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Th development, documentation, and field presentation of this

course as performed under.a contract with the Office of Policy Develop.
went an *Research of the U.S. Department of Housing and Urban Develop-
ment (H )--,''Contract for the Development, Field Testing, and Documen-

tation cif Management Methods for Emergency Services. for Local Agencies."

Thid,contract and earlier contracts between HUD and The New York City-

Rana Institute involved work with city agencies designed to improve

,the deployment oftheir emergency service units. Prior to beginning
V

such work, .a training course was.otten presented to agency and city

officials,' and tb local analysts.

This manual provdes lecture notes, visual aids, and references

for such a course, to be used by students whose 'instructor is teach-

ing from the companion volume:

R-1784/l-HUD, /Al Training Course in Deployment of Emergency

Services: Inbtructor's Manual.

PREFACE

This student's manual is not, designed for self-directed 'study. The

companion instructor's manual. is more suitable for this purpose.

O
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INTRODUCTION

4 This studerit's manual'provides lecture notes and visual aids for

a course in deployment of emergency services. It ig not self-contained

but is designed for u e in accordance with the directions of'the In-

structor. The instruc or will not present %II the lectures in this

volumepaa there are pairs of lectures (identified by the'same first

initial) that mover the same topics from different perspectives. Space
is provided on each page for any notes or teferenCeS that the student

, .may wish to record.

44,
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LECTURE OF.,

INTRODUCTION-ANDOVERVIEW

FOR FIRE SERVICE AUDIENCES,

Time: Approx. 40 minutes

Objective: To provide an overview of the fire service
discussed in the.course, and to proVide an
systems analysis.

1. INTRODUCTION

1
Activity

0

r

problems that:will.be
'introduction to'

I Explain nature of course, audience, and
obje tived

ist
"

' Descri e schedule for entire course

. DEFINITION OF "DEPLOYMENT ANALYSIS"

Strategic issues

How many c nies on duty
.. may va time-of day or season

How divided among subregions of city

Where stations are located

Nature of vehicles (engines, ladders,
foam units, etc.); manning

Manpower scheduling
d.

Tactical issues

- - (Not fireground, tactics)

Number and types of companies di4atched
to an alarm .4 M.

May vary with time of day, location
of alarm, current' situation,
available information

Which un to dispatch

elocation (move -up)
.. When needed

how many companies7.movb
Which ones .move

References and Notes

qr



References and Notes

3. STEPS IN "SYSTEMS ANALYSIS"
(h-systematic approacWto solving problems)

Identify the 'problem
,

'Select objectives;

Define criteria to be used to. evaluate
alternative policies

Design alternative policies

Select models to be used
* .

Collect required data

Compare alternat4red using criteria

(Return to an earlier step)

Test out and implement final choice

4. PROBLEMS -

This course willdeal'with the strategic
and tactical issues of deployment analysis,.

May be several. S em,f the'most common are:

Improve, fire protection levels with same
resources

.2 OBJECTIVES

Maintain fire protection levels,with less
robOurdes

0

Decrease workload while'mainfaining fire
protection levels (17

13



A4 ivity

-7-

Nmg

6. RELEVANT CRITE4TA (PEREORMA06EASURtS)
(Used to tell if onepolicy'is'bettCr than,
another policy)

Time until dispatch of companies

C 4

Or-3

Refer nee

Turnout time

Travel time

Can be average or maximum or something
else 'Orj

To first-arriving company,
"(first engine, first ladder),

max (all companies needed),
'Or other me4surect,pfstroei times

'10 Setup time 0

The above four constitute, "response time."
Usually musrpay,attention to4tho largest ono.
beployment.anaiysisfacuses on, changes that can
affect travel timq.

Coveiage measures

Workload balance.
A

Insurances grading standards?

Cost

Why not 14%4 lest, liroperty'loat?

Hard to measure

, Needs research to be able to estimate.
changes (relationship not known
precAaelyanough)

We use Suitable surrogate measures

14

r.

/

/

0.

nd Notes %

r
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Activ t

7. ALTERNATIVE POLICIES

-8-

.Refevences and Notes

4

Include base case (for comparison)

Take political and economic factors into
account (including community and labor union
concerns) 4

0

Alternatives may be suggested by fire
department or city personnel, or may come
from mathematical models.

8. MODELS

Purpose.:,. To introdycp terminology, not to
illtstrate any particular models

0

Definition: ''abstraction of 'reality., Used
to gain, insight into and answer questions
about the real' world. .Easier, safer, and,
lass costly to use than manipulating real

world.

Empiriical models.

Fit tosdata
May have no explanation

.. May be mathematically complicated

EXamples
. , Smooth fit to alarm rate by' time

of day k

How long to travel a given distance

Chance, that an alarm at a particu-
lar location is serious.

I

I

4
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Activit

8. MODELS (continued)

Descriptive analytical models

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

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

Examples

.. Knowing number of engines and
ladders on duty, estimate average
responbe distance

.. Knowing where fires are and how
many units dispatched, estimate
number of.responses for each unit
(workload)

If fire station is moved, what
happens to response time

Optimization models (prescriptive)

-9-

RIP

- - Tell howhto achieve the most or the
least of something

-- Examples

.. What is the least number of engine
stations needed so that each loes-

s._

tion is within 3/4 mile of a
station?

.. How should 17 stations be located
- so as to minimize average response

time?

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

16

OF-5

References and Notea

4.
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. MODELS (conti ued)

Simulationmodels

-10--

11111..10

1111011

Imitate Operations step by:atep

Collect all kinds of statistics'

Can be .extremely accurate.-

Doesn't tell you whatto 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

9. TECHNICAL ASSISTS TO DEPLOYMENT

Computer-assisted dispatCh-

Digital communication with fire units

ti

Status

Inspection information

Location ,of fire, hydrants, etc.

Screen or printer

Packaged systems for collecting, summarizing,
or projecting alarm rate information

17I

Refereneas and Notes
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Travel distance

N9TE: The -scale on each axis will vary from city to city .

47
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LECTURE RF

THIIMRULES Bg.

FOR .FIRE SERVICE AUDIENCES

Time:, Approx. 50 minutes

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

5,
ctivit References and. Notes

1. AVERAGE NUMBER OF COMPANIES BUSY

#4

=
kUMBER OF).

PER HOUR
OF ALARMS x COMPANY-HOURS

PER ALARk

to Example

*11 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 bun
average

AVERAGE NUMBER OF COMPANIES AVAILABLE
=TOTAL NUMBER OF COMPANIES
- (AVERAGE NUMBER BUSY). t

2. (AVERAGE TRAVEL DISTANCE)
in a xegion

"
(CONSTANT) x AREA OF REGION

1INO. COMPANIES AVAILABLE'

Intro4uce notion of square root simply,
via 3 = 9 apd,therefore i(i= 3

2 1



Attivity Referandes and .Notes

'AVERAGE TRAVEL DISTA$CE (Continued)

. .

Give simple geographiCal demonstration
showing why the rule.of thumb is true

Base case

-- Double all dimensions: area quadruples,
average travel distance doubles (i.e.,
goes up by square root .of. area)

Repeat region 4 times: same area as
in 4F-2 with quadruple the companies,
average travel distance is only halved
(i.e., goes down as the square root of
the number of companies)

Halve all dimension's in RF-3: same area
as `RF -1 with quadruple the companies,

average travel distance is halved (showq,
how hart} it is to decrease travel times
by adding companies; to halve travel
times must quadruple the number of
companies)

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 eatimated by
replacing "NO. COMPANIES AVAILABLE" with
"AV. NO. COMPANI S AVAILABLE."

Note that this r lationship assumes companies
are spread out i region: Two compani6 in
one house reduce by one the effective number
of companies available (for travel distance
purposes)

This is an example of an analytical model
'that has been verified aga stdata

e,t

s



3. RELATIONSHIP OF TRAVEL TIME TO TRAVEL DI

Travel time is an important criterion for
evaluating deployment policies-; It is
clearly related ito travel distance, but
how

This is an example of an empirical model

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

.

Discuss underlying model oUacceleration
to cruise speed and then deceleration
(no equations)

Emphasize that if,you extend the straight
line togthe axis, it looks as'if turnout
time is included, but that's not what's
happenings

0

Fr

v

Yr



,Activity

-18-

References* and Notes

4. ALARMS DO NOT OCCUR AT ORDERLY, PREDICTABLE'
TIMES, AND SERVICE TIMES DO NOT ALWAYS. EQUAL
THE AVERAGE .

(If they did,, deployment analysis would be easy)

purpose: To introduce probabilistic notions,
and suggest that mathematical models
"understand" that sometimes the P
situation can be much worse than
average

4

If aveage number of alarms is '2 perThour
at a certain time of day' (such as Friday,
4-6 p.m.), then

14% of such hours will haIe no .alarms

27%.of such hours will have 1 alarm

27% of such hours will have 2 alarms

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 gore
likely to occur than 1 alarm

There are influences. other than random
that can make some Friday nights espe-
cially busy or ':quiet

-- Weather (e.g., brush fires)

-- Holiday (e.g., July 4)

(Y.
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Avert:19e travel distance = D
Area = A

Number of units = N (3)
ft



Area = 4A
Average travel distance = 2D

Number of units = N

Fig. RF -2
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Average travel, ditta-nce. = D

Area = 4A

Number- of, units = 4N

Fig. RF -3
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Number of, Units = 4N '021',.
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LECTUR4 OP '4

INTRODUCTION AND OVERVIEW

FOR POLICE SERVICE AUDIENCES

Time: Approx. 40 minutes

ti

9P-1

-Objective To provide. at overview ofthe police patrol, resource allocation
problems that will be discussed,in the Course,'and to provide an
introduction to systems analysis

1. INTRODUCTION

AcEivity

- Eicp lain nature of

objectives

Describe schedule

course, audience,
A ti

.

.4 ' *,
for entire course

2. DEFINITION OF i'ATatoLD.

Uniformed officers in mobile vehicles who
can respond to calls fcy service

References and NOtes,

\-.



OP -2

-24-

Activity References and Notes

3. DEFINITION OF "ALLOCATION"

How many mart on duty

ef,

Varies by day and time of day

Mode of patrol

-- One-man
'cars

2

4 .Twd-mas cars.

Scooters

HOu.Many units in each geographical command

Design of patrol beats for eadh.unit

1.4

Priorities attached to different types of
calls (screening)

When calls e?e queued (stacked, backlogged)

Number of units dispatched

Varies with location and type of calls

Which units dispatched

Type

Closest unit?

Beat car?

Across command boundaries?

Redeployment as unavailabilities occur

Manpower scheduling

- Scheduling of "other" unavailabilities



OP-3

-25-

Activit Referendes and Note

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

Identify the problem

Select objectives

'Define criteria to be used to evaluate
alternative policies

, Design alternative policies

Select models to be used

Collect/required datS

Compare alternatives using criteria

(Return to an earlier step)

Test out and implement final choice'

5. PROBLEMS

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

Et. OBJECTIVES
May be several. Some of the most common are:

Improve police protection leVels with same
resources .

. Maintain police protection levels with less
resources

Improve the balance of workload among patrol
units

31.

.db
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,

Activit References and Notes

7. CRITERIA (PERFORMANCE MEASURES)

Length.of time caller must wait ufitil unit
is dispatched.

Travel time to scene

Dispatches out of assigned area

Balance of workload among units

Time available for other activities

Preventive patrol

Meals

Patrol-initiated investigatioh

Traffic r

Maintenance of vehicle

Interaction with citizens

Cost

Why not crime deterrence, apprehension of
criminal offenders, recovery of stolen
property, community sense of security?

Hard to measure

Relationship to.allocation not known
.precisely enough

We use proxy measures

Administrators can -tell what changes
in performance measures (up or down)
are desirable', even if they don't know
the exact benefit

8. ALTERNATIVkFOLICIES

Include existing policy (for comparison)

Take political and economic factors into
account (including community, and labor
union concerns).

AlternativeS may be sugges ted by police,
department or city personnel,, or may come
fpom mathematical models



Activity

.427

b

References and Notes

. MODELS ..
..

. .

