVES
. May be‘several. S

K

‘e Improve fire protection levels with same ,“, g
resources T S ﬂu
- ) . . ’ {.{J
* ' .. A.Maintain fire protection levels with less s
e rebources o % ;ff ¢
- " : et ‘,
° 'Decrease workload while maintaining fire "ﬁéw
> . protection levels . N
. - : o E
: . CoT oo : - IR Y
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6. mnvm CRITERIA (PERFORMANZE: MEASURES) . .

.+ (Used to tell if one -pol:icy ie better than. °

another policy) . .
° Time until dispatch of companies ' N
. Turnout ‘.t:ime ' ’ . )

] Travel timo A v

]

- Can be average or maximum or something
elsé . m .

N ' == To first-arriving company,
T 5\\ max (first engine, first 1adder), 0
¥y ) 4

' - .
: ]

max (all companies needed),
lor ther meqsuree, of ‘travel time,

. Y
The above four conatitute "response time," .
Usually must' pay.attention to’the 1argest ong,
beploymenb andiysis ‘facuses on_changes that can

affect travel timg. ‘. e
L querage measures -
. AWorklgad balance. ) . 4

0 Insurance, grading standards? ?

® Cost ' .
Why not liva? lost, éroperty“iost?-

® - Hard to measpré .

® _ Needs research to be able to estimate.
changes (relatienship not known
prec,-Leely ‘enough).

‘ .
+®  We use Suitable surrogate measures .

B . . \
LIS PR t
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o

s

Activity\

7. ALTERNATIVE POLICIES

®° Include base case (fcr comparison)

® Take political and economic factors into
dccount (including community and labor union
concerns) .

® Alterngtives may be suggested by fire s
department or city personnel, or may come

. from mathematical models

8. MODELS

- . ‘

[} O - . 3

Purgbac.~ To introdgce terminology, not to

()
!’
'

illuatrata any particular modela

Definition: -abetraction of realitx..‘Uaaa
to gain insight inte and answer questions
about the real world. .Easier, safer, and;

 lass costly tp use than manipulating real

world.

Empirical models

e

.. May have no explanation
.o May be mathematically complicated

—_— Examplea ' o
+» Smooth fit ‘to alarm rate by time
. of day A P ¢

«. How lcng to travel a given distance
. ‘ [ e

- 1

o . Chancq that an alarm at a particu~
. lar location is aerious

.
-

Fit to‘data ‘ .




' Activity . - References and Notes

* 8. MODELS (cohcinged)

i ~® - Descriptive analytical models

— Using simplified nssumpcions, some kind

N of mathematical formula is deirived to
. permit estimating some performance -
characteristic(s) o ' <

. =- The numbers that go into such a model ‘ R
4 may come from empirical models

-- Examples :

: +. Knowing number of engines and 9
* : " ladders on duty, estimate average :
: response distance *

. «« Knowing where fires are and how
' T, many units dispatched, estimate
number of responses for each unit
(workload) ‘

. If fire station is moved, what

{ happéns to response time
/ » -

/ .
. - @ Optimization models (prescriptive)

-t -- Tell how .to achieve the most or the
. least of something -

* -= Examples
. What is the least number of engine
stations needed so that each loca-
tion is within 3/4 mile of a
station?

‘ .. How should 17 statiors be located .
~ 80 as to minimize average response s
. / time? oo ' )
' ‘ .. What is.the smallest number of
. ~ engines needed to relocate on a
) second alarm (if specified coverage W
is to be achieved)? N '

g

o
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Activity

9.

¥a i < » /
™™ '8, MODELS '(vcmued) | r

Simulation-models o f‘

Imitate operations step by, 'step
Collect all kinds of statistics
Can be extremely accurate.
Doesn't tell you what -to do

Things you try will be suggested by othar
models ,

Likely not to be useful until clogsa to .
the end of analysis; but have to start
early to collect data

TECHNICAL ASS#STS TOYDEPLOfMENT

Computer-asgisted dispatch-

Digital communication with fire units

Status
‘Inaﬁection information
Location of fire, hydrants, atc.

Screen or, printer

Packaged syatems for collecting, summapiziqg,

or projecting alarm rate information -

‘e

N

\
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Time:. Approx. 50 minutes =
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L | ' LECTURE RF
e _RULES%FTHIﬁ{B
. .

FOR FIRE SERVICE AUDIENCES

Objective: To provide some easy to learn, easy to apply formudas and rules

used in deployment analysis.

e Activity- " References and Notes
1. AVERAGE NUMBER OF COMPANIES BUSY |- . . . :
.o L " : v ’
- 1" /AV. NUMBER '(AV. NUMBER Sxt . o e
. = | OF ALARMS | x |COMPANY-HOURS R o
\ 'PER HOUR PER ALARM - K
.®°  Example E ) Y
X . [ ] \
‘x4 alarms per hour. (all types) ' :
* 30 minutes average ‘time out-of-service ‘ :
* 1.2 engines’ per alarm, average = - o - . N
4x(05x12)=24engines bugfq 1.7
- ~average o .
® ° AVERAGE NUMBER OF COMPANIES AVAILABLE )
= TOTAL NUMBER OF COMPANIES .
= (AVERAGE NUMBER BUSY) N . ~_
2. (AVERAGE TRAVEL DISTANCE) ) T .
in a region | , ] ' IR N
’ v ' ’ .
- L AREA OF/REGION R | -
(CONSTANT) xJmo. COMPANIES AVAIIL.ABLE v -~
-~ ‘ ' v
‘e Introguce notion of square root simply,
. via 3¢ = 9 and - therefote {5 =3
: | ) L :
N
.@, . ) - &




e e _Activity

g . - .

LT o AVERAGE TRAVEL DISTANCE (q‘.ontinued)

. ® Give simple geographie31,demonstration
‘showing why the rule-of thumb is true

. A
N K

-~ Base case

\ == Double all dimensions: area quadruples,
T ‘ ~ average travel distancé doubles (i.e.,
. goes up by square root of ~aréa) ° S
-- Repeat region 4 times: - same area as o . : . T
in RF-2 with quadruple the companies, ot o oY .
: . . -average travel distance is only halved - , B R
o (1.e., goes down as the square robt of “ T :
' : the number of companies) _ - . o

“«== Halve all dimensions in RF-3: same area : , SN

as RF-1 with quadruple the companies,. ' - 0

.average travel distance is halved (shows o ' N o

: . ‘how hard it is to decrease .travel times ” J LY :

. o by ‘adding companies, to halve travel ) : o ' . -

e ‘ times must quadruple the number of Y v i
- : companies) ‘ o . )

- .
w . . .

® Number of companies available changes from . . >
"time to time. If the average number ‘avail- )
‘able in a region is not too small, the - ‘ »
average travel distance can be estimated by
replacing “NO. COMPANIES AVAILABLE" with
“AV. NO. COMPANIES AVAILABLE."

¥

. T ® Note that this r latiqnship assumes companies _ ~

are spread out ih region. Two compani€s in - '

. S - one house reduce by one the effective number
' of companies available (for travel distance

~ purposes) . . A : : ’

(2 This is an'2xample of an analytical model : o o ' L
"that has:.been verified agalyst. daba"
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\ - -17- "

A }
Activitx \

;_References‘and.Notes>:

3. RELATIONSHIP OF TRAVEL TIME TO TRAVEL DISTQNCE

-.blending into a straight line o

Travel time is an important qriterion for
evaluating deployment policies; it is )
clearly related o travel distance, but _
hOW : .. 3

This is an exanple of.an eﬁpirical modelﬂa
Show usual shape of curve-—square root

4"

Discuss underlying model of acceleration -

to cruise speed and then deceleration g
‘(no equations) .

‘Emphasize that if you extend the straight
Iine toqthe axis, it looks as if turnout
time is included, but that's not what 8
happening

~

®
~

-

A

T

\




o Activity . L"

Referencee'and»quee:v

b : V ‘ K ' R oo
b4, ALARMS DO NOT OCCUR AT ORDERLY PREDICTABLE : I AL
T . TIMES, AND SERVICE TIMES DO NOT ALWAYS. EQUAL ~ | . ' AP
: THE AVERAGE - : AU

(If they did, deployment analysia would be easy)

Purpose: To introduce probabilistic notions,‘

and suggest that mathematical models

: "understand" that sometimes the = ¢

;o " situation can be much worse than

average v f:~ . . ;

, | :

i?- , ® If avegage number of alarms is 2 per~hour o : » ‘ }

Y B ~at a certain time of . day’(such as Friday, | o , I

4-6 p.m.), then y : e IR

4 14% of such hours will have no .aldrms - +
T ~+° . 27% of such hours will have 1 alarm - -

, Mo . ‘ v .

27% of such hours will have 2 alarms ) _

18% of such hours will have 3 alarms T

9% of such hours willvhaVe 4 alarms - '

. 5% of such hours will have 5 or more

~ - -alarms - ’
'Y Dieeﬁss what "x% of houfs"'meane

- - e 22 alarms (the average) is not\eyen ore
e : likely to occur than 1 alarm

. ® There are influences other than random " _ - ) B
- . that can make some Friday nights espe- _ ' ) _ o
cially busy or quiet e ' -
. - ° - . (l »
— Weather (e.g., brush fires), Ah o ‘ B : '
- Holiday (eogn’ July 4) ’ A. ‘ * .




”’

* Average travel distance = D
Area =A . e
" Number of units = N (3) :

4

(3

Fig. RF=1




o

s =’
-— e

Area = - : )

. Average travel distance = 2D
—

Number of units = N

Ar » 1

-g
" Fig. RF=2 -

4




A FulToxt Provided by ERIC

Average .frayé\l distance’ = D -
Area = 4A . ’
Number of, units = 4N

" Fig. RF=3- -

’
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. INTRODUCTION AND OVERVIEW
7. FOR POLIGE SERVICE AUDIENCES -

L

. Time: Approx. 40 minutes

Objective} To provide. ay overview of.‘the policevpa_t:rolr resource élldcation
: problems that will be discussed in the course, and to provide an
introduction to systems analysis

v ' . '
'

Acfivity , : References and Notes

1. INTRODUCTTON S
®-  Explain nature of course, audience,
objectives - P ¢
' I T

A AL .

"' ® Describe schedule for entire course

FER

' 2. DEFINITION OF "PATROL" .

® Uniformed officers in mobile véhicles wha
can réspond to calls for service ¢

!




Acfivity

t

- OP~2

References_and Notes

DEFINITION OF "ALLOCATION"

L .
-== Scooters o _ ; .

How many merf on duty
-~ Varies by day and time of day

Mode of patrol = é

. " .
-= (One-man cars

-= .Two-man cars . ' .

How many units in each geographical commhpd

Desién of patrol beats for each,uniﬁ =

Priorities at;ached to different types of
calls (screening) ‘

When calls ate queued (stacked, backlogged)

* Numng of units dispatched
-~" Varies with location and type of calls
® VWhich units dispatched
-- Type
-~ Closest unit? '
-~ Beat car?
-~ Across command boundaries?
n e
®. Redeployment as unavailabilities occur
® Manpower scheduling
®-  Scheduling of "other" unavailabilities .

!

*

PR et
30T




Activi:y

Referenées and Notes

e Identify the problem

STEPS IN "SYSTEMS ANALYSIS"
A systematic approach to solving problems)

-~

® Select objectives

® ‘Define criteria to be used to evaluate -
alternative policies .

® Design alternative policies

° Seléct models to be used

.® Collect.required data -

® Compare alternatives using criteria

° (geturn to an earlier sgep)

® Test out and implement final choice’ '

PROBLEMS ) -

® This course will deal with the problems
assoclated with the allocation of police
patrol resources

L

- OBJECTIVES ~

May be several. Some of the most common are:

® Improve police protection levels with same
resources

)
o

® ' Maintain police protection leVels with less
resources

® Improve the balance of workload among patrol
units

31

A

o

-




R

Activity , .

References and Notes

7. CRITERIA (PERFORMANCE MEASURES)

L] Lengch of time caller must wait uﬂtil mit | - . _ N
is dispatched . , ' S ‘

; ~ ® Travel time to scene
® Dispatches out of assigned area

. ®  Balance of workload among units

x-

8.

Y ot ' S
Time available for other activities

Preventive patrol
Meals .
Patrol-initiated investigation -

Y'Traffic -

.Meintehapce of vehicle

Interaction with citizens
® Cost

® Why not crime deterrenee, aﬁprehension of
- criminal offenders, recovery of stolen
property, community sense of security?

-~ Hard to measure

- Relationship to ‘allocation not known
_precisely enough A

~= We use proxy measures [

-~ ‘Administrators can- tell what changes
in performance méasures (up or down)
aré desirable, even 1f they don't know
the exact benefit :

ALTERNATIVE POLICIES

.

® Inciude existing policy (for comparison)

® Take political'and economic factors into
account (including community and labor
union concerns) _ LY

o nAlternatives may be suggested by police~

depattment or city personnel, or may come
fz%p mathematical- models . ‘

g




. e .
Activity .h“ ’ . ' References and Notes

9. 'MODELS

..

Phrgoaée To introduce termiﬁélogy. ot to -

. 1llustrate any particulai models

3

a

- . LA a 3 ‘
" Definition: abstraction of reality, Used °
to gain insight into, and answer questions '
about, the real world. Easier, safer, and
less costly to use than manipulating real
world - S -

£
i

Empirical models

-~ Fit to data | .
++ May have.no explanation
«« May be mathematically complicated

-

+ =— Examples : :
++ Smooth fit to call rate by time of
day

) . How long to travel a glven distance

"+« Relationship between fraction of

/ time cars are unavailable and
>l nunber of calls for service

L]

Descrigtivé analytical models

== Using simplified assumptions,'some kind
-of mathematical formula is derived to
permit estimating some performance
characteristic(s)

The numbers that go into such a model
may come from empirical models . -

“Examples ’ -2
+« Knowing number. of units on duty,.
»‘estim’te average travg} time to an
incident “

Knowing number of unitsfon'duty;
estimate fraction of serious emer-
gencies encountering a delay before
dispatch . .-

A

Knowifig\the patrol area of each unit
and location of incidents, estimate
workload and fraction of out-of-
district dispatches for each unit

»
g




4 ¢ ' OP“G
. * y @ / T ) A ’ -e
- .- ) - _ - , CREE &
A . * . "28"' o . « * *
- . - ™
.+ .+ Activity . X : References and Notes

9. vMODELS-(continued)

L Optieization'modeis (preécriptive)

-

. A} - N ) -
-- Tell how to achieve the most or the
- least of something °

- Examples

" .. How should sectors be designed to
‘minimize average fravel time to

oo, | . incidents? . o
.+ How should. a fixed total numbef
. of man-hours be distributed among
T tours so as to minimize- the ¢
A chances that a caller will have to
wait before dispatch of a patrol
. car?. i
’ ® - Simulation models .' . ) "

-- Imitate pattrol operations: step by step
=~ Collect 1all ‘kinds of statistics .

3

-- Can be extremely accurate . ’

-- "Don't Eell you what to do, «

-- Things you try will be suggested by

other models )

3

the ‘end of analysis; bu} have to start
early to collect data e

L% . . .
. - .

<

LYY

-% Likely not to be useful until clgse to

N

an

A
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LECTURE RP

" RULES OF THUMB .
 FOR POLICE SERVICE AUDIENCES

v ' LLoe
NEE ’ [

Ny
.

" Time: Approx. 80 minutes

Objective. To provide some easy to learn, easy to apply formulas and rules

used 4n police patrdl resource allocation analysis

-

]

Activity -

, ’References and Notés
— - ; - R

1. AVERAGE NUMBER OF UNITS BUSY HANDLING CALLS ‘
. FOR SERVICE . .

.

e AVERAGE NUMBER AVERAGE
= OF (CALLS, - ] x | UNIT-HOURS
HOUR: PER 'CALL
. 4’{\' ] . . .’

. Give an exampyp
2 calls per your, average 1 a
1 car handles'reach
Average lengtfi of time, to handle call,*
30 minutes?h‘ S ce
On the average, l car is busy )
If 2.care on duty, each is busy % the time
If 4 cars on duty, each is busgy § the time
: o)x
Numbér of units on duty must at least equal
average number busy

i




\ ' o o o ‘ -30~ \ o
. . ‘- N . _ . ¥
.  Activity l .
-, : : : cLivity : S .
2, EMERGENCIES DO NOT ‘OCCUR AT ORDERLY, PREDICTABLE ’ -, .
¢ TIMES, AND SERVICE TIMES ARE NOT THE SAME FOR‘ 1 .
-~ ALL CALLS ‘ '

(If they did, the analysis would be easy)

‘e Example: . » v e S . K
-~ Calls occur on the hour and half-hour. .
Every call takes exactly 30 minutes : _ . :

1 car can handle~-nobody waits
--but car is always Busy

. If 2 cars——nobody waits '
~-each car ig free half the time
--always one. car on patrol

— " But, when average number of calls is
2 p per hour ; .

14% of hours have no calls .

. ™27% of hours have 1 call . : ' d

— ) ' 27% of hours -have 2 calls '
' ' 18% of hours have

3 calls .
9% of hours have 4\cells
5
6

L

4% of hours have 5 calls

1% of hours have or more calls

o Considering the usual spread of service -
times around 30 minutes

;> " With 1 car on duty, every caller walts ‘5 . e

With 2 cars. on duty, .-

1/3 of callers wait
1/3 of time no car is on patrol
_ - Average walt until a car can be dis-~ o o
. , patched is 10 minutea (incl. no-
/ A wait) , -
17% of callers wailt more’ than 20 min- ' S
utes P . : Ca

.

| ® (Conclusion: Number of units on duty must be
i, coneiderably more than average number budy
|
|
\

[y
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Activity ,

¢

4

A MINIMAL STANDARD FOR ADEQUATE PERFORMANCE IS:

NO MORE THAN. 157 OF IMPORTANT CALLS ARE QUEUED

A

® Many departments don't’a ieve this
-(especially during peak hours)

® . R goal set by some départments is: -No moré
than 5% of important calls are queued

® A few departments routinely have less than'
1% of important calls queted - L

LA ImpoSsible to guarantee that no calls will
~ be queued :

A . . P

: . N . . ¢
CARS ARE UNAVAILABLE FOR DISPATCH FOR ‘REASONS
OTHER THAN RESPONSE TO PREVIOUS CALLS»

® What are these activities? = e
Meals, personal. B
Patrol-initiated crime or vehicle check

" Notifications, warrants
Progess}arrestee
,Superﬁision'-‘field
Supervision - station
Wailting .
Travel to assigned heat
Transport (something)
Assigned to fixed location,
Maintenance, auto

® Ordinarily, at least 30 percent of each
unit's time spent on such unavailabilities

® In San Fernando Valley area of Los Angeles,
average unavallabilities vary among divi-

sions from 44% to 62% of total time on duty.

In one New York precinct, 58 percent
® For queuing purposes, effective number of

units on duty may be less than half the
number assigned

W




Activity -

6.

NUMBER OF CALLS ~ « 5

" ®. Example: C 4 -

.- A command with 2 calls pef hour needs,
-7 units.  This is not twice the number

~ needed in a command with‘l -call per hour .
. (namely, 5 units)

W

AVERAGE NUMBER OF MINUTES BETWEEN PASSINGS OF
A RANDOM POINT BY UNIT ON PATROL )

6 x NUMBER OF STREET MILES“IN BEAT
B FRACTION OF TIME AVA%LABLE

Nobody has proved from data that preventiye
patrol deters crime &

' Mention Kansas City Proactive-Reactive
y Patrol Experiment ~ '

A \i:v. | A‘ | -‘E§E3 o m.; - . fl“

_ . |  References and Notes
S, NUMBER£0F UﬁITS NEEDED TO MEET DESIRED LEVEL J.
) QUEUING DOES NOT INCREASE PROPORTIONATELY WITH




s

L R Accivity_' I ‘ t “‘Referenceswa\d Notes '\

z
b e B

'AREA;ginlggfﬁileé)_ S
NO. UNITS AVAIL. | = . 7/

7.. AVERAGE TRAVEL TIME » 2 min

L Example:, }
- N ’ N / . .
" Area of command 1s 6 square miiles S
- 5 patrol cars on duty . _ :
Each available 60% of time .

Average travel time ~ 2 min - ¢6/3-=’2.83 min S :

o 'Why this is a general. pr1ncip1e..

t e

* Total response time = ' T

- (dispatching delay) R

- + (queuing delay) v N - L ; N
+ (travel time) : . ,f\\\ » L R

)/ o .fReducing ‘response time increases probabillty ' ©L < :
. of apprehending offender at. the .sceng, but ‘

. - the effect is important only if very short

response .times can be -achieved . ; .

A S . . .

o Reducing travel time can help tO\reduce : _ - .q '
response time “Into the useful range if . ) Lt
queuing delays are short. It makes no- . '
sense to reduce travel times whenﬂhueuing -

delays are long S Y .,. Lo

o

- . “

-t




Activity

9.

“WHAT'S WRONG WITH {

AI CAN YOU DO WITH PRIORITIES?

1
If queue rms§ dispatch free’ unit to oldest

h}ghest prlority call SRR TN A ﬁz-z'.'f‘m'”

»

- Average delay the same,

- "'n/rs

-~ Delay fqptﬁiéﬂhpriority calls is less

o Hold,one or two units in reserve for high—
priority calls

T Regular ‘beat .car’ IR .
—_— Special unit o - .

Screen out low-priotity calls when busy
: ¢ B : s

"Adaptive dispatch policy

>

L Schedule low-priprity calls for . handling

« at a more convenient time
& .

p' . - . .
J 3 L

~ Lo
j WORKI.OAD

HAZARD }Eomm_‘ b

° DeScfiptionth‘Haaard Formnla ot
‘ ' 1 N ~ . . o ' t : . 4
- Ej = jth‘factor - . %
~- Examples: | S 3" )
) Number of outside violent crimes.

Number of other Part I erimes ..

{ Number of street. miles o
" Number of arrests '
. Number of commercial establishments
! Number of emergency calls L ~

| Reférentes and glotes

Average delay is more »V'~r¢/'. 3"3; ¢l

- fij =‘amount of factoF’j-in command 1 .
ST s oot
- 'F =4f : + f.. + f
S j Zj '
- ”wj "importance of factor j
. : . R . v ‘
o ; V) 1M
‘- H, = w (F w + ... + W =
T ) Eg M EM )
N . - . Loy
D Manpower proqprtional‘to,H - i v

R TR ~2;\:. -
.- “ & N
[ R “
.6
v e
»
'
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o
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~ o
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L}

WHAT'S WRONG WITH {

Activity .

W%RKLOAD} | i

HAZARD, FORMUL&? (éontinued)

Description of Workload Formula

W, = number of man-hours assoéiated with.
factor j . S

+ e w, f

i M™iM

g ™ Vg + Wyt
Manﬁower proportional ko Hy

Mathematically thé same as Hazard Formula
with different weights »

M

Prob l'ems . o ' s

X ,«M\\i for Hazard$ormula

-’ﬂi

-

v

Apples andtoranges

Interrelated’ o

Propgrtional.increase for emergency calls

No way to determine "correct" weights

*Workload Formula accomplishes onlf one
objective‘- equalizing workload '

Hazard Formula does noc do what it
appears to: do

Example: Assume precincts with hig& num-
bers of outside crimes have proportion-
ately more unimportant calls. Then.
increasing i

manpower asslgned to highégrime precincts

No creﬁit for good performance it °

May be useful for manpower needs other than

patrol | - N . >

for outside crimes decreases|

A !




%

N

. MNumber of patrol vhits needed

13

© — N

O =~ N WY 1 8 N ® O

"Number of patrol. units needed so
that at most 10% of calls delqyed

L 1 N\ L ]

>y

3 4 5 6 7.
Numl@br of calls per hour

Assumphons. 30 minute service hme per “call

\

50% of each car's time spent

A )

LY

unavallable for reasons. other'than. dispatch to a) call
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| LECTURE CG '~ - o -
a . CHARACTERISTICS ‘OF EMERGENCY SERVIGES Vo
o " . FOR: GENERAL AUDLENCES

Thig lecture 1s intended for audiences 6f.anaiyéés interested
in the similarities and differences omong emergency seivices

N and for audiences containing a mixture of fire, police, and
: ambulance sexvice repreaentatives. ' 1)
' A S
: ' r
Time: Approx. 60 minutes - . P )
Objective: To describe the general characteristics of emergency services
that are relevant for deployment analyses . :
Activity -“ _ | RefeFences and Notes

/ .
1. INTRODUCTION o, .
‘® /Some modéls developed for one emergency: “‘w : .
service can be applied directly to-another . .
sexrvice, changing only terminology. Others '
- are unique ‘to a particular service because
of distinct characteristics -

. SN
¢ Congidering only police patrol,. fire units,
~ and emergency medical services =~ = - ‘o

AY
4

2, CALLS FOR SERVICE = - . =+
w

® - Arrival process | .

All three services: Poisson by time and
geography: Rate varies by hour about. an
order of magnitude. Any method that o
predicts demands for one service will

. also work for ‘others < :

® Priority structure

Police and ambulance: priorities cﬁﬁ/. | ° o -
‘be identified; some calls are not,time~ o R
urgent; some calls can be rejected when: , : o
‘necessary 'to prevent system cgnggsfzon,

. but there may be legal constraints on
.+« ‘call rejection . e

o~ . »

»  Fire: information for distinguishing- , o
-type of call may be absent (e.g., streaet -
box alarm); when presefit, information : ’ g
does not determine priority, but only 1 <.
the number and type(s) of units needed '

}

S ) | L -
- /// 43 L SR L
o e R S e
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_Activity

TYPES OF UNITS o
Folice: usually all patrol units are
-interchangeable from the point of view of
. the functions they can perform when they
reach the Scene

§ d

f‘irg: at least two types: cxiginea and
- ladders; limited interchanlieability

Ambulances: may have distinguishable
capabilities: transport only, routine
treatment, or intensive care (medic units,
mobile cardiac care units) P

- . ¢

MANNING 3 o

,Police: 1 or 2 officers. both typas
are present in same, clty, two-l-man units
may be needed as an.alternative ﬂgione
2-man unit '

o
’

Fire: 3 to 7 fire-fighters

. - ‘ _
Ambulance: standard is now 2 attendants;
gome agencles do not achieve this '

. ~

7 -

5. LOCATION OF UNITS
Police; mobile. Patrol areas can in
" principle be designed in any way desired,
but administrative constraints are often
‘imposed. Patrol areas can also change °
during or bet;aen tours of duty, but this

is becoming l¥ss common with the advent of
!

. \"neighborhood {teams." Overlap of sectors
E \possible, but not done in most cities.

Geometrical probability 'models for two or

more randomly located points relevant-

‘Fire and ambulance: usbally fixed loca-

tions. "Patrol" activities ssuch as inspec-
tion infrequent; can ignore in most cities:
May be several units at one location. Type
of physical sFrugture not important for am-
bulantes (garage, hospital, police station,

_ fire station). Fixed location implies
"turhout" time

v SR

- x
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Activity f' “ _ References and Notes

6. HOW MANY UNITS ON DUTY

Police and ambulance: floxible'by day and
time . . - .

Fire: wusually not varied ‘over the day; a T

Jlong-term planning igsue S, 4

7. QUEUING OF CALLS DUE TO UNAVAILABILITY OF UNITS
Police: common in many cities‘ Wait may -
dominate travel time. Queue usually hag

priority‘structure in practice

Ambulance: common in a few cities. Happens : _
occasionally in many cities , B 0 .

’ £
-Fire: Only under crisis conditions. Not
relevant for deployment analysis

8. HOW MANY UNITS DISPATCHED ‘® . - )
Police: usually one. For 'some calls two ) A
l-man cars are dispatched. In practice, RN ;.
more units may respond than are dispatched : L

Fire: usually at least two. In s0me cities
as many as 5-7. Traditionally preplanned ]
according to: ’ ' -

;e (a) nature of land use (business, resi- |
- dential, high rise)

(b) nature of 4ncident

Analysis can consider time of day, projected

incidence rates, current unavailability

status of system, probability that incident .

is serious, manning on unit . _ ' L.
2dis-

++ Ambulance: wusually one. . Some system: .
papch two or three, having different capa-_ t ‘
bilities ) - R

(ay First responder has limited capabil- . | .
ities; second has full tréatment and '
transport capabllities

(b) First. has full treatment capabilities
but cannot transport second can ‘ , _
transport - _ ' . e ’
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' ) Activity -‘Referencés'éﬁd Nétes
9. ' WHICH UNIT(S) DISPATCHED . o | v "
3 - - B . o ) ~
. : Police: wusually sector car if available. _ _ . v
: If not available, several policies are o : Y .
possible - . | _ . ‘ - =

W

Fire: traditionally preplanned. -Almost
always closest available, on initial dis* L
patch : ; \ I r

-

o _ Analysis shows this may not be ‘optimal

10. RELOCATION

. ‘ .. ’ '

V4 ) N . ‘
Fire: traditionally preplanned for

- multiple~alarm fires. -May be needed for: N i
several simultanedus smaller fires. A
Explain purpose ‘ .
'.’ Police and ambulance: rarely used, but
: - would have same benefits as in fire case
11.  UNAVAILABILITY FOR REASONS OTHER THAN PREVIOUS | B -
R DISPATCH
3F Fire and ambulance: recovery frbm-previous ‘
it incident only ‘
Police: substantial part of activity. -

May amount to 35%-60% of time. Some of
thése unavailabilities could be intquupted
- byl high-priority incident

i

; . . . N .




Activity N

Refévenééa and Notes

12, PERFORMANCE CRITERIA

a

(a) Quauing concepts .

Fire: delays by dispatchers, probability -

that all or most units assigned to a sub-'

ari; will bembusy

Police and ambulance:. dispatch delays,
expected time in queue, probability of
walting > T in queue delays by priority
level

-

Travel time

Fire: is a vector (by order of arrival and

type of unit)
. P

Police and ambulance: .relevant for cer—
tain calls ’

Tufnout.time
Fire‘and ambﬁLance
Workload balance
ALl three
Dispatchgs out of}uéual area
Poi}ce |
Time available for nondispatch functions
.Poliée
Coét of operation

All three
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' LECTURE DF-. = R
| DATA ANALYSIS © .
FOR FIRE SERVICE AUDIENCES '

- Time: Approx. 60 minutes o

€ Objective: To introduce students to types of alarm pattarng and their use~
. fulness, and to*bnggeet_apprOachaa for analyzing data, g

. . ; ‘ ‘ T ‘ .

Activity

: ﬁeférences and Notes = .
* 0 RO
1. DEFINITION OF DATA ANALYSIS

'® ‘Emphgsize the view of discovering pattarné
that allow deployment to be improved ]

o Indicaté.thaé'valﬁation is expected, other- : ‘
wise play it down : . ! ' ‘

®  Give example of a nonuseful pattern (Thursday K S /fTQ
. 1s Tacoma, Wagaﬁngton's slowest day) _ . e

- Say that usual computer reports are not
sufficient for data analysis, although
possibly useful for management purposes

»o.

< 2, COMMON PATTERNS--THEIR RELIABILITY AND USE

® Let the audience help identify and classify.
them : -

® Do geography, type of incident, trend, season,
day of week, time of day (optional--weather)

- ® Structural fires may have different patterns '
than false alarms; patterns of total alarms, | , v A
.8tructures, and false alarms will 'all be : " , N
‘11lustrated , ) . .