Purpose4 To introduce terminology', not to
illustrate"any particular 'models

''..../
.

. 1.

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 .,..

Empirical models

Fit to data
.. May haveno explanation
.. May be mathematically complicated

Examples

.. Smooth fit to call rate by time of
day

.. How long to travel a given distance,

RelatiOilship between fraction of
time cars are unavailable and
number of calls for service

Descriptive 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

.. Knowing nuMber,of units on duty,.
estimate average travel time to an
incident

Knowing number of unitelon.duty,
estimate fraction of serious emer-
gencies encountering a delay before
dispatch

.. Know n the patrol area of each unit
and location of incidents, estimate
workload and fraction of out-of-
district dispatches for.each unit

33
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Activit Re erences and Notes

9. MODELS (continued)

//

Optimization models (prescriptive)

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

-- Examples
' ...How should sectors be designed to

.midimize average travel time to
incidents?

.. How shbUld.a fixed' total numbei
of man-hours be distributed among
tours so as to minimizethe
chances that a caller will have to
wale before dispatch of a pat,rol
car?.

Simulation models

Imitate patiil operationsstep.by step

Colrect ell kinds' of statistics

Can be extremely accurate

-- ..Don'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; bt.i\haye to start
early to collect data "-

'3 4
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Time: ApprOic. 80 minutes
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LECTURE RP

RULES OF THUMB

FOR POLICE SERVICE AUDIENCES

.

Objective: To prOvide some easy.to.learn, easy to apply formulae and rulds
used An police patrol resource allocation analysis

E ACtivit

4,

References and Not

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

4

NUMBER AVERAGE
OF ALL8. x. UNIT-HOURS
PE HOW PER 'CALL

Give, an example

2 calls per ttpur, average
w.

1 car handlei,each
Average lenekef time to handle call,'

30 minutes 4 e

On the average'1 car is busy
If 2.cars on,clUty, each is busy z the time
If 4 cars on dtitY, each is busy i the time

Number of units 61n,duty must at least equal
average number-bAsY

'1`
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Activit Ref ere es and Notes

2: EMERGENCIES D0 NOT 'OCCUR AT ORDERLY, PREDICTABLE
' TIMES, AND SERVICE TIMES ARE NOT THE SAME FOR

ALL CALLS
(If they did, the analysis would be easy)

Example:

-- Calls occur on the hour and half7hour.
Every call takes exactly 30.minutes

r
1 car can handle -- nobody waits

--but car is always $usy

If 2 carsnobody waits.
--each car is, free half the .time
--always one,car on patrol

-- But when average number of calla. id
2 per hour

14% of hours have no calls

I-27% of hours have 1 call

27% of hours -have 2 calls

18% of hoUrs have 3 calls

9% of hours have 4 calls

4% of hour's have 5 call

1% of hours have 6 or more calls

Considering the usual spread of service
times around' 30 minutes

With 1 car on duty, every caller waits

With 2 cars.on dUty,
1/3 of callers wait
1/3 of time no car is on patrol
Average wait until a car can be dis-

patched is 10 minutes (incl. no-
wait)

17% of callers wait more'than 20 min-,
utes

Conclusion: Number of units on duty must be
considerably more than average number bUly

.r
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Activit References ana Notes

3. A MINIMAL STANDARD FOR ADEQUATE PERFORMANCE IS:
NO MORE THAN. 15% OF IMPORTANT CALLS ARE QUEUED

Many departients don't'a ieve this
(especially during peak ours)

goal set by some departmentS mere
than 5% of important calls are queued

A few departments routinely haVe less than,
1% of important calls queued

Impossible. to guarantee that no calls will
be queued

4. CARS ARE UNAVAILABLE FOR DISPATCH FOR REASONS
OTHER THAN RESPONSE TO PREVIOUS CALLS

What are these activities?

Meals, personal

Patrol-initiated crime or vehicle check

Notifications, warrants

Processnrrestee

.SuperVitsion'- field

Supervision - station

Waiting,

Travel to assigned teat

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 unavailabilities'V'ary 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

37
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5. NUMBER OF UNITS NEEDED TO MEET DESIRED LEVEL F'
QUEUING DOES NOT INCREASE PROPORTIONATELY WITH
NUMBER OF CALLS R,

T)

o. xample:

.A command with 2 callS per bout needs:
7 units. This is not twice the number
needed in a command with 1. -call per hour.
(namely, 5 units)

6. AVERAGE NUMBER OF MINUTES- ,BETWEEN PASSINGS OF
A RANDOM POINT BY UNIT ON PATROL Ftf

6 x
NUMBER OF STREET MILES7IN BEAT

FRACTION OF TIME AVAILABLE

Nobody has proved from data that preventive
patrol deters.crime :

Mention Kansas City PrOattjve-Reactive
Patrol Experiment ""

38
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Activity

075

References a d NOtes.

it
7.. AVE RA GE T RAV EL TI ME Fks 2 min

AREA (in.sq miles)
0: UNITS AVAIL.

Example:

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

Average travel time sks 2 min 1-67T= 2.83 min

Why this is a general.principle

Total response time. = v.

(dispatching delay)
+'(queuing delay)
+ (travel time)*

Reducing response time increases Probability
of apprehending offender at,the.acen*, but
the effect is important only if very short
response times can be achieved

Reducing travel time .can help toxreduce
response. time "into the useful range if
queuing delays are short. It:makes no
sense to reduce travel times when4queuing
delays are long

4
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Activity...

_WHAT CAN YOU. DO WITH PRIORITIES?

If quetie rmr; dispatch free unit
.highest p iority call

- Average delay the same,.

-- Delay fgreefiigigpriority calls is less,

Hold ,one or two units, in reserve for high4,
priority calls

Regular beat car

Speci.al unit

Average delay is Mor..e

Screen:out low-priority calls When busy

"Adaptive-dispatch policy'

Schedule low-priority .calls for handling=
at a more convenient time

'4

WORKLOAD
9. WHAT'S WRONG WITH') HAZARD f FORMULA?

,
. . .d,

Descriptionlbf Hazard Formula

F
i

j ,f actor 44=
th

...

Examples:, \-.. .

. . A

Ntimber of outside violent 'crimes.
R Number of other Part I 'crimes ..

Number of street. miles
Number of arrests ,

.

Number of commercial establishments'
emergencyNumber of emergencY calls :

6
f = amount of factor j -in command i

.1.. 1

F. 2+ f + + f
lj j 3j

"importanCe" of factoei j

_
,.fi

H. = w w :
1 2 E22

Manpower Proliortional to. Hi-
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1RKLOADt
WHAT'S WRONG WITH 1 HAZARD, f FORMULA?' (dontinued)

Description of Workload Formula

w4-18 number of man-hours aseoliated with-
." factor j

H
i

w
1
f + w

2
f
i2

+ + w f
M iM

Manpower prOpOrtional 6 Hi

-- Mathematically they same as Hazard Formula
with different weights

Problem

Apples and oranges

Interrelated'

Prop9rtional.inCrease for emergency calls

No way to determine "correct".weihts
fot HazardliVormula

14orkload,Formula accomplishes onl, one
elective: equalizing workldad

Haia4 Formula does not. do. what it
appears todo

Example: Assume precincts with higknum-
bers of outside crimes have proportion-
ately more unimportant calls. Then.
increasing w for outside crimes decreases
manpower assigned to high -rime precincts

No craft for good performance

May be useful for manpower needs other than
patrol

41
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LECTURE CG

CUARA9TERISTI4S'OF EMERGENCY S VICES

FOR4,GENERiL AUDIENCES

This lecture is intended for audiences $f.analysts interested
in the similarities and differences among emergency sail/ices
and or audiences containing a mixture of fire, police, and
ambulance service representatives.

Time: Approx. 60 minutes

Objective: To describe the general characteristics of emergency services
that are relevant for deployment analyses

Activit

1. INTRODUCTION

'Some models developed for one emergency' 4%
service can be applied directly to,ahother
service, changing only terminology. Others
are uniqueto a particular service because
of distinct characteristics

Considering only police patrol, fire unit
and emergency medical services

2. CALLS FOR SERVICE

Arrival procees

All three services: Poisson by time and
geography: Rate varies by hour about an
order of magnitude. Any method that
predicts demands for one service will
also work for'others-4

Priority structure

Police and ambulance: priorities can
be identified; some calls are not/ti
urgent; some calls can be rejected/when
necessary to prevent system congeation,
but there may be legal constraints on.

'call rejection

RefeienCes and Notes
/-

-7/

Fire: information for distinguishing:
_type of call may be abSent(e.g.., street
box alarm); when pres$ t, information
does not determine riority, but only
the number and typ (s) of units needed

/ 4 3
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Activit Referan'cse and Mites'

a. TYPES OF VNITS

Police: usually all patrol unite are
interchangeable' from Wei point of view of
the functions they can perform when they
reach the scene

A

Fire: at least two types: engines and
,ladders; limited interch eability

Ambulances: may have distinguishable *'

capabilities: transport only,"routine
treatment, or intensive care (medic units,
mobile cardiac care unit's)

4. MANNING

Police: 1 or 2 officers. If both types
are present in same,city, twoa-,17man units
may be needed as an.alternative tone
2-man unit

Fire: 3 to 7 fire-fighters

Ambulance: standard is now 2 attendants;
some agencies do not achieve this

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 be een tours of duty, but this
is becoming 1 ss common with the advent of

`\

IIneighborhood teams." OverlaP of sectors
possible, but not done in most cities.

' Geometrical probability models for two or
more randomly located points relevant

Fire and ambulance: usually fixed loca-
tions. "Patrol" activities such as inspec-
tion infrequent; can ignore in most cities.
May be several units at one location; Types
of physical structure not important for am7
bUlanoes (garage; hospital, police station,
fire station). Fixed location implied
"turnout" time

:4



-39-

Activit References and Notes

6. HOW MANY UNITS ON DUTY

Police and ambulance: flexible by day and

CCr3-

time

Fire: usually not varied over the day; a
_long-term planning issue

7. QUEUING OF CALLS DUE TO UNAVAILABILITY OF UNITS

Police: common in many cities.. Wait may
dominate travel time. Queue usually has
priority structure in practice

Ambulance: common in a few cities. Happens
occasionally in many cities

Fird: Only under crisis. conditions. Not
relevant for deployment analysis

8. HOW MANY UNITS DISPATCHED'

Police: usually one. For 'some calls two
1-man cars are dispatched. In practice,
more 'Units may respond than are dispatched

Fire: usually at least two. In some cities
as many as 5-7. Traditionally preplanned
according: to:

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

(b) nature of Incident
...

Analysis can consider time of day, projected
incidence rates, current unavailability
status of system, probability that incident
is serious, manning on unit

.

.

Ambulance: usually one.,. Some system dis-
perch two or three, having different capa-
bilities

(a First responder has limited capabil-
ities; second had full treatment and
transport capabilities

(b) First has full treatment capabilities
but cannot transport; second can
transport

s.
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9. 'WHICH UNIT(S) DISPATCHED

Police: usually sector car if available.
If not available, several policies are
possible

4

Firer traditionally preplanned. -Almost
always elosese available,'on initial dis-i
patch

oft:

Analy6is shows this may not beoptimal

10. RELOCATION

o

Fire: traditionally pieplanned for
multiple7alarm fires. May be needed for
several simultaneowi smaller fires.
Explain purpose

Police and ambulance: rarely used, but
would have same benefits as in fire case

11. UNAVAILABILITY FOR REASONS OTHER THAN PREVIOUS
DISPATCH

Fire and ambulance: recovery from previous
incident only

Police: substantial part of activity.
May amount to 35%-60% of time. Some of

Unevailabilities could be interrupted
bylhigh-priority incident

46
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CO-5

Beferendes and Notes

12. PERFORMANCE CRITERIA

s.,

(a).Queuing. concepts.

Fire: delays, by dispatchers; probability,
that all or most units assigned to a.sub'
area will be.busY

Police and ambulance: dispatch delays,
expected time in queue, Prob'ability.of
waiting > T in queue, delays by priority
level

(b) Travel time

Fire: is a vector (by order of arrival and
type of unit)

Police and ambulance: relevant for cer
tain calls

(c) Turnout. time

Fire and ambulance

(d) Workload balance

All three
A

(e) Dispatches out ofynsual area

Police

(f) Time available for nondispatch functions

Police

(g) cost of operation

All three

47
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'LECTURE DF'.

DATA ANALYSIS:'

FOR VAE SERVICE AUDIENCES

Time: Approx. 60 minutes

Objective To introduce students to types of alarm pairorns and their use
fulness, and to 'suggest approaches for analyzing data.

Activity

Dr-1.

References and-Notes
#

1. DEFINITION OF DATA ANALYSIS

, Emphasize the view of discovering patterns
'that Allow deployment, to be improved

Indicate.that variation is expected, other-
wise play it down:

Give example of a nonuseful pattern (Thursday
is Tacoma, Wilington's slowest day)

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

2. COMMON PATTERNS - -THEIR RELIABILITY AND USE

Let he audience help identify and classify.
them

Do gelbgraphy, 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,

,structures, and false alarms.will'all be
illustrated

4



3. HAZARD REGIONS
(44.0 called demand regions)'

14.

. Indicate need for dividing city into regions

Characterize a good definition

Start with a description of an ideal
(fictional) regiOn: uniformity' of land

use, alarm patterns, structures, etc
la

-- Less variation within regions than
between regions

End with the notion that the division
into regions is successful if no one
feels they should ask, "But are response
times in the north part of the region
higher or lower thanein the south?"

Maybe convenient to have each hazard
region be a set of company administra-
tive areas or census tracts

Display alarms per capita and alarms per
square mile and indicate their use

ko

Trend prediction (if population trend
can be predicted)

AllocAtn model

4. TIME-OF-DAY PATTERN

To illustrate a common pattern and. statistical
variability around it

Display hourly total alarms over a_period
-of several days. Indicate

.

consistency (evening always higher than
late night)

variation around it

Optional: July 4 vs. average vs. slow day

Offer weather as a partial explanation of
the variation

Ask audience for possible uses -- different
number of men on duty. at different hours,
etcEmphasize possible- -they may not be
desirable uses.

49
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Activity

5. TREND AND SEASON

To illustrate superpoeition.of patterns and
how to untangle effecte-

Dieplay:a tqlort pattern, indicate inadequacy
(total alarms, 34 months, Tacoma)

,!Display a long pattern (false alarms,
60 months, New York City)

Display cietrlrided.seas onal pattern

- - 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 economy of the ratio descrip-
tion

Ask audience for possible uses

00

6. PATTERN "SIZE"

To indicate the possible usefulness of a pat-
tern

Divide previous patterns into 4 seasons and
4 six-houriperiods (divide the year and the
ddy into the lame number of parts, in this
case, 4)

Calculate rai-of peak period to low period
for each of the two

Compare the ratios. A big ratio indicates a
pattern possibly worth trying to take advan-
tage of

Check statistical significance, of large
ratios -

-- if ratio is-large, but the data do not
establish significance, gather more data

,[if a small ratio is-statistically
significant, there may nonetheless be
no policy value to the pattern]

50.
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7. GEOGRAPHICAL PATTERNS-- GE AREAS

IlluS\trate approximate-constancy orfalse
alarm as a fraction of box alarms' through-
out Ne York City, .

Stress the
it relate4
per square'
than total

,DF-3, DF-4

economy of this constancy,,as
to false alarms :pet c4ita or
mile,' which vary even more
alarms illustrated in Figures

S. GEOGRAPHICAL PATTERNS - -SMALL AREAS

Purposes: To indicate that part of the data
should be reserved; and used for
judging the reliability of any pat-
terns'discovered and to show a pat-
tern that was discOl.iered because

deployment models suggeeted that if
it existed, it would be useful

Illustrate box-to-box variability in propor-
tion of 411 alarms that are false

-- Not incons stent with large area pattern
since no rea is exclusively high or low
in regar to.percent false

-- Indicate the pattern is useful only if
it is consistent from year to year____

. .



Activity

%

-47-

8. GEOGRAPHICAL PATTERNS- -SMALL AREAS (continued)

el Illustrate the finding and 'checking of the
pattern of box-to-box.variations in propor7
tiOn of box alarms that are serious

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

-- Indicate how risk classes were defined

-- -Stress the role of reserving some of the.
data

Deploymentmodels shifted attention to
serious fires rather than total-alarm:3-

.- Seriousness needs careful:definition,:
specific to the city. Depends on-the
purpose: Maybe all structural, maybe
only those-that work several companies,
etc, 7

-- The pattern is useful when alarm
rate is high *

. Indicate that season and time of.day affect
,the pattern'

.

Relatively more false alarms in summer
(and evening), structural fires almost
constant

-- 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: risky bojces, late night, winter
vs. norrisky, subiter evening,

,

Optional; Illustrate economy and good
fit of separate, multiplicative seasonal
and.timeof-day faitors

r

52
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References and Notes

-9. Optional: THE POISSON PROCESS'

Purpose: To in
and's
model
the,s

roduce probabilistic notions
ggest that mathematical
"understand" that sometimes
tuation is much worse than

avera e

Suggest its nature and reasonableness. Take

a finite set of "similar" hours and a fixed
total number of alarms, and discuss, distributing.
the alarms at random.. ("Throwing darts at the

}ExampleJersey City, Very small seasonal
r\effect (simiiato Tacoma). 1,11 1973, .

1480 alarms In 2-4 p.m. period, which is
36,?( 2 = 730 hours.. In that period;
1480/730 == 2 alarm per h8Ur

Consequence--if average number of alarms
is 2 per. hour between 2 and 4 p4m. in
Jersey City, then

lii% of such hours will'haVe no 'alarms

i27/ of such hours will have k alarm
t

, .

27i of such hours will have 2 alarms

18%-of such houre.will have 3 alarms

9% of such hours will haVe 4 alarm
. , A

5% of'such hours wig74111 or more

alarms

Discuss what "x% of hours" means
AI

2 alarms
i (the average) is not even more

likely to, occur than 1 alert

10. Optional: FIRE COMPANY WORK TIMES

Discuss company work times by alarm type

Indicate that averages may be sufficient)

53.



Ii. RECAP'..
(

qp through the data. analysis process.

.4-

Divide the data

ActiVity References and, Notes'

Finch patterns on110.434ri

- Verify them on the other

Plot and cross-tabulate
.

Construct hazard_ regions

Patterns should ties

useful

si- mplesimple
1

a
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'

DATA NALYSIS

What is it? . Discovering and characterizing the variations and,

consistencies in incidents!

Finding patterns-,-in time, season, 'location

Variations from the patterns are 'often

usefully treaed as random, and describable

by the Pdisson process',

Why do it? To improve the -Tal.dyiienc of fire-fighting resources .

Fig. DF- 1
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COMMON ALARM. PATTERNS

Pattern Reliable Useful For Now Much

Geographical

Breakdown by

:.Relatively,

A

. Yes

Allocation

Allocation, Iti-

Very
/:

Some
Type tial Dispatch:

Trend Maybe Allocation Some

Season Yes Allocation Slight

Day of Week YeS ? --

Time of Day Yes Initial Dispatch,. Very, if alarm rate
' Allocation Whigh, slight.

otherwise '

Weather ShOrt term

allocation, for

brush fires, etc.

Some

,

Fig. DF-2



HAZARD REGION DATA
(TOTAL ALARMS PER 1000

RESIDENTS IN 1971)

NEW YORk elr/

4

Fig, DF-3

6
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HAZARD REGION DATA
(HUNDREDS OF ALARMS

PER ,SQUARE MILE. IN 1972)

NEW YORK CITY

Fig. DF-4
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HOURLY TOTAL ALARMS IN NYC
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Fig. DF 6
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.NEW YORK Clk.
WEEKLY STRUCTURAL FIRES

(INCLUDES FOOD - 0 N - TH - STOVE - TYPE I NCI DENTS ) DIvISIons l 344 10.12

1414

9

1962 1963 1964

Fig. DF-.7
t
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HOURLY TOTAUALARMS IN NYC

40
August 14 - 20, 1966

Hours with rainfall

30

20

10

40

30

20

0

4 r

July 31 August 6, 1966

1.

1.

I

1. 1

I I I ,
Sunday Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Fig. DF-8
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TA_ COMA, WASHINGTON
TOTAL ALARMS BY MONTH

I
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MEASURING THE SIZE OF A PATTERN

Seasonal Pattern: Tacoma

Period Alarms in 1971

Winter: January, February,
December

Spring: March-May

Summer: dune-August

Fall: September-November

1002_

1181

1248

1009

Timeof Day Pattern: Tacoma

Time Alarms in 1971

0200 =moo 4 A

;High 4o low ratio is

1.25 = 12401002,

0800 - 1400 1195 High to low ratio is

1400 - 200p f409° 2.8 =1409/497

-2000 - 0200 1139

Fig. DF- 13
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'STRUCTURAL FIRE PREDICTIONS FOR TWO ALARM BOXES

Bronx
iebbx

number

Predicted
percent
structural

('67 - '69 data)

Adtual 1970 Data
,

Alarits
Structural

fires .

2277

2209

0.4

31.e

96

94

0
4

25

.0/

Fig. DF-15

69"
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FALSE ALARMS I
(NEW YORK CITY).

.

PERCENT
8

OF YEAR'S

FALSE ALARMS 6

.111.0de

I 1 I 1 1

M A.MJJ AS
MONTH

Fig. DF-16

N

4

J

D MO



STRUCTURAL FIRES
(NEW YORK CITY)

PERCENT

OF YEAR'S

'STRUCTURAL FIRES
6

DP-24

. 8.33% AVERAGE

0 1

M J J

MONTH
44

.Fig. DF-17

71.

e.

S 0 N.

"""

-
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SEASONAL AND TIME OF .DAY EFFECTS IN SEROUS FIRES
AS A PROPORTION OF STRUCTURAL

BOX

PHONE

(NEW YORK CITY)

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

WORKED MORE THAN ONE LADDER

0-8 8-16 16-24

WINTER 33.870. 28.6% 25.070

'SPRING -FALL 32.8 25.5 23:1

SUMMER 32.6 22.0 22.2

WINTER 20.9 15.3 11.7

SPRING-FALL 16.0 11.9 10.3

.SUMMER 16.8 , 11.5 10.0

Fig. DE -18

U
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4

PROPORTION OF BOX :REPORTED ALARMS THAT WERE
SERIOUS FIRES, BY SEASON AND TIME'OF DAY,

(1.964-197o BRONX. DATA

TIME OF D AY
1) WINTER

PROPORT (ON,

SPRING /FALL.

PROPORTION
SUMMER

PROPORTION

OVER WHOLE YEAR

PROPORTION ot

to i

'. 0-8 m . 0.057 , 0.042 0.026 0.038

8 a.m.- 4 p.m. 0.044 0.025 . 0.018 0.027

4 p.m. - midnight 0.Q,25 -- 0.015 0.011 0.016 ..

Over WhQle Day 0.031 0.021 0.016 0.022

()

1.4 1.0

Fig. DF- 19
,

1)1' 26

1.7

1.2

.7
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SEPARATING SEASONAL AND TIME-OF-DAY EFFECTS: SERIOUS,FIRES

Relative Seriousness:

Perwt of box alarms in indicated
period that were serious percent
of all box alarms that were serious

0 - 8.

8 16

16 - 24 1

1.7 = 3.8/2.2

1.2 = 2.7/2.2

.7 = 1.6/2.2

Winter

Spring; Fall

Summer

1.4 = 3.1/2.2

1.0 = 2.1/2.2

.7 = 1.6/2.2, I,

DF-21

Actual Percent Serious

Percent Serious if Season
and. Time-of-Day Effects

were Multiplicative

\\ Winter
Spring,
Fall Summer Winter

Spring,
Fall Summer

0 - 5.7. 4.2 2.6 *
5.4 3.6 2.8

8 - 16 4:4"C. 2.5 1.8 3.8 2.5 2.0

16 - 24 2.5

,

1.5 1.1 2.3
_ 1.5

.