L N

Activity - . 7| ‘References and Notes. '
. K i 1 — ’ , :

HAZARD REGIONS = o -

(Q}so called demand regions) ' A

k

‘®  Indicate need for dividing city into regions
® Characterize a good definition

-~ Start with a description of an ideal
-~ - (fictional) region® uniformity of land oo ,
use, alarm patterns, structures, etc. - .

e % -
-~ Less variation within regions than
-between regions

.~— End with the notion that the division
into regions is sucéessful if no one ..
' feels they should ask, "But are response
times in the north part of the region \
higher or lower than,in the south?"

" == May be convenient to have each hazard N
region be a set of company administra- ' '
tive areas or censuds tracts

® Digplay alarms per capita and alarms per
square mile and indicate theilr use

-- Trend prediction (if population trend
: can be predicted)

- Allocation_model

TIME-OF-DAY PATTERN

To illustrate a common pattern and statistical -
variability around it
® Display hourly total alarms over a period : . -
- of geveral days. Indicate v . S e -

-- consistency (evening always higher‘than
late night)

-= variation around it ' - -

° Optionalz July 4 vs. average vs. slow day

® (Offer weather as a pag;ial explanation of » . .
"~ the variation‘ , L . ..

. \ Ask audience for pOSaible usesg--different o .

number of men on. duty- at different hours, - L
etc., Emphasize possible--they may not be
desirable uses. - : .




, Activity Referénces and Notes
14 Coy . : ‘ C
5. TREND AND SEASON . dé;p B :
To illustrate superposition of patterns and (t .
how to untangle effects ~ . : .
W L Display a short pattern, indicate inadequacy : ,
(total a1arms, 34 months, Tacoma) - -
® :Display a long pattern (false alarms,
60 months, New York City)
o b 'Display detrinded.seasonal pdttern
E — Indicate that slide shows ratio of ¢
alarms in a week to the trend .
-- Could calculate the difference between

alarms in a week and’ the trend as alter-

native

—— Stress the econamy of the ‘ratio descrip—'-

tion

s. Ask - audience for possible uses
4

PATTERN "SIZE"

tern

- To indicate the possible usefulness of a pat- .

Divide previous patterns into 4 seasons and

. 4 six-hour' periods (divide the year and the
ddy into the,

ﬂame number of parts, in this
» : '

Check statistical significance.of large
ratios - v

~

A——'_if rdtio is.large, but the data do not
~-establish significance, gather more data'

: l——.a[if a small ratio isvstatistically
© _ significant, there may nonetheless be
‘no policy value to the pattern]

' ‘case, 4) |
. ﬁ ® Calculate rati :of peak period to low period o
for each of the two patterns Nk
® Compare the ratios. A big ratio indicates a ,
pattern possibly worth trying to take advan- .
. tage of ot -
. e E




Activity " ‘ I References and_Notes
an ) \ . ' . -{ - . o . -~ ‘ . - '.I‘

7. GEOGRAPHICAL PATTERNS--DARGE AREAS - =~ ' = " | ' ..

e i

s @ Illuétrate approximate constancy of' false S
ala as a fraction of box alarmg through- : B »
~out New York City Co L ] ot

g Stress\the economy of this constancy,,as ‘
it relates to false alarms.per capita or
per square mile, which vary even more
than total: alarms illustrated in Figures'-

. DF-3, DF-4 ‘ _ -

\‘;’T PN -~

AR

8. GEOGRAPHICAL PATTERNS—-SMALL AREAS . o T Sl

Purposes: To indiCate that part of the data : S
. should be reserved, and used for _ . T :
: o Jjudging the reliability of any pat-
terns ' discovered and to show a pat- : -

_ tern that was discovered because o C : _
-deployment models suggested that if =~ | - o P S
it existed it would be useful _* I R

- ® TIllustrate box-to-box variability in propor-
tion of all alarms that: are false

Hr-

since no drea is exclusively high or low

-- Not incoz;jstent with" large area pattern,
in regar

to percent false

-~ Indicate the pattern is useful only if ' '»;.?
' it is consigtent from year to yearef e _ s




_Activity T - R V"RefefénceSfanleotgq: v

Lo
FLA

8. GEOGRAPHICAL PATTERNS--SMALL AREAS (continued)

‘ ' ' PSRRI A ' o L B
® TIllustrate the finding and ‘checking of the»s

pattern of box~to~hox variations in propor-".:
tion of box alarms that are serious 1

-~ These are year-round numbers

~= Box 2277 is among the lowest in pre- °
dicted percent structural, box 2209 is
among the highest. But they are not
outliers R S

Indicacé how risk classes were defired

‘Stress the role of reserving some of the.|
. data ' R S

Deploymeht:models shifted atﬁention to
serlous fires rather than total~a1armsv‘

. Serilousness needs careful definition,-
specific to the city. Depends on the
purpose: Maybe all structural, maybe
only those -that work several companies,
etc.. . N 4

. ) . - .~
The pattern is useful when t)ré alarm -
rate is high = @ _

. Indicate that season and time:of.dgy affect -
the pattern’ ' ’
- Relatively more false alarms in summer
(and evening), structural Ffires almost
constant : s

. ) , <
-~ Serilous fires are a larger proportion -
of structural late at night, in winter
(fewer food~on-stove-type incidents) b

~~, Illustrate the size of the ovqfali )
effect: rigky boxes, late night, winter
vs. ngnrisky, sunimer evening :

~-- Optional; Illustraté economy and good
fit of separate, multiplicative seasonal

and time-of-day fa¢tors

X




Mctivity - - | = Referemces and Notes_

Optional: THE POISSON PROCESS " - R B

Purpose: - To in roduce probabilistic notions, o
S and ‘spggest that mathematical . '
models "understand" that sometimes
the s tuation is much worse than
average :

Suggest its nature and reasonableness. Take
a finite set of "similar" hours and a fixed
total number of alarms, and discussg distributing
the alarms at random. ("Throwing darts at the
X lin§‘:') . : : . o .
o a%ﬁxample——Jersey City. Very small seasonal
- leffect (similar, to Tacoma). In 1973,
1480 alarms n 2-4 p.m. perlod, which is
- 365, x 2 =730 hours In that period,
14807730 = 2 alarﬁ\*per hdur -

o Consequence——if average number of alarms
is 2 per hour between 2 and 4 p.m. in o
Jersey City, then : i .

144 of such hours will‘haveenobalarms
27# of such hours will have 1 alarm
27% of Such hours will have 2 alarms

- 18% -of such hours.w%11 have 3 alarms .

9/ of such hours will have 4 alarms

5% of" such hours,w@lfiﬁaég;g or more

alarms
® Discuss what "x% of hours" means

e 2 alarms (the average) is not even more
likely to occur than laglarm

N4

‘Optional: < FIRE COMPANY WORK TIMES -

e, Discuss company work times by alarm tyne

;; e Indicate that averages may be sufficient

.~ - . e N




_ Activity
RECAP 3

Go through the data analysis process

- W \

e ',Divide the data .

'
i

)

f-’ Find patterns on,g?e part

et Verify them on the other

\

Plot and-cross—fhbulaté'

- -

Coﬁstruct hazard\reglons

o

Patterns should be "

AN

! useful

«

o §imp1e




What is it?

.

Why_do it?

-

~ . . . /

, N DATA ANALYSIS S

. .
A . .
4

Discovering and character1zing the varlations and
consistencies in incidents: Lo

/

. Findihg patterns«-in time, season, location

e Variations from the patterns are often g-
- usefully treS\ed as random. and describable
. by the Paisson process . '

L
. N

To improve the deployment of fire-fighting resources .

..,.-—"-& r
. N
P' — .
. Fig. DF-1 .
» v,
| | RN
A ((
~ - ,
0‘ - 1 \/ v
7 )
. v
, .
o N
v
. ;Q-/ ¢
R | . .
. 55 ')
o * )
. .
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allocation, for
brush fires,‘etc.

Some

I
N " COMMON ALARM. PATTERNS
' . _ i _ ‘ .. . ! ’ (n - v
“Pattern | Reliable |  Uséful For: " How Much
Geographicé]_ lRélétiQe1y‘ ~ Allocation ‘ | Very
Breakdown by | . YQS' ' Mocation, Ini- ’ F\Somé- |
- Type ' . ' tial Dispatch -
Trend ‘Maybe Allacation | Some
~ Season Yes ~ Allocation ' Slight
Day of Week |. Yes N -
_ Time of Day Yes Initial Dispatch, | Very if alarm rate
Allocation : is high, slight
otherwise ’
Weather — ~ Short term




HAZARD REEION DATA
. (TOTAL ALARMS PER 1000
RESIDENTS IN 1971)
* NEW YORK CiTY
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HAZARD REGION DATA

(HUNDREDS OF ALARMS

NEW YORK CITY

PER SQUARE MILE. IN 1972)
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HOURLY TOTAL ALARMS IN NYC L f e

. -
110 B : . . . i .- ) » . .
| | S . E - S _ ) S

100 f+

Average

=

- Midnight
Hour "of the day v

' Fig. DF-6 e . ) . -_ .
, Q . _ | o
- ’““ _ ‘ “,
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~ .NEW YORK cn& -
WEEKLY STRUCTURAL FIRES . y . |
(INCLUDES FOOD-ON - THF. - STOVE - TYPE INCIDENTS) ,,.,.,.o..,,.,.m.m.,z -
\ wr .. .
i
2w:7 , ;
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HOURLY TOTAL-ALARMS IN NYC-

August 14 - 20, 1966 | S - )

Hours with rainfall
30 |-
20 — )
10 -
. .
July 31 - August 6, 1966 , * _
a0 - _ -
_ g
30 - i 03 .
=
20 1+
1z
b=
0 % —— —

T —
Monday  Tuesday  Wednesday - .. Thursday Friday ..~ Saturday Sunday -

“ 3 Fig. DF-8
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" TACOMA, WASHINGTON

-

 (TIME OF DAY PATTERN) .

L1 1 ] ] -
0 12 14 16 18 20 2 24
“HOUR OF THE DAY

" Fig. DF-12
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MEASURING THE SIZE OF A PATTERN

. Seasonal Pattern: Tacoma -

. Period

Winter: January, February,
s ~ December '

"Springi March?May.‘ ’
+- Summer: June-August

Fall: Septémher-NoVember

|~ mams in19n1

'1bbg
181
1248
1009 -

. Time-of(Day-Pattefﬁ: Tacoma -

Time

Alarms in 1971

0200 - 0800

"1 1400 - 2009
| 2000 - 0200

0800 - 1400

195
14090
o= M39

AN

" " Fig. DF-13 "

[

4y éfi. |

R

@

¥

High£o Tow ratio is -,/

1.25 = 1248/1002,

~

High to Tow ratio is

2.8 = 1409/497

%

_4
, .
E
A




HAZARD: REGION DATA -

(BOX FALSE ALARMS AS A PERCENT ~
' OE ALL BOX -ALARMS IN °1968)

T

FullText Provided by enic [l
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" 'STRUCTURAL FIRE PREDICTIONS FOR/TWO ALARM BOXES
AN / » . IS
, " . Actual 1970 Data .
Bronx Predicted — -
wiiox ‘ percent e | Structural
number structural Alarms fires
e ('67 - '69 data) ,
2277 0.4 96 0
2209 31.8 94 ‘25
. Fig. DF-15 |
) ‘ 1 “&a
.‘l" ‘L'
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- PERCENT
OF YEAR'S
FALSE ALARMS

. FALSEALARMs |

-

~ (NEW YORK CiTY) -
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STRUCTURAL FIRES
12 - (NEW YORK CITY)
N 7 . 1.0_'— -
Lo [/ ) ,
PERCENT = -
OF YEAR'S | _
STRUCTURAL FIRES | pas
. 6 | ‘ : |
¢ -~
4} | o
E] K . | , .'/ i . Y
N » L
2 |- ) y
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. MONTH -
Fig. DF-17 o
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SEASONAL AND TIME OF. DAY EFFECTS IN SERIOUS FIRES

- AS A PROPORTION OF STRUCTURAL
. (NEW YORK CITY)

PERCENT OF ALL STRUCTURAL FIRES IN
1970 REPORTED IN THE INDICATED WAY THAT .

/‘ i | ___WORKED MORE THAN ONE LADDER

BCX WINTER 33.8% . B 5.0
| ‘ SPRING-FALL 32.8 25.5 T3
SUMMER 26« » 20 22

» ° | _
PHONE - WINTER 20.9 15.3 1.7
| SPRING-FALL 16,0 11.9 103
SUMMER 88 . s 100

' ‘\
Fig. ?F--IBV o
- )
! ' .. . ‘ . .




b

DF-26 -

R ¥

PROPO’RTION OF BOX:REPORTED ALARMS THAT WERE

‘

1964 1970 BRONX DATA

SERIOUS FIRES, BY SEASON AND TIME OF DAY

ﬁ 4 N _ ‘
FIME OF DAY WINTER | SPRINGIFALL. | ~ SUMMER | OVER WHOLE YEAR
= | PROPORT|ON,-| PROPORTION | PROPORTION |  PROPORTYON ¢
, - N ]
© 0-8 afm. 0.057 . 0.042 0.026 0.038 1.7
8a.m.-4p.m. o4 | 0.025- 0.018 0.027 1.2
4 p.m. - midnight - 0.025- 0.015 0.011 006 .7
Over Whole Day . 0.031 - 0.02) 0.016 0.022
1.4 1.0 1. *
'Fig. DF-19
,/.
’




DE-27
-69- .
SEPARATING SEASONAL AND TIME-OF-DAY EFFECTS: SERIOUS, FIRES
Relative Sériousness:
. - | Persgnt of box alarms in indicated
period that were serious : percent
of all box alarms that were serious ‘
0- 8. | 1.7 = 3.8/2.2 8 |
- 8- 16 o, L2 o= 21,2 N\
6-24% 1 7= 1622
Winter . 1.4 = 3.1/2.2 ,
. ’
.Spring, Fall : 1.0 = 2.1/2.2
Summer | g o= 1.6/2.2 .

R s :
| Percent Serious if Season |
! , ’ and. Time-of-Day Effects N
1 Actual Percent Serious ~ were Multiplicative
Spring, ‘ : Spring,
\ Winter Falt | Summer || Winter Fall Summer
0- 8| 57 | a.2 2.6 5.4" 3.6 2.8
8-16 | 47| 2.5 1.8 || 3.8 T .25 2.0
, 16 - 24 2.5 1.5 | 1. 23 | 15 | .2

x . . . ) » ’ ’ 7-

- Example: - 5.4% = 2.2% x 1.7[0 - 8] x 1.4[winter]j. ‘
yooN L | _ : , - N
* . . Fig. DF-20 ‘

2 . - -

o . L
X E ) c . * »
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A SUMMARY

~ @ DIVIDE THE AVAILABLE DATA IN TWO PARTS

= Use %9; for finding patterns ,
b : , = Reserve-the other for verifying them
* (R Y

/

® PLOT THE DATA

® MAKE CROSS-TABULATIONS

B ) _ .= Time of day and season- - ~ ‘
o ~ == Proportion serious and region .

. . - Y - . "s .
v e (ﬁlvms CITY INTO HOMOBENEOUS REGIONS BY | -
i o ‘= Land use .
.= Alarm data
® |LOOK FOR USEFUL PATTERNS | | e/
TRY FOR SIMPLE, ECONOMICAL MODELS . e

TEST IF T-H*E PATTERNS YOU'VE DISCOVERED ARE CONSISTEN.T, BY SEE'INC.
- WHETHER THE RESERVED DATA FITS THEM : :

.
. .
e .

. Fig. DF=21 "




IR R LECTURE AE ‘
‘ . . '_.. ' ‘ \r/ R ’v" ’ - s
g . ALLOCATION OF BIRE COMPANIES .~ _
Approx. 60 minutes S e ,‘ - B
Computer terminal with telephone coupler (if allocation.modei
is being demonstratéd) . .

Tiﬁé*
Equipment'

Objective;' To introduge one apprOach t“ analyzing fire company location

Activity

‘ V“-Pr°blem9» and to exPlain the first step in such an ana}ysis. pfﬁ g

1. INTRODUCTION : ”\ T / - ,;ff RN FEE
?}: What makes {t necessary to ‘think about o '.»QQSJ .
. changing the number and location of fire IR T RS o - o
stations? - - - N ,‘ﬁj.",”,r'/ ’ e
, - ‘ U : R I o
_— Urban renewal P L e ,
-~ Neighborhood changes = .. A
-- Aging of firehouses B o

- =Changes in fire department budget L : ) .

. levels . . )
e Musz\find answers to two'queationst ' o . -
(1) How nany'fire companiesyare’neededzb

(2) Where should the companies be 1ocated? ' ,/ o
e In regard to question 1: VWhy not cost/
benefit approach?
. == 'Don't know relationship between dollar .
- lo%Fes and travel times

-- Requires that a monetary value be
placed on hiuman life T

-- Fire department is only’ part of the .
municipal budget. This approach would -
~ have to be applied to .all agencies :
" e ;Bracticallapproach , I
(1) Assume a given budget level-~this de~
termines the number of fire companies o

L (2) Find the.best way to allocate the
‘companies to regions of the: city

(3) Find specific sites for each gompany

[ ~

";.7 ifReferencea-and Notés .
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; =
v ~ Y References and Notes:
‘ é‘g%mn u;;g’cnvr:s .
% . :{!‘ - L] .
‘Vf the&@l &V&%les illustrating conflict..
.2 z:egions ‘of the same size . .
. Yy di'fferent: alarm rat.’es ' &
¥
1Y . . ]
— # ~ . .; \
[ @
. catecfi: minimize average tgavel time ' ' -
, High“travel times in low incidence = . _ . .
’ B oregig - ~ E SR
Igno}es fire hazards s . 4 S e
£.o.
S té to equalize coverage, . E . e B
R : ] v ~
s Companies in high incidence region ) '
) - will have high workloads \ T.
' ~— Higher,travel times to most alarms
W AR v ) ' ’
= <z . . 2 /
. ;
‘ > « 'n'.
) /
® Conclusion: Neither of these allocations ' ’ S T
| ~ .is gpod o , - _ . .




Activity ‘ .

'
2. ALLOCATION OBJECTIVES (continued) .
® Solution: Use compromise allocation

=— The Parametwic Allocation Model .
determines allocations for a range of
compromises between 'minimum average

‘ travel time" and "equal coverage" - |

3. USEFULNESS OF PARAMETRIC ALLOCATION MODEL
® Provides géneral picﬁure of number of fire
companies to allocate to different parts -

-

of the city _ . '

v

®  Quick and inexpensive to use 4 o

® Requires very little dqta .

- r' e Various uses

-+ Compare travel times and workload ﬂ
. among regions ’ :

"j— Determine reallocations of curfent {

resources .
~= Determine feéions to gain or lose
/ . 2
v companies if level of resources is ‘to

be changed .

’

4. DATA NEEDED FOR EACH”REGIQN
® City must be divided intq,hézard regions.

' ® Travel times will be weighted in each
- region. Weight indicates "importance" of = .
§ R )

travel time .
4 ‘ N )
, "EFFECTIVE"
. WEIGHT = ALARM | ) x (HAZARD)
i . RATE o

=)




Activicy » ‘ . ; = References and Notes
5. WHAT IS "EFFECTIVE" ALARM RATE?

b 'Each type of alarm is counted in proportion
- to 1ts seriousness

® If all alarms are considered of equal
serlousness, then the effective alarm rate .
is the same as total alarm rate

® Can count only structural fires, or only
fires that required more than a certain
amount of work to extinguish ‘(e.g., one

. : , company—hour) L
* Can welght each type of alarm by the number - 2
of company-hours needed to extinguish'it. ° )

Then =

"EFFECTIVE") _ [ALARM COMPANY-
ALARM RATE \RATE . HOURS -

o o . , AVERAGE NUMBER OF
. . COMPANIES BUSY o
| o4 : o

my

6. WHAT IS THE HAZARD FACTOR?

. ® .Subjective measure of the relative danger
v ~ . of a fire (potential for loss of life or
‘ property if a fire does occur)

. ® Suppose the most hazardous region is given _ . ‘
\ 4 . a hazard rating of 1.0. Then a region with ] ' ',
A . hazard rating 0.9 is Iess hazardous to_the ' . '
\ extent that travel times could be about o
: ' 10 percent higher in this region, and the '
| *  department would be willing to say equal
‘ quality fire protection is being .provided
. \ . 4in the two regions

Pt ~ -~

| ® This is a subjective management 1 ut. ' _ C e

‘ When using the model, can try seve ;o -

| , different ways of defining hazards ynd see - | T

* - . what the consequences are . ° | R 1 e

L e co - - : .
- - DR




Activity

. 7. CITYWIDE DATA NEEDED

® '"Constant" and ' power" in the relationship
between travel time" and number of companies: -

AVERAGE TRAVEL \
TIME in a region . »
? aREA (POWER)

AV. NUMBER
COMPANIES AVAIL. /™ .

= (CONSTANT) x

8. DECISION. VARIABLES

‘®  Total number of companies to be allocated
to the city
f
° Tradeoff parameter beta—fﬁy"fﬂth§7nﬂf = T
plishes the comprom se between "minimum .
average travel time" and "equal coverage"-

-~ Jor B = 1, program shows an allocation

r . . that minimizes the average welghted
‘é travel time’

e , -= For large B (50 or more), program
shows an allocation that will make the
welghted response time équal in all
regiong - ’

, 4
- [For small B, workload is equalized]*,

® How does the department choose its desired -
valugoef 8?

- Try different values betWeen 1 and 50.
See what happens

— B =.3 was found tg be "good" in New

York City
K - ./ - It often happens that all values of B8
R ‘Indicate that certain hazaiz regions
should lose’ companies as ¢ pared to

the. present, arrangement, and others
should gain companies. Such'a con-
clusion is "robust," because any
"redgonable” value of B leads to a
qualitatively similar conclusion

) - 80
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‘Activity ) L S Raferences and Notes

¥

]

9. OUTPUT —

. The number of companies to be located ini' » - ' R l A ‘jw"'
‘each hazard region

L /The average travel time in eaeh'regiOn, ' o o , :
given:the number of companies allocated ' (‘3 o i

’

®  Citywide averages R . L P

10. MATHEMATICAL FORMULATION (Optioﬁal)' | i o,

. M= total_namber of companies to be -
' o allocated in, the city'

n >=,number of companies allocated iq\“ ' -
region i - '

’ A .~

A, = eéffective alarm rate in region i . ‘ s'g_ )\) )NM.
S , . -

A
il

hazard rating for region i - -

,Ti(ni) = average travel time in region i3

given ny companies there e . -

O A T\ | AN S o
e ) . - . ~ S ~
| ) R | S

- N | M ~ . : LN . . . s P
7 and o ‘are the travel-time "congtant" - ~
: nd "power" . S L Co e

- . Ai';?area of region i

i . bi = average number of companies busy in - N O
- - region i : . | o S

~

Optimization problem: ‘ : ‘ . : | . . 3

- * Minimize [ A (b7, (a5, ).

~ o i

"WS“bject.to.g Pi~='M S o , . .

- . - . . 0

-® B ig the tradeoff parameter . @
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Activity.

Y

.. ll. LEAD-IN TO DEMONSTRATION

L -Jéfsey City will be chosen as

@‘, +

P : - %

o

.

® Dispkay map

of‘city

e Discuss

N

- definition of deﬁand’regioﬁs;

) - .objective waéfto plan in terms of alarm

-

«

anpexample”

O

~N 7

] . rates to be expected in the future'.

Y - ) .
&

12, DEMONSTRATION -

Reférences and:NdEee :

L L

a
-
- a
. 7
“
-
-
4.
©
*




the tradeoff parameter | ¢
' Kt Interpret ffﬁétibnal alloeetibns
AV . ) . )
| .
\ Y - »
| ( o :
| - Point out that par eter = .25 produces
r » e good approximation \nu;ren allodhtion
4 /') ~
= o Find—reallocatioﬁ‘for parameter " .25 based
. . on 1983 alarm rates . '
. ® "Allocations for different'numbers of total
. companiee .
5 ' ¢ [optiondl] Comparison “of different specific

. . . . <

. . e e rates
- . : .

: | J SR
* \\\ ) ) Activity .
N : ) N /]

12. DEMONSTRATION (continued)

@ Describe "base case'" situation

R : ._.:.3 . ‘. .

.

' == Discuss response times ’

N -+ Differences between regions :

. Citywide average, noting that it
.e Average and percentage busy
‘indicate relative workloads

is weighted by regtonal alarm

r 4 : !

® Derive allocations for different values of

- allvcations with the current‘situation
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LECTIURE LF

-~ e 4
LOCATING FIRE STATIONS

CLEel

Approx. 70 minutes including demonstration of:program =

Topic is evaluation of current fire station
sites, and planning which ones to close
and/or where to put new ones

Discussion may be followed by demonstration

NYCRI treats this question in two stages,

(a) Obtain ideas and insights from the
allocation model

(b) Use,a descriptive model to evaluate
' specific configuratior
& .

Other. approaches perform analyses in one

- stage :

v

L4

-

Objeeti e! To discuss the general problem of locating fire stations, and - ‘h
-£o compare two specific approaches to the problem. ‘
: ~
Equipment: Portable terminal with acoustic coupler for demonstration. . )
Activity References and Notes
1. INTRODUCTION, -
[ J

T




References and thes i

Activity

& 2. GENERAL APPROACHES

4 Minimizé sum of fire department costs and

expected fire losses (including fatalities).

- A worthy objective; some studies have been
done aleng these lines in Great Britain.
‘Problem: Wo generally useful way has
been found to estimate fire Yosses from
response times '

Lo

.

¢ Minimum average response time. Méy not be
a good idea, as tends to indicate greatest
need for-stations in high~alarm areas while
ignoring low-fire areas. When choosing

figurations, may be useful
~
® (Coverage. Each‘potential fire sita‘should
be within reasonable distance (or time) of
: a fire station. Easy to apply, but too
- . simplistic and based on subjective
' judgments

o

-

~

among otherwise equally satisfactory con—:Af

foe
.




~ Activity

CLE-37

e N
References and Notes

"3. MEASURES FDR EVALUATING ALTERNATIVES

1 e

Primary considerations:

e AVéfage regional travel times.

Use surrogate measures for fire loss.
decisdonmaker information on how a given
configuration will perform using several
measures of fird\protection

Give

\
T One configurat\on will probably not

dominate anoth

configuration on all
measures '

~=- Administrators myst subjectively balance’
the measures; they will 21so add judg-
ments concerning hazards and political
constraints

.' ‘” R

-- Travel timés.' Make sure that each

potential fife site is within a reasen-
‘able time from a “firehouse -

-- Hazards. Want to single out some poten-
. tial fire§ 'as more important than others
~ for, achieving rapid response - '

Useful
for evaluating relative fire protection
in different areas of a city <, -

- Fire'company workload. May want to

'balance workload over companies. Most
important when workload is high
) . : ! Ty,
N " !
. ¢ T ’ .
v/
n i.
v e )

LR

N
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Activity .- |- References and Notes =
. T - ' ' Y "o
4, GENERAL DATA REQUIREMENTS |
B e Geographic division . o b .
: ) ._.‘, . ¢y Lot
. == Divide city into small subareas, as - o - v
_ small as the area covered by a single - ' o
ey . alarm box (real -or phantom), perhaps - £ . vr o S
: four or five timés this size R o I :
-- 'Assume all demand for fireuserviee.in o .
p . «.the subarea arises at one point. : o o,
‘ Estimates of travel times to any point ' oy
_in the subarea will be the same as to 5 ’ :
that point
- " == Find historical (or expected future) S,
L fire incidence in each subarea . N
* ® Identify points at which construction of r . .
" . a firehouse i1s feasible., Failure to do-
. 0 s this wild lead to consideration of options , o
o .. that are infeasible and impractical - ‘\ . { ’
.. Identify those subareas having special .
) hazards o . B : -
| e 5
- Analysis wi11 pay special attention . : ' . N .
o, : "to these subareas . ' ‘ A
[N o L. . i
( . ® ‘Must have.some method for estimating *

.. travel time from any firehouse (existing t .
or proposed) to any subarea . : .
' T e Obtain estimates of capital- construction
N . costs; and current costs of deﬁreciation, .

. ‘'

, + operation, and: maintenance of existing I _ ‘
stations . | -t S ‘ o : ' /
. N { \_J ,. ® - N
A . B -, - - A ~.
~e ’ / l;/ o . . B . . A ' * *
t~ . . ¢ L »
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S ‘ Activity .
5. ES{]?IMATIN(;RAVEL TIMES |
® Method 1. Developed by~qulic Technology,
Inc. (PTI) . ST .

-- Describe street net'prk of city in’ * .
computer-readable form. Street inter-
sections are identified as nodes in the
network, streets are represented as.
connecting links between nodes. Not

+ necessary to consider all streets; main .
arterials are adequate

’. .

-- Estimate average travel speed on each
link. This may be done from experienced
- guegses, traffic surveys, experimental
trips by, fire companies, or from previ~
1 ously collected reSponse~-time data

-~ Estimate time to travel over each lip
using speed and: distance i ¥

=- Subareas are called fire demand zones;
the point representiing all -the proper-
tiesﬂin a fire demand zone is called a

7 »  focall point * - el
--- Every potential or plsting firehouse
and every focal point is referenced to -
° a node of the street net

~- + Thé travel time from a firehoujg&td a’
focal point is estimated by finding the
set of connecting arcs that form the ‘\/
minimum time path Cok

-

~ -
® 4 \ ‘ Q
i - -
)
- L3
. s
»
- *
A -
A ~§ ’ ‘o
\ . — A/
~ » -
» .
‘ ’
S
P
by .




. /4 "« . . Activity | . !

k) " s B oy R - . T - A °

. . '5. ESTIMATING TRAVEL TIMES (continued)

. N
® Method 2. Developed by NYCRI o, e L .

- - -~ BRun a travel-time“experiment showing
iy} , ’ origin and destination for -each response
by. fire companies, odométer distance ‘ . :
‘\ : traveled, and the time required for the . : , : A
. o . - vresponseﬁ B . . Y I . -/,~'j
. Data cah be collected in the units, or ' L - ) @, .

at the dispatch center if unit radio : T o -
in when departing and arr1vin : .

»

AN
-- Fit a smooth curve to data showing o
agtual travel time versus distance - : : :

) b (@) In some ci ies, straight line- with
' * Tt positive intercept provides best .
' ’ J fit . “~

L

o ’ o . (b) In most, a blend between. straight | : '
. . ) 'k, line and a square-root curve is best

(c)'Curve'may vary in different parts, - - : o

e  of the city and at different. timés ‘ _ . : S

’ of day. But experience has shown ' . . -

‘that nefither effect is large, and , ' ‘

v Y that approximately the same curve. °* ’ .
. T . can be used for any city at all | o ' Yoo

' times of day . : -

o "and potential fire station sites on a
. _ ﬁ 'grid map of the city. Determine x-y ,
' . coordinates for the subareas in which oo . o
: incidence will be esgimatfd &;f : v o . '

- Détermine x-y coordinates of existing \' §§'

-~ Estimate distance fromsstationsY
. s4bareas in some way, é.g., as suam ‘ ,
. .- 2 - ..+ of x and y distance traveled (right- _ . . : |
. s © -'angle distance) qr a modification . ) ) . oo
\ - N . of straight-line (Euclidean) dlS— | o - : -
’ : , tance . o o

Parameters of fit curve are used to
estimate ffavel time. between any two ' ? ,
p01nts, using estimated distance //




~ o ]

Activity

ESTIMATING TRAVEL TIMES (continued) ,\

Relative advantages of Method 1

Reldtive advantages of Method -2

‘.

-

,If road network has ‘already been devel~ ‘

oped (b& traffic departmert, fdr exam-
ple), this is fastest way to proceed

Road network when developed, may be
useful to«other city -agencies -

Barriers to travel (hills, railroad
tracks, rivers, airports) are automati—
cally taken into account.

v

Effecdts of changes in structure of road
network can be analyzed in advance (new
interstate highway, new bridge, closing
of existing bridge)

‘Irregularly shaped areas (peninsulas;

or cities with holes in them, for -
example) are automatically handled
accurately

~,

Fire offitials-may feéel more comfortable

- with a method that actually imitates the

path followed by fire compapiee, whether
or not method 1§ actually accurate -

L

~

Elaborate data base and computer program
not needgd,; lower cost for analysis,

If road network has not already been‘

‘developed, this method is significantly

faster

If travel times have already been V
collected (e.g., by UFIRS), this method
1s very. faet

Parameters for fit curve have been so
close to the same values for many cities

.that it may be possible to proceed with- | -

out collecting any travel-time data

Methodrhas been validated against actual |
trafel-time data and haslbeen found B
accurate enough for site selection '

In case of irregularly shaped areas,

L

~ad hoc adjustments to method are easily

accomplished
v ~

_The travel~ time ‘estimates produced by Methods
"1 and 2 have never been directly compared

e 97

.
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_Activify ” - . ‘ " _.References and Notes ‘
. 6 GENE}\AT\ING POSSIBLEXSITE 6‘0NFttGURAmons o R
‘ EVALUATE '."‘ . . " Y o ' i
! a ' . B ' ’ i R
’ ' 0~; Method l. Developed by B0 I | o -

—_— Still in developmental Btags, requires ; '
UPT1's assistance .o :

A maximum tra331 timevis speciﬁied for
each’ focal point -

v i‘- .
‘ o
: .. == A'set of existfgg and potential fire— .
N .. . . house sites is specifigd
. . -= A computer program deteimines whether e )

any collection of potential station

locations can meet the travel-time
.-, requirements, If so, it prints out Q

a solution that requires the smallest A .

possible number of sites . \ ~ ' ’

° Advantages of Method 1 e

: == Procedure is very well defined. - Docu~ : : '
. mentation’ provides step-by—step guide ;l ‘ : -
‘ " to the tasks that must be carried out : ' \ '
to use the ptrogram and provides forms
for collecting and organizing required
data

maximum ‘travel times can be deter-
mined, can generate, among the large.
number of possible configurations, the
one that meets all requirements with
the fewest number of fire companies

rﬂ7“;’/ - od ds botentiallv very powerful. ' A : ’

P
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;:‘. 55”9;,"

)

. . _i_ K R
. GENERATING. POSSIBLE SITE conmgh{xh;p,;bns TO .

EVALUATE (continued)

— -

‘r,»

~®  Difficulties with Method 1 ;u

No accepted: standatds for travel-time
constraints . ‘

Once. fire offielals agree on a set of

requirements, the resulting number of

stations needed may exceed any reason-
ably foresee§b1e budget. Constraints.
must then be: relaxed

Travel-time requirements corraesponding *
to existing;number.of stations may be
hard to determine, :

- -

PTI program may fail to operate, lead-

ing to np solution

: Recommended station donfiguration may
.involve . goving many stations, while.

another 'eéqually acceptable configura-~
tion (not known) involves moving fewer
stations. Other acceptablg solutions
(also not known) may be preferable in
regard to average travel time or other
characteristics

® Method 1M. Modificatién developed by Uni-

versity of Colorado

- -

Same approach as PTI'
"y

Computer program finds a configuration-

that meets the requirements and has
the minimal number.of stations. .This

“configuration includes the largest
possible number of existing station
sites / .

- af
o

References and Notes

’
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. ' Activity ‘ -~ : References and Notes
" 6. GENERATING POSSIBLE SITE CONFIGURATIONS TO
' EVALUATE (cqpﬂinuads
’ o \ l . ’ . ‘ .
‘ . ® - Method 2. ; Used by Nycrf o ‘ B ‘ N
’ // C - == Use a location model to.detérmine demand ‘ '\ﬁq__,wu__———ff
/'_ ‘ ' regiQQS needing more or fewer stations : : L _—
”’ ' -* From & map of the city showing existing 7 a
v , ... and potential sites, égleet_several ' . ;-
- ) possible .configurations that approxi- T
mately match desired allocations by oo
region : ) . .
-- Use éiting médel (to be described next) o ! L
; " to compare the trial configuratioms. - L . _*?
' ' . Develop improved trial configurations o ; _ o
by looking at the results for others ST gt
® Virtues and difficulties with Method 2 . o ,
‘ o -- Easy to use;“fast to implement o I ;:ff
\\\\" -- Process of chbosing configurations '!ﬂ{
o requires judgment and "map sense' ’ )f
¥- & ' ‘== May overlook good configurations v ‘ ’

I3




Activity ’ “f

. LE=11

Pl

EVALUATING TRIAL CONFIGURATION% | ,f.

NYCRI. has a Firehouse Site Evaluation Model"
that calculates a set of descriptive measures
for any pair of configurations. Other re-.
‘searchers” have similar computer progranms,

. differing only in details - |

(a) Calculations are based on a number of
assumptions .

® All units are always available»ﬁi” '
their firehouses to respond to an-,
., 1ncoming alarm (reasonable assumption
for most cities)

patched to an alarm B )

® ' The closest units are always dis--'-“--;§

. ® Calculations are performed separately .
\ for each type of fire-fihhting equip—
ment

\\' Travel distances are estimated by
right-angle or "modified" Euclidean |
disthnce

"\J:\\~Travel ‘times are estimated from

\etpirically determined curve

N

:

‘\

: References and Notes -

¢

O
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Activity.

P ™

. LE-12

. "

»

7. ‘EVALUATING TRIAL CONFIGURATIONS (continued)

(b)ﬂPerformance'measures’

For -each demand region, citywide, iden—'
tified target hazards, and/or region

affected by change: average travel time
and average travel distance :

‘—7 weighted by expected incidence and

unweighted (each subarea given equal
weight)

-~ first-due, second-due, third—due,
etc.

Frequency distribution of travel times
for each demand region and citywide
\ - ’

For each company's Yirst-due response
area: average travel time, maximum
travel' time (to farthest subarea),
workload (incidents/year), and a list
of the subareas (alarm boxes) that con-
gtitute the response area,(this infor-
mation is also avai;able for second-due
areas, etc.) \

\

\
Travel time and travel'‘'distance to each
subarea (alarm box) identified as ‘a tar-
get hazard

A list of the subareas whose first-due
travel times are improved by the change,
and those whose first-due travel times
are yorse, plus the alarm incidence at
each group of boxes and average travel
times within each group, both before and
after thé change

.
P

_References and Notes

N
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’ Activity ' : : Références and Notes
: . ) 4 , : ‘ r . ' v ‘
8. DATA REQUIREME:NTS FOR FIREHOUSE SITE EVALUATION o ¢
MODEL . ]
4 (Aside from general data requirements described
¢+ earlier) .
+ ® List of subareas containing fargét_hazards 3
-~ Purpose: to have ﬁrbgram specifically
indicate the travel times to these sub-- . .
. areas ) : .
% <
-- Effect of.changes in travel times to
these subareas is important
® (x-y) coordinates for every subarea, exist- . - (
© ing station, ‘and potential station . o, -
® A list of subareas included in each com~- - - L :
~ pany's current response areas . . oo R AN
®  Parameters of the curve relating travel .
’ time to travel distance . - -
N i ) - :
\




. P - i  jfT”'
-100~- , , L
'Activity "* . References and Notes
] - - ] ‘ . ST ' 2,
9. DEMONSTRATION OF MODEL o \ "
. L | o v
® Be sure to make sbme;cﬁg;ge in station \
~ locations before running program. Otherx\ ‘
wise the "old" and "new" columns will be \
the same, and there will be no "affected \\
" 1 .
&/ reglon L . - v \
. . \ '
® Preferably, the changes should not be o o
elaborate; the point is not to show '\ :
what  biggest possible performance. . - ‘ )
change would be in one city. Suitable .,
. tests are: _ * .
--. Trenton engines - . o
’.’/ M E3-8431 > .
s ' M E1-2232 : o
. ME8-2432 . . : .
0-€=(E) o T
-- Trenton ladders . o o R | t_j _
.. M L1-2232° - L L ’
0 C=(L) . . A.v B . ‘ ] . . -
or ’ - . d o . L
, M L1-2432 .
0 Cc=(L)
~y - .
d £
) . )
. %
! .
e — © s &
” L)
\ L4
- ! < ! ¥ \ A /
R R ]ﬁ()é% . . “
=T




- - ‘Ac;ivit§ ; B 5 Réferences and;Notes.
9. DEMONSTRATION OF MODEL (continued) -

» Command language
(E can be reblaced by L)
‘M Enn~mmmmn

\\Move engine nn to subarea or box mmmm
[e.g., M E10-2104] ' "

D‘Enn g
Delete engine nn o
[e.g., A E12-3510]

A E-mmmm |
'Add an engine\at box mmmm

ok \r‘ ( o ;3 _

Clear =stack of commandq
Cn oL

Clear last n commands
O-C=(E£L); D=1 or ns L=y or N;
W=S or A; R=(C,D,A,T) .

(all on one line; start with letter 0'
defaults are underlined, use paren-
theses as shown)«

Cc - cémpany type: engines or ladders
or both :

D/-’response level: up to nth~due
L - box listings Yes or No

W - weight by structural (S) or all
alarms (A)

R = which regions‘to produce output for

‘\ C - by Company
' - by Demhnd region

D
A - for Affected region
T

. Target hazards-

Exit from program .

® Siting model .prints results side-by-side
for "current" and "proposed" configurations

- Facilities comparisons_

Q
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" Fig, E‘.F-4-—,Graph of travel ‘ti'mé versus response distapce for Trenton, New Jersey
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LECTURE SF .

SIMULATION
5 . \ '
Ao . FOR FIRE SERVICE AUDIENCES

“Time: Approx. 50 minutes

. v . 4 . . ,
Objective: To describe what a simulation model does, what kinds of questions
it can answer, when to use it, and what resources are needed to
. use 1it. -

. oy t .
Activity - : | References and Notes

1. DEFINITION

® Follow each incident step-by-step:
A S

e -~ From occurrence - t_ o 1 . |

%;' ' - to reportvﬁgﬂfiré department

i @& : -~ to dispatch of companies
oY N . ’

R ~- to their arrival at scene and work
A il . .

by . thexne ’
&

== to their return to availability

Y

R ® Do this for a large number:of *incidents
"=~ ‘actual incidents, or ‘ o
+ == 1imaginary incidents generated by the .
) computer to match average statistics
for alarm rates, etc. ‘

® Viewpoint of an "all-knowing' .dispatcher who
- keeps tradk of the lociution of<all incidents
and companies at all times, but is not con- ‘ '

) cerned with fire-fighting tactics at the ‘ ) .o,
i scene

: B ® Computer collects statistics on response
~ . times, coverage, workloads .

C?
" . .
[ B
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Activity References and Notes
2, WHY SIMULATE? °
.‘f",‘ . ‘
e e Accuracy compared to other models (at a v
. price) . ' : oo
4 . [ ' - : ' - A}
-~ Removes approximations present in every ‘
simple model. o - .
-~ Accounts for interrelationship among )
policies that can be' individually ' ’
" ’ studiéd with simple models
® Safety as 0ppbsed to real-world test
! -- No dperational.or capital investment
-~ No lives or property risked : .
-—  The model can imagine that alarm rates
"stay the same" after policy changes,
but in the real world alarm rates will
change ' -
3. DRAWBACKS
® Simulation is expensive to run on the
computer )
“ ® Extensive ‘data collection needed
L4 Simulation does not suggest any particular
policy as desirable -
® User must be technically skilled .- . Aﬂ
. |'v.
' \
e D
. » ¢
S
N ¥
\\ t%,‘
\ :
A
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Acti\rity ! References and Notes ’ \ :}
~ N ol \‘
4. WHEN TO USE A STMULATION. Mﬁi\ e ) e
P , @ | ¥
. )
. ‘Detailed comparison of complicated deploy~. . e
ment policies ‘.
- .Number of companies on duty . '
~- Where located - o, ! <
-- Number of units dispatched to particu- | .
lar types of alarms A !
_J‘VWhich unit(s) dispatchea ' , .
-~ - Wheh units\are relocated (moved up) ; . ‘
- Which units are moved and where they go § o
¢ Validation of simpler models, which are N
_~-_ Cheaper to use - ‘ ]
-- Easiler tg Interpret _
. . > /
ek » -
® Instill cOnfidence in administrators that :
final recommendations will work as planned,
-.especially under adverse circumstances '
¥ ‘_&‘ w ‘.
. .
v
- ) & % \«"
‘ . \
. 7 u '-\\ ‘V . sa

~®  Fire deparcment admihietrators

®  Planning personnel

WHERE DO THE POLICIES COME FROM, TO .TEST ON A
SIMULATION MDDEL?

® Simpler models
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T e

Activity \ R Refetéhceé, and :ﬁoﬁea '
6. HOW DOES THE NYCRI SIMULATION MODEL WORK? : T - '
® Discuss flow chart : - e
- . R
« % . ;
l.
l,," _//
7. WHAT INFORMATION IS IN THE SIMULATION OUTPUT ,/‘ ] /
. : '/ .
re Response times = I ) \
- AVerage and,disﬁriﬁtglon o ‘%‘;z/- | \ : ' , / ' .
) . == By incident type N B i\ NE ) ‘
. . . T, ’ " \ '
, ) -~ By \geography - . |
- 4 : T - . K
® Company workloads B - ' \ ; ¢
< -- " Total ' N . |
- . By company = N
- ® Coverage & A ‘
.t v !
. @ J/'v .
& - l /
e Co :
- *“ 5
\\ - » k |
. : R 4 ] . . ’ .
\—' . - ’ y
L
ow o x\éj" ” ]
ﬁ: " "\ N /
- ‘—p . ) " —J | ‘. 1
Ltl' - ,& -y - i
2
‘ ‘, . I“*%‘Z?
_‘.y: . \ &




Activity

DATA AND RESOURCES NEEDED .

vDeployment policy .

.Geographiical representation of the part of

the city to be simulated

-- Incident locations

-- Company locations .

Parameters for estimating travel time of
every response -

' Work'times at different_types of incidents

An_input stream of incidents»

== Actual incidents from the past

-- or, incidents generated from détailed '
data about alarm rates by type and . °
-lacation _ .

PR

,

~- Detailed decision rules for dispatching

- and relocation
Access to a SIMSCRIPT I. 5 compiler

Analysts who can modify the computer: pro-
gram and interpret the output

3 .

VALIDITY (Optional)

Detail and structure haVe roﬁbe‘sufficient
to support’ insights and conclusions

: What matters is the accuracy of comparisons,

not, faithfulness to the real world '

'Example. If all travel times are 10 percentn

high, this should not" make aﬁy difference.

- (On the other hand,,it WOUld .be easy to- fix)

I

»

A

.

S

References and Notes

-




Activity ..

-

"RECAP _ °

do

Y

. User's job %

® Computer's job:

== Build model:
] works

\ap

-- Analyze d té.' 8

needed ( get
: -- Select crite:ia.
measured AN

'\

-- Find alternati&é
: to be tried ou;

‘the bookkeeping~

ecify how\thé\éystem

AN
X

P cify the kind of data

18 .\

ssécify what is to be

s: .speddfy he policiea
in the simulat:

Refaraences and+Notes
- N
S \




few sent

’

If too many sent -1 1. CALIN ’—J;I_.A v‘-!‘—Trig'gérs .
5 o ) dispafchr to fire
_ '.'\ and relocation

l“l‘d\ * . :" B ’ . ' '. , .

RELS

N 4
Relocation 1 1 :

HARV

(
1.

~

" Relocatees

Fig. SF=1

AN




LECTURE MF . | B
RELOCAﬂION OR MOVE-UP N v . o ﬂ'~‘
© FOR FIRE SERVICE AUDIENCES L ’ .

/ : I
¢t/

£

Time: APProx. 40 minutes (demonstration extra) A
" Objective: To indicate difficulties with a system of preplannedwrelocations

A and demonstrate a method for resolving the difficulties. .
4Equipmen§,» Portable terminal with acoustic coupler for demonstration. SR
"y . (9 B

/-\ . . . A @
- - .

D ’ . Y -"" .

Activity a » . L _ L S' Reférences andjNotes_j' ,‘f>‘7

1.” INTRODUCTION:- RELOCATION ISSUES

® lhen should fire. companies relocate (move up)? e LT

..,.-,

e

X .40- How many should relocate? .

, ) X . ’ . L & . ‘ : ) -
.®  Which ones? _ AK o

®  To where?

2.  PREPLANNED RELOCATIONS
o Problems at high alarm rates

. . 5

-- Several "all hands" fires-in onejpart of
the city can create-a "hole"-in ¢ overage
as big as if there were one second- alarm

cor third—alarm firea
-

L Company designated to melocate may
» already be busy at a fire .

-~ Company designated to relooate may be .
, , . available, but moving it wopld create
- another big hole in coverage"

\ . »




'Activigz

! References and Notes

-

- .

3. NYCRI APPROACH .

-Answer the four~questibns posed in the
Introduction, one at a time

.

Separate (but same) calculations for

engines and ladders (will use ladders as

hl

an exaniple)

When should fire companies

Que;tion 1:
' relocate?

$
‘Relocate whenever some location in
city has both its first-due and
second-due-ladders unavailable,
and they will be unavailable for

a period of time

Answer:

-~ . Define a ladder responfe neighborhood
(RN) as all points in the city having
the same first- and second-due ladders,
independent of order

-~ If both are Wavailable, and will be for

awhile, the

- Result: Relocate whenever there is an
uncovered RN in the city

is "uncovered"

—-- . This criterion maintains relative
spacing of fire companies throughout
the city (denser in some regions than
others) '

Ly

Question 2:

Answer: If there are -any uncovered RNs,
fill the minimum number of houses

needed to remedy the situation

!

%

‘How manf should.relocate? 't

.

¥

gg<
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Activity

NYCRI APPROACH (continued)

Question 3: Which companieS'should move?

' Answer:
(a)

(b)

Choose companies to satisfy four
general principles

Don't relocate a company that will =~
: create a new uncovered RN’ -

Don t relocate a_company that i§
"too busy" :

® TFirst-due areas the same size
" More alarms around #2 :
Same distance to X

-— If move #1, second—due unit“will'

be the first-arriving unit in
the first-due area of #l

- Similar if move #2

-— More likely to’ have a fire near
2

- Therefore, prefer to move #1 .

(c) Don't relocate a company that is’

covering too 1arge a region

- ® First-due area of #1 larger

.'Same number of alarms in both
Same distance to X

- Average first-due tra%g; time
already higher area of #1

" -- If move #1, average travel

time for second-due company to
~ respond to region #1 will be
much higher than in region #2

_ == Prefer to move #2

-

oA

B

-
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& . : A Activity

3. mycw APPROACH (continued) :

Question 3 (Continued)

- ~

¢

" {(d) Don't relocate. a company "too far"

® First-due areas of #1 and #2
N . : the same size ¢
' R Same ‘alarm.rate
s C . .#2 is farther .
—- If relocated, #2 would be -out _of
its region longer than #1 woufﬁ
L. be : )

f— Therefore, Ehance of missing an
alarm in its regipn would be
- higher for #2 than for #1

Prefer to move #1

. Note: Real cases are a mixture of differ- .
, -ent alarm rates, different sized
. ' areas, and.different relocatiqn
" distances. Developed a "cost"
funttion that blends all’ these ’

+
-

. things N _

“ . . Represents the'expeeted average
- ™ - travel time for first-arriving

- _ : unit to alaris in the area af-.

fected by the moves (areas whose
‘ first-due travel times will be

.J : _ changed) during the duration of
) the moves . )
" ® Objective: Choose units to move
‘ » that minimize this "cost"

® *Note: The cost function assumes
that while the companies “dre re—
locating they are not protecting
either their own area. or their
-destination’ area - ’
" . ";Question 4: Where do the companies move?
-. Answer: Assign relocating companies to the
- . . houses being ‘filled so as to mini-
’ mize.the total travel time of the
! relocating companies . e

. “ﬁvst" ‘will be higher than minimum, but
" -only slightly ) &
e Relocations will. "look better

sl
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4.. DATA NEEDED -
(a) For each firehouse '-‘,, . .
t@_‘ Number and identity of units stationed "~

there( o A‘,q,'
i} & List of RNs assoc1ated with each of the
companies = : ) S
e ¢ Size of each first due area, in square
. ¢ miles . :
e Alarm rate in each first-due area "
(b) For each RN S _ A
. L . . ‘4
' ) (0», ; Size of area in which each of the two
) units is first-due -
® Alarm rate_in each of the two areas
A (c) For, eacb\'pair of houses, o
( Q Travel time from one to the other .
ve L ’
(d) Parameters for relating travel t{ie “and
‘area, so that travel times in ea.ch region o
can. be éstimated from their areas 4
5,% APPLIGABILITY » _ —
) o ,
° Method requires a real-time computer to 1-~-3 .
make calculation based® on the actual statusg
of all.fire companies = _ ‘
N
e  Method can be used to generate relocations
to be specified on running cards, in which
® casé_ it 1s not opetrated in real time. = (But
e 2
not aTl .situations requiring a re ocati
., are ha 1ed well by. running cards)
H - ’
AY ‘ ‘» . \
5 o i . §
L) - ! .
2y % . > '
s -‘ - % M . . ’
N\ . s
»' -4 ’ ., . .
. ‘**.
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DEMONSTRATION OF ON-LINE RELOCATION PROGRAM .
SCENARIO 1 ’ -

This demonstration compares manually developed

. relpcations with what the program does, reveal~

ing that neither way is perfect. Geography

. ~corresponds to the borough of .the Bronx.in New
" York City . o K

: M;cs‘

'M=NOVERIFY - . o o

E=MNE ,MNL ,QNE, QNL )
w .

1:R=E63,E62,L39,132 ~ o

S=1 A . : . .\\.__:4/

@ . ] : .

2:5=E38,E79,E48,E97,L51

C=EW,LW
DEP2P:D=EW,LW v

”,
b
¥

~ ‘/ \- ’ s | ,

3:5=E75,E90,E81,L46 o

C=EW, LW

Q=3
U=DEP2P

DEP2C:D=E81,QE63;E43,QE62; E50 »QE79;E89,QE97; ~
L46,QL39; L50 QL51 o ‘

.(CR) a .

3C:S=E75, E90 E88 L37
C=EW,LW

*. | " - : . .
/ . . ) : AN

i
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Activity .
_ L _
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. 7. . SCENARIO 2 .
'® . Invent é\ﬂﬁﬁﬁéncc of small firea that leads
to a need for relocation . .
.
: o ,f"
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‘Program after -
2ng alarm .

e

‘ L oa . . . ’ B N - N
A . LEGEND: ' g BT LEGEND : -
* o . Ra bl C o .
- O " Fire statign with all companies available = * o StaJuQn' is-occupied by a relocated unit o
. ~ Company has just been dispatched to a fire - @ Stawcant by virtue of a previous relocation, ‘.
@ One company remains in a station which —P Dispaich » ) e :
v usually has-twe companies : ~==-# .. Relocation : o :
@ Station is vacant by virtue of a previous dispatch . B Location of a fire o o . . e
i . ! ._'\’ ' ) L. - ' : s & : “'
. © Fig. MF-8 P — . cL
~ S o . ‘

Aruntoxt provided by Eic
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| LADDERS
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/
LEGEND : .
.0 Fire station with all'companies available , RO
o x Company has just been dispatched to a firé ‘ @
-~ g "One company semains in a station which - —_—
T - usually has two companies L mmap
o @ Station is vacant by virtue of a previous dispatch H

LEGEND :

. Prbgrah. after ,'

B

Station is occupied by a relocated unit A
Station s vacant by virtue of a previous relocation

Dispatch ,
Rel@o’n S
Location of a fire

o

2nd alarm

-

1
v

Ee ot

-~




Runmng card after L
2nd alarm , S

4 ENGINES

Jomg

'LEGEND :

LEGENDf

O Fire station with all companiés available. ' F‘.O Station is occupied by a relocated unit . "
o N Compdhy has, just been dispatched to a fire @ Station is vacant by virtue of a previous relocation oo
; ~@” One company remains in a station which . = Dispatch. . B
£ usually has two companies . - —==—P Relogation :
< .. . Stat»on is vacant by virtue of a prevnous dlspatch . . I Location of a fire - .

. . . . ~
. R . . .

Fig.MF-10° .
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o LEGEND :

O Fire station with all companies available
Company has just been dispatched to a fire

ﬁ One company remains in a station vghich

usually has two companies

.‘ Station is vacant by virtue of a prewous dispatch

o ' Fig.MF-T1 P

Runnmg card after

- 2nd dlarm

: " LEGEND:

»

RO_ Station is occupled by a relocated unit.
® Station-is vacant by virtue of a previous relocation
——p Dispatch '
~<--p’ Relocation
. Location of a fire T
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LEGEND :

3 R
Fire station with all companies available _ (o)
Company has just been dis /patched to a fire @
,One ¢ompany remains in‘a station which . —
-usually has two compames ——=p
. Station is vacant by vrrtue of a previous dnspatch 3
» [

-

S L . . Fig.MF-i?

Station |s vacant by vrrtue of a previous relocation

Program after
3rd alarm

N, e B
Station s occupied by a'relocated upit ‘ e

Dispatch ﬁé
Relocationg, )
Location of a fire - o .
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Company .has just been dispatched to a fire
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LEGEND ;

Station Is occupled by a r';alo'c‘ated'unlt-

Station is vacant by virtue o
Dispatch . :
Relocation
Location of a fire -

&
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. CEVER, TN
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LEGEND : , " LEGEND:

. N}

O , Fire station with all companies available Station is occupied by a relocated unit ,
Company has |ust been -dispatched to a fire o Station is racant by virtue of a previous relocation .
g One comipany remains in a station which ' ) —»  Dispatch
% " usually has two companies - Relocation

. Station is vaca{at by virtué of a previous dispatch o Location of a fire

r

y

- Fig. MF= 14
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- LECTURE IF , . .
.. INITIAL DISPATCH . = -
‘ FOR FIRE SERVICE AUDIENCES
Time: Approx. 40 minutes ~ : . N
Objec#ive:' To show the,students (a) that the history of alarms at an alarm w

box can.provide valuable information for determining the number |
of units to be-dispatched to a box alarm, and (b) that sometimes’

Which ones should be sent?

.

L)

g

- Always send closest when alarm rate, is

the closest unit may not be the best to send. e
Activity - ° o ' - References and Notes'
‘1., INTRODUCTION ’ . 3 .
® _ How many should be sent? ' o e
- -~ Different cities have differené_polidies \\
== When alarm rate is high, city might.want - e
to reduce its normal response to con~ ‘ '
serve resources - _ o -
-- There is a way to do this rationally )
° ' -

low o -

If alarm rate is high, this policy is
not necessarily the best : .

7.
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Activity . .| References and Notes =~
2. HOW MANY? \3
/
(h) Objectives .
® Try to send what is needed ' - C ~ ”
"® Get all units needed to the scene as . .o
rapidly as possible, , l, L s .|
. ® Don't have units make too many unneces- .
.+ sary responses
' (b) How alarm is received is important e ; ' .«
. _® Telephone - receive information that- : '
o y helps dispatcher decide _ r ,
-\ \N * Box - little information to go on L
‘ - therefore, will restrict discus— :
sion to how many to send to box. ) ' : - . p
alatms ,' | “ '
/
(c) When is there a decision?
¢ ® May want to hold back resources (not .
send full responae) if alarm rate in . '
region of incoming alarm is high enough : )
so that the chance of having two alarms - )
in progress at one time is nct negli- : R
~ gible (say 25%) - . - :
(d) The ‘tradoff: - Use .sgad 1 ladder versus . :
send 2 ladders as example . . . ' . , ' - &
® Send 1 and need 2: i - : * P T
.~~~ second ladder delayed : o : ()\
- increased loss at fire e ‘
® Send 2 and need 1: . .
= aecond ladder unavailable for ' - .
another alarm (only important if C : .
7 there is a good probability that -
+  there will be another alarm while
, it is responding) .
. -~ ' ' -~ makes unnecessg;y response o - . ‘"”
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- __Activity

1

2. HOW MANY? (contimued) - ©

3

(e)  Approach: Considers up to fdur.fabﬁbrs
(1)

o (144)

o
IS '

_Ciy)

b

(f) Method: Use a "cost" function to blend' all

*the

+The workload of the companies involved

is serious :

—

The probability thac.che'incomi?f alarm

the greater the probaﬂility,“ﬁhé more
units dispatched -~ -~ ° o

there are usually prédictable'boi—to~

box variations in probability serious,

e.g.; boxes 2277_and 2209pin“3tonx

this is the most important factor to
consider SO -

-~ using this féctor;:can modify.run—
ing cards--add to manual dispatch-
ing system (e.g., NYC's adaptive

., response) . ' e .

The expected alarm

rate in the area sur~
rounding the alarm ' ’

o

-= the greéter the alarm rate, the feWer
units dispatched C

-~ implies that.dispatch policy to the
- same location might vary by- time: of
d ay . ' .

The number of units avallable in the
area surrounding the alarm

-~ the more units available, the more
units dispatched .

- if you want to include this factor,
pProbably need a computer to keep
track of status

—-= the higher their workload, the fewer
units dispatched

factors, then (for example)

-- gend 2 if cost is less than cost to
-send -1 : '
-- gend 1 if cost is lowgt than for

send 2 :

1




Acttvity

2.

: ) i R
«HOW MANY? (continued) o '," o N
(g) Data needed if use all 4 factors in making:
decision
(i) For each alarm box .
~® Qrdered list of closest engina and

ladder companies

‘incoming alarm from the box signals
‘a gerious fire (estimation procedure
takes into account alarm history of
box and alarm history of neighboring

: "boxes)
(11) For each fire-fighting company

® Expected alarm rate in its first-die
area

®. Number of responses made during some - |

historical period

® Its current status (implies need for
" an on-line computer) .

(iii) Way to calculate travel time between any
house-alarm. box pair A

o

e Egtimate of the pr‘hability that an

References and N&tea,




Activity

3.

WHICH?

Sending closest not always best. Not
sending closest can

closest company policy would
Company a ! )

~— Supp09é ire 2 while Company a iq buey:

. Company b\must respond .

- If send b to Fire 1 (near boundary),
' then a 1s available to respond to Fire 2.

Net reduction in total response time
(also, better\balance in workload)

Note: this polic appropriate only when

’ overall alarm rates\ are high

Reférenceq and Notes
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Activity ) .' ' /.