.1.2

*
Example: 5.4% = 2.2% x 1.7[0 - 8] x 1.4[winter

Fig.bF-20
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SUM R,RY

DIVIDE THE AVAILABLE DATA IN TWO PARTS

Use oke for finding patterns
Reser*,the other for verifying, them

PLOT THE DATA

MAKE CROSS-TABULAIIONS

Time of day and season,
Proportion serious and region

EIVIDE CITY INTO HO,MOSENEOUS RGIONS BY

. Land use
'N. Alarm data

/LOOK FOR USEFUL PATTERNS

TRY FOR SIMPLE,ICONOMICAL MODELS

TEST IF THE PATTERNS YOU'VE DISCOVERED ARE CONSISTENT, BY SEEING.
WHETHER THE RESERVED DATA FITS THEM

Fig. DF-21

DF-28
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LEOTURE'AF

". .

4ILOCATXO OP E?E COMPANIBa',

..
Time.: Approx.-60 minutes

.kquipment: Computer terminal with telephone coupler (if allocation.. model
is being demonstrated)

Objective: To intkoduqe:one approach t analyzing fire company location
problems, and to explain th first step in such an analysis.

Activit ''Referendes and Notes.

1. INTRODUCTION
- 1

_-

4,,.. What make 0 it necessary tclirhink:about

changing the number and loCat*On of fire ;;'1 -/.
stations?

-';''. '....' , /

. , ..

/ 7
-- Urban renewal

-- Neighborhood changes

Aging of firehouses

, Changes ip-Iire department budget
Levels

Must f1nd answers to two questions:

(1) 'Mow many fire companies are needed?

(2) Where ShoUld the companies be located?

. In regard to question 1: Why not cost/
benefit approach?

-- Don't know relationship between dollar
loaves and travel times

-- Requires that a monetary value be
placed on human life

-- Fire department is only part of the
municipal budget. This, approach would
have to be applied to sil agencies

ractical approach

(1) Assume a given budget levelthis de-
termines the number of fire companies

(2)* Find the best way to. allocate the
companies to regions of the' city

(3) Find specific sites for eachthoMpany

76 4or
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2. ALLO
4

TIMES.

-72-

1 il!44flea illustrating conflict.,

tiV.O

,2._ppgions of the same size
Tx different alarm rates.

Abcate =Q minimize average tgaval time
alarm40

Highltravel times in low incidence
regt*

Ignq9s fire hazards

...L.JKnot

411.00111.0

Aiiocate. 'tp equalize coverage,

CoMp4nies in high incidence region
will'.' have high workloads

Iligher.travel times to most alarms

4

Conclusion: Neither otthese allocations
is good

ki 7

40.'2

References and Notes'

4

o
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ActiVity

-73-

References,and Noted'

2. ALLOCATION OBJECTIVES (continued)

Solution: Use compromise allocation

- _ The Parametk Allocation.Model
determines allocations for a range of
compromises between "minimum average
travel time" and "equal coverage"

3. USEFULNESS OF PARAMETRIC ALLOCATION MODEL

Provides general picture of number of fire
companies to allocate to different parts
of the city

o' Quick and inexpensive to use

Requires very little data

Various uses

Compare travel times and workload
among regions

Determine reallocations of curfpnt
resources

. .

Determine regions to gain or lose
companies if "level of resources is to
be changed

4. DATA NEEDED FOR EACHIREGION

City must be divided into hazard regions.

Travel times will Abe weighted in each
region. Weight indicates "importance" of
travel time

WEIGHT = ALARM x (HAZARD)
RATt

,*

..



Activity

-74-

References and Notes

5. WHAT IS "EFFECTIVE" ALARM RATE?

Each type of alarm is counted in proportion
to its seriousness

If all alarms are considered of equal
seriousness, 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)

Can weight each type of alarm by the number
of company -hours needed to extinguish it.
Then:

("EFFECTIVE") (ALARM) (COMPANY-)
ALARM RATE RATE HOURS-

1,0
(AVERAGE NUMBER OF)

COMPANIES BUSY

6. WHAT IS THE HAZARD FACTOR?
Ao

Subjective Measure of the relative danger
of a fire (potential for loss of life,or
property if a fire does occur)

Suppose the most hazardous region is given
a hazard rating of 1.0, Then a region W1.41'
hazard rating 0.9 is less hazardous to,the
extent that travel times could be about
10 percent higher in this region, and the
department would be willing tt) say equal.
quality fire protection is beingprodided
in the two regions

r

This is a subjective management i
When using the model, can try seve
different ways of defining' hazards n .see
what the consequences are .

79

I
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Activity References and Notes

.7. CITYWIDE DATA NEEDED

"Constant" and "power" in the relationship
between travel a:ROA-and number of companies:-

(AVERAGE TRAVEL )

A

TIMEin a region

(POWER)ARE
(CONSTANT) ac

AV. NUMBER
COMPANIES AVAIL. I°

8. DECISION VARIABLES

Total number of companies to be allocated
to the city

Tradeoff parameter beta. (S). .---TW =r-accom--
puishes the compromise between "minimum
average travel time" and "equal coverage"

-- ofr a = 1, program shows an allocation
that minimizes the average weighted
travel time

-- For large 0 (50 or more), program
shows an allocation that will make the
weighted response time equal in all
regions

-- [For small 0, workload is equalized]

How does the'department choose its desired
valuve $1

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

-- a =.3 was found t? be "good" in New
York City

-- It often happens that all values of $
indicate that certain hazaTcy regions'
should lose:compa4es as cc pared to
the:presentarrangement, and others
should gain companies. Such'a con-
clusion is "robust," because any
"reasonable" value.of $ leads to a

qualitatively similar conclusion

80



OUTPUT

Activity

-76-

References and Noes

The number of companies to be located in
s each hazard region

The average travel time in each region,
givenIthe nutber of companies allocated

. Citywide averages

10. MATHEMATICAL FORMULATION (Optional)

M = total number of companies to be
allocated in,the city

= number of companies allocated in',
-ft:,

region i

4
A = effective alarm rate in region i

1.11,
i
= hazard rating for region i

T
i
n ) = average travel time in region i',

given ni companies there

A

and a are the travel-time "constant"
rid "Power`

A
i
w:area of region i

b = average number of-companies busy inbi
i

Optimization problem:

Minimize 1 (h T

i

---vtibject to n = N

a the tradeoff parameter

81
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Activit References and Notes

11. LEAD-IN TO DEMONSTRATION

-Jersey City will be chosen as armexample

0
a

4

Disp ay map of city

Didcuss

definition of demand regions,

A 1.

I

.objective waS:to plan in terms of alarm
rates to be expected'in the future'.

12. DEMONSTRATION

of

9

fo

r

A



II

Activit

-78-

12. DEMONSTRATION (continued)

41. Describe "base case" situation

4

Discuss response times
Differences between regions

... Citywide average, noting that it
is weighted by regional alarm
rates

.

.. Average and percentage busy
inaicate relative workloads

"a
Derive.allocations for different values of
he tradeoff parameter. 4

Interpret ffaCtiOnal allocations

(_.
- Point out that paraTeter - .25 produces

). good approximation OT-Aurreutallodhtion
,-)

., Findcreallocation'for.parameter if .25 based
on 1983 alarm rates

-Allocations for different- numbers of total
Companies

joptiondli Comparison of.diferent specific
allocations with the current' situation

O.

8 eJ

PS

a.

tat4

ReferenceS and Notes

.

.
\

410
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Fig. AF-3 Equal coverage for both areasareas
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. Fig . AF -4 Mop of demand regions and fire company locationt

4
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Re Jen
Area

S .Miles

Alarms perper Hour 4 p.m. to Midnight

All ' False
.Nonserious

. Structural
Serious
Structural

1 1.52 . .722 . .403 .040

2 2.82 ().444 .137 .047

3 0.85 .202 rw.088-- .027 .0.03

4 1.98 .630 .296 .094 .013

5 2.59 .330 .127 .039 .007,?
4

Fig . AF- 7 - 1972- 1973 alarm rates

ti
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LECTURE LF
^ 4

LOCATING FIRE STATIONS

/ime: Approx. 70 minutes including demonstration of:program

Objecti : To discuss the general problem of locating fire stations, and
to compare two specific approaches to the problem.

Equipment: Portable terminal with acoustic goupler for demonstration.

Activity

1. INTRODUCTION,

.

Topic is evaluation of current fire station
sites, and planning which ones to close
and/or where tosput! 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 mode to evaluate
specific configuratio

Other.approaches perform analyses in one
stage

et

-91

References'and Notes



..... ......

Activity

2. GENERAL APPROACHES

-88-

Minimize sum of fire department costs and
expected fire loseei '(ncluding,fatalities).
A worthy objective; some studies have been
done areng these lines in Great Britain.
Problem: No 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 greateit
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
be within reasonable distance (or'rime) of
a fire station. Easy to apply, but too
simplistic and based on subjective
judgments

92

.4

S.

LF-2

References and Notes



Activity.

3. MEASURES FOR EVALUATTNG ALTERNATIVES

Use surrogate measures for fire los's. Give
detisionmaker information on how a given
Configuration will'perform using sever 1
measures of fir protection

One configurai on will probably not
dominate anoth configuration on all
measures

Administrators must *subjectively balance
the measures; they add judg-
ments concerning hazards and political
constraints

Primary considerations:

Travel times. Make sure that each
potential fife site is within. a reason-
able time from a-firehouse

Hazards. Went to single out some poten-
tial fires as more important than others
fortachidving rapid response

Average regional travel times. Useful
foe evaluating relative fire protection
in different areas of a city 'd

Fire company workload. May want:to
balance workload Over companies. Most
important wheri workload is high

11,

Referentes and Notes

01,



Activit

4. GENERAL DATA REQUIREMENTS

Geographic divisloon

References and Notes

-- Divide city into small subareasi, as
small as the area covered by a single

.

4P0 .alarm box (realor phantom), perhaps
four or five times this sire

.

---:Assume all demand for firej3ervice in
.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 expedted future)
fire incidence in each subarea

Identify points at which construction of
a firehouse is feasible. Failure ,to do

. this wil/ lead to consideration of options.
that are infeasible. and impractical

Identify those subareas 'having special
haards;

-- Analysis will pay special attention
to these subareas

`Must have, some method for estimating
travel time from any firehouse (existiqg
or proposed) to anTsubarea.

Obtain estimates capital construction
costs; and current costs of dejreciation,

4operation, Arid:maintenance of existing
stations .

4,A

4-

G.)
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Activity Referendes and Notes

5. ESXIMATI TRAVEL TIMES .

Method 1. Developed by Public Technology,
Inc. (PTI)

-- Describe 'street netpprk of city in
computer- readable form. Street inter7.
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
gueses, traffic surveys, experimental.
trips by,fire companies, or- from previ-,
ously collected re*ponse-time data

-- Estimate time to travel over each li
using spetd. And...distance

-7 Subareas are called fire demand zones;
the point representing all Xhe proper-
ties n a fire demand zone is called a
focal point

--- Every potential Or patisting firehouse
and every focal point is referenced to
a node of the street netwrk

--The travel time from a firehou td a
focal point is estimated by finding the
set of connecting arcs that form the
minimum time path

Ar

L

.4i

tl
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'Activity .\-References d Notes
4Y

5. ESTIMATING TRAVEL TIMES '(continued)

Method 2. Developed by NYCRI

Run a "travel-timemexperimeneshoWing
origin and destination for each response
by,fire,companies, odometer distance
traveled, and the time reqUired for the
response.

Data can be collected in the units, br
at the dispatch center if unite radio
in when departing and arrivin

Fit a smooth curve to data showing
actual travel time versus distance

(a) In some c4ies, straight line'with
positive Dntercept prOvides best
fit

(b) In most, a blend betWeen.straight
line and a square-root curve is beSt

Curve tray .vary in different part.s.

of the city and atitifferent.timga
(c)

of day. But experience has shown
that netther of ect is large, and

o that approximately the same curve
can be used for any city at all
times of day

Dttermine x-y coordinates of existing
and potential fire station sites on a
'grid map of tape city. Determine x-y.
coordinates for the subareas in which
incidence will be estimated

Estimate distance fr mistation
subareas in some way, e.g., as WTI"
of x and y distance traveled (right-
angle,distance) qr a modification
of straight-line (Euclidean).'dis-
,tance

Parameters of fit curve are used to
estimate etavel time. between any two
points, using estimated distance /

41,



Activity
.