Illustration of tke circumstances under
‘which analysis will suggest different

choices for.initial dispatch. The actual
locations\of ladder companies and alarm
ratés in various parts of the Bronx were
used in congtructing this scenario.

At the start\bf the scenario, ladder compa-"

ndes 48, 42, and 44 have been dispatched
to serious fires ,

An incident is reperted by box alarm at box
2267. Recommended dispatch is two ladders.
Ladders 17 and 53 are dispatched .

Another ‘incident is reported by box alarm
at-box 2224

Now, because of unavailabilities'in the
area and a low probability of a serious .- -

- fire at box 2224, the recommended dispatch

is one ladder

Ladder 17-2 is dispatched and subsequently
returns to quarters after finding a falgse
alarm at box 2224 \

A
Now a box alarm occurs at box 2574. Al-
though the closest ladder company is busy

-(as was the case at box 2224), the recom—

mended dispatch is two ladders in this case,
Box 2574 is more likely to have a serious
fire than box 2224

‘At this point, the unavailability of lad-

ders are as bad as if there were a -third-
alarm fire somewhere between ladder 55\and
ladder 19. Relocations should be made .

An incident is repotted by bex\ larm at box(‘
2276, which is near box 2267. reloca-'

. tions have not been made, one ladder shoul

be dispatched. If relocations have\been
made, two ladders should be dispatched - \

Referencee and‘Notehf
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LEGEND: | oo 7 (eGenp:

~0 Flrp station with all companies avallable - O Station is occupled by a relocated unit v
Company has just been, dispatched to a fire . - . @ Stationis vacant by virta# of a previous ‘relocation
}5 One company remains in a station whlch ——Pp» Dispatch -
_ usually has two companies . § e B_eloc_ation
@ Station is vacant by viftue of a ‘previous 'dispatgh_ B8 Location-of a fire

¥ . | . o :
Fig. IF=5 — Status of Bronx Iudder- companies atthe start
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LEGEND: ' . ' . LEGEND:

Fire station  with all companies available . ' Stgtiqn is occupied by a relocated unit
Company has just been dispatched to a fire - . . Station is vacant By virtue of a previous relocation
' One company remains in a'station which : Dispatch - ‘ '
7 usually has two companies Relocation
| Station is vacant by virtue of a previous dispatch : Locatipn of a_fire

\

) - ¢

) » ‘{- ' \j,_- " .
Fig. IF-6 — Status of Bronx“%adder companies after Box 2267 is dispatched

:
~




«

LEGEND : ‘ : " LEGEND:
O Firé) station with all companies ayailable' . RO Staﬁon Is occupied by a relocated unit _
Compény has just been dispatched to a fire - @ ' Station Is vacant by virtue of a previous relocation .
& One company remains in 3 station which ' ——p Dispatch ' o
) o : r . /
usually has two companiesy . ~=~=-pp Relgcation
@ Station is vacant by virtue of a previoys dispatch "M Location of a fire

1 4 - . ¢

.

Fig. IF-7 — Status of Bronx ladder companies after Box 2574 is dispaf'chéd
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'LECTJRE' AP
ALLOCATION OF POLICE PATROL

[

Time: Approx. 40 minutes’

Objective: To provide an approach to answering.the question of how many
- pagxol.cars to agsign to each command by hour or tour,

Activity ' . | References and Notes |
& ~ : ’

1. INTRODUCTION '

) ‘ =
® Topic is how,many patrdl cars to assign to
each command by hour or tour

~~ "Command" is a general term for an
’ admin;stratively.separate"geographical :
area of the city.. Variously called - A
precinct, division, district, unit,
. or area - ‘ S

=~ A single pattol beat or sector is not a
"command." A command can be character-
ized by the fact that if all its patrol
cars were busy, a low-priority call for
sexrvice would be queued -

PRIORITY STRUCTURE

® Find out what types of calls are actually

handled by dispatchers as high priority

(every effort will be made to locate a car

to send immediately, even a supervisor or
#~out-of~command car), medium priority (if
An queue, will be dispatched as fast as

possible), and low priority (can wailt for

. dispatch)- '

It doesn”t help to think about mhich calls’
should fall in each priority Jével, unless
the intention is to cha the practices
of dispatchers "
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Activity

tReferencee en& Notes

3.

'ESTIMATING quL—Fon—snnvxcz WORKLOAD

Need to know how many car-hours will be
required to serve calls for service in

. each priority class in each hour of the

day ("“workload") -

This can be dome by estimating the number'

of calls in each class and the service
times separately, and multiplying these

together. Or estimate workload directly

from workload data

- Poggible estimation methods

- commercially available computer pro-'
grams (e.g., LEMRAS)

-- average over past few weeks, adjust
for. seasonal trends :

- greph‘and extrapolate

Estimates don't -have to bepscperraccurate

to be useful, Don't get-wound up in try-

ing to improve accuracy of predictions
Collect data from dispatcher ] positionl

Commands-found to have unusually long
service times may have a management
problem. Don't just allocate more cars
to them

]




Activity

.ESTIMATE "EXTRA“ UNAVAILABILITIES

- average fraction of a car's tour that
the car is unavailable for’ dispatch for
reasons other than dispatch to a previous
call , -

i

== 1includes meals, maintenance, patrol-- -

initiated activities, arrest process-
ing, etec.

-- dinclude time in court 1f this is only
part of a ‘tour -

-

£ may vary by command. In a given command,

f may vary with call-for-service wquload
Collect data at dispatcher' s position

Draw graphs, calculate_averages

>

SET LIMIT ON QUEUING

Fraction of all callsTQueued

Average waiting time ianueue for

—-= middle priority
-- low priority

‘Overall average walting time. -

&

Refereneee.and.notee |
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Activity T " | References and Notes

ap

6. ‘NUMBER OF CARS NEEDED TO PREVENT QUEUING mou
EXCEEDING LIMIT

L Consider a particular command and a partic—

ular ‘hour of the. day \ v .

U 1 ‘ o

‘® N = number of cars to be fielded (we will ' ; :
try different values of N until we find the ' =

right one)
(] (1-f)N = effective number of cggi fielded

] (1—f)N muat at leaat equal th eatimated
call-for-service workload in car-hours : ' : “

L étart with N = next iﬂteger biggerlthan
(workload)/(l-f)

® ' See 1f queuing ia below apecified limita . -

'with (1-f)N cars - o S ? ' '

- need graphs, tablea, formulaa, or a
computer program

g If not, increaae N byﬁghe carland try again

o ‘Keep going. The first N that works tells
how many cars are needed for queuing pur- ‘
poses ‘ : : : /

7. EXAMPLE

How many cars are needed to assure that less :
than 10% of calls aretdelayed in a command :
having 3.9 car-hours of work per hour and 30%
of each car's time spent unavailable for rea-
sons other than calls for aervice? , - : .




Activity = ~» .

8. CRITERIA OTHER THAN QUEUING

A ®

- 9. COMPARE WITH THE SIZE OF THE PATROL FORCE

41\

See if the ‘value of N chosen above is big

enough so that (1-f)N effective cars give
reasonable values for - ..

—= average travel time
-- average patrol-frequency °

== patrol per outside crime
- (whatever you care aHEut)

If not, increase N until these other cri-
teria are met

Add the valaes of N (fbundVabove)'across
commands, ‘'or across hours of the day, or
both :

'Do you have enough men to field that many

car—hourg?

== If no, some constraints must be relaxed,

or some categories of calls must be
screened out (no unit will respond),

or the "extra" unavailabilities must be ‘

reduced by administrative change

-~ If yes, the extra cars can be allocated
to commands or tours so as to minimize
citywide average queuing delay. Or the

; extra cars can be assigned to special
activities ’

-

References and Notes

=
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Activity

10. COMPUTER PROGRAM

Computer ‘program is available to perform
these c¢alculations

Descriptive mode. User decides how many

patrol cars are to be on duty in each com-. -
mand'dpring each tour. Program displays

-~ Percent of time cars are busy on call-.
for-service work

—- Prevefitive patrol frequency T v

- Average travel time
-- Percent of ?alls‘Queued

-- .Average waiting ‘time in queue, by
priority level

—1H.Avefag§;tota1 response time

Prescriptive mode

(a) User sets limit on any of the measures
listed above.
mum number of cars needed .

-

- (b) User'specifieS‘tofal cér—hours that can

. be fielded. Program allocates them to
tours or commands or both so as to
mihimize ' - :

~= average percentage of calls placed
in queue

S

-- or, average wéiting time for some
priority level

-- or, average response time

. 159

Program calculates mini-




CMetivity ]

-

-

References and Notes

DATA NEEDED FOR PROGRAM‘ :

*

tour can be an ovenlay o . ’

° Céll rates and sgrvice times by hour

. C ) .
® Response and patrol speeds of cafs -

®  Number of outside crimes .

/

® .Unavailability parameters -

TYPES OF POLICY ISSUES THAT CAN BE ADDRESSEi) .

. .Nsmber of patrol office%e‘needed to meet
standards of performance

®  Which calls to "screen out to improve.
performance levels with fixed resourCes

® Allocation by time of day within each com-
mand

® Possible benefits of an overlay tour

® Where to assign new recruit;\

® Deployment of a mobile patrol team (moves
. to different parts of the city from week
to week)

ADVANTAGES

e  Easy to use, once data are collected

d ;nexpensive'to run on the computer . .

DRAWBACKS

® Calculations are aﬁproximate

o User must estimate call rates and service
' times for the future

K No information about variations within a
command

)
® Hours of the day at which tours begin. - One

o
., .
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‘ , ' number o of calls ' s
_Next integer cars - " delayed®
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This is-an optional.added topic for Lecture AP "
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‘ LECTURE BP :
» - ,' o BEAI DESIGN '
4 FOR POLICE SERVICE AUDIENCES

Therefore, beats ‘may change by time of day

RULES OF THUMB

Shape of sector doesn t matter much, as

long as it's compact.

lf'travel.speeds differ in" two directions,
the long dimension of the sector should be -
in the direction of the higher speeds -

. If beats don't ovérlap,'the fraction~of_dis—

patches that are interdistrict (across beat
boundaries) is at least as high as the frac-
tion ‘of time the average unit is unavailable

Unit's workload is not equal to the workload

_generated in its beat -

- ®
.\o
°
~
N L
.
°

-

- Burden of central location

S

- Shaded: parts.of the command have many
calls for service

Number of calls for service is not high
- in the center : .

‘Car in the. center 18 very busy because
it is the dispatcher 8 second choice for -
- all the busy beats : :

¥ -

162

N [ ' ™ . /
Time: Approx. 15 minutes o “Yai' . e _' _
Objective: To describe an- approach to designing police patrol’beats or
sectors B . :
v . N "
- Aetivity: » _References and Notes
1. TINTRODUCTION - =~ . .
® . Topic is how to design patrol beats or -
patrol sectors: the areas covered by a oo
',single patrol car ,f ) RS %
; @ * The number of patrol beats in a command is
determined from the allocation analysis




.  Activity

. »

References and ﬁoteg"

¢ g. Permits cal@ulation of performance char-
"2 acteristics for trial beat designs. You
have to work out the trial designs, program
doesn t help

- * . Requ’fgﬂ data .
- Divide city into small areas (smaller
. than a _beat) :

- Call-for—service data for the small -
" ¢ aréas '

--. Some way to estimate travel times
i between small -aréas
4 .. coordinates of centers
© .. experimental trips
«. estimates of local officers
,...computerized road network

Ty -

®  Performance measures . calculated for each
‘beat design -

-- Reglonwide average travel time

-~ Reglonwide workload imbalance

-~ Fraction of dispatches that are inter-
district

~~ Workload of each patrolvcar

- Average travel ‘time to{garticular loca-
tions

~- Average travel time in each beat
>

-- Average travel time of eacR patrol car

Fraction of responses in each beat
handled by the beat's assigned car

~~ ' Fraction of each car's responses that
take it out of its beat

4. EXAMPLE oF APPLICATION n

® First map and table show original design .
of beats (called sectors) ‘ .

v®  Second set shows‘final design

S e,

3. HYPERCUBE MODEL ‘ .

oW

A

<

e
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Activity
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N

B

' 5. ADVANTAGES - , -
T ®  Easy to use, after data have been collected | S A
A - ® Can handle overlapping beats, sergeant's = |- - : o f R
_ ‘cars, fairly complicated digpatching poli- ' S
. o c;ea E . : . :

® - Inexpensive to rum on a computer" N : S

6. DISADVANTAGES - . - S R
S R . ' o 9§
® Assumes one car dispatched to each iﬁciden;A N ) . B

-

-

4 . .
. . O

®  Not well .suited to handle priorities . 1 .. . =
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Maximum workload imbalance = 26%
Region-wide average travel time = 3.402 minutes - ,
- Average travel time for queued calls = 5,178 minutes
Fraction of dispatches that are cross-sector = 0.485
) ) ' ) . Profile of Pgtrol Unit Operations
” : Average
Patrol % of Fraction of Dispatcnes| % of Travel
Unit No. Workload Mean Out of .Sector Mean Time -
] 0.519 103.8 "~ 0.539 4 11.3 3.432
.@; 2 0.559 11.7 0.576 , 18.7. 3.378
3 0.496 99.2 - 0.477 98.5 3.090
4 0.490 98.0 . 0.426 , 87.9 3.180
sv | 0.428" | 857 [ 0.373° " 70 3.978
6 0500 |100.5 | . 0.487 | 1004 | 3.4
-— 2 : ,/
~ ' . ‘
Profile of Sector Operations .
Fraction of | Fraction of ” t.Average
Sector} District's % of 1 Dispatches that are Travel
Number| Total Workload| Mean | Cross-Sector  Time
1 - 0.160 ©96.2 | 0.503 3.312
— , P T
Y 0.772 103.6 0.542 . 3.120
3. 0.166 . 99.7- 0.486- | 3.32
4 . 0.]28 106.9 0.474 3.258 "
- 7 - 7 *
4 5 0.152 91.3 ~ 0.2 | 4208 |
g 6 | ~oa70 ] 1024 |- oam | 3.6
. R Fig. BP-3 7
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Maximum workload imbalance = 5.48%

~166~

9

Regionwide average travel time = 3.426 minutes
Average travel time for queued calls = 5.178 minutes
Fraction of dispatches thaf are cross-sector = (.483

§

Profile of Patrol Unit Operations

. , Average
Patrol | - % of Fraction ef Dispatches % of Travel
Unit No.]| Workload Mean | Out of Sector | Mean Time
1 0.499 | 99.7 0ass ot | s 3.222
2 0.52 |102.4 | o.M | 126.6 3.318
3 0.497 | 99.4 0.479 t 99.3 3.192
4 0.502 |100.4 pas3 - | 037 3.174
5 0.485 | 97.0 038 | 823 |a.074
6 0.505 « | 100.1 ©0.456, <’ 9.5 | 3612
Profile of Sector Operétions
Fraction of | | Fraction of Average
Sector|™ District's % of | Dispatches that are| Travel
- | Number|  Total Workload] Mean | Cross-Sector ~ Time
1 0.162 7.3 |° 0.4 2,958
2 0.132 79.0 049 - | 2.886
.3 0.166 99.7 C0.481 | 323
4 0.178 | 106.9 0.486 3.204
5 0.183 “100.8 | 0.6 4.524
6 0179 | 107.3 0.488 | 3.538
. | ;
| Fig. BP-5
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The development, documentation, and field presentation of this
course was perfqrmed under a contract with the Office of Policy, Develop-
ment and Research of thg&__s Debﬁrcment of Houslng and Urbah Develop~
ment (HUD)-:“CQntraci ‘for the Developmqnt, Field Testing, and Documenta-
tion of Management Methods for Emergency Services for Local Agencies.™
This contract and- earlier contracts between HUD and The New York Gity-
Rand fustitute involved work with city agencies designed to improve the

deployment of théir emérgency service units. Prior to beginning such

B

* work,\a training course was often presented to agegcy and city officials
4

. it‘is possiblgfto determine«a suitgble sequence in ahich to study the

and to local analysts.

LI
_e.

1]

-t

»

This course outline provides lesson plans and visual aids for these

L

lectures so that they gan be presented by anyone who already understands

the subject. ‘Referenceg to the appropriate souf’ce materials are also ,//'
provided Potential’audiences for the course include fire service ad-
ministrafors and planning officers, police patrol administrators ‘and
planning offi rs, ambulance agency personnel, city officials, opera-
tions research analysts, and mixtures of thesé groups. - N Lt
This instructor's ‘manual may algo bé useful-to individuals who - o~
wis® to undertake a_ self- directed study of deployment analysis’ for . Lo .
emergency services.- The liteﬂgture in this field is quite extensiVe '
and incLudes.methodological reports, descfiptfbns of _computer programs,‘
andﬁ%ase studies of appIications of’deployﬂent analysis in particular
cities."” Therefore, it may be. difficulg for the student to.determine
.which papers are related to }he subject he wishes to “Learn and which .

ones shoqﬁd be read ahead of others. By following this tourse outline, ! ~

.

. various documents and to gain a Q.ﬂgral notiod of the\contents of each
of them in advance. oo gy e & U e
Instructors teaching from this manual may wish tomsupply copie ‘e

N

Ay - r

of, the ltiture notes to their studgnts in whigh case tzey should
W@rderathe following companion°repbrt from the Publicatighs Department

o\\The Rand Corporation. : .\\\ i_,—”f? o ...
. . . W /’, - ‘ - ) . ".
. . 179 [ ':\_ ' re / ’ "‘14 “'. '-‘
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INTRODUCTION

& - ’
b , R . .
This report has been prepared to aasist'instructors who wish to
present a one-~ to five-day course in deployment of emergency services.
Potential audiences include fire service administrators and planning
officers, police patrol administrators and planning officers, ambulance
agency ‘personnel, city officials, operatiéﬁs research analysts. and
mixtures of thesé groups. Inclwled are lesson plans, references, and

©

examples of visual alds that can be used. . )
The authors have tested these outlines by preaenting lectures based
on them at least once, and several of the lectures have beén presented

on many occasions in approximately the same form by several members of

The New York City-Rand Institute staff S e

To prepare a course from the lecture notes, it ig necessary toe

~ select the lectures that will be presented and the order of presentation.

-~

Under no circumstances would all the lectures be given to one audience,
since there are pairs of lectures (identified by the same first initial)
that cover the same topic from di\_erent perspectives. The second ini-
tial of the lecture identifier indicates whether it is intended for a

.fire service audience (F), a police service audience (R), or a general

Al

audience ©). , .
A suitable sequence for a-course to be given to a fire service

audience in three days (or, preferably, somewhat over five half—days)

1g -as follows. . ‘,

-

s . - . R ) -
‘Lecture OF: 7Introduction\and Overview
. Lecture RF:

‘.Lecture DF:

" ‘Lecture AF:
;Lecture LF:
Lecturé SF:

™ -Lecture MF:

Lecture IF°

[Not included] Case study of application in some city
‘¢

Rulgs of Thumb - - A
Data Analysis _ '
' ‘Allocationyof Fire'Companies

Locating Fire ‘Stations
; N

"»Simulation - TN

Relocation or Move-up - -
Initial Dispatch

L

T

\ ].23(34. e ;;

~
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"For an audience representing eeveral type&'ziﬁemergency service
agenciles, a euitable'eequence at the start of the‘couree is:
‘ ’ . * . *

Lecture OP: Introduction and Overview (police)

Lecture RP: Rules of Thumb (police)

Lecture CG: Characteristics of'Emergency Services ~

Some lectures have been prepared under the aseumption that they

will be preceded by certainAother lectures. The overview and rulee

of thumb (either OF and RF or OP‘and RP) should precede any other lec~
ture; allocation (AF'or AP) should precede fire station location (LE?,
or beat deaign (BP). Lectures on data analysis and simulation for -
police audiences have not been included in this report,. but 1ectures
DF and SF may be useful to the inetructor in preparing materials on
these tuwpics. _ b

Each of the 1ecturee has been prepared using the same format.

The content of the 1ecture is ‘preceded by an estimate of the time that ‘
‘the lecture should last, the objective of the lecture, and, if appro-
priate, a list of special equipment that.isvneeded for the lecture.

The outline of each lecture is presented on a page that is divided into
two parts. The_"Activity" part deacribée the items to be discussed.
The "Reﬁerencee_and Notes" coldmn refers the lecturer to sources of
more informatjon on the subjett (the full references are given in the
Bibliography at the end of this report), identifies vieual aids that
might berused at that point, or providee suggestions deeigned to he1p
the 1ecturer in hie presentation. :

_ We have found that including a lecture deecxibiﬁg an .actual deploy—
ment study that ‘was conducted in some city (preferably delivered by K
eomeone from that city) can be very helpful. In fact, _the- one coneie-
‘tent comment from s%oee who have taken the couree was the importance
"of caee studiee If it is not poesible to obtain a gueet lecturer,

one of the caee studies. indicated by an aeteriek (*) in the Bibliography
,Will serve as a starting point for preparing such a lecture. However,
) ;eomeone in the study city should be contacted for the latest develop-

ments. Appropriate addreeeee are giveéiin many of the case studies.

t . v

Y . " S

R A S




‘The case study ehould be eelecbed before the course beginsa, and
some indication of tHe types of deployment changes ;hat resulted from
the study ehould be presented at an early point, poeeibly even before .
‘Legture OF or Lecture oP,

Another frequent comment from those who have taken this course con-
cerned the desirabilf%y of students having pereonal copies of the lec-
. ture notes, Such notes can be kept in hand during the lecture, thereby
eliminating the necessity for the lecturer to prepare slides of the vis-
ual aids, or they may be simply a permanent record of the material co"&ed )
in the course, to be used outside the class.,, For these purposes we have
made available a student's manual as a companion to this report§ it dif-
fers»from this volume only igp thet all text in the ﬁReferenfes and Notesg"
section of each lecture has been removed. This leaves space for the
student to record whatever he feels 1is _appropriate and permits the in-
structor to select or modify the visutal aids and references, -since they

are ‘not epecifically cited in the’ studert's manual.,
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'~ I LECTURE OF
s-,

INTRODUCTIQN AND OVERVIEW .
FOR FIRE snﬁggcs AUDIENCES '

s . ,
Time: Approx. 40 minutes - % . . !
Objective: To provide an overview of the E;re Service problems,that will bé

discussed in the: course, and to? provide .an introduction ‘to
systems analysis.

o .

PN

\

N,
\
\

NPRRVE

Activity ' T Refetences‘and Notes

,;;!/1. INTRODUCTION ' S

. Explain naturg of course, audience, and

objectives .
~® Describe schedule for entire course ¢ — ‘
TN .
2. DEFINITION OF "DEPLOYMENT ANALYSIS" - Follows Chaiken and ™
_ « Larson, Methods for *
® . Strategic issues o Allocating Urban 2
p S ‘ . Emergency Units and
—-—- How many companies on duty , Chaiken, Ignall, and
"~ .. may vary by time of day or season Walker, Deployment

Methodology for Fire
Degartmentsuw”} B

BN o
K
. :

-~ How divided among subregions of city
- == Where stations are located

- —— Nature of vehicles (engines, ladders, . o N
. foam units, etc.); manning :

- Manpower scheduling

® Tactical issues \
‘e

(Not fireground tactics)

el Number and types of companies dispatched
to an alarm : ' _ : N

.. may vary with time of day,” location ' T

of alarm, current situation, v ‘
¢.available information o ' L : .

e Which units to dispatch

—==~ Relocation (move-up) _
.. when needed ' - R .
+. how many companies meve - p—

.e which ories move TR -




Activity

3.

STEPS IN "SYSTEMS ANALYSIS"
(A systematic approach to solving problems) .

'®  Identify the problem

o Sels&; objectives

® Define criteria to be used to evaluate-
alternative policies
. .

® Design alternative policies:

® Select models to be used
® Collect required data
® Compare alternatives using criteria

® (Return to an earlier step)

® Test out and implement final choice

PROBLEMS

o~

] This course will deal with the strategic

and tactical issues of depl!yment analysis

OBJECTIVES .

May be several. - Some of the most common are:

1
® Tmprove fireqotection levels with same
: resources .
® Maintain fire protection levels with less
resources

v : -
~ 4

L] ’Decfease workload while maintaining fire -

_protection levels

@r 190

References and Notes

See Quade, Analysis
for Public Decisions

A\

o {.




~Activity ‘ P

References and Notes

T b 7

RELEVANT CRITERIA (PERFORMANCE MEASURES) -

(Used to tell if one policy is better than
another policy) -

® Time until dispatgh of companies

® Turnout time

® Travel time

S

-- Can be average or maximum or something
else T

-

To first-arriving company,

max (first engine, first ladder),,
midx (all companies needed),

or other measures qf travel time

-

L) Setup'tige

° * . -
The above four constitute "response time."
Usually must pay attention to the largest one. .

Deployment analysis focuses on changes that can

affect travel time. . [ . W

[
& . .

L Cﬁv&age megsures A ' 1

® Workload balance
® Insurance grading standards?

»

L4 Cost
Why not lives lost, piopergy lost?

'® . Hard to measure i
LI
® Needs research to be able to estimate
changes (relationship not known
.precisely enough) -

We use suitable surrogath measures °*

- . 4
M 5.
- »

A

-

Figure OF-1

Explain each time
interval

- Generally se®e
introduction to
Carter and Ignall,

A Simulation Model of
Fire Department Oper-—
ations: Design and
Prelimidhry'Resultgl

This issué will be a
source of confusion

. ‘and doubt later, unless

handled in sufficient
detail at this point
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o oo . “Activity - . ‘ | ' References and Noies o
7. ALTERNATIVE POLICIES

® Include base case (fof comparison) - , ' L

.

® Take political’and economic factors into =«
, accou (including community and labor union
conce )

* Alte?natives may be suggested by fire ' .
'~ depdrtment or city personnel, or may come _
from mathematical models I » To be discussed next

©®' 8,  MODELS ' § T - ; ' .

\ . N E ) / ’ .

| Co PurPosei To introduce terminology, not to °
: : illustrate any particular models

. - - -® Definition:,:abstraction of reality.. Used" b
| _to gain insight into and answer questions
. ) about the real world. Easier, safer, and

v less costly- to use than manipulating real .

world. : : ‘

)' . Empirical models

-~ Fit to data ‘ -
.. May have no explanation ‘ : : °
.. May be mathematicglly complicated

- Examples.
«« S fit to alarm rate by time Draw histogram and
of Hay curve R

.. How long to travel a given distance Draw representative
‘ ' \ \\ @gu;vegiput don't

. \ «~ | digscuss its shapec¢now.

a ) ' X _ Filgure OF-2 '

+. Chance that an alarm at a particu- :

) _ . lar location 1s serious “ . ' .
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— ‘ ‘ :
P' . s - N )‘-9'_
Activity '

OF-5.

References and Notes

N

:\\\Ubtimization mogﬂis (prescriptive) s

4 . . . L4

MODELS (continued)

® Descriptive analytical models

. ‘== Using simplified assumptions, some kind
of mathematical formula is derived to
permit estimating some performance
characteristic(s)

- &he numbers that go into such a model
- may come from empirical models

-- Examples

.« Knowing number of engines and
ladders on duty, estimate average
response’aistaﬂte

.o Knowing where1fires are and how
many units dispatched, estimate
number of responses for each unit
(woigload) -

.. If fire station is moved, what

happens to response time >

L]

-- Tell how to'achieve the most or tﬁe,;
least of somenhing .

.

- Examples
' .. What 1s the least number of ‘engine
stations needed so that each loca-
«-tion is within 3/4 mile of a
station? : -

.. How should 17 stations be locatéd
* 80 as to minimize average responee
time?

.+ What is the smallast number of
engines needed to relocate on a
second alarm (if specified coverage
is to be achieved)?

.

y ."’.

a

N

Figure OF=3
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Activity

_Referenca*s, ‘and ‘Notes _

o L
LE

- 13

P
Y & =

8.\ MODELS

(continued) o L e
. S~ o

® Simulation models >

4 - —

\_-

9. ~TECGHNICAL ASSISTS TO DEPLOYMENT ‘ ,

® Computer-assisted dispét{@&

1

Imitate operafions ‘step by step

Collect all kinds of statistics

Can be extremely accurate

Doesn't \tell you what to do -
Things you try will be suggested by other

- models -

"Likely not to be useful until close to
the end of analysis; but have|to start °
early to collect data

. A _ ;: o

N

® Digital communication with fire uni:s

Status e
Ingpection information
Location of fire, hydrants, étc.

Screen or printer

J .
® Packaged systems for collecting, summarizing,
or projecting alarm rate information

¥

u

These are examples of
items not discussed
further in this course

| PM

.

.
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. LECTURE RF
.+ RULES OF THUMB
' EOR FIRE SERVICE AUDIENCES
-Time: Approx. 50 minutes (

bbjective: To provide ‘some easy to learn, easy to apply formulas and rules },
‘ used in deployment analysis. ..

Activity ‘ L Referances and Notes
1.. AVERAGE NUMBER OF COMPANIES BUSY .| This lecture continues
) C e L to follpw Chaiken, Ignall,
AV. ‘NUMBER\ ° /AV. NUMBER OF\ ., .. and Walker, Deployment
- (_OF ALARMS | x (COMPANYéHOURS) Methodology for Fire -
PER HOUR . PER ALARM / ~ Departments

® Example .
4 alarms per hour (all types) °

30 minutes average time out-of-service ..
1.2 engines per alarm, average )

—_ 4 x (0.5 x 1.2) = 2.4 engines busy on -
average

®  AVERAGE NUMBER OF COMPANIES AVAILABLE
= TOTAL NUMBER OF COMPANIES

-- (AVERAGE NUMBER BUSY) AN
2, (AVERAGE TRAVEL DISTANCE) | S Ref.: Kolesar and
in a region ' Blum, Square Root

Laws for Fire Company
-, ' Travel Distances A

" AREA OF REGION

(CONSTANT) X Y §o. COMPANIES AVATLABLE

° Introguce notion of square root simply,
via 3 = 9 ‘and therefore V9 = 3 I




RF-2

-16-
Activity B ' gferéhcgs and Notes
, 2. AVERAGE TRAVEL DISTANCE (Continy
’?: ® Give simple geographical dem nstration The foliowing should
R showing why the rule of thumb is true be prepared as slides .
that can be overlaid
* ==  Base case B - B Figure RF-1 b
- =— Double all dimensions: area quadruples, Figure RF-2
average travel distance doubles (i.e., g
goes up by square root of area)
-- Repeat reglon 4 times: same area as Figure RF-3. .
‘ in RF-2 with quadruple the companies, s , . '
average travel distance is only halved Arg?ment 1s mot exact;
don't get into details
(i.e., goes down as the square root of s .
at this point
the number of companies)
. : s ' . .
. == Halve all dimensions in RF-3: same area | Figure RF-4 -’
as RF-1 with quadruple the companies, .
average travel distance is halved' (shows
how hard it is to decrease travel times
by adding companies; to halve travel
times must quadruple the number of
“companies) \
b Number of companies available changes from . Now averaging over
time to time. If the average number avail- time as well as -
able in a region is not too small,- the geography ‘
i / average travel distance can be estimated by N -\
7+ replacing '"NO. COMPANIES AVAILABLE" with : Sty e
i "AV, NO. COMPANIES AVAILABLE." - . :
- " +® Note that this relationshiptassumes compdnieés ‘Although E(/N) = vE(N)
¢ are gpread out in region. Two companies in the error is small.
. : _ one/house reduce by one the effective number | See Kolesar and Blum,
‘of /companies available (for travel distance Square Root Laws for
purposes) . Fire Company Travel
_ , - - Distances, p. 51
® This is an example of an analytical model N
"’//thaf has been verified against data

/ o . v
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Activity

References and Notes

3. RELATIONSHIP OF TRAVEL TIME TO TRAVEL DISTANCE

Travel time is an important criterion for

- evaluating deployment policies; it is

clearly related to travel distance, but
how

+

This isvan example of anwempirical model

Show usual shape of curve--square root
blending into a straight line

Discuss underlying model of acceleration

. to cruise speed and then deceleration.