5. ESTIMATING TRAVEL TIMES (continued)

I.

Relative advantages of Method 1

.If road network has already been devel-
oped traffic' department, fdr exam-

. ple), this is fastest way to proceed

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

Barriers to travel (hills, railroad
tracks, rivers, airports) are automati-
callytaken into account.,

Effedts of changes in structure of road
network can be analyted 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 hdndled
accurately

- - Fire offitials may feel More comfortable
with a method that actually imitates the
path followed by fire companies, whether
or not method is actually accurate

Reldtive advantages of Method2

-- Elaborate data bade and computer.prOgram
not needed; lower cost for analysis

-- If road network has not already been
developed, this method is significantly
faster

-- If travel times have already been
collected (e.g.,, by UFIRS), this 'method
is very. fast

- - Pa rameters 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

-- Methpdvhas been validated against actual
tr el-time data and has been found
accurate enough for site selection

- - In case of irregularly shaped areas,
ad hoc adjustments to method Are easily
accomplished

.t.

The travel estimatet produced by Methods
1 and 2 haire never been direCtly compared

9

Lr-7.

Ref ersnces and -Notes
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Activi

6. GENEAT.ING, POSSIBLE SITE 6NFIGURATIONS TO
EVALUATE

Method 1. Developed bi
4

94-

.References and Notes

.

- Still in developmental` stage; requires
untis assistance

7-"-A maximum tra;11 time is specified for
each'focal point

-- A-set of existtg and potential fire-
house sites is specif10.0

A computer program deteimines whether
any collection of potential Station
locations can meet the" travel -time
requirements, If so, it prints out
a solution that requires the smallest
possible number of sites

Advantages of Method 1

Procedure is very well'defined.Docu-
mentation'provides step-by-step snide ;),
to the task? that must be' carried out
to use the ptogram and provides forms
for collecting and organizing required
data

-- Me od ds potentially very powerful.
maximum travel timepecan 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

98
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,Activity

GENERATING. POSSIBLE SITE tONFI 7p bNS TO
EVALUATE (continued)

tf a?

DifficUlties with Methods 1

-- No accepted.stanciaAs_for travel-time
constraints

Once.firp offiO4ais agree on a set of
requirements, 'the'resulting number of
stations needed may'exceed any reason-
ably foreseeqble budget. Constraints
must then beirelaxed

- - Travel-time requireMents correopOnding'
to existingnuMber,Of stations may be,
hard to determine

O

PTI program may fail to operate, lead7
ing to no solution

4
-7 Recommended station configuration may

involve loving many stationsf while.
another'equtilly acceptable configure-,
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 IM. ModificariOn developed by Uni-
versity of Coloradoi

Same approach as PTI's

Computer program finds a configuration
that meets the requirements and has
the minimal'nuthber.of stations. This.
configuration includes the largest
possible numberof existing station
sites /

99

References and Notea
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References and Notes

6. GENERATING POSSIBLE SITE CONFIGURATIONS TO
EVALUATE (cont nued5

'Method 2. Used by NYCRt

aim{ Use allocation model to determine demand
regions needing more or fewer stations

From a map of the city showing existing
and potential sites, erect several
pOssible,configurations that approxi-
mately,match desired allocations by
region

-- Use siting model (to be described next)
to compare the trial configurations.-
Develop improved trial configurations
by looking at the results for others

Virtues and' difficulties with Method 2

Easy to use;-.fast to implement
0

Process of choosing configurations
requires judgment and "map sense"

May overlook good configurations

.100



Activity
. References and Note's

7. EVALUATING TRIAL CONFIGURATIONS.

NYCRI. has a "Firehouse Site Evaluation Model"
that calculates a set of descriptive measures
for any pair of configurations. Other re-
seaeithers'have similar computer programs,

. differing only in details

(a) Calculations are based on a number of
assumptions

All units are always availableOir,:-
their firehouses to respond;to'in:_;
incoming alarm (reasoable:astumption
for most cities)

The closest units are always 4s--
patched to an alarm

Calculations are performed separately
for each type of fife-fithting equip
ment

Travel'distances are estimated by
right-angle or "modified" Euclidean
didrince

0. \Travel tiMes are estimated from
pirically determined curve

4
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, References and Notes

7. ;EVALUATING TRIAL CONFIGURATIONS (continued)

(b) Performance measures*

For.each demand region, citywide, iden-
tified target hazards, and/or region
affected by change: ,average travel time
and average travej. distance

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 first -due response
area: average travel time, maximum
travel time (to'farthest subarea),'
workload (incidents/Year), and 4 list
of the subareas tale= boxes),that con,-
dtitute the response area,(this'infor-
mation is also available 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 lierse, plus the alarm incidence at
each roup of boxes and average travel
times within each group, both before and
after thS change

-\
102



Activity
,4-

a. DATA REQUIREMENTS FOR FIREHOUSE SITE EVALUATION
MODEL
(Aside from general data requirements described
earlier)

List of subareas containing target hazards

Purpose: to have program specifically
indicate the travel times to these sub-

.

areas
4

Effect of.changes in travel times to
these subareas is important

(x-y) coordinates for every subarea, exist-
ing station,4'and potential station

A list of subareas included in each com-
. pany's current response areas .

Parameters of the curve relating travel
time to travel distance

(

.

References and Notes

(
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References and,Notes

9. DEMONSTRATION OF MODEL

1/

\.

Be sure to make some - change in. station
locations before running prpgram. Other
wise the "old" and "new" columns will.be
the same, and there will be no "affected
region" '

z..

Preferably, the changes should not be
ela orate; the point is not to show
what h biggest possible performance,
change would be in one city. Suitable
tests are:

Trenton engines

M E3-8431
M El-2232
M E8-2432
0,t= (E)

Trenton ladders

M L1-2232'
0 C=(L)

or
M L1-2432
0 C =(L)

t.

1

as 1
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'Activity ;

9- DEMONSTRATION OF MODEL (continued)

Command language

(E can be replaced by L)

M Enn-mmmm

Move engine nn to subarea or box mmmm
'[e.g., M E102104]

D Enn

C

Delete engine nn
[e.g., A E12-3510]

A E-mmmm

Cn

Add an engine at box mmmm

Clear 'stack of commands

Clear last n commands

I References and Notes.

0 C=(E,L) D=1 or nl L=y or N;

W=S or A; Rr(C,D,A,T)

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

C - company type: engines or ladders
or both

D:7Tresponse 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

D - by Demand region

A - for Affected region

T - Target hazards

E

Exit from program

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

-.- Facilities comparisons
C
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411,

0,9
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Frg;tP-4---Graph -of travel time versus response distapce for Trenton, New Jersey
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Time: Approx. 50 minutes
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LECTURE SF

SIMULATION

FOR FIRE SERVICE AUDIENCES

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

/.."

1. DEFINITION

Adtivity References and Notes

Follow each incident step-by-step:.

From occurrence

to report_ ttp,,fire department

to dispatch of companies

to their arrival at scene and work
theDe

to their return to availability

Do this for a large numbevofi-incident6

-- 'actual incidents, or

imaginary'incidentS generated by the
computer to match average statistics
for alarm rates, etc.

Viewpoint of an "all- knowing" dispatcher who
keeps track of the location ofall incidents
and companies at all times, but is not con-
cerned with fire-fighting tactics at the
scene

ComAter collects statistics on response
, times, coverage, workloads
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Activit

2. WHY SIMULATE? '

Accuracy compared to other models (at a
price)

I

Removes approximations present in every
simple model.

- - Accounts for interrelationship among
policies that can be'individuelly
studidd with simple models

Safety as opposed to real-world teat

-- No operational 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

Simulation does not suggest any particular'
policy as desirable,

User-must be technically skilled

1

Ll

V

112

SF-2

References and Notes

5;

4;

ft



ActiVity

-i09-

SP-3,

4. WHEN TO USE A S TION:M61)

'Detailed comparison of complicated deploy
ment policies

Number Of companies on duty

Where located

Number of units dispatched to particu
lar types of alarms

Which unit(s) dispatched

- -When units are relocated (moved up)

- - Which units are moved and where they go

Validation of simpler models, which are

Cheaper to use

Easier to interpret
+IP

Instill confiaence in administrators that
final receinmendations will work as planned,
especially under adverse circumstances

. .

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

Fire departitient administrators

Planning. personnel

Simpler model$

AIM

113

.

References and Notes

V



Activit Reference's and .Notes

6. HOW DOES THE NYCRI SIMULATION MODEL WORK?

Discuss flow chart

7. WHAT INFORMATION IS IN THE SIMULATION OUTPUT

a Response times-
,

Average and-distriertion

By incident type

-- By geography

Company workloads

- - Total

-- ,By company

Coverage

7

:Mr

4

vi

n4



Activity

8. DATA AND RESOURCES NEEDED

Geographical reptesentation of the part of
the city to be simulated

Incident locations

Company locations.

e. 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 detailed
data about alitm rates by type and..
location

Deployment policy

Detailed decision rules for dispatching
and relocation

Access to a SIMSCRIPT 1.5 compiler

Anali6ts who can modify the computer pro-
,

gram and interpret the output

3t.

9. VALIDITY (Optional)
tb

.

Detail and structure have tnhe sufficient
to support insights and conclusions

What matters is the accuracy of comparisons,
not faithfulrie0 to the real world

Example: If all travel timetiate 10 percent:,
high, this should not make,any difference.
(On the other hand,; ii..Woulclbe easy to-.fix)

A

115

SF-5
.

References and Notes

or
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References -and gates

Computer's job; do the bookkeeping
A

User's job

- -

- _

Build in

works

Analyze d
needed (

del; pec fy how the.System

ta: sps.cify the kind of data
get it) \

Select criteria: 1:;;XcifY what is to be
measured \\

Find alternatil;eo: spe he policies
to be tried out in the s 4.on

\

O

lie

4



If too many
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FIRE

.ALARM

w,

DISP

V

FARV

CALIN

RELS

Relocation

HARV

HAL

If too few sent

rs

dispatch to,fire
I` and relocation

Relocatees

Fig. SF- I

\117
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0

LECTURE NF.

RELOCATION OR MOVE -VP

4
FOR FIRE SERVICE AUDIENCES

p
Time: Approx. 40 minutes. (demonstration extra)

Objective:

Equipmenpo.

To indicate difficulties with a system of preplanne4irelodations
and demonstrate a method, for resolving the difficultie*.

Portable terminal with acoustic coupler for Oemonstration.

. Activit Refdrenees and Notet

1. INTRODUCTION: RELOCATION ISSUES

When should fire companiea,relocate.(nove

4 Bpw many shquld relocate?

Which ones?

To where?

2. PREPLANNED RELOCATIONS

rL

up)?

Problems at high alarm rates

-- Several "all hands" fires 4n one'ari of
the city can create.a "hole"-in -overage,
as big as if there ,were, one second -alarm

^Or'thirdalarm fire-

. Co4any designated to xelocate may..-
already be- busy' at a fire,

- - Company designated to relocate may be
available, but .Moving it would create

4

another big hole in coverage
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Activity

O

iReferences and Mites

2

1.

3. .NYCRI APPROACH
61

"Answer the fourquestions posed in the
Introduction, one at a time sL

e. Separate (but same) calculations for
engines and ladders (will use ladders as
an example)

Question 1: When should fire companies
relocate?

Answer: Relocate whenever some location in
city has both its first-due and
second -due ladders unavailable,

a and they will be unavailable for
a period of time

--,Define a ladder responge neighborhood
(RN) as all points in the city having
the same first- and second-due ladders;
independent Of order

If both are unavailable., and will be for
awhile, the is "uncoveV"

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)

1

Question 2: How many should relocate?

Answer: If there are ehw uncovered RNs,
fill the minimum number of houses
needed to remedy the situation

11t

a

4



-117-

Activit ferences and Notes

. NYCRI APPROACH (continued)

Question 3» Which companies should move?