(no equation }//

.

Emphasize*that if you extend the straight

‘line to the'axis, it looks as if turnout

time is included, but that's not what s

Mﬁppening {

‘Ref.. Kolesar and

Walker, Measuring the
Travel Characteristics:

of New York City's
Fire Companies

Figure OF-2 ¢

This relationship will
be discussed in more
detail in Lecture LF
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ActiVity

. ALARM. DO NOT OCCUR AT ORDERLY, PREDICTABLE
‘TIMES, AND SERVICE TIMES DO NOT ALWAYS EQUAL

THE AVERAGE

(1f they did, deployment anal%sis would be easy)

‘Purpose: To introduce probabilistic notiong, _
and suggest that mathematical models
"understand" that sometimes the
éituation can be much worse than

" average "«

‘@ If average number of alarms is 2 per hour
at a certain time of day (such as Friday,
4"'6 p.mo)’ then n ] !

14% of such hours will have°no alarms

27% of such hours will have 1 alarm.

27% of such hours will have 2 alarms 7
18% of such hours will have 3 alarms

9% of such hours will have 4 alarms

5% of’ such hours will have 5 or more.
alarms

® Discuss what "x% of hours" means

® 2 alarms (the average) is not even more
.1likely to occur than 1 alarm

® There are influences other than random
that ean make some Friday nights espe- . -
clally busy or quiet

4~ Weather (e.g., brush fires) ]
- Holiday (e.g., July 4) - MfS-

)

r

Use an example that
will "seem right" to
your audience '

\ .
Ref.: Any table of
the- Poisson distribu-

~

Mention "Poisson pro-

cess" only in response -

to questiong, like

"How do you know?"
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AruiText provided by eric I

Average travel distance =
Area = A . .
Number of units = N (3)

‘Fig. RF=1
-
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b3 P
;o

D




_Al’éq = 4A o ‘_ §
Average travel distance

Number of units = N

Fig. RF =2




wll Toxt Provided by ERIC

Average travel distance
Area = 4A «
‘Number of. units = 4N

(

t

D




Averag'e"tr vel distance =..l/2 D
Area = A% n
: thmber‘ of units = 4N (12)/7

.
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S &LECTURE OP . N
INTRODUCTION AND OVERVIEW -

FOR POLICE SERVICE AUDIENCES
, » : @ .
' ‘ | )

Bl

TigszzprprOx; 40 minutes - _ SR ‘
Objettive: To provide an overview of the police patrol resource allocation
-problems that will be discussed, in the eourse, and to provide an
introduction to systems analysis {
< \—- «A- ., | ) - »
Activity - . References and Notes
- 1. INTRODUCTION : Follows Chaiken,
S o : , ' | PRatrol Allocation
® Explain nature of course, audience, Methodology for Police
objectives , . - .- Departments - .
® ' Describe schedule for ‘entire course R - T
2. DEFINITION OFAFMRGL" | | o
4 Uniformed officers in mobile vehicles who ' -
can respoqﬁ,co calls for service 3 : .
| K .
\ e (
-/




¥

op-2

. T ~24- ;
| Activity : ‘ — ; References_and N;tes
e 3, DEFINITION OF “ALLOCATION" o : ' . L
\' e How many men on’ duty A ‘ ‘
| -"Varigs by day and time of ‘day : ‘ .
® Mode of patrol | ¢ )
| - One-man cars ? ) o ',2’ o

s
-- Two-man cars

== Scooters

+ . .
t

L How many units in each geographical command

‘ ' ® Design of patrol beats for each ynit

° Priorities attached to d!&ferent types of R va
calls (screenin :
( 8) . :;\\‘
® VWhen calls are queued (stacked, backlogged) \\\
®  Number of units dispatched
. SN

-

-- Varies with 1oc§tion and type of calls
®  Which units dispatched ~

-~ Type ', - ‘ ' .
-J%.Closest unit? - : ' o

- " Beat car?.

-—‘VACross comnfand boundaries?

°. Redeployﬁeqt as unavailabilities occur ' S
) '®  Manpower scheduling - - I "
_#"  Scheduling of "other" unavailabilities i A AR <
~. o : | ‘
. &\ )
(4 -
. F ‘
. 4 .
’ N
* >
-\\ N /
. 7/
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Activity /

STEPS IN "SYSTEMS.ANALYSIS" .
(A gystematic approach to soli{ing problems) 'J‘

o Identify the problem
3

® Select objectives - .
f

‘®  Define criteria to be used to evaluate

alternative policies

. De;ign alternative policies .
® Select 6od§18 to be used

L Céllect reqﬁired data

® Compare altefhativeg using criteria

® (Return to an earlier step)

® Test out and implement final choice

PROBLEMS

B

¢ This course will deal with the problems
assoclated with the allocatian of police
patrol resources L J

&
», \

Some of the most common are:

OBJECTIVES
May be several.

® Improve poli{e protection levels with same
resources ' - : '

® Maintain police protection levels with less
resources

® - Improve the balance of workload among patrol

units

. 208

v

References and Notes

'See Quade, Analysis
for Public’Decisions




’YK“‘;‘ .

oR+/4

: . ‘L! v . /m
L L s
, -26~ KO
- ? : .
Activity . References and Notes
. A S \ : ; ' “/"
7. CRITERIA- (RERFORMANCE MEASURES) ) v . e
* ) '. v," "
® Length ¢f tima caller must wait until unit .
_ ravel - time to scene /
: -
® Dispatches out of assigned area / '
.® Balance of workload among units _'/
® Time available for other activities R R
-- Preventive patrol _“”// o
- Meals g
. T /
-~ Patrol-initiated ‘investigation ~//
-~ Traffic - ! .
-- Maintenance of vehicle . -
J .
-- [Interagtion with citizens o R y
®  Cost ! '
. /_, . - ,:/‘ ~
® - Why not crime deterrence, apprehension of i

~%re desirable, even if they don't know. [
ghe exact benefit L
s‘;. t (';t:w . - .
B > 3 . . : , ‘,;
8. ALTERNA JVE POLICIES . '
ﬂ 4 '
L Incl e existing policy (for comparison)
® Take political and economic: factors into | -
acéount” (including community and labor
union concerns)
e Alternatives may be‘suggeSted by poiice

criminal offenders, recovery of stolen
property, community sense of. gecurity?

bl

-~ Hard to measure

-— Relationship to allocation not known -
precisely enough

-- We use proxy measuxes

Ty

- iAd%ﬁ%iatrators can tell what‘changes |

*.in performance measures (up or down)

'. department or city persomrel, or may come

from. mathematical modelJ

»

. Some doubt of the .
,value of preventive -

_Eatrol Experiment’

1]

‘ patrol. Spe Kelling,
et al., The Kansas
City Préventive

IS

,4/‘

Discussed_nent,f
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Activity

oP-5

References and Notes

aw

9. MODELS

Purpose: To introduce tefminology, not to

\

illustrate any particular models

Definition: abstraction of reality. Used
'to gain insight into, and answer questions
, about, the real world. Easler, safer, and

' less costly to use than manipulating real
world

Empirical nodgls

== Fit to data '

++ May ‘héve no explanation

++ May be mathematically ‘complicated
- Examples

. Smooth“fit'to .call; rate by time of
day .

~

r

.« How 1ongvto travel :a given distance”
o . ) curve, but don't

V.“ &; . _ a

% +. Relationship between fraction of
timé cars ar® unavailable and
number off calls for service

° \ N

Descriptive analytical’models 1

‘Using simplified .agsumptions, some kind
of mathematical formula is derived to

- permit estimating somg performance
characteristic(s)

The numbers that go into such a model
may come from.émpirigal models

-~ Examples - K .
- Knowing number of units on duty,

estimate average travel time to an
incident

.. Knowing number of units on duty,
estimate fraction of serious emer-

«gencles encountering.a delqy bgfore
dispatch ~

% .
. Jsr, : 4

oo Knowing the’ patrol area of each unit"

“and location of incidents, estimate
workload and fraction of out-of-

a

Draw){istogran and

‘curve

\

Draw rgpreséntative

discuss Its shape now®
Figure OF-2

Y ? . . R,
N et g . .

district dispatches for each unit “'{9' e
- ;

Figure OF-3 "
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Activity g References and Notes

9. MODELS (continued) | ;4 /” e

® QOptimization moda 8 (prascrin;ive)

. . : ﬁh /LoF ‘ : . .
. -~ Tell how to pachieve the most dr the : : -
‘ thins ' _ - oo

nd sectors be designed to | .
average travel time to -
E : incidents? /1 . . . 3

.. How should a fi&ed total number y ; _
of man~hours be distributed among o s
o tours so as t¢ minimize the S ’ : _
/ ' chances that ‘a caller will haye to : ' e

wait before #ispatch of a ggtrolf' _ . » . '

car? , ' :
2 , . ) s
L] Simulatiqy models

t .

‘- Imi;ate.ﬁatroL operations step‘by step
-- "Collect all kinds of statistics
-- Can be extremely accirate’

-~ Don't tell you what to do

Lt -~ Things you try will be suggestéd by
R T Lo othe;'models .
.~= Likely not to be useful until close to s .
. . the end of ang}yaiss ut. have td start . S o ’ .o
- . . arly to collect data : T »

N

4 N -
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LEGTURE RP

¢

RULES" OF THUMB

FOR POLICE SERVICE AUDIENCES

e ¥
- Approx. 80 minutes

Objective: *To provide some easy to learn, easy to apply formulaa and rules
used in police patrol resource allocation analysis

)

.Activity

'References and Notes

AN e !
. 3

1.

AVERAGE NUMBER OF UNITS BUSY HANDLING CALLS
FOR SERVICE ol

g
-

| . [AVERAGE NUMBER\ = / AVERAGE -
- OF CALLS ' UNIT-HOURS)
* PER HOUR PER CALL/ >,

. . . .

'®, Give 3p.éxamﬁle

2 calls per hour, average N
. 1 car handles each ) ¥
. Average length of time to handle call,
' 30 minutes e
wh ) ’ .
On ‘the average, 1l car is busy °
If 2 cars on duty, each is bugy % the time
If 4 cars on duty, each is busy % the time

.. Number of units on duty must at least equal -

averagéﬁnﬁmber busy

B 2
-
. ~

Departments

This lecture continues
to follow Chaiken,

Patrol Allocation ;
Methodology. for Polfce a

. }L e a N

<<
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Activicy ' - .gRefefénceq and Notes 4

2. EMERGENCIES DO NOT OCCUR AT ORDERLY, PREDICTABLE
- TIMES, AND SERVICE TIMES ARE NOT THE SAME FOR

ALL CALLS @ ‘
(If they did, the analysis would be easy)
-“ Exdmple: ¢ L S . . ' -
— Calls occur on the hbur and half-hour. . . y
- Every call izﬁs exactly 30 minutes o
. 1 far cad hhddle--nobody waits ) : .
~=but car is always busy ‘
£f2 cars--nobody walts
- o --dach car is free half the time| .
. - M --always She car on patrol
-- But, when average number of calls ie : Ref.: any table of‘f
. - 2 per hour _ the Poisson distri- -
. " bution
14% of hours have no calls ¥ )
_ 27% of hours have 1 call. N "fﬂ 5 ‘“
27% of hours have 2 calls - . R
" 18% of hours have 3 callg W¥§v: -
9% of heurs have 4 calls | Y
. 4%. of hours have 5 callsl : . ,
. 1% of hours have 6 or more calls - i ‘f
-- Considering thé'usual spread of service‘r é
K times around Bb}minutes , '
3 : ' .
With 1 car on duty, every caller waits 7 A
With 2 cars on duty, , B
1/3 of callers wait : ° .
.. 1/3 of time no car is on patrol
. Average walt until a car can be dis-
patched is 10 minutes (incl. no-'
wait) C
17% of callers wait more than 20 min— . B
utes’. . - =
o et S NP . ,
. ® | Conclusion: Number‘of units on duty must be .
: , considerably more than average number busy
— | . | - . g \ N l
& ) L] | \; - ) ~ { ¢‘ .
® \i" ‘." M . - B > én
PR » L .. h . o




Activity |

3. —A\MINIMAL STANDARD ﬁOR.ADEQUAmE PERFORMANCE 1S:
- NO MORE THAN 15% OF

[

-

.

IMPORTANT GALLS ARE QUEUED

Many departments don t achieve this
(especially during peak houne)

' —

A goal set by gome . departmenﬁg is: No more

than 5% of important calls are queued

. A few departments routinely hdve less than

1% of important calls queued

Imgossible to guarantee that no calls will
be queued :

]

- .)‘. . v N . . z: ,
4. CARS ARE UNAVAILABLE FOR‘DISPATCHAEOR.REASONS*

OTHER' THAN RESPONSE TO PREVIOUS C

jnumber assigned N

Ls * -
What are these activities?

", Meals, personal . Y
Patrol—initiated crime or veh cle check
Notifications, warrants ) .

Process arrestee -

Supervision - field

Supervision - station

Waiting

Travel to assigned beat‘
-Transpont (something) .
Assigned to ‘fixed location
Maintenance, auto -

Ordinarily, at. least 3q,percent of each
unit's time spent on such unavailabilities

In San Fernando Valley area of Los Angeles,
average unavallabilities vary among divi-
sions from 44% to 62% of total time on duty.

- In one New York precinct, 58 percent

For queuing purposes, effective number of
units on duty may be less than half the

»

4

Ref.: Analysis of

_the Los Angeles Polide .

Department's Patral

Car Deploymegt Meth-.

ods,- UCLA -School of

»Engineering Technical _

Report :
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Activity 4; o |

LS

References and Notes

5. NUMBER OF UNITS NEEDED TO MEET DESIRED LEVEL OF
QUEUING DOES NOT INCREASE PROPORTIONATELY WITH
" NUMBER OF CALLS

L Example: .
A compand with 2 calls per‘hour needs '
7 dnits. Thie is not twice the number

needed in a command with 1 call per hour

(namely, 5 units) N

X
’

$

6. AVERAGE NUMBER OF MINUTES BETWEEN PASSINGS OF
A RANDOM POINT BY UNIT ON PATROL =3

6 x NUMBER OF STREET MILES IN BEAT .-
“FRACTION OF TIME AVAILABLE

® Ndbody has.proved from daté that preventive
patrol deters crime

o.

Mention Kansas- City Proactive;Reactive
Patrol Experiment

®
[4

L

A

Figure RP-1 '

. -t l
(4
Ref.: Larson, Urban'

. Police Patrol Analysis

Ref.: Kelling et al.,
The Kansas City Pr&yen-

tive Patrol Experimgnt

Ref.: Press, Somé/.'
Effects of an Increase
in Police Manpower in

the 20th Precinct qf

New ¥ork City -




Activity,:, _ . N ~ ReferenCes and Notes

ARFA (in 8q miles). | Ref.: Kolesar and
NO..UNITS AVAIL. ' | = Blum, Square Root
. . L ' Laws for Fire Company

»*

Exanple: S ' S " | TIravel Distances

AVERAGE TRAVEL TIME m 2 min

Area of command is 6 square miles
5 patrol cars on duty .
Each available 60% of time

. ‘Average travel time m 2.min V6/3 = 2 83 min
‘Why this is a ‘general principle L I - Use Figures‘RF—l to
. . . A -RF~4 . (see Lecture RF
Total response time = . B © for accompanying text)
[$ N \ . -

o

- (dispatching delay)" : o NN
+ (queuing delay) C . S
' + (travel time)
Reducing response time increases probability ) Réf.. Clawson and
of apprehending offender at the scene; but - Chang, Relationship i
. the effect is important only if very short ‘ "Between Response Time
response times can. be achieved ' - and Call Disposition

Reducing travel t1me can help to reduce

response time into -the useful range. if
queuing delays arLe short, It : |
sense to reduce travel times when queuing -,
delays are long




Activity

e If queue forms, dispatch free unit to oldest
' highest priority call

-- Average delay the same

i ' .-- Delay for high—priority calls is less
.® - Hold one'or'tw _units in regerve for high~
priority calls ' :
. . . : ) B . ﬁ)
~- Regular beat car :
! - Special unit o o \F
- Average delay i more '
® Screen out low-priority calls when busy
+— "Adaptive dispatch policy" Co
. & .
o ® Schedule low-priority calls for handling
+at a more “convenient tiie R oW
| WORKLOAD | , |
9. WHAT'S WRONG WITH | .HAZARD f FORMULA? - 1
‘ w i ’ P
.® “Description of Hazard Formula
C - Fj =_jth<factor B ’
~- Examples: T ‘! . _
.o . Number of outside violent crimes
‘.. ™, + . Number of other Part I crimes
*‘T 3 Ty Number of street miles L€
,.“ . ‘ o Number of arrests C
e } ~ Number of commercial stablishments
- Number of emergency cal1
| l T gijh; anount of factor‘jh n‘command-ivlf
A W == F,=f 4+f, +E . +...+f. |

= "inportance" of factor j

£ f £
‘ W . 11 . T2 . . M

8. WHAT CAN YOU DO WITH PRIORITIES? - ¥

__References- angs otesd
, 3 ) v

fot Police Departments

~‘./iManP“Qwer-proportional to Hy

EitAe

v

e ~-g'.f2\ii;i¢f
\' / ( H: ..-' K .
y L e
ey %
‘,.' - "'
.o LI E
LA . 3
A N A
Refs. : R

Chaiken and’ Larson, ‘

“ Méthods for Allocating

Urban Emergency Units
" Kakalik -and Wildhorn,

~ Ailds to Decisionmaking

in Police Patrol

Chaiken. Patrol
Allocdtion Methodologz

<y B




Activity

9.

.

o WORKLOAD |- L
WHAT'S WRONG WITH | HAZARD FORMULA? (continued)

Description of Workload Formula, ~-7 e

. e . -
-7I’wj = number of man-hours associated with".
factor | : . Y »
. ¢ . + &s .

T A Tty twpfp waiM .
- Manpower proportialhl to Hi

@Lewatically the same as Hazard Formula
with different weights : L

[

Problems_kﬂ . _ . t

#APpPles and orangesﬁﬁx~

. No way to determine "correct" weights%
. fon Hazard Formula

rExample.
~bers of outside crimes have proportion-vgy-

e

'Interrelated &&

VPrOportional increase for emergency calls‘l

4 e

: Workload Formula accOmplishes only one

objective:

rlazard Formula does not do what it v
L, L
appears to do

L

Assume precincts-with high num-

ately more unimportant dalls. *

increasing
maripower assigned to high—criﬁe~precincts

‘Then

No cred%& for good performance -

A

May ‘be, useful- for manpower needs othég than™
- patrol ‘ . o

equalizing workload .’.://Jr 1

for outside.crimes decreases

the hazard .formula 7 .

for service," and

possibly otg%; o
uncorrelated“factors
. . ~
A

is assumed to includem*
the factors "outgide
crimes,” "other ca#ls -

.@ “ '3
T '. » . B
s O . )
e B
r R .
. o . , S
’ T .k :
1> R . . :
, ~» e &g
/ L S

N M-’
N o LY
ple, & qall
e a'Part I~ crime
. ;»'g@v :
R
‘:3.‘ .
~
O . -
L s T
-~ In theAERample, 3

-
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17

16

. 15

=

— ot b b
O N W

Number of patrol units needed

.

O = N W A O N O 0

S 2 C e
: _ ) oy ~ ) . RP.'a
T e g e
= (
‘ * Number of patrol. units n“é’ededv'so
that at most 10% of calls delayed N
/
- Lt
B sl " )
-t A T N
. ~ . ’
N : '
JJ— ; .
L ’ . X .
LY I 1 L. 1 1 L1 I
0 1 2 3 4. 5 6 7 8 2. 10
" Number of calls per. hour '
Assumptions: 30 minute éerviée time per call
‘50 % ®f .each car's time spent
unavallable for reasons other than dlspafch to a call

Fig. RP-1
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) LECTURE GG

I CH@RACTERISTICSJ%F EMERGENGY SERVICES

FOR GENERAL AUDIENCES
. * j

a

- - . ; .
This lecture #5 intended for audiences of analysts interested
“{u the simildrities-and differences pmong‘emergeﬂgy services
and for audiences containing a mixture of fire, police, and ~

ambulance. service representatives. ‘

y

% , . . L

Time: Approx.‘60 ninutes .

Objective: To describe the general chardcteristics of emergency services
- ¥ that are relevant for dep%?yment analyses

. Al v L
V7 [ .

Activity 5 o References and Notes™k
. ' : ° . o~ . ‘
INTRODUCTION ° ' Generally, the lec-

. : . e turer must be:familiar
® Some models developed for one emergency . with the references in
-service can be applied directly to another , Lectures OF, IF, OP,

service, changing only terminology. Others and IP e
. are uniqué to a particular service because ) :
of distinct characteristics - *

.gonsid ing only“police patrol, fire unitég v
and emergency medical services - . L

a
\

FOR SERVICE ! In working on black- .
o . : /| ~ board, this and fol-
Jgfgival process . b 'Iowing items can be
~ organized by heading
three columns "police,"
"fire;," and "ambulance"

All three services:- Poisson by time and
geography. Rate varies by hour. about an f
order of magnitude. Any methed. that fo
predicts demands for one service will ‘ !
also work for others : . '

® Priority structure

ﬁ:lice and ambulance: priorities can
be identified; some calls are not time-
urgent; some calls can be rejected when"
necessary to prevent system congestion, °
but there may be legal constraints on
"+ call rejectjon ' .
e jvi’" T~
Fire: information for distinguishing
© type of call may be absent (e.g., street
box alarm); when present, information
does not determine priority; but,only
the number and type(s) of units needed g
- : T

: [
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3.

4-

3.

TiPEs OF UNITS®

LN\

MANNING ) | SR

*

LOCATION OF UNITS

-is becoming }ess common with the advent of

. POlice .

. some agencies ‘do not achleve this

- possiblé, but not done in most cities.

L Alaviey £

r
. . .

usually a11 patrol units are
interchangeable from the point of view of
the functions they can perform when they
reach the scer‘e .

. < \(‘v
Fire: at least tw types: engines-and
‘ladders, "limited in erchangeability

‘Ambulances::
capabilities: tran porb-only, routinewy
treatment, or intensive care (medic undtsg, -
mobile cardiac care.units) ’ v

« B

“

Police: 1 or 2 officers. 1f both types :
.are present in same city, two l-man units
may be needed as an alternative to one
2-man unit

Fire: 3 t0‘7>fi;e-fighter§ ' . )

~Ambulance: standard is now 2 attendan%n;

&
1Y \'
Police: mobile. Patrol areas can in
principle be designed in any way desired,
but administrative constraints are .often
imposéd. Patrol areas can also change .
during or beétween tours of duty, but this’ (::
"neighborhood teams.” Overlap of sectors
‘Geometwical probability models for two or
more randomly locateﬂ points relevagk\’

Fire and ambulance: usually fixed loca-
tions. VPatrol" activities such as inspec~- ,
-tion infrequent; can ignore in most cities.
May be several units at ome location. Type

of physical structure not important for am- . |
_bulances (garage, hospital, police staticn,

fire station). Fixed location implies

- |* References and No;én S

may haye distinguiehable‘ A A

"turnout" time

. L P
S E!E;jL S
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Activity . R

i
g

0G-3

. !

8'

HOW MANY UNITS DISPATCHED - .

" Police:

accord®ng to:’ .

L v

6. uon?‘MANY UNITS ON DUTY L

o N :
Police and nmbulance. flexible bj day and‘
"time .

J— ¢

Fire: ugually not varied over the dgy,

1ong-term planning issue

* L . LY e‘
-

QUEUING OF CALLS DUE TO UNAVAILABILITY OF UNITS

Police. .common in many cities, Wait may
. Hominate travel tite, Queue ueually has '
priority structure in practice’

3

Ambulance: common yn a few cities. " Happens,
~ occabionally in man} cities T -
Fire:' Only under-*isis conditions. Not

relevant for deployment analysis

N

usnalij one.. For, BO e calls two
l-man cars are dispatched.. In prattice, ;
more units may respond than are dispatched
usually at 1east two. In some gities
" Traditionally preplanned

Fire:
ag many ag 5-7.

(a) nature of land use (business,'resi-
dential, high rise) , v

" (b) nature of incident

Analysis can consider time of day, projected
incidence ratesy ‘current: unavaflability

' status of system, probability that incident

is serious, manning on unit

Ambulance"-usua11y one. Some systems dis~
~ patch two or three, having different capa-
bilities \ . }

(a) First responder has limited capabil-
ities; second has full treatment and
‘transport capabilities L

First has full tifeatment capabilities
but cannot transport; second can
»transport o o R

References’ and Notes

ot

Y

'Ignall et al.,
Improving . the Deplqy-
ment of New York City

'Fire Companies

Ignall and Urbach,
The Relationship
Between Fire-Fighting
Unit Availability
and the Number of

Units Dispatched -

«
3




Activity

0G4

__References_and Notes

e 7 - .
9. WHICH UNIT.(S) DISPATCHED ‘

Police: usually settor car if available.
If not-available,-several policies are
) possible

L4

L] s

Fire: tradltionﬁlly preplanned. Almost
_always closest available, on initial dis-
patch .

~
[} . . .

3

Ana}ysis shows .this may not beanﬁimal

- 3 ‘a .
-y

» 10. RELOCATION

: * Fire: traditionally prepxanned for .

“—‘\fwmufﬁiple-alarm fires. May be needed fdr

. several simultaneous smaller fires.
Explain purpose

Police and ambulancéi rarely used, but
{,’ | would have same’' benefits as in fire case

|11, UNAVAILABILITY FOR REASONS OTHER THAN 'PREVIQUS
DISPATCH !

Fire and ambularice: recovery from previous
incident only : ‘ '
Police: substantigl'part of activity.

. May amount to 35%-607% of time. Some of
these unavailabilities could be interrupted
by high*prioriﬁy.incident

s

d

1z
See MCM, SCM, etc., in’
Larson, Urban Police
Patrol Analysis, or

in Larson, Hypercube

- ment .card. -

Queuing Mpdel' User's
Manual -

Describe aldrm assign—
Explain how
this is equivalent to
specifying a response
area for each units
See Lecture IF

Carter, Chaiken; and
Ignall, Response Areas

for Two Emergenc¢y Units -

See Lecture MF.

{ ’
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) Activity ' ' S L y References and Notes
) ) 9' kR . & - . ‘. . ) |
. ' '12. -PERFORMANCE CRITERIA S .
0 - : .. " . X
(a) Queuing concept;s L - p
- s . : ,o -
. Fire: delays by dispatchers, probability ;
", . that all or most units assigned to a’sub- - -
- area will be busy . . " ¢
] ‘Police and ambulance. diapatch delays, '
23 » expeqted time in queue, prdbability of .
e waiting > T in queue, delays by,priority . .7
- level .. ¢ o . Y .
o ()" Travel ‘tine | L
o o N ; . '
‘Fire: . 18 a vector - (by order of arrival. and , S
type of unit) ' ~ : "
Police and ambulance. relevant for‘cer- ' -
- tain calls - R
. St
e) Tprnout time | .
. Fire and ambulance T% L v
! X | * . ‘ ) . ~
(d) Workload balance e o .
, All three =
(e) Dispatches ‘out of usual area - \' For other services,
' X ' ‘ this is of interest .
Police R R : only by virtue of its
e ‘ ' e effect on travel time
(£f) Time available for nondispatch functions . and wquload“ba}anc
. Police | “ LY T
o ' ' .
* (g) Cost of oLeration ' >
. \ - .
All thrFe .
O B %, a‘} : - o
iaf S .
b ‘
L] ) , : ‘4
— . ,( ) * . /!

[
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. . .\ LECTURE DF - ' .
A ' : L B N .
: \PATA ANALYSIS o .

FOR FIRE. SERVICE AUDIENCES

Time: Approx. 60 minutes L :
Objective: To introduce students tgﬁtypes of alarm patterns and their use~

fulness, and to .suggest Qiroaches for: analyzing data,
‘ ¢

e
& . IR N . .- .

Activity

_ ; \
1. DEFINITION OF- DATA ANALYSIS ' f\
L] Emphasize the view of discoveriné patterns
that allow deployment to be impro ed

L L] Indicate that variation is expected other—
wise play it downt
. .
® Give example of a nonuseful: pattern (Thursday
is Tacoma, Washington 8 sloWest day)
. ® Say that usual computer reports are not
, - . sufficient for data analysis, although
o possibly useful for management purposes

< . <o ‘
2. COMMON PATTERNS-—THEIR RELIABILITY AND USE

® Let the audience help identify and classify - Figure DF-2, on the -
them : . L blackboard : '

°4

® Do geography, type of incident, trend, season,
day o k, time of day (optional—-weather)

Cosy o

- ® Structural fires mgy have different’ patterns
than false alarms; patterns of total alarms,
structures, and false alarms will all be
illustrated




Co ’ . byl - S
- - Activity R References and Notes
'3, HAZARD REGIONS*.  -. TR 5 | AR
’ (Also called demand regions) <, . R
b ' e Indicate need for dividing city into regions wf e
) Characterize a good definition , f | ;/" i
. : 7
| - Start with a description of- an' ideal . B
5 : (fictional) region: uniformity of tand .
; 3 use, . alarm patterns, structures,‘etc. , \ e
-~ Less variation within regions than R . Y
o * .+ ‘between regions : o - . .
o -~ Eng with the notion that'the division . . e !
.. into regions is successful if no one e .
o . feels they should ask, "But are response | .
) - times in the north part of the region ’ o
! higher or lower than in the south?"” - 7 ,
-~ May be convenient to have each hazard . _ ] ' E
-region be a set of company administra—
\\ tive areas or census tracts n )
1 : o
4 . P ) L
- L Display alarms per capita and alarms per ' Figures DF~-3,:DF-4
square mile and in icate their use : v ' _
' /
~- Trend predictién (if population trend ‘ .
" can be predict d) .
- Allocation modell See Lecture AF-
" ' . “/ . .
4. TIME-OF-DAY PATTERN - - )

To illustrate a common pattern and statistical

variability-around it

-desirable uses. . "y

Display hourly total ala 'overba\period
of several days. Indicate \ Y e

-- consistency (evening always highér than
late night) \
— variation around it A

Optional. July 4 vs. average vs. slow day,»
Offer weather as a partial explanation of
the variation o IR

‘Aak.audience for pdssible uses—~ ifferent
" number of men-on duty at-different hours,

etc., Emphasize possibleh—they may not be

‘ {‘Figure DF—6

Figure DF-5. =~ = T

rd

Figure DF-7 (may be
omitted)

Figure DF-8

-




5.