Answer: Choose companies to satisfy four
general principles

(a) Don't relocate a cOmpany that will .

create a new uncovered RN

(b) Don't relocates a company that
"too busy"

First-due areas the same size
More alarms around
Same distande to X

- - If move #1, second -due. unit will
be the first - arriving unit in

the first-due area of #1

-- Similar if move #2

- - More likely tb'havea fire near
#2

-- Therefore, prefer to move #1
.

(c) Don'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-due trawl 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

120

O
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Activit 'References and Notes

3. NYCRI APPROACH (continued)

4
Question 3 (continued)

(dY Dbn't relocate.a company "too far"

First-due areas of #1 and #2
the same size *

Same alarm ,.rate

#2 is farther

-- If relocated, #2 would be-outdOf
its region longer than #1 would
be

Therefore, chance of missing an
alarm in its regipn would be
higher `for #2 than for #1

- Piefer to move #1

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

things ,

Represents the expected average
travel. time for firsttarriving
unit to alarins in the area af-.
fected by the moves (area's whose
first-due travel times will be.
changed) during the duration of
the moves

Objective; Choose units to move
k that minimize this "cost"

'Note: The cost function assumes
that while the companiesAre re-'
locating theyare not protecting
either their own area. or their
idestination area

;Question 4: Where do theeompanies move?

Answer: Assign relocating Companies to the
houses being Tilled so as to mini-
mize.tbe total travel time of the
relocating companies

"Custn'will be higher than minimum, but
only slightly

, Relocations will,"look-bettee
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4. DATA NEEDED

ivit

-119-

(a) For each firehouse

Number and identity of units stationed

v
there

List of R Ns associated with.each of tie
companies.

q Size of each first-due area, in square
miles ,

Alarm rate in each first -due. area

.(b) For each' RN

r

Size pf area in which each of the two
units .is first -due

Alarm rate in each of the two areas

(c) For eacyair of houses,

It Travel time from one to the other

(d) Parameters for relatingtravel time ' and

area, so that travel times in each region
can.be estimated from their areas .

Method requires a realrtime computer to
make calculation base on the actual status
of all, fire companies

Method can be used to generate relocations
to be specified on- running .card6, in which
case it-lenot -operated irk real time. (But
not Itl.situations requiring a relocation
are ha' -led well-by.running cards)

"

122
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Acthit

h. .DEMONSTRATION OF ON-LINE RELOCATION PROGRAM
SCENARIO 1

This demonstration compares manually developed
relpdations with what the program clops,- reveal-
ing that neither Wayjs-Perfect.. 'Geography
corresponds to the borough of -the Bronx,in New
York City ;

1.1207.
.

References and Notes

MICS

M=NOVERIFY
E=MNE,MNL,QNE,QNL

1:R=E63,E62,L39,L32
S=1

(CR)

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

.CPEW,LW

DEP2P:D=EW,LW

3:S=E75,E90,E81,L46

C=EW,LW

a

Q=3
U=DEP2P

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

.(CR)

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

/*

123

4



7. . SCENARIO 2

-121-

Activit References and Notes

I(
41,.. Invent (Logi:cue° of small fires that leads

a.

to a need for relocation

Mr

124

6

*,,

ti



0

-1227.

Available

0 Unavailable

* Location of fire

Fig. MF-1 Problems with the traditional relocation policy

125.



MF-9

-423-

ResFionse 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.

Fig . MF-2 Ladder response neighborhoods in the Bronx

126

6



0 Empty house .

x 'Full house

Fig. MF-3

127:

Filling two is unneccessary



'More alarms here

11

First due area
of /1

/

First - due area
X House to be filled

of /2

1

Fig. MF-4 '

13
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Program after
2r4 alarm

ENGINES

59

0274

272

0 2730,
37

0 360
- 0 316

35
047

0
91

91+2

312
0 . 6263

262
0

0307

LEGEND :

0 Fire station with all companies available
381 Company has just been dispatched to a fire
0 One company remains in a station which..

usually has,two companies
Station is vacant by virtue of a pievious dispatch

LEGEND :

0289

320

0

Staiion is occupied by a relocated unit
Sta on acant by virtue of a previous relocation.
Dispa ch

----II, Relocation
Locatioh of a fire

Fig. MF- 8

132



LEGEND

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

0 'One company remains in a station which
usually has two companies

Station is vacant by virtue of a previous dispatch

LEGEND :
R

0 Station is occupied by a relocated unit
Station is vacant by virtue of a previous relocation
Dispatch

Rehlaon
IN Location of a fire



MFi7

ENGINES

to

it 10.79

81 WI Ilk
0 48 88

188":,2

75 10
0

46
0 42 10

0
85

92 \ ID 820 0

5050.2

320

59
0

272

0273
37

0

0274

36 .

0

47
35

6 0 .

3120
b

0 -6263
91 2-92 0

LEGEND : LEGEND.:

.0 Fire station with all companies available 0 Station is occupied by a relocated unit
X CgmpOy has, just been dispatched to a fire Station is vacant by virtue of a previous relocation
0i ,4 One company remains in a station which ---00 Dispatch,

.it usually has two companies - - --P. Rel0cation
Station is vacant by virtue, of a previous dispatch NI Location of a lire

Fis:MF- 10



Running. card after

2nd alarm

LEGEND :

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

fx One company remains in a station which
)r.f

usually has two companies
Station is vacant by virtue of a previous dispatch

154

0
117

0

LEGEND :

RO. Station is occupied by a relocated unit
Station is vacant by virtue of a previous relocation

--01. Dispatch
Relocation

Location of a fire

Fig . MF- 11



3120 0 0263
91
91.2 262

0

LEGEND.:

0 Fire station with all companies available
324 Company has just been dispatched to a. fire
0 One company remains in a station which

usually has two companies
Station is ifacant by virtue of a previous dispatch

LEGEND :
R

0 Station is occupied by a `rdloc to unit
Siation is vacant by virtue of a previous relocation
Dispatch

Frelocatione
I. Location of a fire

.

,k

Fig MF 12



LADDERS

s .

0

LEGEND :

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

,.0 One company remains in a station which
usually' has two companies

Station lc vacant by Iiirtue.of a previousdispatch

4-

Fig . MF

Ro
r

LEGEND ;.

Station is occupied by a relocated urzit
Station is vacant by virtue of a previoui relocation.
Dispatch

Relocation

Location of a fire



£4

. Mr-2x

LEGEND :

Fire station with all companies available

Company has just been dispatched to a fire
One coMpany remains in a station, which °

A usually has two companies

Station is vacant by virtue of a previous dispatch

4

LEGEND :

14 0 Station is occupied by a relocated unit
® Station is ',aunt by virtue of a pievious relocation

--No Dispatch
-- --fp Relocation

III Location of a fire

MF 14

tas



I

136

N1-22

LEGEND: LEGEND;

0 Fire station with all companies available R
0 Station is occupied 'by a relocated unit

Company has just been dispatched to a fire .
Station is vacant by virtue of a previous relocation

0 One company remains in a station which -111. Dispatch
usually has two companies :...--3, Relocation

Station is vacant by virtue of a previous dispatch, Location of a fire

's

1

Fig . MF 15

18 9
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LECTURE IF

INITIAL DISPATCH

FOR FIRE. SERVICE AUDIENCES

Time: Approx. 40 minutes

Objective: To show the:students (a) that the history of alarms at an alarm
box canprovide.valuable information for determining the number
of units to bedispatched to a box alarm, and (b) that somettmeS.
the closest unit may not be the best to send.

1. INTRODUCTION

Activit References and Notes

!

How many should be sent.

Different cities have different policies

When alarm rate is high, city might.want
to reduce arts normal response to con-
serve resources

-- There is-a way to do this rationally

Which ones should be sent?

m"-- Always bend closest when alarm rater is
411. low

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

3.



ActiVi

2. HOW MANY?

( 3) Objectives

Try to send what is needed

Get all units needed' to the scene as
rapidly as possible.

41). Don''t have units make too many unneces-

*,
sary responses

(b) How alarm is received is important

Telephone - receive information that-
helps' dispatcher decide

Box - little information to go on
- therefore, will restrict discus

sion to how manyto send to boic:
alarms

(c) When is there a decision?

May want to hold back resources (not
send full response) 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 not nagli-

. gible (say 25%)

(d) The tradoff: Use ,soled 1 ladder versus
send 2 ladders as. example

Send 1 and need 2:

-- second ladder delayed

-- increased loss at fire

Send 2 and need

- ,second 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 response

Referencea and Notes

s

47.



Activit

2. HOW. MANY?,(continued)

(e),Approach: Considers up to four factOrs

.(1) The probability that alarm
is serious

the greater the probahility,,Oie more
Units dispatched

there are usually predictable' b44o-
box variations in probability serious,
e.g.; boxes 2277 and 2.249 ..in_ Bronx

this is .the most important factor to
consider

- using this factor.:Can modify xun-
ing cards!--add to manual dispatch-
ing system (e.g., NYC's adaptive
response).

-139-

References and Notea

'(ii) The expected alarm rate in the area sur-
rounding the alarm

.

-- the greater the alarm rate, .the fewer
units dispatched

-- implies that dispatch policy tothe
same location might vary bytittlikpf
day,

,(iii) The number of units available in the
area surrounding the alarm

-- the more units available, the more
I units dispatched

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

(;v)The workload of the companies involved

- - the higher their workload, the fewer
units dispatched

(f) Method: Use a "cost" function to blend all
the factors, theh (for example)

.send 2 if cost is.less than cost to
send

-- send 1 if cost is lowyr than for
send 2 7



IF -4

-140 -.

Activit References and Notes

2. HOW MANY? (continued)

(g) Data needed if use all 4 factors in making
decision

goi each alarm box

41 Ordered. list of closest engine and
ladder companies

Estimate of the prtkability that an
incoming alarm from the boX signals
a'serious fire (estimation procedure
takes into account alarm history of
box and alarm history of neighboring
boxes)

(ii) For each fire-fighting company

Expected.alarm rate in its first -due
area .

to. Nubber 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.



Activit

-141-

XF-3

References and Notes

3. .WHICH?

Sending closest not always best. Not
se ding closest can

4 alarm: workload among companies

p ovide fastei response to alarms

Overl simplified example:

City w th 2 companies and a send 1 dispatch
policy

Region high alarm'rdte

Region B - low alarm rate

- - Fire 1. closest company policy would
,dispatc Company a

Suppose ire. 2 while Oompany a y:
Company b must respond.

-- If send b o Fire 1 (near boundarY),
then a is a ailable to respond to Fire 2.
Net reduction in total response time
(also, better balance in workload)

Note: this polic appropriate only when
overall alarm rate: are high 4

r



4. SCENARIO

-142-
-.

Activity

1F-6

References and Notes

Must s tion of doe circumstances ,under
which a alysis will suggest'different
choices 'or.initial dispatch. The actual
locations of ladder companies and alarm
rats in various parts of the Bronx were
use in constructing this scenario.

At the etart\of the scenario, ladder compa-
ntes 48, 42, end 44 have been dispatched
to serious fires

An incident is reported by box alarm at box
2267. Recommended dispatch is two leaders.
Ladders 17 and 55 are dispatched

Another incident is reported by box alarm
atbox 2224

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

. fire at box 2224, the recommended diepatCh
is ,.one ladder

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

"4-
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 ad-
ders, are as bad as if there were a .third-
alarm fire somewhere between ladder 55and
ladder 19. Relocations should be made -\

An incident is reported by box larm at box
2276, which is tear box 2267. reloca-
tions have not b en made, one ladder ghoul
be dispatched. If relocations have been
made, two ladders should be dispatc ed

.81

145
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Fig. I F 1

AVAILABLE

UNAVAILABLE

LOCATION
OF FIRE

IP,7



Bronx
box

number
,..

,

Predicted
percent
structural
C67-'69 data)

Actual 1970 Data

Ala rms
Structural

fires

. 2277

2209

O. 4

31.8

96

94i;

0

25.

Fig. IF-2 Structural' fire predictions for two alarm boxes
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AVAILABLE

UNAVAILABLE

* LOCATION
OF FIRE

Fig. IF -3 A problem with the-traditional. dispatching policy
7
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REGION A
High Alarm Rate

Company' "a"

Fir(2

REGION $
Low Alarm Raie

Fire 1

.10

Company ,

Fig. 1F.-4
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38
33

27
272
0

30
O

140

26
-026.2

la
117

154

LEGEND :

0 Firs station with all companies available
Company has just been,dispatched to a fire

0. One company remains in a station which
usually has two companies

Station is vacant by value of a previous dispat ch.

.1
ow'

Ros
LEGEND :

Station is occupied by a relocated unit
Station is vacant by virtue of g previous, relocation
Dispatch

Relocation
Location of a fire

Fig. IF-5 Stanis of Bronx ladder companies atethe start of the scenario
I

150'
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LADDERS

-148- "

36

34
O

45

O
25
O

35

130
O.

r.

1-44 -

O

400 lb
30

O

26

026.2

y.

t)r<

117
O

3;

154

LEGEND : . LEGEND :
re ./

Q Fire station with all companies available
RO

Station is occupied by a relocate unit
X Obmpany has just been dispatched to a fire 0 Station is vacant by virtue of a previous relocation

* 0 One company remains in a station which --111. Dispatch
tusually has two companies ----II, Relocation

I/ Station is vacant by virtue 'of a previous dispatch Location of afire

Fig. IF-6 5tatus of Bronx4fadder companies after Box 2267 is dispatChed

15f
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ie

0 Firestation with all companies available R
0 Station is occupied by a relocated unit

)g( Company has just been dispatched to a fire fa Station is vacant by virtue of a previous relocation
0 One company remains in ir.station which 0. Dispatch

...---usually has ,two companie- ---4. Relocation
Station is vacant by virtue of a previous dispatch a Location of a fire

Fig. IF-7 Status of Bronx ladder companies after Box 2574 is dispatched

1 5 2



O Fire station with all companies available
X Company has just been dispptched to a fire
0 One company remains In a station which

usually has two companies
Station is vacant by virtue of a previous dispatch

LEGEND :
R
0 Station is occupied by a relocated unit

Station is vacant by virtue of a previous relocation
--Imo Dispatch

Relocation

Lpcation of a fire

Fig. IF-8 Status of Bronx ladder companies at time of relo



LECTURE. AP

105CATION OF POLICE PATROL

Time: Approx. 40 Minutes'

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

Activity
,

1. INTRODUCTION
t.

Topic is how/many patrol cars to assign to
each'command by hour or tour

"Command" is a general term for an

adminlstratively.separategeographical
area of the city. Variously called f
precinct, division, district, Unit,
or area

A single patiol 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
service would be queued

2. 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

9...out-of-command car), medium priority (if
in queue, will be dispatched as fast as
possible), and low priority (can' wait for
dispatch),

It doesnrt help to think about ich calls',
should fall in each priority evel, unless
the intention is to ch th practices
of dispatchers

154

I.

AP-1

References and Notes



4.

Activity

3. ESTIMATING CALL- FOR - SERVICE WORNILOAD

Need to know how many'ear-hours will be
required to serve calls for service in
each priority class in each hour oUthe'
day ("workload") *.

This can be done 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

Possible estimation methods

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

average over past few weeks, adjust
for. seasonal trends

graph and extrapolate

4-\ Estimates don't ,have to be superraccurate
to be useful. Don't get wound up in try-'

ing to improve accuracy of predictions

Collect data from dispatcher's positiont

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

155

'References and Notes

AP-2



Activity

4. ESTIMATE "EXTRA" UNAVAILABILITIES

f average fraction of a car's tour that
the car is unavailable for"dispatCh for
reasons other than dispatch to a preVious'
call

11111 includes meaU; maintenance, patrol--
initiated activities, arrest process-
ing, etc... -

-- include time in court if thii is only
part of a tour

f may vary by command. In a given command,
f may vary with call-for-service workload

Collect data at dispatcher's position

Draw graphs, calculate. averages

. SET LIMIT ON QUEUING

Fraction of all calls queued

Average waiting time in queue for

-- middle priority

-- low priority

Overall average waiting time

References.and.Notes

Ne.

AP-3



Activit

-154-

AP-4

References and Notes

6. NUMBER OF CARS NEEDED TO PREVENT QUEUING FROM
EXCEEDING LIMIT

Consider a particular, command and a partie-
tlar'hour of the.day

N = number of cars to be fielded. we will
try different valuesf N until.we find the
right one) .

(1-f)N = effective number of ca fielded

(1-ON must at least equal th\estimated
call-for-service workload in c r-hours

Start with N = next integer biggerthan
(workload)/(1-1)

See if queuing is below specified limits
.with'(1-ON cars

-- need graphs, tables, formulas, or a
computer program

4O.If not, increase N by ne car and try again

Keep going. The first trthat 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 are delayed in a command
having 3.9 car-hours of work per hour and 30%
of each car's time spepit unavailable for rea-
sons Other than calls for service?

157
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Activit

-155-

8. /CRITERIA OTHER THAN QUEUING

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

1"4

patrol per outside cr me

(whatever you care a out)

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

9. COMPARE WITH THE SIZE OF THE PATROL FORCE

Add the values of N (found-above) across
commands, 'or across hours'of the°day, or
both

Do you have enough men to field that many
car-hour'?

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 lie
reduced by administrative change

If yes, the extra cars can be allocated
to commands of tours so as to minimize
citywide average queuing delay. Or the
extra cars can be assigned to special
activities

158

References and Notes



Activity

10. COMPUTER PROGRAM

7156-

References end Notes

Computer'program is available to perform
these calculations

Descriptive mode. User decides how many
patrol cars 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

Prevehtive patrol frequency

Average travel time

Percent of ?ails queued

-- Average waiting'time in queue, by
priority level

- 110verage,total response time

Prescriptive mode

(a) User sets limit On any of the measures
listed 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

159



Activity

-157-

AP-7

.References and Notes

11. DATA NEEDED FOR PROGRAM

Hours of the day at which tours begin. One
tour can be an overlay

Ckl rates and service times by hour

Response and patrol Speeds of cars

Number .of outside crimes

'Unavailability parameters

12. TYPES OF POLICY ISSUES THAT CAN BE ADDRESSED

. Number of patrol officeifneeded 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 recruits

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

13. ADVANTAGES

Eaby to use, once data are collected

Inexpensive to run on the computer

14. DRAWBACKS

Calculations are approximate

User must estimate call rates and service
times for the future

No information about variations within a
command

160



k.

f .30

ai .7

Workload a. 3.9

Workload/ (1-f) in 5.57

Next integer

Effective
number of

cars

Percent
of; calls

delayed*

6. 4.2 '86

. 4.9 56

8 5.6 36

9 .6.3 , 22

10 7.0 12.1

11 ,.7.7 7.3

Stop.

*From tables, graphs, or computer pro-
gram.

Fig. AP - 1 Example of al location catculation
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LECTURE BP

BEAT DESIGN

FOR POLICE SERVICE AUDIENCES

This is an optional, added topid for Lecture AP

Time: Approx. 15 minutes

Objective: To' describe an approach to designing police patrol beats or
sectors

4

Aetivit 'References and Notes

1. INTRODUCTION

Topic 1.Show to design patrol beats or
patrol sectors: the areas covered by a
.single patrol car.; t

The number of patrol beats in a command is
determined from the allocation analysis

Therefore, beats"may change by time of day

- 4

.2. RULES OF THUMB

Shape of sector doesn't matter much, as
long as it's compact. 1.

't

If travel speeds differ"ilitwo directions,
the long dimension.of the sector should be
in the direction of the higher speeds

If beats don't overlap, the fraction .Ofdls-
. 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,-

Burden of central location

-- Shaded),paris.of the command have .many
callefOr service

z- NuMber of .calls fOr servite,is not high
. in the.denter

-Car in the center is very busy because
it is the dispatcher's second choice for
all the busy beats



Activity

3. HYPERCUBE MODEL

BP-2'

-160-

t Permits calaulaiion of performatide char-
acteristics for trial beat designs. You
have tb work out the trial designs; program
doesn't help

Requir0 data

Divide city into small areas (smaller
than a beat)

Call-forserVice data for the small
areas

Some way to estimate travel times
between small areas.

.. coordinates of centers
experiMental tripe!
estimates of local officers
computerized road network

Performance measures calculated for each
beat design-

Regionwide average travel time

Regionwide workload imbalance

FrattiOn of dispatches that are inter-
district

Workload of each patrol car

Average travel time to_,:particular loca-
tions

r- Average travel time in each beat

Average travel time of each 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

4,

First map and table eibbw original design
of beats (called' Sectors),

Second set shows flnal design

O

References and Note

e

-



-161 -.

Activity

5. ADVANTAGES

_ .

Easy to use, after data have been collected

Can handle overlapping beati, sergeant's
cars, fairly, complicated dispatching poli-
cies

Inexpensive to run on a computer'

6. DISADVANTAGES

Assumes one car dispatched to each incident.

Not well.suited to handle prioiifies

164

References and Notes
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Maximum vrkload 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 Patrol Unit Operations

Patrol

-Unit No. Workload
% of
Mean

Fraction of Dispatches
Out of.Sector

% of
Mean

,

Average
Travel

Time

1 0.519 103.8 0.539 111.3 3.432

2 0.559 111.7 0.576 118.7, 3.378

3 0.496 99.2 0.477 98.5 3.090

4 0.490
,

98.0 0.426 87.9 3.180
.

5* 0.428" 85.7
,

0.373 77.0 3.978

6 0.507 101.5 0.487 100.4 3.414

r""

Profile of Sector Operations .

Sector
Number

Fraction of
District's
Total Workload

% of
Mean

Fraction of
Dispatches that are
Cross-Sector

Average
Travel

Time

1 0.160
.

96.-2 0.503 3.312

i4 0.112 103.6 0.542 ' 3.120

3. 0.166 99.7- 0.4gOr 3.324 -°

4 0.178 106.9 0.474 3.258

5 0.152 91.3 0.412 4.218
,

6 \

. .

0.170 102.4 0.491 3.258 .

Fig. BP-3
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Maximum workload imbalance . 5.48%

Region wide average travel time 3.426 minutes

Average travel time for queued calls al 5.178 minutes

Fraction of dispatches' th are cross-sector 0.483

Profile, of Patrol Unit OperatiOns

Patrol

Unit No.
4

Workload
% of
Mean

Fraction *f Dispatches
Out of Sector

% of
Mean

Average
Travel
Time

1 0.499 99.7

i

0.495 i) 1023 11 3.222

2 0.512 102.4 0.611 126.6 3.318

3 0,497 99.4 0.479 99.3 3.192

0.502 100.4 01053 93.7 3.174

5 0.485 97.0 0.398 82.3 .4.074

6 0.505 100,1 0.456, 94.5 3.612

Profile of Sector Operations

Sector
Number

Fraction of
District's
Total Workload

% of
Mean

Fract4on of

Dispatches that are
Cross-Sector

Average
Travel
Time

1 0.162 97.3 0.482 2:958

2 0.132 79.0 0.496 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

6 0.179 107.3 0.488 3.534

Fig. BP-5

.1.60
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VI
PREFACE

#

The development, documehtation, and field presentation of this

course was Performed under a contract with the Office of Policy,Develop-.

ment and Research of tko.U.S. DdpArtment of Housing and Urbah Develop,-

ment (HUD)-;11Contrap'for the DevelopmTlt, Field"Testing, and DocUmenta-

tion off Management Methods for Emergency,ervices for Local: Agencies."'

Thii contract andrearlier conetacts between HUD and The New York City-

Randellistitute involved work with city agencies designed to improve the

dePloyment of their emergency-service units. Prior to beginning such

woik,\a)raining course was often prei'ented to agency and city officialsf
and to local analysts.

Th4s course outline provides lesson plans and visual aids for these.

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

the,.subject. -Referencei to the appropriate soue+sedateciala are also /
provided. Potential)audiences for the course include fire.service'ad-

.r
miniatra and planning Officers, police pAtrol administrators "and

planning offi rs, ambulance, agency personnel, city officials, opera-

tions research analysts, and mixtures of these groups.