+ + 60 months, New York City) o _ B
o Display detrended seasonal pattern
—— g?n'icate that'slide shoﬁs ratio' of -
- alarms in a week to the trend .
- Coﬁld calc late the difference between
< alarms in a week and the trend as alter-a
native S
—r,'Stress the economy of the ratio descrip—
tion
Yo  Ask audience for possible uses ?
Wﬂh . ._ f . . : . . ’ .: 'y

6.

vactiGity;, .
TREND AND SEASON

To illustrate superposition of patterns and
"how to' untangle effects - .

L Display a short pattern, indicate inadequacy
. (total alarms, '34 months, Tacoma)

'0 : Display a long pattern (false alarms,

PATTERN "s’ ZE"

\ .
To indicate the possible usefulness of a pat-
tern 3 \_

<

L Divide\previous patterns into 4 seasons and

)

day int
case, 4y

the same number of parts, in this

~

° Calculate ratio of peak perxiod to low period
’for each of the two patterns \ .

L4 Compare the ratios. A big ratio ind cates K:)
pattern possibly worth trying to ‘take
" tage of ¢ o

®  Check statistical significance of large
ratios . :

- 1f ratio is Wlarge, but the data do not

‘(= \establish significance, gather more data EREE

o = [if a small ratio,is.statistically
‘significant, there may nonetheless.be
no policy value to the pattern]

“y

ReferencesxandrNoteSW

Figure DF-9-

Figure DF-10

_On the blackboard,
~using Figures DF-9,
. DF-12

Figure DF-13.
4 Qix—h ur periods (divide the year and the. - :

advan— 1

FigurehDFell
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Activity .

ReferencesfandVNotes'

| GEOGRAPHICAL PA,TTERNS--SMALL AREAS

. Purposx

' GEOGRAPHICAL PATTERNS--LARGE AREAS

Illustrate approximate constancy of false .
alarms as .a fraction of. box alarms through—‘
out, New York City :

7

Stress the economy of" this constancy, as
it relates to false alarms per capita or

per square mile, which vary even. more .
than total alarms illustrated in Figures ‘
DF—3 DF—4 bQ

Y

[ e o®

To indicate that part of t&e data '
should be’ reserved, "and used for
judging the reliability of any pat-
terns discovered ‘and to show a pat-
. tern that was discoVered because .
- deployment model$ suggested that if
it existed it would'be'usefulﬁ

e

Illustrate box—to—box variability in prOpor-

tion of all alarms that are false

since no area is exclusively high or low
in regard to percent false

°

" Indicate the pattern is useful only if
T it i€, consistent from year to year

; . _ c'

'Figure DF-14 e y- 

Not - inconsistent with large area pattern, _
" given on last page of
_this report.
‘wide range in percent .[f7

[3

v

e

(Colored map, nmot' . |
reproduéible in thege - /
lecture notes, is -
available from address <

Map shows

false at a box. Boxes

with high percent
‘false appear isolated,
not part of a pattern)




—— Activity

8.

GEOGRAPHICAL PATYERNS-~SHALL AREAS ) '("éonm{{éa) :

Illustrate the finding and dhecking of the

y

‘pattern of box-to-box variations in propor-
tion of box alatms that are serious

—-- YThese gre year-round nuibers

e

. among the highest.

Box 2277 is among the lowest in pre-
dicted percent structural, box 2209 is”
' But they are not
outliers =~ - . -

Indicate ﬁow risk classes were defined

Strese'the role of reserving some of the:
data: ‘ o v,

Deployment models shifted attention to
serious fires rather than total alarms

Seriousness needs careful definition, -
specific to the city. Depends on the .
purpose: Maybe all structural, maybe.

.only those that work several companies,

- = .The pattern is useful»when the alarm

rate is high

Indicate that season and time of day -affect
the pattern ’ » o

Relatively more'false ‘alarms in-summer\
(and evening), structural fmresvalmost

constant “?Q%

Serious fires are a larger proportion
of Structural late at night, in winter
(fewer food-on—stove—type incidents)

‘Illustrate the size of the overall
. .effect:

rigky boxes, late night, winter
vs. nonrisky, summer evening

Optional:

Illustrate economy and good

"fit of separate, multiplieative seasonal

and time-of-day factors
. . L "\,

¢

l

References and Notes

Figure DF-15

I€nall et al., Improv-*-

. ing the Deployment of.
~New Yotk City Fire Com-

2__ig§, Seotion 1I

‘Carter and Rolph,
‘New York City Fire

Alarm Prediction

‘Models: I.

Reported Serious Fires,
Section 3.4 -

AN

See Figure DFLIS
and Lecture IF

" figures DF-16, DF-17

JFigureTDF-lB

7""’

‘Figutes DF-19, DF-20

N

~
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o ‘ Activity - : T References and Notes =~ '

9. Optional: THE' POISSON PROCESS .

" “Purpose: To introduce probabilistic.notions, ' N
- *  and suggest that mathematical - - I T %
" . models understand" that sometimes . S « ot \
o ) the situation is much worse than o e 3
' average -, = - L . -
S

Suggest its'nature and .reasonableness. Ta&e

. : - , . A
a a finite set of "similar" hours and a fixed L
~ total fnumber of alarms, and discuss distributing |- = = )
the alarms at: random. ("Throwing darts at. the o
line") V. - St | Ly
o . e Example——Jersey gity; ‘Very emall éeaaonal"»d ﬁRef,.‘ Rider and

effect (similar to Tacoma). In 1973,’ . Hausner, An Analxeis'.

‘ - 1480 alarms in 2-4 p.m. period, which'is /| of the Deployment L
. — . 365 x 2 = 730 .hours. * In that period, = -~ i of“Eire-Fighting v
: 1480/730 = 2 alarms: permhour . . . - . | _[Besources in Jersey f
- _ o ity, New. Jersey
L Consequence-—if average number of alarms & . : : . '
.*1s 2 per hour between 2 and 4 p m. in :
p - Jersey, City, then \ N . : : v S‘ woe i
- 14% of such hours will have no alarms - ° . " Ref.: Any table of o
. : : 27% of such hours will have 1 alarm ) . the Poisson distri-
F o . - : : bution .
_ 27% of such hours will have 2 alarms,K o .
| e ©18% of such hours will have 3 alarms = | L
' _ 9% of such hour§3ﬁ111 have 4 alarms V o L .
" 5% of such hours will have 5 or more ) ' .
. .ﬁjg alarms A
o ot Discuss what "x% of hours’ means ‘ 3 R .
® 2 alarms (the average) 1s hot even more V ' . . SR
‘ likely>to occur than 1 alarm o o o o :
i v b ’ : i e . ’ ' L ’ . 7. . :
o N . 10. Optional: FIRE COMPANY.WORK TIMES . Ref.: "Chaiken, Igndll,, .
o " D I - ] and Walker, Deployment .
® Disciss company work times by alarm type " Methodology for Fire .-
N - . o , o Departments. * ' .

® Indicate that averages may be sufficient

©

N | 3




11.

‘Actdyity

Go throughwthe d;ta ana}ygis process ) .. ,
e ‘Divide chékdaca - | , )
7 Find patterns on qne'part
—-— ;Verify them on the other .;
®.. Plot and E;assiéébgléte . .
o‘urcdﬁ;tructxﬁaZard regions
° Pai:erﬂs should be’ R
— usefu; : f~*;1 ) S .

simple

- Rgféféhcéé;ahd,n¢tea

vFigureADF~21
¥
S
el
R e ’
.° ’i.




. DATA.ANALYSIS

vy . \ . . '[.,

What is it? . Discover1ng and characterlzing the varIatlons andjo”;,f,-’
~ consistencies in. 1nc1dentS'WV k_“;;”, BT

.- Flnding patterns--ln txme. season locitlon ;f

.
, Variaf1ons from the patterns are ofte,~

'by the Poisson process ;ﬂ

Y <. ’ o




~ COMMON ALARM PATTERNS

‘Pattern |

| Reliable..

:4._ Useful For '-

" How-Much -

|

Geographical

‘Breakdown by
"Type

Trend-

"Season

Day of Week |
 Time of Day. |.

Weather

‘Relatively”]

Yes

Maybe

- Yes
B¢
- Yes’,

Yes:

> Allocation

v " .
[ "Allocation, Ini-

tial Dispatch
Allocation—__
Allocation ~-

*
. 7

Allocation ..
Et

Short term
- allocation, for

Very
Some .

Some - -

Y stigpe/”

" | Initia) Dispatch,

Very if alarm rate
= 15 high, slight
~otherwise

Y
-
%

_ brush fires, etc. |




“{TOTAL ALARMS PER 10
RESIDENTS IN 1971)
NEW (YORK ciy

HAZARD REGION DATA

Dr-10 !

t-
00
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(HUNDREDS OF ALARMS

J - PER SQUARE MILE IN 1972)

NEW YORK CITY ‘.

AZARD REGION DATA' ' -
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" HOURLY TOTAL ALARMS IN NYC ,
98 . .

10 - . | HEEE
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100 |-

80 -

70 -

60 = ] T —r *
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) ) ‘ . - . . J"J | 'l . | ‘. . . . .
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' Neon ~ ~ ° Midnigh
Hour .of .the day
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S . Fig. DF=6 R
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-~ NEW YORK CITY , o | -
WEEKLY STRUCTURAL FIRES L .
(thwoes FOOD -ON - THE = STOVE - TYPE INCIDENTS) O 3404+1002
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HOURLY TOTAL ALARMS IN NYC

August 14 - 20, 1966
=

Hours Vg*h. rainfu;I'7

o
~

1 . n

1 | : | S . 1 _ : L~ N
L LI ¥ T T - 1 — g )
Sunday * = Monday Tuesday ednesday  Thursday- Friday  Saturday Sunday
\ ‘:,
" Fig. DF-8
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| “TOTAL ALARMS BY MONTH

“«58~

ES

* .

" . TACOMA, WASHINGTON

U I S AT IR T [N S S S R
'J MMW J S NI MM I SN[
1970 9 .

Fig. DF-9.
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“TACOMA, WASHINGTON'

]

[N TP N B
8 10 12 14 16
© . HOUR OF THE DAY

- Fig. DF-12




- MEASURING THE SIZE OF A PATTERN.
: - R R

b

P {

Period

Seasonal Pattern: Tacoma °.

~ Winter:

- Spring:

Summer:

Fall:

: Januqﬁy,*Febr

December .

March-May

June-August

September-November

| mamis in 1971

002
ng -
1248

1009

[ 1o

- o

iy

Time of Day Pattern: chbmaw o

Time

" AMamms in 1971 .

0200

~ 0800

1400
2000

0800

1400
2000 |
0200. |

497 @
1195

1409. -
139

o n
=

| Hiéh'tou]ow ratio is
2.8 = 1409/497

“Fig. DF-13

244




o - OF ALL BOX. ALI%RMS IN

NEW YORK CITY

| HAZARD REGION DATA

-(BOX FALSE\A"LARMS AS. A fl’gggl;NT
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JAruiToxt provided by ERic

'STRUCTURAL FIRE PREDICTIONS FOR TwogALAﬁnjaokEs |

N\

Actu};] 1970 Data

‘Bronx .‘ "Pr_evcli»éted_ - < -
box - « Percent e tructura
" number ? structura] : Alanns ~fires
L 1 ( 57 v '69 data) i - &\ ;. o
? —= | - et
L a2 |0 a4 % | o0
2209 f ., 3.8 94 B

.
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~ PERCENT
- OF YEAR'S

FALSEALARMS

.
i

FALSE ALARMS
(NEW 'YORK CITY) [

@ A

[ S N S B Y

.

:l ]
Fom

| ]
AM'J ) A S 0 N,
MONTH ‘

Fig. DF-16




~ PERCENT
OF YEAR'S
STRUCTURAL FIRES

2 (NEW YORK[CITY)

STRUCTURAL FIRES "
Yot

10|

6 . l ) \

1
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SEASONAL AND TIME OF DAY EFFECT/S IN SERIOUS FIRES
AS A PROPORTION OF STRUCTUR L

* PHONE

—

WINTER

SPRING-FALL

\SUMMER

DS

WINTER

SPRING*FALL

SUMMER

(NEW YORK CITY)

“PERCENT OF ALL STRUCTURAL FIRES.IN
1970 REPORTED IN,THE INDICATED.WAY THAT
WORKED MORE THAN ONE LADDER

g6 6w
/ ; S—— . .
' 138.6%_ PR R
25.5 Bl
R0 L w2
1.3 W
1.9
115

Fig. DF-18
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".PROPORTION or BOX-REPORTED' ALARMS THAT WERE .

A SE’RIOUS FIRES, BY SEASON AND TIME OF DAY
IR Do °1964 1970 BRO!}IX DATA ' -
TIME. OF DAY ° WINTER '_SPRINGIFALL T summer OVER.WHOLE YEAR
, | ." | PROPORTION | PROPORTION | PROPORTION | ~ PROPORTION
0-8 d.m. 0.057 0.042- 0.026 fi -0-038 1.7
- 1. ' . S »,»
. 8am.-dpm. *0.044 -0.025 ~o.018 _f- 0.0 1.2
4 p.m."- midnight | " 0.625 0.015 0.011 . 0.016 7
‘Over Whole Day 0.031 6.021 0.0 f 7 o.022*
." . M 4 -
~ 1.4 .8 1
| \ _.4 A ) . .v ; ; “~
. Fig. DF-19
\ ;;<‘ c ’.’ o
F_' T L
| ‘ 250 o
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) SEPARATING SEASONAL AND .TIME-OF-DAY EFFECTS: SERIOUS FIRES |

i ‘Relative Seriousness: |
Percent of box alarms in indicated, -
period-that were serious : percent
of all box alarms that were serious
.0 - 8 1.7 = 3.8/2.2
8 - 16 _ 1.2 = 2.7/2.2
16 - 24 7 = 1.8/2.2
Winter 1.4 = 3.1/2.2 . )
. L 4
- Spring, “Fall 1.0 = 2.172.2°
“Summer ’ 7 = 17%6/2.2
) | .
N

. ‘ - Percent Serious if Season

! o and Time-of-Day Effects

' Actual Percent Serious were Multiplicative

S 'ﬁpring, o : ‘Spring; -
Winter |- Fall | Summer. || Winter | Fall Summer

0- 8| 5.7 4.2 2.6 5.1, | 3.6, 2.8
8-16 | 4.4 2.5 | 1.8 || 3.8 2.5 2.0
6 -2 | 2.5 .5 | 13 2.3 | 15 | 1.2

CExample: 5.4% = 2.2% x 1.7[0 % 8] x 1.4[winter].

(:‘,\'s L ‘:. ’ .
Fig. DF-20
251 *
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~ SUMMARY

@ DIVIDE THE AVAILABLE DATA IN TWO PARTS

= Use.one for finding patterns
= Reserve the other for verifying themk

® PLOT THE DATA
[ 2

® MAKE.CROSS-TABULATIONS ' S |

= Time of day and season S
= Proportion serious and region - . -
® DIVIDE CITY INTO HOMOGENEOUS REGIONS BY

= Land use
e Alarm data

® LOOK FOR USEFUL PATTERNS
® TRY FOR SIMPLE, ECONOMICAL MODELS

® TEST IF THE PATTERNS YOU'VE DISCOVERED ARE CONSISTENT, BY SEEING
~ WHETHER THE RESERVED DATA FITS THEM -

. PR |
X | 7 <
- Fig. DF-2I




LECTURE - AF

ALLOCATION OF FIRE COMPANIES

. Time: Approx. 60 minutes o, " ‘ !
Equipment: Computer . terminal with telephone coupler (if allocation model
18 being demonstrated)

Objective: "To introduce one appfroach to analyzing fire company location
' problems, and to explain the first step in such an analysis.

- 4 ~

Activity B | Refereuces and Notes
— nces

1. INTRODUCTION . o - | .Lecture follows Rider,
: ., A _ - A Parametric Model
® VWhat makes it necessary to think about " for the Allocation
changing the number and location of fire of Fire Companies
stations? : ) ' - '

-

Urban renewal .
Neighborhood changes v
Aging of firehouses -

: Changes in fire department budget °
levels )

. Must find answers "to two questions:
{ ~
(1) How many fire companies are needed?

(2) Where should the companies be located?

In regard to question 1: Why not cost/ I.e., add companies
benefit approach? ' o until marginal benefit.
' - - ‘'would beless than
‘== Don't know relationship between dollar - marginal cost
losses and travel times :

Requires that a monetary value be "
placed on human life L :

Fire department" is only part of the
municipal budget. This approach would
have to be applied to all- agencies

Practical approach

(1) Assume a given budget level--this de- v Budget level can be
~ termines the number of fire companies ' varied for purposes
of . analysis

R A -
(2) Find the best way to alldcate the \\Discussed later in
companies to regions of the city o this lecture

(3) Find specific. sites for each company R DiscusSed'in Lecture LF

253




Activity -

RE TN

ALLOCATION OBJECTIVES

-

L Hypothetical examples illustrating conflict

. among objectives \\

-- City has 2 regions of the same size
with very different alarm ‘rates

[

L]

® Allocate to minimize average travel time
to alarms

’_—-..High travel times in low incidencé
.- reglon

3

-~ 1Ignores fire hazards

® Allocate to equalize coverage

-- Companies in high incidence region
will have high workloads

-- Higher travel times to most alarms
\ .

* Conclusion:
"~ .1s good "’

FigureiAF~l.‘

Refereneee‘auduNptes,‘”

, The X's
on this figure do not-
rgpresent the loca-
tions of anythingAin
particular, but simply
symbolize the relative

-numbers of incidents

in the two.regions

Overley Figure AF-2 ’
on Figure AE— T

Figure AF-2 shows the
locations of 10 fire .
stations that will
minimize the average
travel time to inci-

" dents in the whole .

city

Overlay Figuré AF-3
on Figure AF-1

Figure AF-3 shows .an
arrangeﬁent of 10 sta-
tions that makes the
average response time
in the "south" region
the same as in the
"north" region.

Point out two fea-
tures of this arrgnge-
ment: v . ;

- (1) Number of (sta-’
tions "in" a region

does not have to be an

integer.' The north has
55 stations.
(2) The north has.

more stations than the -
south because on the

average more companies
are busy in the north -




Lt ~13= .

Activity /“*ﬁ\ A_

AF-3

o
2. ALLOCATION OBJECTIVES (c0nt nued)
L4 Solution:. Use compromise allocation
-~ The Parametric Allocation Model
determines allocations for a range of -

~ compromises between "minimum average
. travel time" ‘and "equal coverage'

B \
3. USEFULNESS OF PARAMETRIC ALLOCATION MODETL

'®  Provides general picture of number of fire
-companies to allocate to.different parts

of the/city
® Quick and inexpensive to use
- ® Requires very little data *

- ®  Various uses
- Compare "travel times and workload
among regions

~ .
== Determine reallocations of current
resources

~- Détermine regions to gain or lose
- companieg if 1eve1 of resources is to
e be changed

4. DATA NEEDED FOR EACH REGION
® (City must be divided intO»haZard.regiOns
® Travel ;imea will be welghted in each

region. Weight indicates "importanCe" of
travel time

"EFFECTIVE“
WEIGHT = ALARM x (HAZARD)
" RATE j :
“ a
l 1 =
F g ;

"gives the

‘References“andONotes‘

_ ! ‘
Maéel is operated

separately for engine.

‘companies and for

. ladder companies. .
Answers provided by
the model are sugges-
tive, not‘precise..
Use of the model "can

’ only be a first step

in 'a study of company
locations

- See Lecture DF

1

Each factor will be

described in turn.

~ This equation is not

exactly correct but

grneral-
idea. See item 10,
"below, for m themati—
cal formulat on

\a

-
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Activity

:. K - .

Referenées and Notes -

5. WHAT IS "EFFECTIVE" ALARM RATE?

T Each type of alarm is counted: in proportiTn
to its sen}ousnéss

e If all alarms are consider&d of equal-
- seriousness, then the effective alarm rate
- 18 the same as total alarm rate !

® Can count only structural fires, or only -
firgs that required more than a certain

ount of work to extinguish (e.g., one
\ company-hour) o

F ® Can weight each type of alarm by the number
S of company-hours needed to extinguish it.
- . Then -

t . - S ‘
: "EFFEC?IVE" ="ALARM < COMPANY-
-‘ALARM RA RATE HOURS

. _ [AVERAGE NUMBER OF
COMPANIES BUSY

6. WHAT IS THE HAZARD FACTOR?
®  Subjective measure of the relative dangZi-
of a fire (potential for loss of life or
"~ property if a‘fir%\éoes occur) ‘

® Suppose the most hazardous region is given
a hazard rating of 1.0. Then a region with
hazard rating 0.9 is less hazardous to the
extent that travel times could be about
10 percent higher in this region, and the
R : department would be willing to say equal -
| - quality fire protection is being provided
- 4 in the two regions

® This iswa_subjective'management input.
When using the model, can try several
different ways of defining hazards and see
what the consequences are

-

, :

.117[

See Lecture RF




E | Activity N " | References and Notes

Q i .. .. - l ) § .
7. K CITYWIDE DATA NEEDED o be o

' "Gongtant" and - power in the relationship E S PR
between travel time and number of companies. . '

‘ . ( AVERAGE TRAVEL \ -~ . o . o RO
TIME in a region’ ' : A ' T
’ | AREA ..  \(POWER) SEPURUL -
= = (CONSTANT) x [- = - " This combines "rules - .
o L ‘COM?XEIEgMisilL /] of thumb" numbered- 2 - 'f"“
. . R A and 3 in Lecture RF.
‘ 6 . - o v See also Kolesar,
v . f : A Model for. Predicting "
- . A : Average Fire Companz T
L ' Travel Times . ; '/) s
\]

8. DECISION VARIABLES . R P

® Total number of companies to be allocated May be changed in _
. te the city e different® runs of the, | ,
. Co T . computer program ° Lo ]
® Tradeoff parameter‘beta (B). This accom- . T
* plishes the compromise between "minimum - . .
average travel time'" and "equal coverage" o i ., y
~— TFor B = l, program shows an allocation ) The weight is discussed
, that minimizes the average‘weighted above, in item 4 7,
. © travel time _ E
-- For large B (50 or more), program - : -f. o - o
~ shows an allocation that will make the o o o »ﬂ
welghted response time equal in all - o '
regions , .
. ‘ v == [For- small By workload is equalized] _ _ »

® How does the department choose its desired-h
“value of B? \\

“
B »
V

. ’ . » N ) B ’ ..
- Try different values between 1 and 50. . This will-be illustrated
See ‘what happens . ' in the demonstration e
, --— B = 3 was found to be ' 'good" in New. I'e., the administrators ° =
- . ' York City ; N " liked the resulting - - e
: ' - It often happens that all values of g} allocations

, ) !
indicate that certain hazard ‘regions ‘, S ' oo
should lose companies as compared to )
e the present arrangement, and others
o o . should gain companies. Such a con-
clusion is "robust," because any
"reasonable" value of 8 leads to a

gualitatively similar conclusion - "y

2Ny ".‘




iy

Aétiyiﬁy

es and Notes

—
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9. OFERUT
;'.v

® The numbeér of companies to be-located in.

. '~;each_ha;axdfgegion S
‘o :The a¢erage“£fave1atime in éEEh region,
given the pumber of companies alloggted
. - Ci;y&i&evaverageé
10.; MATHEMATICAL FORMULATION (Optional) -
a ] ) N - , . » o,

o f.. . M = total number of coﬁpanies to be o
" . .allocated in the city ‘
A : n£ = ﬁﬁmb¢r 6f,compénies,allocafed in

o e o N fggion i B ‘ »_ . [ .
Ay = effective alarm rate in region i
'hi =~hazafd,réting'fdr region i
'Ti(hi)*= average travelvtimé'in region iv'
- . - given ni,companies‘there
v ' - o Ai \O - . E
| | T Py L
¢ and o aré the travel-time "constant"
\ 1 n )
and “power ) N
- - Ai = area of region 1 : P
. bi = évgrage number of'qompanies bugy in
_ _ ' region i : .
ANEEN
Optimiza;ion prbblem; R . e
‘ Miﬁimi%e>2 A (h T‘(n ))B.u
i -1 171 o
. - ¢
. gﬁbjecq to z n, =‘M . ‘ ' '\\\\**;';>';
i . N . ‘ - .
e  ,Q is the tfadébff parameter

3




_Activity

Oy

AN

References and Notes

11. LEAD-IN TO DEMONSTRATION

»

Jersey City will be chosen as an example

Discuss-
.=— 'definition of demand régiohs"

‘== objective was to plan'in terms of alarm °

DEMONSTRATION -

-

/

Display map of:gity

™ .

-

. rates to be expected-in the future _

.
-

2 o

Xt

’ Jq\ﬁﬂmmwwm -
Ref.: Rider and Hausner,
‘An_Analysis -of the De-

ployment of Fire-Fighting -

Y

e

_Resources in Jersey City,"~“'

:New Jersey

Figure AF¥4,f

(Same as hazatd regions)
Figures AF-5, AF-6, AF-7

-

Lecturer operates pro-
gram on-line-or prepares -
printout in advance or
uses suitable tables
from Rider and Hausner
Teport cited above. .
Table numbers thatl fol-
low refer to this re-
port ’

Reference for operating
the program: Rider,

A Parametric Model

for the Allocation

of Fire Companies:
User's Manual




Activity

k SN I ' " - "} :
124 DEMDNSTRATION (continued) '
. [ .
o Describe “base,case"esitugtion
- o : ‘ - . printout e, ings,
"t . J 1if using Pr. ntout‘
- Discuss response times . Table 4—1 :
N T Differences between’ regions'
. ' es Citywide average, noting that it
. is weighted by reglonal alarm ” -
rates » .
. .. Average amd percentage busy - 5
Indicate relative workloads’ -
° Derive allocations For different values of 3\'Mcdel’3;f o0
the tradeoff parameter : Tables 4-2, 4-3.°
- | ‘| . WARNING: The , , =~
—-— Interpret_fractional alloéations . "parametdr' in.this -
o T -program 13 1/8
— Point out that parameter = .25 produces  This corresponds»
‘good approximation of current allocation to B = 4
® Find reallocation for parameter = .25 based ) Tables 4—4 4—5
on 1983 a1arm rates‘
e Allocations‘for different numbers of total ‘ Tables 4-6, 4~7-
N . compantes ‘ T C

«* @ Loptional] Comparison of different specific

allocations with the current situatiqn
N : . . .

This is Model 2 -

- e
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_Alarms per Hour 4 p.m. to Midnight ‘
~ Area : ' Nonserious . Serious
Sq.Miles All False Structural . Structural

152 72 4030 .40 o1

2.82 | 444 137 YLy A .009
0.85° .202 .088  .027 R .003

1.98 630 .200 - 094 013
2.59 . .330 - .127 .03 . .007

lgig._ AF=7 — 1972-1973 alarm rates
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LECTURE LF

LOCATING FIRE STATIONS

'S

Time: 70 minutes ‘including demonstration of program

' Objective: To discuss the general problem of locating fi;e'btationa, and
to compare two specific approaches to the problem.

Approx.

‘. . X : .
Equipment: .Portable terminal with acoustic coupler for. demonstration. , ,
Activity References and Eotes
1. INTRODUCTION - LecturZ foliows Chapter IV -

® Topic is evaluation of current fire station
sites, and planning which ones to close
and/or where to put new ones

® Discussion may be followed{by demonstration

¢

~ ®  NYCRI treats this qdestion in two stages:’

(a) Obtain ideas and insights from the
allocation model

(b) USe a déscriptive model to evaluate
| ' specific configurations

® Other approaches perform analyses in one
' stage e

-

‘of Chaiken, Ignall, and
: Walkgr, Deploypent ]
,Méthodology fo re

. coples of previously

Departments |

Demonstration is op-
tional. Alternatively,

run output can be

discussed. This will
cut timeé of lecture to
50: minutes

Refer to lecture AF.
NYCRI = New York City-
Rand Ingtitute

Lecture covers both

/

i)




' ~88-
Activity ; . References and Notes'
2. GENERAL APPROACHES . Expanding on Lecture: AF"
® Minimize sum.of fire department costs and . Ref.: ' Hogg, "Station
expected fire losses (including fatalities). | Siting in Peterborough
A worthy objective; some studies have been "and Market Deeping'

done along these lines in Great Britain.
Problem: HNo generally useful way has
been found to estimate fire losses from
response times

® Minimum average response time.  May not be
| a’ good idea, as tends to indicate greatest
need for stations in high-alarm areas while
ignoring low-fire areas. When choosing
among otherwise equally satisfactory con-
figurations, may be useful

® Coverage. Each potential fire site should IS0 Grading Schedule
, be within reasonable distance (or time)- of. . '
a fire station. Easy to apply, but too
simplistic and based on subjective
judgments

ard




Activity ' o ~/

3. MEASURES FOR EVALUATING ALTERNATIVES . !

. ® Use surrogate measures for fire logs.. Give

decisionmaker information on how a given

configuration will perform using several

measures of fire protection

- One configuration will probably not
dominate another configuration on all

measures ®

-- Administrators must subjectively balance
the measures; they will.also add judg-
ments concerning hazards and political
constraints"

. Primary considerations:
-- Travel times. Make sure that each

pogential fire site is within a reason- .
able time from a firehouse

-- Hazards. Want to single out some pofen-
tial fires as more important than others
for achieving rapid response :

-~ Average regional travel times. Useful

in different areas of a city

-- Fire company workload. May want to
balance workload over companies. Most
important when workload is high

v ~ . for evaluating relative fire protection.’

"References‘énd Notes

-

-

Refer to Lecture OF

v
-

Can use unweighted or
welghted averages.

- Welghting can be by
total alarms or struc-
tural alarms :

”s
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Act:ivit:){ .

GENERAL DATA REQUIREMENTS

. hazards

" stations

fGeographic division )
Y

== Divide city into small subareas, as
" small as the area covered .by a single
. alarm box (real or phantom),’ perhaps
our, or five times this size

-~ Ass
the subarea arises at one point.
. Estimates of travel times to any ' point
in. the subarea will be the same as to
that point ,

- Find historical (or’ expected future)
fire incidence in each subarea

Identify points at which construction of
a firehouse is feasible, Failure to do
this will lead to consideration of options

" that are infeasible and impractical

Identify those" subareas having special
i

‘

-~ Analysis will—pay specia1 attention :

.o to these subareas

Must have: some method for estimating
travel time from any firehouse (existing
or proposed) to any subarea .
Obtain es’imates of capital construction
costs} an
operation, and maintenance of existiqe -

— . K3

all demand for fire service in

4.

.current costs of depreciation,®

|- References and Notes

* Common to'most~)' -
. approaches to fjre-
house siting

N




Activity SN

-

" 5. ESTIMATING TRAVEL TJMES

»

e [ ]

Method 1. _
Inc. (PTI) '

. and every focal point is referenced to

Developed by Public Téchnology,
Describe street networK of city in
computer-readable form. Street inter-
sections are fdentified as nodgs in the
network, streets are represented as - ,
connecting links between nodes. Not
necessary. to consider all streets, main
arterials are adequate

Estimate average trayel speed on each--
link. This may be done from experienced
guesses, traffic surveys, experimental

trips by fire companies, or from previ-
, ously collected response—time data B

Estimate time'to travel over each link
using speed and. distance

Subareas are called fire demand zones;

the point representing all the proper-
ties in a fire demand zone is called a

:fo%gl point

Every potential or existing firehouse

a node of the street network -

The travel time £yom a fi%ehouse to a
focal point estinated by finding the
set of connecting arcs that form the

ninimum time path g

' @%igufe LF-1




Activity ‘ - - Referen¢Eé and Notes e

5. ESTIMATING TRAVEL TIMES (continued)

® Method 2. Develoﬁed by NYCRI L S

[ - o

-— BRun a travel—time experlment' showing .. ¥igure LF-2.
i origin and destination for each response | Ref.: Hausner, - . -]
by fire companies,  odometer distance Determining the Travel
traveled, and the time required for the Characteristics of o
. response : ‘ ® , Emergency Servite: o

Data can be collected fin the -units, or 259%9595 ) B
at the dispatch center if units radio
)‘ig when departing and arriving ®
oo U FLE g smooth curve to data showing i
: e actual travel time versus distance _ ,
(a) In some cities, straight line with | Ref.: Kolesar and
- positive intercept provides best ' , Walker, Measuring the
fite . 4 ~ "Travel Characte tlgs

, s " of New York City's
(b) In most, a blend between straight. Fire Companies

line and a square-root curve is best .

- ‘ (c) Curve may va in different parts Figures LF~3; LF-4,
4 . of the city-zza at different times LF-5 \\
A N\ of day. But experience has shown T -
that neither-effect is large, and o J”' ,
e . that approximately the same curve '

can be used for any city, at'all - : .o
,times of day o )

-- Determine x-y coordinates of existing
and potential fire station sites on a
-grid map of the city. Determine x-y ,
coordinates or the subareas in which . L .

1 be estimated | : 4

- Sub ingome way, e.g., as suth . \; ' - _ K
of 3 ce ‘traveled (right- " \\\\\\Q.' _ )
angle distanc®or a modification ' ' '
of straight-line (Euclidean) dis-

~~ Alternatively, can fit
- eurve fo data showing

) tance: . / - " | . actual trayel time vs.
- g 4 N . . . . g .
-~ Parameters of fit curve are used to - ‘ Eﬁaigggszhigszsgse’,
. estiﬁé{g_;}avel time between any two. . ’ &. ;

| 'PQ{?ts, u81ng egﬁ%mated distaﬂte f'\K_/A zieA§:2;;i:ko§tt;2.’ -
s - : - e . Deployment of Fire—
| ; : o ‘ ' (/ Fighting Resources
g : . . : ¢ | . in Denver, Colorado :
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5. ESTIMATING TRAVEL TIMES (continued) . . | F o - T

e Belatdve‘advantages of Methci 1."A’ o b”"_d“'" &ﬁ”‘““ﬁ“\f“‘ - fﬁi

-~ If road netwdrk has aéieady been devel- .”'_.' : t'; _ o --_‘;F?
' - oped (by traffic deparftment, for exam— - T o o
ple), this is fastest way to proceed g e SR

'--—  Road network, when developed, may be : S R
useful to other city agencies - f _ , _ R

-~ Barriers to travel (hills, railroad - L S
tracks, rivers, airports) are automati- ' ’
cally taken into ‘account S : o SN

— -Effects of changes in. structure of road . " ; o :
' network can be analyzed in advance (new |~ - T ”'_"F) -
interstate highway, new bridge, -closing , S J i 'f,,ﬁ
of existing bridge) - w U e T

—+ Irregularly shaped areas (peninsulas, o

or cities with holes in them, for . T ,

e example) are automatically handled e ‘ ,
: , accurately ' . S k o

_ -- .Fire officfals may feel 'more comfortable U
e ' with a method that® actudlly imitates the:
: _ path followed by fire companies, whether“*

- . or not method is’ actually aCCurate

X ® Relative advantages of Method 2 - o = K '

-~ Elaborate data base -and computer progr.am
‘not needed;.lower cost for analysis

-- If road network has'not alrEady been ‘
developed, this method is.significantly |

. faster . . " T t -
-- If travel times have already been - . - UEIRS = Uniform‘Fire oy
Fc%llected (e.g., by UFIRS), this method | . Incident Reporting '
is“*’véry fast .. ’  System, developed by ‘
S S : 2 ) + -
S - Parameters for fit curve have beerd so * | -th? Na°i°n?1 Fire Pro
: , tection Association .
& : - close to,the same values for many cities L. ,

that it may'be possible to'proceed with-
- out collecting, any’ travel-time data

3\ , == Method ha§.been.validated against actual . Lt
- travel-time data and has heen found '
accurate epough for site selection

-= In case of irregulaqdy shaped areas, AP L . , ' R
v . ad hoec adjustments -to method are easily . o o
- ; adcomplished ‘ s
- T e ) * .
® The travel-time estimates produced by Methods U -
1, and 2 have never been directly cdkpared , .

R V'

- . L .
. N . A 2 ] L .
. ha . .
‘ \ . ] . e Ve .. -

|
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- Activity

¢

6. GENERATING POSSIBLE SITE CONFIGURATIONS TO

" ] EVA.%UATE

) ( 0 number of possible configurations, the

L Method 1. Developed'by PTI

- AStill dn’ developmental stage; requires
PTI's asaistance . .

-- A maximum travel time is specified‘for
each focal point o

- -- A set of existing and potential fire-
s house sites is specified

' == A computer program determines whether
any collection of potential station
\eJ/ locations can meet the'travel-time
. . requirements. If so, it .prints out ¢

- " a solution that requires the smallest

A

possible number of sites

4

f Advantages of MetnPd % o o

*... =- Procedure is very well defined. Docu-
R mentation provides step-by-step guide
’ to the tasks that must be tarried out _
\Aso,use the program and provides fonms
or collecting and organizing required
data. ’ A

Y, - Method is potentialléfﬁjry powerfulé

'~J‘é B ~If maximum travel- tifes can be "deter-

mined, can generate, among the ‘large

Al

. one -that meets all requirements with

*the fewest number of fire cbmpaﬁies

Sun

/

References and Notes

_Refi.:

"PTI Fire Sta-
tion Location |Package"
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6. GENERATIN’G(PQ(SSIBLE (SITE CONFIGURATIQNS T0

EVALUATE “(continued)’ A -
T Toe Diffibulties with Method l ’ « - 1. S
, e No accepced standards for travel-time .
constraints P . . =
’ - == Once fire oftficials agree on a set of ' : . ’
. requirements, the resulting number of « (V//~\‘_ i
. . ‘stations needed may exceed any Treason- ‘

ably, foreseeable budget. Constraints
must then be relaxed

-- Travel-time require;ixenbe corresponding :
- to existing number: of stations may be ’ *
hard to determine o . ‘ - 5

=~ PTI program may fail to operate, leade. ‘ S N

» ing to no solution » o« *

' -~ Recommended station configuration may
: * involve Woving many stations, while -
T AN anather equally acceptable configura- - v
Coe tion (not known) involves moving fewer : _ -~
stations. Other acceptable solutions > *
(also not known) may be preferable in .
regard to average travel time or other | .
characteristics .

k4

] =8

‘®  Method” 1M. Modification developed by Uni- - ! Hendrick et al.,
versity of Colorado / - | \An Analysis of. the
Deployment of Fire-
Fighting Resources
in Denver, Colorado

LY

-~ Same approach as PTI's

. — Computer prograr- finds‘a conﬁiguration

~ that meets,the requirements®and has
the ‘minimal number ®of stations. This f :
i configuration includes the largest . ‘ <
Ty ' - ,possible number of existing’ station e ,
. - h . : ’ Sites . . v . . v
. . A

Cen ot

3
-

¥
. 2 7 6 a ,
’ T
Yt
LS J ” / 3
; | - . M, ¢
“ « 0 o, )
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" GENERATING POSSIBLE SITE CON?%GURATIONS TO

EVALUATE (continued)

"9

[N

‘Method 2.

Al

<

Used by-NYGRI

. .

-~ Use allocation model to determine deiand
regions n%eQing more or fewer.stations

; -- From a map of the city showing gxlating
r~ and potential sitgs, select several
possible configurations that approxi~—

region

»*

V. yge siting model (to be described next)
" to compar® the trial configurations.
Develop improved trial configurations
-by looking at the r§¥ults for others

¢ Virtues and difficulties with Method 2

- Easy to use; faet t8 implement jky\_

Process of chooging configurations
requires Judgment and map sense"

-- - May overlook_good configurations

mateﬁ'-match'desired allocations by - -

*

Discussed in Lecture
AR

~'ﬁeﬁuires-di_scuwion

with policymakers. ~
No computer program
is involved

o4
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7. - EVALUATING TRIAU}CONFIGURATiONS

NYCRI has a "Firehouse Site Evaluation Model"

- that calculates a set of descriptive meagures
for any pair of configuratione., Other re-
searchers have similar computer programs,
differing only in details -

“(a) Calculations are based on a number of
assumptionsy ’

LR hll units are always available in
. their firehouses to respond .to an
" incoming alarm (reasonable assumption ’
for most cities) i .
. //4f The, closest units are aiways dis-
: patched to an alarm

® (Calculations are performed separately
for each type of fire—fighting equip—

- ment ,

® Travel distances are estimated by L
right-angle or "modified" Euclidean
distance

® Travel- times are estimated from
empirically determined cungs

.
o

=

T

Ref.: Dormont,
Hausner, and Walker,
Firehoyse Site Lval-
uation Yodel:' De=-
.scription’and lser's
Manual

If Dg is Euclidean

distance, k x D; is

" "modified" Euclidean

Discussed above,
item 5‘-~ .




N e

. '-98-

+

v . Activity

LF-12

Referencesfand Notesg

< 7. [EVALUATING TRIAL CONFIGURATIONS (continued)

(b) Performance measures

® For each demand region, citywide, iden-
tified target hazards, and/or region
affected by chtinge: average travel time
. ) , and average travel distance

. == weighted by expected incidence and
unweighted (each subarea given equal
weight)

-- first- due, seegnd~due, third-due,

etc. . -
(-

Frequency distribution of travel times

for each démand region and citywide

area: average travel time, m

For each'company's first-due ﬁ;:ponée
i

mum

EN

travel time (to farthest subared)s

. workload (incideuts/year), and

g list ~
of the subareas.(alarm boxes), that con-
stitute the response area (this' infor-
mation is also avallable for second-due
areas , egc.) v ]

T , . 3

subares, (alarm box) identified as a tar-
get hazard '

—

-

® A list of the subareas\uﬂgse first-due
/ travel times are improved by, the change,

and those whose first-due travel -times

. - ~ are worse, plus the alarm incidence at
R ceach group of bokes and average travel .
' times within.each group, both before and
after the change , o .-

2

Travel time and ‘travel distance to each

4

"Demand region" is
the same as "hazard -

region" !
‘3
"Incidence” can Qe all —~
alarms or structural :
fires
v e ;\
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.8. DATA REQUIREMENTS FOR FIREHOUSE SITE EVALUATION ' o
MODEL . : ‘ A
(Aside froim general data requirements described - A oo
earlier) . R . : : i '
' e List of subareas containing target hazards ~
. , e Purpose. “to have program - specifically 1 . ' . )
B S indicate the travel timés to these sub- .
areas; - oo , , ’ 2
-~ Effect of changes in .travel times to 1. >
theae ‘subareas ig important . . T
. . u{ : ', ' ’ .
®  (x-y) co_g_‘dinates for every subarea, exist—'
. ing station, ‘and potential station
o * A list of subareas included in each com= - ' Basically, the current. -
' pany 8 current response areas ». | ~running cards K
* ® Parameters of .the curve relating travel Hausher, Determining » oo
' time to travel-distance . the Travel Character- '
) e » - ‘ B istics of Emergency
: . o ’ : . 7 : Service Vehicles.
.3 - '
E L v
* L] N
¢ “ s . ‘
o \ &> ; D'v -
< m—-/ ¢ .
a2 3 T/ -
. / ' . , ]
- |= b + Q . r . . ‘
° . i ) ’ '.. po . , ' . ‘& i . »“
, . - ~ d D ’ s C e
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i .f\‘ - > 2 ” - ) . ' s N
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( S~
s -~/ ’ d
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9. DEMONSTRATION OF MODEL ollows Haisner and
. 5 - . Walker, An Analysis
. ~® Be sure to make some change in station of the Deployment
locations before running program. Other- of Fire-Fighting
wise the '"old" and "new" columns will be Resolitces. in Trenton,
the same, and there will be no "affected New Jersey. .Section
reglon" " ' numbers below refer
- ' to this report
® Preferably, the changes should not be ’
elabotate; the point is not to show - .
what the biggest possible performance E
change would be in one city. ' Suitable '
‘tests are: ' )
-— Trenton engines Section 4.2.2
». " o M E3-8431 .
v - M E1-2232~ . . - ’ A
" M E8-2432 LT : .
0 C=(E) = =« ‘ SR ‘ ' g
\ * . ' . L
-+ == Trenton ladders ) e '~ Section 4.2.1 provides
- M L1-2232 / - . " an anail:irsis of these
. { 0 C?(L) two options |
or _ To test other changes,
Y M L1-2432 : : . | - you need a map showing ‘
0 c=(L) : Trenton's alamp boxes <
. . ~ , " - - . . v ' l 4y .
L ‘v M
- \ L q
. A r )
' Y
B
v . i {V\‘ .
¢ o '
¢ - - A Y : -
: . /
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™ 9. . DEMONSTRATION OF MODEL {(continued)

-

L Command language ﬁi
(E can be replaced by L)
M Enn-mmmm -
Move engine nn to s area or box Tmmm
[e.g.; M E10-2104]/?b L
- D Enn | '
Delete engine nn
_ [e.g~, A E12-3510]
A E-nmmm
Add an engine at box mmmm
Clear stackvof;bommands
Cn
©® Clear last i commands -
0 C=(E,L); D=1 or n§ L=Y or N; .
W=S or A; R=(C,D,A,T)

, (all on’one line; start with letter O;
defaults are underlined; use paren-
theses as showny '

'C - company type: engines or ladders .
‘.>§ - or both . . )

~
3 7 FY

up to nth-due

-

D - response level:
L - box listings, Yes or No

W - weight by structural (S) or all
alarms (A) ;

LY}

R - which regipns to produce_output?for
€ - by Company '

D - by Demand region . * .
A - for Affected region-
’ T - Target hazards ' .
LI E “
' ® _Exit frpm program o ) ,\

e Siting model prints results side—By-side
' for ' current

- Fac%lities comparisons S ' —

L

>R3f‘o:

Dormont,f
‘Hausner, and Walker,
Firehouse Site

‘Evaluation Model:

Description and

and proposed" configﬁrations -t

User's Manual _7

o
4
.
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W T e © LECTURE SF . R .
e oo sommamow . - L -
eyl " * FoR FIRE SERVICE AUBIENCES R
; _v-‘ v . v,..' .' Lo . - . - i 7' ) o ! ,
. ERE A .o . . : & g R . N
v «Jdme: . Approx. .50 minutes. * . : : N B 2
' \pbjéé&&Ve: To! degcribé what a simulg;ion mOdel does, what kiﬂas~of questions,.
- .Y i~ It can anSWer when.to use, it, and what regsources are needed to Coa
- , . - use it. . oo . o, e L v )
I PR . ;) - .‘\, f s E
N ‘Activity. " 7 i . References and Notes * _ :
" T s 0 T ' A N T MR N
L . o 4 B ®
i 1. DEFINITION C SN P ' , .Lecture follows Carter, '

“*

. A L < - ) . Chaiken and Ignall,
Lo . ® TFollow each-incident step-by-stepy - - Simulation Model of Fiwe ~
o i _ " - ) ¢ : . ) .Department Operations:.- ' ‘
o From occurrence Yo : o Executive Summary - e
\) : 1 == to report to fire department . .| See also,_ Cartéer and C
\ _ ’ Ignall, A Simulation .
. to dispatch of companies ~ Model"of Fire Depart— C
-= to their arrival at scene and work ' _ merit Operations: - . *
there . ’ Design agnd Preliminary 7
-- to their return to availability Results : o
) ' A oL R '
v ® Do this for a large number of incidents : ’ -

—= actual incidents, or

-— 1imaginary incidents'generated'by the

‘9omputer‘to match average stg?istics»
or alarm rates, etc.

o Viewpoint df an "all—knowing" dispatcher who A
v - 'keeps track of the location of all\incidEnts :

. - and companies at all times, but is not con-,
cerned with fire-fighting tactics at the\ )
‘scene ’ - ' c. N

.
-

- Computer collects statistics on response
times, coverage, workloads
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. " Activity

‘ ‘
II - ? a ‘ ' ‘\_._

‘References and Notes

2. WHY SIMULATE? - o ’ﬁ

3. ,DRAWBACKS . .

. "stay the .same"

. Accuracy compared to other models (at a
. price) .

iy ‘Removes approximatidns present in every
simple model .

-- Accounts for interrelationship among
policies that can be indiwvidually
studied with simple mode}ls .

Safety as opposed'to real—world teSt

».

=~ No operational or capital investment
== No lives or property risked : ,'1

- The model can- imagine that alarm -rates
after policy changes;
but in the real world alarm rates will
change .

'Simulation is: expensive to run on the

computer ) -
Eitensive data collection neaded

Simplation does not suggest any particular

,policy as desirable

User must be technically skilled &

L-3

o

’"Policy
| of stations, dispatch

= location

‘policy, relocation
policy, etc.

“T.e., changes in real-'

world data may refldct
changes in alarm rate,

‘changes’ in policy, or

both together

LA

Discussed in detail
later in this lecture

>




Activity

-

WHEN TO‘UQE A SIMULATION MODEL

LN

Validation of simpl

Petailed compariaon of complicated deploy--
ment policies '
‘e

L}

Number of companiealon dUQ& N

o

Where located ' T
e

Number of units dispatched to particu-
lar types of alardgs

Which unit(s) dispatched
When units are relocated. (moved up)

Which units are moved and where they go

gels, which are

v

-~ Cheaper to use

-- Easler to interpret

B3

Instill confiden;L in administrators that

final' recémmendations will work as planned,

especlally under adverse circumstances

A | \

5. WHERE DO THE POLICIES COME FROM, TO TEST ON A
SIMULATION MODEL?

Fire department administrators

Planhing personnel‘

Simpler models

- _References and Notes

Y s -
< '
Ref.: Cartg¢r, Ignall,
and Walker, A Simulation
Model of the New York

City Fire Department:

i
i
{
i
i
t
-

Its Use in Deployment

Analysis

Ref. : ~Ignall; Kolesar,

and Walker, Using Simu-
lation to Develop and

. Validate Analytical Em-

ergency Service Deploy:-
ment Models
b

See Tomasides quote in
Carter ; Chaiken, and
Ignall, Simuldtion
Model of Fire Depart-
ment Operations: Ex--

\
\ R

" ecutive Summary, and ¥

Hendrick et al., An
Analysis of the De-.
ployment of Fire-
Fighting Resources
in Denver, Colorado

i

" Lectures OF, AF, LF,

IF
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Activity Refehences}and Notes

6. HOW DOES THE NYCRI SIMULATION MODEL WORK?

[

® Discuss flow chart Develop the flow chart
on the blackboard, T
writing down each'
. ' . . event as the incident -
y ' . progresses. The final
. ) _ : -result is Figure SF-1.-

. ’ : : Ref.: Carter, Simu-
lation Model of Fire :
Departmefit Operations: _

.|  Program Description

7. WHAT INFORMATION IS IN/é;E SIMULATION OUTPUT

® Response times S : \ : 'Stress the detailed
' ' ' "breakdowns available.
Example output is
. shown on pp. 172-189
- of Carter, Simulation
-~ By geography : . ‘I Model of Fire Depart-
’ ment Operations:
Program Description

. Comﬁany workloads

-

== Total . - , .
== By company ’ ﬂi .

® Coverage
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References and Notes

Activity . ’

\QV,IDATA AND RESOURCEﬁBNEEDED

[
‘the city to be simulated -« . . .

-

"
-

Incident_locations

Company locations -,

. Parameters for estimating travel time of
“ every response

.

“"\ N S
- ®, Work times{Lé different types of incidents

® An input stream of incidents‘

Actualvincidents from the past ;
S

or, incidents generated from detailed
" data about alarm rates by type and
-location

Deployment policy

————

1 Detailed decision rules for dispatching
" and relocation §

® Access to a SIMSCREPT I.5 compiler

®  Analysts whp can\modiéy the computer pro-

-

. gram and interpret the output )
o o é?»
9. VALIDITY (Optional) ’ e

) . i y B .
® Detall and structure have-to be sufficient

. to suppart insights and conclusions
* at matters is ‘the accuracy of comparisons,

. not faithfulness to the real world »
* Example”

high, this should .not make any"difference.
. (On-the other hand; it would be easy to,fix)

Geographical repreaentation of the part of -,

LY

If all travel times dre 10 percent

x

Stress the detail ,
required, as compared,

_to other models’

\ )
N *

I.e., a complete math-
ematical specification
of the curves in Fig-
ures LF+3 to LF-5,
These may vary in
different parts of the
city -
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ACFivity5 e " References and. Notes
. _" \ . * - | *
10. RECAP e .
- . ! T e o
~® Computer's job: do the bookkeeping
. ® User's job | _
’ . L& .‘
' =~ Build model: specify how the. system
works o . e
- - Analyze data: specify the kind of data )
- needed (and get it) e .
-~ Select criteria: specify what is to be
. measured '
B -~ 'Find alternatives: specify the policies
to be tried out in the simulation
1o
\
"‘“ " B / '
\
/\/ : J
~ . \ )
. . '
1 - B
\ | | {
| . .
| . i 4 .
Y Y \_//
. 293 a
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If too many sent !

\ ~113-

R : \ . e
\ FIRE
| : l _
| ALARM T
N ‘“‘ g kS
DISP .| . [
l o~ If too few sent %
EARYV . ) .-
'L'CALOIN“ e Tiggens
, - d e ' dispatch jo fire
‘ . - ' . and relocafion
13l
C- " RELS HALRM
L. 1 1
Relocgtion 1 - .
| HARV | .
t;(.\J ) '
. ' T . Relocatees
_ . _
P 'Fig;. SF-1 ‘ J\} .




LECTURE MF

 RELOCATION OR MOVE-UP

M L FOR FIRE SERVICE AUDIENCES .
. . ) ! ’ 3 '
" Time: Approx. 40 hinutes (demonét:ation extra) - .
Objective: To indicate difficulties with aheystem of preplanned relocations -

and demonstrate a method for resolving the difficulties. - -

Equipment: Portable terminal with acoustic coupler for demonsttration.

y . -

. Activtfy;v' e ' References and Notes

o . . 7’
1. 2INTRODUCTION: RELOCATION ISSUES

..

' ® When should fire companies relocate (move up)?

® How many. should relocate? . )
. Which ones?
® To where? - ‘ b

/

| - ‘ R

. 2. PREPLANNED RELOCATIONS ° ¢ T T
| ~ . o 5
® | Problems at high alarm rates - o Figure MF-1 .
: I SR v 5
- == Several "all hands" fires in one part of
! the city can create a "hole" in coverage
+ . a8 blg as if there were one second-alarm |-
or third-~alarm fire 2 : o
Company deéignated'to relocate may ‘ ) ‘., -
-already be busy at a fire ' N )

Company designated to reYocate may be c ' L
available, but moving it would .créate ) . p . N
another big hole\in coverage ' ‘ ' o
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'

s Activi:y ‘

3. NYCRI APPROACH '

Answer the four questions posed in the
. Introduction, one at a time AN
. o o
Separate (but same) calculations for - .
_engines and ladders (will use ladders as’
"an example) .

Question 1: When should:}ire companies

‘

Answer: Relocate whenever some location’ in;
city has both its first-due and |
second~due ladders unavailable,
and they will be unavailable for /|
a« period of tim

~- Define a ladder response neighbo6rhood
' (RN) as all points in the city having
the samg first- and second-due ladders,

independent of order

+ == If both are‘unavailable, and will be for

“awhile, the RN is "uncovered"

- Result: Relocate whenever there is an -
uncovered RN in the city"

== This criterion maintains relative

«, SPacing of fire companies throughout
the city (denser in'some regions than
others) "\

Question.2: How many should relocate?

Answer: If there are any uncovered RNs, -
e £fi11 . tﬁe minimum number of houses
needed to remedy the situatiOn

// .

relocate? ) J

'

. Refereﬁces and Notes

Follows Kolesar and
Walker, An Algorithm -

for the Dynamic
Relocation of Fire

"Companies

.

s

« Figure MF-2

‘Figure MF-3 . "

fa
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3. NYCRI APPROACH v(c'on%inued)

i TR
Activity 1

T

‘Question 3: Which companies should move?.

Angwer:
(a)

. (b)

()

== Similar if move #2

&hoose companies to satisfy four
general principles :

Don't relocate a company that will

create a new uncovered RN

Don t relocate a company. that is
"too busy" L.

® First-due areas the same size -
More alarms around #2
Same distance to X

- If move #1, second<due unit will
< be the first-arriving unit in
the first-due area of #1 '

-

-~ More likely to have a fire near
{2

- == Therefore, prefer to move #1

bon' t relocate a company that is
covering too large a region

¢ First-due area of, #1 larger
Same number of alarms in both
Same distance to X * '

- Average first‘aue tragel time
already hipher area of #1

== If move ##1, average travel -

time for second-due company to
respond togregion #1 will be
much highér than in region #2

-- Prefer o move #2
.\ . .

>

/

Figure MF-4 .

Figure MF-5
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Activity

R T L . SO
. P ;

) e
AR RN
Loa I

A,Reﬁerencesﬁand’Notes'

3. NYCRI APPROACH (continved)

‘Questioh 3‘(continued) :

(d) Doh't relocate a company "too far

.. Fir$t~due areas of #1 and #2.
. . the same size
. v Same akarm rate
, #2 is fart
-- If relécated, #2 wouid be out ofx
\E its region longer than #1 would".
o =, be

.-

~- Therefore, chance of missingAan fw

alarm in its region.would be
higher for #2 than for 1

: + == Prefer to move #1 L
Note: Real cases are a mixture of differ-,
ent alarm rates, different sized
"akeas, and different,relocation
distances. Developed a "cost"
function that blends.all these .
things _ S
LA Represents the- expected average.
 travel time for first-arriving
) .- unit to alarms in the -area af-
. . . fected by the moves (areas- whose
o first-due travel timés will be .
. M changed) during the duration of .
the moves " :
oo ® Objective: Choase units to move
. - that minimize this@ﬂcost"
® Note: The cost -function assumes
that while the companies arg re-

locating t\ ey are not protecting
‘either theik own area or their
destination rea

. Questioni4:
Answer:

Where do the companies move’

Agsign relocating companles to the
houses being filled so as to mini-
mize the total travel time of the,K
relocating companies ..

.- -

e '"Cost" will be higher than minimum, but
only slightly ' L

e Relocatdions will "look -better"

v

[ L2

‘Figure MF=6
L] i »




P ’ - Activity . L L _References and Notes
" " 4. DATA NEEDED v L 4 ' Shanesy, An On-Line o
ot ‘ o N » - Program for Fire :
- (a) For each firehouse T o : . Company Relocation , *ﬁ
) S AR ‘ R ¢
) | .
. ®  Number and identﬂty of units stationed -
. there o o N . o
® List of RNs assoclated with each'of the | RN = résponse.neighborhoodi
companies S '
. “ . . . - / - i L
v ®.  Size.of each first~due area, in square . E R, ..
| Cmiles o o SR
- - . . . ~ v) R . .‘ (,_‘ ) L k
' 4 AlarmArate in each first-due area , e ot - ﬁ
: . ’ . . v , ) \ ol . . \'.‘ : ..' '“5. ‘)
(b) For each RN o : ‘ W 'J
® Size of area in which each of the two . R "
. units is first-due ‘ P v K N
R - ’ S 7 . : <.
b d Alatm rate in each, of the two areas ' Set Co
. \ . R : . E ) P ) "
- + () For each Palr of . houses . - o S -
. 3 . . .
. - ® Travel time from one ta the other : : _ !
(d) Parameters for'relating travel time and -Refer to Lectyre RF
area, so that travel times in each region . S
can be estimated from their areds . ' ! Coe
:\\APPLI\AYL }Y ‘ ' . ' Lo 1 I )
Method requires a real-time computer to” ' ' ; T . ,
".i« . make calculation ‘basgd on the actual status,“ Ry R . .
\ - of all fire companies : «i:> A . -
: ® Method. an be used to genergte relocatiqns . )
to be s cified on running ards, in whith
case it I8 not operated in real time.. (But
not .all ituations requiring a relocation i
are han led well by running cards) -
» » \ ) . N
. R 1 ~
i ' . - ‘
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Activity ' .

References and Notes °

. - C=EW,LW - T

DEMONSTRATION OF ON—LINE RELOCATIUN PROGRAM
SCENARIO 1

This. demonstration compares manually developa?
relocations with what the program does, reveal-’
ing that neither Way is perfect. Geography
corresponds to the borough of thé Bronx in New

* York! City . -

'MICS IR o ¢
M=NOVERIFY ® 9 s -,
E=MNE MNL‘QNE,QNL e

R=E63, Eez,g;sg L32 ' o !
.s 1 ' S

(CR) . ,
2§§E38,E79,E48_,E97,L5l o .

-z

DEP2P:D=EW, LW
.

\ o )
- 3:8=E75,E90,EB1,L46 . ,
. - ’ \

C=EW,LW

Q=3 . ) . i ' RN
U=DEP2P ) (

DEP2C:D=E81 QE63 E43 QE62 E50,QE79;E89, QE97,

- © L46,QL39;L50, sl v

A}

(CR) e
3C: S—E75 E90,E88, L37
. G=EW, LW A .

v

Recommendations shown on

\

A -sequence of commands - e
+ to the program 1s shown.
Interpretation of the
commands is given.in N
Shanesy, An On-Line S
Program for Fire Coqpany o
Relocation el
[ 2 1 s B
‘Otherwise you need
larger maps '

First line of AAC *© * *
(Figure ME—7)* -

v
Seconq‘alarm ;

1

Situationgis‘shown S
.on Figures M-8, MF-9.° .

. Compared to running card

(Figures MF-1 F-11)
the - nunbex of gine
relocations is smaller

@hia is a reqso able .
variant on AAC third
alarm‘

Figures MF-12, MF-13.
Note that a previously

 empty house is filled

Let's go back to second - -
» alarm

V¥oliow the AAC

All ﬁNs are covered

Needs only one more
engine relocation:

. The AAG "anticipated”

a third alarm . :
Exit h IR 1

AAC and maps were ‘
current in§1973 “

©




Activitj

"

[

7. SCENARIO 2

Cx -

'®  Invent a sequencé of small fires that leads
to a need for relocation . ‘

References and Notes’

»

t
—

Use blank naps - for the
Bronx (Figures MF-14,
:MF-15) or maps for a
city familiar to mem-
bers of the audience

ng 1ecturer has access

“to on—-line relocation
program, it will rec—

* ommend relocatibns .

7
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Response neighborhoods
-shaded '

]

‘Legend : 47- 54 means_ladder 47 is first-due
and ladder 54 is second~due. A  °
response neighborhood corresponds .

to two ladders, independent of
their arrival order.

L

| o ~
Fm‘\j-?-—‘l.adder response neighborhoods in the Bronx
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Prograin» after
2nd alarm

.. LEGEND . _LEGEND:

. . , \
O Fire station with all companies available - O’ Station is occupjed by a relocated unit “
Campany has just been dispatched t0 a fire . ) ' Station is vacant by virtue of a previous relocat!on
'g One cBmpany remalns i a station which - ‘Dispatch .,
a msually has two compames : ~—=<§p» Relocation .
@ Statuon ts vacant by vurtue of a previous. dispatch . N n Loce;ion of a fire »
. 'Y * Lo B

3 . s

Fig. MF-8 .

- I




LEGEND - . |
O Fire station with all companies available . = .. l:‘O
Company has just been dispatched ‘to a fire . )
ﬂ One company remains in a station which  ° —_p
-~ usually has two cdmpanies . ——pp
@ Station is vacant by virtue of a previous dlspatch . . -
& ' - o
- . Fig. MF=9
® s . » Lo
‘- R ¢ . : “
w4 Ce R
. 4 i ’

-Program aftér
~.2nd alarm

Statlon is occupied by a reloca'ted unit™
Station is"vacant by virtue of a previpus relocation

Dispatch = %' - - )
Relocation L. L s N ’
Location of a fire. . -y o
N S - o
. . . _'*l .
& ) -0 . .
L 5, B ¢
- ‘1 » N
4
® L o
¢ \ e ®
» ) . ¥
C .

LEGEND“ e

°

L2




Running card after
L W
¢2nd alarm = -

LEGEND ; LEGEND : .

O Fire station with all’companies available . . RO Station is occupied by a relocated unit
Company has just beeh d_ispatchéd to a fire , @ Station is vacant by virtue of a previous.relocation
& One company remains in a station which, ~— Dispatch ' ' T
usually has two companies = = '~ lp Relocation - \ :
@ Station is vacant by virtue of a previous dispatch B Location of a fire

-

Fig-MF-10
y e _' S

'




'Rbnning' card _Yaftef
» 2nd alarm '

LEGEND : 'LEGEND: = |

O Fire station with all companies available

W Company has just been dispatched to a fire

@ ©ne.company remains in a'station which- |
usually has two companiés ..

@ Statioh is vacant by, virtue of a previous dispatch

Station is occupled by a relocated unit
Station is vacant by virtue of a previous relocation
_ Dispatch , ' :
) ' Relocation f

Location of a fire '
w . : . . R ' ’ -
Cy . : -+ Fig.MF-11




LEGEND :

‘O " Fire station with all companies available

( Company has just been dispatched to a fire

@& One company remains 3n a station which
usually has o companigs -

@ - Station is vacant by virtue of a previous dispatch

LN

«  Fig.MF-12’

RIC oo co81g

3

. Station is occupied by a relocated unit .

¥ Program dfter
.~ 3rd alarm

-
;

LEGEND : -

Station is vacant by virtue of a previous relocation

D' patch . . -
Relpcation . “

Location of a fire

BN |




"7 .&  LADDERS

‘ .
L
.
‘:.' ,
~ ) . . ‘ . ’ ,. . "‘ A‘: '.
e D LEGEND' ] o 6 LEGEND: .=t
! lO Fire station with. all campanies availablé P N O St on is occupied by a relocatedunlt o i
2 M Company has just been dispatdhed to a fire R @ ‘Sgation is vacant by virtue- of a previous relocation :
y One company remains in a station which L —& Dup’a ch S .. 7‘( . o
. usually has two companies - ‘¢~ === Relocation R N R
‘ ‘ . Stallon is vacant “by vu’tue of a prevlous dlspatch . ‘ - Location of a flre A i
‘. bd ’ I s\, . . (- i . -k
¢ . ¥ ‘o R . ) - Sa , .
) ‘ '1-":?' J ‘. o : - i "
’ Fig. MF=13 - -




LEGEND :_

»

(o) Frre station with all companies available

N Com?orhas- just been dnspa'tched to a fire

. & Onefcompany remalns in.a station which
. ~tsually has two companles

. Station is vacant by virtue of a previous drspatch

§

. L — , Dispatch o . _
- ——p Relocatlon C .
- M Location of afle o 44

‘Fig. MF-14

315
‘ i

 LEGEND : - .

b Station is occupled by a relocated unit |
@ -Station is vacant by virtue of a previous relocation

v
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: | LEGEND: N\ . . v LEGEND : g
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. O Flre station with all companies available f RO Station Is occupled by a.relocated unit . i
. o H Company has just been dispatched to a fire @ Station is vacant by virtue of a previous relocation . .
s é -One company remains ifi astatlon which ——p Dispatch : L ‘

. - usually has two companies - N e Relocation o . :

o Sta_tion is vacant by virtue of a previous dispatch Il logation of a fire |
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T  FlgeMF-15 | | -
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LECTURE IF N ' . o
/ " NiToa piseatem
. : 'FOR FIRE SERVICE AUDIENGES

. St . . . . . . -

.Time: Approx. 60 minutes

-

Objﬁctive. To shows the students (a) that the histoty of alarms at an alarm
) box can provide valuable information for determining the number
, of units to be dispatched to a box alarm, and (b) that Bomeﬁimea

the closest unit may not be the best to gend. '

. [

. ‘ 9

' ~Activin24 - ' | - ‘References and. Notes .
- 1. INTRODUCTION
. ’ . ? : ' _ L I o
® How many should be eent? ] Lecture follows Chapter
: . V of Chaiken, Ignall, -
-=- Different cities have different policies | . and Walker, Deployment.
— v " Methodology for Fire

== When alarm rate is high, city might want Departments
." fo reduce lts normal response to con~ ZEpartuments

serve resources See also Carter, Ignall,

==\ There is a way to do this rationally - and Rider, An Algorithm
: for the Initial Diepateh

L Which nee ehould be sent? ¥ of Fire- Companies
-~ Always send cloeeet when alarm rate 1s General ref,:. Swersev,
low : Model for Reducing Fire

. Ti
-- If alarm rate is high, this policy.is Enzine Reeponee mas

not necessarily the best

A
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Act;vity .

S 1‘!@

References and Notes

2.(‘ HOW MANY?

I3

(a) Objbctives
® Try to send what is needed

c.x.

® Get all units needed to the scene as
rapidly as poisible ..

¢ Don't have units make too many unneces—
sary responses i s
, B

(b) How alarm is received is important

® Telephone - receive information that
helps dispatcher decide L

® Box - little. information to go on
- therefore, will restrict discug-
X sion to how many to send to box
; o alarms

(c) When is there a deeisien?

® May want to hold back resources (not
: send full response) if alarm rate in-

. région of incoming alarm is: high enough

so that the chance of having two alarms
in progress -at one time is not negli-
~gible’ (say 252)- o .

(d) The tradoff: Use send 1 ladder versus
send 2 ladders as’ example
L Send 1 and need 2: '

-~ second ladder delayed oo

Send 2 and need '1: - < T

-~ gacond ladder unavailable for
another alarm (only important if
there is a good probability that
there will be another alarm while

. . .

it is responding)
~- ‘makes unnecessary xespanse

) ) -
~— increased loss at fire ‘ .

s Ref.. Ignall et qu,
Improvigg;the Deploy-
\ment of -New York City
‘Fire cgmpanies :

Figure_’ IF-1 .
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tﬁ
Activity

2.

‘ Y ¢41) "The expected dlarm rate in ‘the . laréa sur-

A}

HOW
(e)

/

HAN&? (continued)

Approach: Considers up to four fdctors

(1) The probability that the incoming alarm

is serious oo . !

~- the greater the probability,
units dispatched

-~ there are usually predictable\box~to-
erious,

box variations in probability
e.g., boxes 2277 and 2209 in\B onx

consider

= using this factor, can. dify

@

ing cards-jadd to manual ‘dispa ch-'v

ing gystem (e.g., NYC's - adaptive
response)

rounding ‘the alarm / .

-~ the greater the alarm rate, the £ eJ

units dispatched

== 1lmplies that dispatch policy to th o

same location might vary by time o:
day i

(11i) The number of units available in the

(£)

area surrounding the alarm

-~ the more units available,* the more
units dispatched »

- if you want to include this factor,
probably need a computer to keep
, track of status '

(iv) The workload of the companies involved .

. the higher their workload, the fewer
units dispatched ~ ~

Method: Use a "cost" function to blend all
the factors, then (for example) :

-- gend 2 if cost is less than cost to
send 1

—— send l if cost is lower than for
send 2 '

References and Notes *

4

"Figure IF=-2, . These .

are'extremefcases, o
but near each other

on the same street

Ref.: 0'Hagan and

., Blum, Technology Aids

Fire Servic

‘Figure IF-3. If the
department-usually

sénds three units, if
available, that would
be a bad idea in this

" example
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. Activity | References and Notes
AR 2. HOW MANY? (continued) - o oy "
‘ f (g) Data needed if use,)all 4.factors in making .
-, - decision , , , P
. S o
(i) For: each alarm box
® Ordered 1list of closest: engine and
. ladder companies /
e Estimate of the. probability that: an }‘Iief. : Carter‘and ' /
. ! © incoming alarm from the box signals. olph, New York City. / ‘
a serious fire (estimation procedure Fire Alarm Prediction :
-takes into account alarm history of - Models: I. ‘Box-~
° box and alarm history of neighboring Reported Serious
boxes) @ AN _ Fires
.- A (i1i) For each fire-ifighting company ‘ ,
' ' ® Expected alarm rate in its first-due : s -
, area .
- " @ Number of responses made dur:i:ng some
historical period .
® Its current status (implies need for
" an on=-line’ computer) 2
(111) Way to calculate travel. time between any Refer to LectureRF
house-alarm box pair, . Z é, r ' C
“ < w
. . .
» ‘
l. \/ v
[y
\E .
N
| '\
l L4
o 320 ;
4
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o 7 ,~141- P
_Activity i References and Notes -
3, WHICH? - Ref.: Carter, Chaiken,
. : : and Ignall, -Response.
g 'SEnding closest not always best. Not , Areas for Two Emergency
sending closest ean ¢ ' ’ 1 - Units Units o
-~ balance workload among companies
. == provide faster response to alarms
® Overly simplified exampla: . a
® City with 2 companies and a send 1’ dispatch Figure IF-4
. holicy , L
Region A - high alarm rate . (/ ‘
4 /
Region B ~ low alarm rate . - Do
- g;?e 1: closest company policy would X \
\ patch Company a - ' ) i

~= Suppose Fire 2 while Company a,is busy:
Company b must respond

-- If send b to Fire 1 (near boundary),
then a is available to respond td Fire 2.
Net reduction in total response time
(also, better’balance in workload)

Note: this policy appropriate only when
overall alarm rates are high

o

A
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”Referencee and Notes

 Activity ) >

4, SGENARIO -

e n ) 3

L2 Illuatration of* the circumstances under . ~
which analysis will suggest different
choices for initial dispatch. The actual
locations of ladder companies .and alarm
rates in varfous parts of the Bronx were

+ used in constructing tbis scenario.

® At the start of the sceuario, ladder compa-
nies 48, 42, and 44 have been
to serious fires .

® An incidentmis reported ﬁﬁtﬁix aldrm at box
: 2267. Recomhendéd dispatch i two.ladders.
Ladders 17 and 55 are dispatc

b " Adother incident is reported by box alarm
at box 2224

S

-
.,

L Now, because of munavailabilities in the
J . area ‘and a low probability of a serious
fire at box 2224, the recommended dispatch
- 1s one ladder - “

. La&der'17-2 is digpatched and subsequently
returns to quarters after finding a false
alarm at box 2224 : :
® Now a box dlarm occurs at-bBox 2574. Al--

though the closest ladder_ company is busy
‘(as was the case at box 2224), the recom-,
mended dispatch is two ladders in this case.
- Box 2574 is more likely to have a serious '
‘! fire than box 2224

® At this point, the unavailability of 1ed—‘
N ders are as bad as if there were a third- -
alarm fire somewhere between ladder 55 and

- ladder 19. Relocations should be made

| e ®  An incident is reported by box alarm at box
!'n Co 2276, which is near box 2267. If reloca-
|

be digpatched. If relocations have been
made, two ladders should be dispatched

, 'Q L | L . 322

tions have not been made, one ladder should

d

Bronx~--borough of
New York City

N ok
Figure IF-~5

o

-

‘Figure IF-6

'§ot\sh6wn on. maps

Ty
‘\
-
.

Figure IF-7 .

T
]

oA,

'See Lecture MF -

Figure IF-8

on .
‘The maps were
current in 1973.

»
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Bronx Pre'gicted 3 ACtU?‘ Jl?_?O»_:Daitaf“%. " e R

box percent | , ./ | Structural |. R

- number | structural Alaffis. ~fires « | o
‘ ('67-'69data) | - - IR P

|z | oa 9% o
2090 | -+ 3.8 | 94 I T

Fig. IF~2 — Structural ¥ffe predictions for two alarm boxes = = | o
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Fig-lF'34~A problem with the traditional dispdtching policy I




g

REGION A
‘High Alar}}n" Rate

REGION B .

-
v

Low Alarr}'\ Rate

-« .

[

"

. . Fire 1
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. i
AN

o
Company "b"
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LADDERS -

LEGEND: .~ = - o 7 LEGEND:

O " Fire station with all companies available = '  Station is occupled by a relocated unit -
" Company has just been dispatched to a fire ) Station is vacant by virtue of a previous; relocaﬂon
ﬂ One company remains jn a sggtlon which : . » Dispatch,
usually has two companies . = ' ~==-p Relocation
. Statlon is vacant by virtue of a previous dispatch ' B Location of a fire

P

Fig. IF=5 — Status of Bronx ladder companies at. the s_qut’ of the scenario

*

-
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LEGEND :

O Fire station with all companTes avallable N
Company has ]USI been dlspatched to a fire
ﬁ One company remains jn a station whlch
usually has: two compani®s L

. \ Station is vacant by virtue o? a previous dlspatch \

ﬁéGEND:

O Station is occupléd hy a relocated unit® .
. @ Staﬁngdant by virtue of a previous rel ,
" ey Dispatch - o e
-.._.p Rdocaﬂon

' Location ofa fire
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" LEGEND :

) LEGEND : | )
Ry Ke) Fire station with all companles avallable o R0- Statign Is occupled by k:ljcated unit

f

Company has just been dispatched: to a fire . “% @ Station s vacant by Virtug ot a previous relocation
o One company remainsein a station which " *, ——p Dispatch - o .
. ~==<pp_ Relocation R ‘_/sb' .

ususlly has two companies

'@ Station is vacant by virtue of a previous dispatch _ " W Location of a fire C
. . : . " ) N B . . 4 - . , . . ’ 1/,' . ,
Y "'/_ P g - :

" Fig.IF~7 — Status of Bronx ladder companies after Box 2574 is dispatched
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LEGEND : ' .

unit

o LEGEND : ~ o |
O Fire station with all companies available Ro Station Is occupled by a rfl
. n Company has just been dispatched to a fire ' @ Station Is vacant by virtus
" g One company remains in a station which ——p Dispatch_
- usually has two companies ~=m=-fp Relocation
‘@ Station is vacant by virtue of a previous dispatch 8 Location of a fire

of relocation 3 .

L.

"a previous relocation
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4+ LECTURE AP

\ | -ALLocmon OF POLICE PATROL

To provide an approach
patrol cars to aign

L

b

to answering tha qut:bion of how many
0 uudh conmand by hour or tour.

1.> INTRODUGTION

'Y

) aach co

k

many patrol 6f;h to aaoign to
d by hour or tour

(WY

Topic is h

- “Command“ 18 & genaral term for an
co- administratively separate gaographical

adea of the city. Variously called
precinct, divigion, district, tait,

‘or area )

Activity -~ S ;-“?’i

Rgfn:qndis and Nbéns

~

Follown Chnikan;
Patrol Allocation

Methodology for Police'\f

gagartmlntn, Chupter

+ IIX
)

Fox'.qgvaral hypochcti~
" .cal exampleg of policy

. issues ralated to al~

B ‘

. A
.

-- A single patrol beat ox sector is not a
."command." .A command .can be.character-
ized by the fact that if all its patrol

on,. ses Chaiken
_.and D nt, Patrol -
Caxr Kllocation Model:

" cars ‘were busy, a. low—priorihy call for

aervice would be quaued |
D . \’..'\:

AN

PRIORITY STRUCTURE .

Find out vwhat uypes of calla are actually .

handled by dispatchers as high priozity

‘(every effort will be made to “ldcate a ca¥f

to send immediately, even a supervisor or
out~of-command car), medium priority (if.
in -queue, will be dispatched as‘fast as
possible), and low priority (can wait for
diapatch)

It doesn't help to think about-which calls

should fall in each priority level, unless

‘the intention is to change the prachicea
of dispatchere

Upef'b Manual @ ¢
\ .
3

x

Lowhpriority calls
sometimes raferred to
as "nonemergencies"
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- —Activity e Rgfcrn‘xcq* and Nates
> 3. ESIIMATING OALL-FOR-SERVICE WORKLOAD ., . - | . o~ |t

;- e, . ! .

. Need to know how many car-hours will ba - .
required to gserva calls for service in \ o
. each priority class in each Dour of the- . \
«day .("workload") C ), B

L

' ,,' L e This can be done by estimating the number T o
. ofcalls in each class and the service | "Sarvice time" is how {

timas geparately, and multiplying these ~ long the car is out [

together. Or astimate workload directly .of service handling . =

] fxom workload dat‘:a ‘ \ the call - o

® Possible estimation methods _ S ‘

=~ commercially available computer pros ‘ S “)

.- gramg (c.gA.. LEMRAS) : D o '

* . == average over past, few waeks, adjust o
for geasonal ‘t:ren‘d{ , \

~~ graph and ‘@Xtrapolaty- .o o ' ' e
‘® Estimates don't hava to be super~accurate

to be useful: Don't get wound up in try- o
ing to improve;_ acéyracy of predictions . s o :

.®  Collect data from dispatcher's positioni = »
- . ® ‘Gommands found to have umisuslly long

service times may bave a management

£o them
- - g . . . . i . -

¢ N
‘ . . .
. . . L
. . . )
. * o . . .
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~Activity

4o ESTIﬁQTE "EXTRA" UNAVAILABILITIES R

® £ = average fraction,of a car's tour that
fhe car is unavailable for dimpatch for = -
easons other than dispatth to s previcus
‘11 ) N '

| .,‘ . i .
/«—- includes meals, maintenance, patrol-
initiated activities, arrest process-- .
} ing, ete. g, o
[ =~ dnclude time in court if this 1s only
o part of a tour.
o . ‘ ‘

. ! f'may vaxy by command, In a given-coﬁmax@ﬁé//
/ £ may vary with call-for-gervice workload .
[

] Coilect data at' ispatcher's position

% Draw graphs, calcilate averages

o, |

5. SET LIMIT ON QUEUING . .

- '@ Fraction of all calls queued
?
;@ --Average waiting time ‘in queua for

. .4 middle priority

- “low priority

W

e  Overall average waiting time

.If thesa are reason-
-ably small, high-*
priority calls will
be handled fast

«“ | X . (/J

=,

e




Activity ’

NUMBER OF CARS NEEDED TO PREVENT QUEUING FROM
' EKCEEDING LIMIT -

I COnaider a particular command and a partic-
ular hour of the day

' ® N= number of cars to be fielded (we will
try differcnt values of N until we find the

right one) : ‘ |

® (1-f)N = effective number of cars fielded

\

® (1-f)N- must at least equal the estimated
call-for service workload in car-hours

® Start with N = next integer bigger than
(workload)/(l-f)

°

See 1f queuing is below specified limits

with (1-£)N cars . :

- need graphs, tables, formulas, or a
" computer program

(0 If not, increase N by one car and try again

® Keep going. The first N that works tel
how many cars are needed for queuing pur-
poses

EXAMPLE

- v
How many cars are needed to assure that less
than 10% of calls are delayed in a command
having ‘349 car-hours of work per hour and 30%
of each- dar's time spent unavailable for rea-
sons other than calls for service?

« 0

~ Figure AP-1.

“Roforsncoohand Notes

[

px

To do the steady-state
falcul tion, there 'must
actually be an intéagar
between \(workload)” and

- aon

_ There are some details

like averaging over a .
tour, but this i1s the
general idea

]
Angwer 18% 11 units ~




8.

9.

&

o\ o =155~
T . \\ Actiity
CRITERTA OTHMR THAN Qunumc
® See if thé valua of N choéen above is big

enough so that (1-f)N affective cars giva
reasonable Valuea for »

a_

average travel:time .
average patrol frequency
patfol_pex outside ciime

(whatever you cara>about)

I1f not, increase N until theaa other cri-
teria are met . k

v

COMPARE WITH THE SIZE OF. THE PATROL FORCE

Add the “values of N (found above) across
cémmands, or across hours of the day, or
both :
Do you have enough men to field Eﬁat many
~car—hours? - ’
== If no, some constrain&s must be .relaxed,
) or some categories of calls must be
o screened out (no unit will respond),

or the "extra" unavailabilities must be

reduced by administrative change-

1f yes, the extra cars cam be allocated
- to commands or tours so as to minimize
cltywide average queuing delay. Or the
extra cars can be assigned to special -
activities

_Referances and NSXég.

‘Sea Lecture RP for
formulas. .
ber pof units available
is“q-f)N - Cworkload)

55 ALY

This is just an
example. - You might.
‘want to minimize ,
average probability.
~of a Tdelay or average
response time (queu~,
ing f travel)

’ A‘FD
a

Average num= - ¢
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10, COMPUTER PROGRAM
e Computer program is available to perform
: these calculations '

i Daacriptivg mode. Usén~decidea how many .
patrol caxs are to be on duty in each’com-
mand during.each tour. Program displays

- -- Percent of time cars are busy on call-
. for-service work

-- Preventive patrol fraquency
-- Average travel t;me
Percent of calls queued

== Average waiting time in queue, by’
priority level

-~ Average total response time

®  Prescriptive mode

(a) User sets limit on any of the measures
1isted above. Program calculates mini-
mum number of cars needed

(b) User specifies total car-hours that can
be fielded. Program allocates them to
tours or commands or both so as to

\ . . minimize -
\ -- average percentage of ‘calls placed
in queue
-~ or, average waiting time for some
priority level

. =-- or, average response time

El -

LY

. A . » - R

)

_References and Notes

'Ref,% Chaiken and-

Dormont, Patrol Car

Allbcation‘Modél

Y

Program permits three L

prioxity levels
Queuing + travelv/'J[

o,




Actiyi:y~

11, DATA NEEDED FOR PROGRAM . .
LY
' tour can ba an overlay

Al

*  Call rates and service times. by hour
® Response and patrol spe¥ds of cars

J Number, of outside crimes 3
- e fo,

. 1

" Unavailability parameters

12, TYPES OF POLICY ISSUES THAT CAN BE ADDRESSED

®  Number of patrol officers needed to meet
'~ standards of performance

H', Which calls,to "gcreen out" to improve
- performance levels with fixed resources

® Allocation by’ time of day within each com~
mend

® Pogsible benefits of an ovez}ay tour
® VWhere to assign neﬁ recruits
-®  Deployment of a mobile patrol team (moves
to different parts of the city from week
‘to week) .
13, ADVANTAGES
~ ®  Easy to use, once data are collected

A ' Inexpensive fo run on the computer

14. "DRAWBACKS

L

. F
# Calculations are appfoximate .
&  Uger must estimate call rates and eervice
‘times for the future —

o No infbrmation about variations within a

,5;;£:3€3??f; -

command

ﬂoufa of the day at which tdhre’begin. ‘Ohe‘

. Patrol Car Allocation -

Refereﬁees;and'thea“xi

_ Call rates broken

down by priority

" Ta ealcﬁlateunhmber .

of crimes that will .
be intercepted by

'cats on, patrol . ‘»' e

,iThese are used to cal—

culate £ (see item'4)

_For detailed hypo— ’
‘thetical -examples, see

Chaiken and Dormont,

- Model: ;Dberﬁs,Meeual,gﬂ

| See. Lecture BP




f= .30

1-f = .7
Workload = 3.9 _ .
 Workload/(1~f) = 5.57 -
Effective fPércent B
. e number of of calls |-
Next integer |  cars _delayed*
L6 4a2, 86
7 4.9 56 -
8 5.6 36
9 6.3 22
10 7.0 121 |
1 7.7 | 7.3
Stop. i :

* : '
From tables, graphs,
gram.

-

or computer :pro-

-

Fig- AP-1—Example of allocation calculation

Al -
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. . LECTURE B®
" BEAT DESIGN

LY

’

_This is an optional added topic for- Lecture AP

* | TOR POLICE SERVICE ApIENCES ' L

‘Time: Approx. 15 minutes ;
Objective: To describe an approach to designing police patrol beats or .
- : Sectora . \
Activitv ' Refefencesfand‘ﬁofea?'i

2. RULES OF THUMB

1. INTRonuctIon

. patrol sectors:
“single patrol car’

fQ
Topic is how to’ design patrol beats or
the areas covered by a

o
v
A

The nudber of patrol beats in a command-is,f .

determined from the allocation analysis

Therefore, beats may change by time of day

"

Shape of sector doesn't matter much, . as

‘long as it's compact

If travel speeds differ in two directions,
the long dimension of the sector should be
in the direction of the higher speeds

If beats don't overlap, the fraction of dis-
patches that are interdistrict (across beat
baundaries) is at least as high as the frac-

‘tion of time the average unit 1s unavailable

v

Unit's workload 1s not equal to the workfbad

‘generated in its beat

Burden of central'location -

)

- Shaded parts of the command have many
calls for service _

- Number of calls for service is not high .

_1in the center

-~ 'Car in the center is very busy because _
it is the dispatcher‘sgéecond choice for

'all the busy beats

NGeneralfrefB.Qi S
%vaercube Queuggg Model: - -

User's Manual: Chaiken,"‘:%'

Hﬂercub\h Muina Mode‘]_ .} S ST

Ref.:

i Executiv Summarx

\ ® ...,l ’I"i‘""k‘:-

*Allocation Model before

designing beats SN

of New York City Police'b;

: Patrol Cars

W'Because of interdistrict
-dispatches : .

Figure BP-1

‘LarSon, RSy

'Larson;'Measuringb" '

" the Response Patterns



- Activity ) - . 'ReferencssﬁenleotesLu‘;
—— - : . — — SRRt

3. mtpERdUBE ’iaonm.

. 'Permits lculation of performance char- - ’Later'vsrsions.oi

-

acteristics for trial beat designs., You . program are being’ =

have to work out the trial designs; progxam.- ~ designed to recom- 3

doesn't help - '~ & i , o mend “optimal“ beat -

; i - B . | designs’ L,
° Required'data , ' T - ' N BRI

- :Divide city'into small areas (smaller.A
than a beat) .

- Call-for-service ‘data for the small . ‘ Ly R
/ o o o : r
- Some way to estimate travel times ‘ . T '

between small areas -
«» coordinates of centers
.+ ,experimental trips
.. estimates of local officers

; : “a T
. »+» computerized road network ; : v : ks
L Performﬁance 1measures calculated for each "'}f R \ '
beat deBign ’ : - ’

- Regionwide average travel. time -
- Regionwide wo§iload imbalance

—- TFraction of dispat hes that are inter- o - ‘ : .
¢ district : : : o : o '

-~ Workload of" each p trol car

-- Average travel tim to particular loca- :
tions .

Average travel time in each beat ',
-- Average travel time of each patrol car

=~ Fraction of responsks in each beat
handled by the beat's assigned ‘car

! R e Fraction of each car's responses that -
: take.it out of its beat :

4. EXAMPLE OF APPLICATION Cen From Larson,
- "Illustrative Police L

® ' First map and table show original design 1 Sector Redesign in -
: '-of beats (called sectors) o , ' District 4 in Boston" S

Figures BP-2 to BP-5

Q2
s

, Second set'shows final design

v




Activity

ADVANTAGES -
L4 .“Eaay to uae, after dataﬁhave been collected

. Can handle overlapping beats, sergeant‘ :
- cargy fairly complicated‘dispatching poli—,'i g
cies . ‘ : e

o

Inexpene‘Ve to~run76n~efcompute:

" 6, DISADVANTAGES

‘1 '» Assumes one e///dispatched to each incidentc 15

e Not wel}\suited to handle priorifies

/

{AFullToxt Provided by ERIC
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B o1 . “' 4 . (
S ximum workload 1mbalance 3 26% *
" Region-wide average travel time = 3,402 minutea .

Average travel time for queued calls = 5,178 minutes
Fraution of dispatches that are cross-sector = 0,485

..

. B o
: ’

- ‘ , Profi]e bf Patrol Uniﬁ Operations\ "
o LPatrol 1 | 32 of Fract1on of Dispatcnes ‘.% of 4¢:§;g?e
° | Unit NoJf Workload| Mean | Out of Sector | Mean | Time
1 | o fess | ose o T s |aase
2 | o9 [ | o 1187 "; 3.378
3 | o4 | e9.2 0.477 ] s | s 050
4 0.490 | 98.0-| o4 | e | 3.180
5 |+ 0.428 as 7| e | 7o |39
6. | 0507 |100.5 o487 |100.4 - | 340
, , ) Profi]e of Sector Operations ‘
Fraction of | | Fraction of - Average
s | Sector| District's % of | Dispatches that are Travel
< _ Number|  Total Workload| Mean Cross Sector. - Time
| 0.160 .| 96.2 0503 | 3.2
2 | "oz | wse | o.562 320
3 0,166 1 e | 0.480 . . | "3.324" | -
N s | oas 6.9 | 0474 | 3288 B
L ) 5 [ oas2 | a3 0.412 | a.218
xLl 6| o | s | oan— | sza=

P

' Fig. ‘BP-3
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Fig. BP-5

.- :
. N & B q
) . f _ - T B
: ] * o ’L
W " Maximum workload imbatance = 5.48% . ,
@ Regionwide average travel time = 3.426 minutes . ‘ :
s - Average travel ‘time for queued calls = 3,178 minutes: 3
Fraction of dispatches that Ziebgross-sectorXa 0.483
: Profile bf Patrol Unit Operations
o . - P S | -~ 1Average
< Patrol /| - % of | Fraction of-Dispatches| % of |Travel
g Unit NoJ Workload]  Mean | .Out of Sector | Mean |Time
wd | 0499 bood | 0.4 102.5__|3.220 [
2 .| o512 [102.4 0,611 126.6 | 3.918
3 0.497 4 99.4 04479 99.3 | 3.192
¢ | o502 pico.a 0,453 93.7 - |3am !
5 | 0.8 | 97.0 -0.308 g2.3 |4.078
6 0.505 |100.1 0.456 | a5 | 3612
P \
Profile of Sector Operations: |
' Fraction of | Fraction of Average
Sector| Distrigt's - % of | Dispatches that are|  Travel
Number| Total Workload] Mean | Cross-Sector Time
1| o162 - 97.3 © 0.482. . 2.958 .
: ' [
‘ 2 0.132 ©79.0 . 0.49 2.886 -
‘ 3 0.166 99,7 0.481 . 3.234
4 ' 0.178. 106.9 0.486 - 3.204 |
5, 0.183 ' 109.8 0.468 4.524
I - 0.179 107.3 | o.488 - 3.534 .
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