This instructoee'manual may also be useful to individuals who

wish' to undertake a self-directed study of deployment analysis for

emergency services.- The litetature ih this.field is quite-ektensiVe
. _

and includes4nethodological reports, deectiptibns ofcomputer-programs,

andtgase studies of appricatioris of deployment analysis in particular

cities." Therefore, it may be difficult for the student,to,detetmine
. . .

.which papers are fated to the subject he wishes to dearn and which

ones shouj.d be read ahead of others. By, folloWIng this.tourss outline,

it 1s possiblYto determine :a
.

suit.01e seciante in Altioh to study the

various documents and to gain a SOARFhl.nottod-of the contents of each

Instructors teaching from this manual may wishtoAIpply copse

of them in advance.' . .
5.

. J . .,v ' .0

, of, the 1 cture notes' to their students, in whiph cake ttey'ShOuld'
, i

.. ,.. ,

Qs A/ '
--rorder.the following companiontre'pbrt from the Puhlicatidhe Department

.
,,

1

'Ol`The Rand Corporation: .

. A .
,

.

.v
0..., ,. . ,..

A
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R- 1784/2 -HUD, k Training Course. in Deployment of -Emergency,

Serbica : Stu a -Pidnual.

The'student's manual is not suitable for self7direc

only be crdered in multiple copies for members of
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INTRODUCTION

This report has been prepared to atsist instruct9rs 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 officerssambulance

agency-personnel, city officials, operati ns research analYsts; and

mixtures of the groups. Included are lesson plans, references, and
examples of visual aids that can be used.

The authors have tested these outlines by presenting lectures based

on them at least once, and several of the lectures have been presented
. .

on many occasions ip approxiiately the Same form by several members of
The New York City-Rand Institute staff.

To prepare a course from the lecture notes, it is necessary to

select the lectures that will be presented and the order of presentation.
Under no circumstanced 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 different perspectives: The second ini-
tial of the lecture identifier indicates whether it is intended for a
.firerservice audience (F>, a police service audience (P), or a general
audience (G).

A suitable sequence for a course to be given to a fire service
N.

. audience in three days (or, preferably, somewhat'over five half- days)
v. is 'as follows:-
, d

Iadture OF:

Lecture RF:

Lecture DF:

lecture AF:

Lecture LF:

Lecturb

-Lecture MF:

Introduction and Ovetview

Rules of Thumb

Data Analysis

-Allocation of Fire Companies

Locating Fite"Statiians

.Simulation
-

Relocation or Move-up

Lecture IF: Initial Dispatch

[Not indluded]: 'Case studyof application in soma city
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,

For an audience representing several typea,U,Vemergency service

agencies, a suitable sequence at the start of the.course 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 assumption that they

will be preceded by certain other lectures. The overview and rules

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 (LF)

or beat debign (BP). Lectures on data analysis and simulation for

police audiences have not been included in this report, but lectures

DF and SF may be useful to the instructor in preparing materials on

these topics.

Each of the lectures has been prepared using the same format.

The content of the lecture is'precededby 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,is needed for the lecture.

The outline of each lecture is presented on a page that is divided into

two parts. The"Activity" part describes the items to be discussed.

The "References and Notes" coldmn refers the lecturer to sources of

more information on the subjebt (the full references are given in the

Bibliography at the end of this report), identifies :visual.aids that

might.beeuded at that point, or provides suggestions designed to help

the lecturer in his presentation.

We have found that including a lecture desoribidg an actual deploy-
.,

ment study that was conducted in some city (preferably delivered by

someone from that city) can be very helpful. In fact, the one consis-

tent comment from those WhO'have taken the course was the importance

of case_dtudies. If it is not possible to obtain a guest lecturer,

one of the.ease studies. indicated by an asterisk ( *).in thp Bibliography

will serve as A starting point for preparing such a lecture. However,

-someone in the study city should be contacted for the latest develop-

ments. Appropriate addresses are given in many of the case studies.

ti

1: 8 '7
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The case study should be selected before the course beginS, and
some indicajOn of the types of deployment changes ,chat resulted from
the study should be presented at an early point, possibly gven before
Lecture OF or- Lecture OP.

Another frequent comment from those who have takeri this course con-.

cerned the desirability of students having personal copies of the lec-
,

:ture notes. Such notes can be Rept 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 coded

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 4 that all text in the "References and Notes"
section of each lecture has been removed. This leaves space for the

student to record whatever he feels is appropriate and permits the in-

structor to select or modify the visual aids and references, since they

are not specifically cited in the studeat's manual.

188
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LECTURE OF

INTRODUCTION AND:OVERVIEW
%

FOR FIRE $Eft ICE AUDIENCES

Time: Apprbx. 40 minutes
cir

Objective: To provide an overview of the re Service
discussed in the course, and toprovide.an
systems analysis.

Activity

problems that will b6
introduction to

INTRODUCTION

Explain nature of course, audience, and
objectives

.Describe schedule for entire course <

2. DEFINITION OF "DEPLOYMENT ANALYSIS"

, Strategic issues

How many companies on duty
may vary by time of day or season

How divided among Subregions of city

Where stations are located .

Nature of vehicles (engines, ladders,
foam units, etc.); manning

Manpower scheduling

Tactical issues

(Not fireground tactics)

Number and types of companies dispatched.
to an alarm

.. may vary with time. of day,' location
of alarm, current situation,

favailable information

Which units to dispatch
. .

Relocation (move-up)
.. when needed
.. how many companies
.. which ones move

mpve

189.

OF-3.

References and Notes

Follows Chaiken and '
Larson, Methods for'
Allocating Urban
Emergency Units and
Chaiken, Ignall, and
Walker Deployment
Methodology for Fire
Departments_

;4'
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Activity References and Notes

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

Identify the problem

Selet objectives

Define criteria tobe used to evaluate
alternative policies

Design alternative policies

Select models to be used

Collect required data

Campare alternatiVes using criteria

(Return to an step)

Test out and implement final choice

4. PROBLEMS

This course will deal with the strategic
and tactical issues of dep/syment analysis

5. OBJECTIVES
May be several. Some of the most common are:

Ithprove fireoptptection levels with same
resources

Maintain fire protection levels with lest
resources

-Decrease workload while maintaining fire
protection levels

190

See Quade, Analysis
for Public Decisions

. r

fi



Activit 4
6. RELEVANT CRITERIA (II RFORMANCE MEASURES)

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

-7-

References and Notes

.

Time until dispatch of companies

Turnout time

ID' Travel time

Can be average or maximum or something,
else

To first-arriving company,
max (first enginet first ladder),,
max (all companies needed),
or other measures 9f travel time

Setup time

The above four constitute "response time."
Usually must pay attention to the largest one...
Deployment analysis focuses on changes that can
affect travel time.

II

Co4Lge measures

Workload balance

Insurance grading standards?

Cost

Why not lives lost, property lost?

, Hard to measure
%

Weeds research to be able
changes (relationship not

.s.precisely enough)-

We use suitable surroga0 measures

to estimate
known

191

Figure OF-1

Explain each time
interval

Generally.set
introduction to
Carter and Ignall,
A Simulation. Model of
Fire Departmerii Oper-
ations: Design and
Preliminary Results

This issue will be a
source of confusion
and doubt later, unless
handled in sufficient
detail a this point



Activit

7, ALTERNATIVE POLICIES

Include base case (for comparison)

Take political and economic factors into
accou (including community and labor union
conce )

a

Alternatives may be suggested by fire
department or city personnel, or may come
from mathematical models

8. MODELS
/.

Purpose: To introduce terminology, not to
illustrate any particular models

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.

, Empirical models

Fit to data
. May have no explanation
.. May be mathematically complicated

Examples.
S fit to alarm rate by time.
of ay

,How long to travel a given distance

o.

Chance that an alarm at a particu-
lar location is serious

References and No es

To be discussed next

DraW histogram and
curve

Draw r presentative
6,curve, ut don't

6i15
di cu s its shapeollow.
Filgure OF-2



Activity

.8. MODELS (continued)

Descriptive 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
.. Knowing number of engines and

ladders =duty, estimate average
retiponselistarite

.. Knowing whereAires are and how
many units dispatched, estimate .

,number of responses for each unit
(wIkload)

.. If are station is moved, what
happens to response time

models (prescriptive) '

Tell how to'achieve the most or the
least of something

/--
Examples'

.. What is the least number 6f engine
stations needed 66 that each loca-
.ition is within 3/4 mile of a
station?

How should 17 stations be located
so as to minimize average response
time?

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

11

193

References and Notes

Figure OF-73

S.
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*

Referenctissand,Notea

.' MODELS (continued)

Simulation models

-- Imitate operations ttep 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 haveto start
early to collect data

9. ,--TERNICAL ASSISTS TO DEPLOYMENT These are examples of
items not discussed

Computer-assisted dispatO further in this course

Digital communication with fire uni

- - Status

Inspection'informatiOn

-- Location of fire, hydrants, etc.,

Screen or printer

_Packaged systems for collecting, summarizing,
or projecting alarm rate information

194
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4

Travel distance

NOTE: The scale on each axis will vary from city to city .

Hg. OF -2d

r.

196



Policy
alternative

Model

II

Values of
N performance

measures

Fig. OF -3 The role of a descriptive model in deployment analysis

r
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LECTURE RF

RULES OF THUMB.

FOR FIRE SERVICELAW/MES

Time: Approx. 50 minutes

'Objective: To provide'some easy to learn, easy to apply formulas and rules
used in deployment analysis.

Activity References and Notes

1. AVERAGE NUMBER OF COMPANIES BUSY

NUMBER OF
.OF ALARMS x COMPANYLHOURS
PER HOUR PER ALARM

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 di COMPANIES AVAILABLE
= TOTAL NUMBER OF COMPANIES
-- (AVERAGE NUMBER BUSY)

2. (AVERAGE TRAVEL DISTANCE)
a region

(CONST AN T) xi/ AREA OF REGION
NO. COMPANIES AVAILABLE

Intro4uce notion of square root simply,
via 3 = 9 and therefore fi = 3

.198

This lecture continues
.to follpw Chaiken, Ignall,
and Walker, Deployment
,Methodology_for Fire.
Departments

Ref.: Kolesar and
Blum, Square Root
Laws for Fire Company
Travel Distances



Activit

RP -2

ferencos and Notes

2. AVtRAGE .TRAVEL DISTANCE (Cntinu

Give simple geographical dem nstraiion
showirig why the rule of thumb is true

Base case

-- Double all dimensions: area quadruples,
average travel distance doubles (i.e.,
goes up by square root of area)

-- Repeat region 4 times: same area as
in IF -2 with quadruple the companies,
average travel distance is only halved
(i.e., goes down as the square root of
the number of companies)

-- Halve all dimensions in RF-3: same area
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)

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."

Note hat this relationship assumes companies
are pread out in region. Two companies in
one house reduce by one the effective number
"of companies available (for travel distance
p poses)

his is an example of an analytical model
that has been verified against data

199

The following should
be prepared as slides
that oan be overlaid

Figure RF-1

Figure RF-2

Figure RF73,

Argument-is not exact;
don't get into, details
at this point

Figure RF -4

. Now averaging over
time as well as
geograp-hy

Although E(417) x /1ETWT
the error is small.
See Kolesar and
Square Root Laws for
Fire Company Travel
Distances, p.



Activity
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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 isk,an example of ant..empirical 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 y-

Emphasizer/that if you extend the straight
line to the'axis, it looks as if turnout
time is included, b*.Ut that's not what's
,hiapperting

.

A

230 it

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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References an otes

4. ALARM. DO NOT OCCUR AT ORDERLY, PREDICTABLE
'TIMES, AND SERVICE TIMES,DO NOT ALWAYS EQUAL
THE AVERAGE
(If they did, deployment anal)sieould be easy)

Purpose: To introduce probabilistic notions,
and suggest that mathematical model6
"understand" that sometimes the
4ituation 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.M.)-, -then

14% of such hours will have.no alarms

27% of such hours will have 1 alarm

27% of such hours will have'2 alarms

18% of such hours will have 3 alarms

9% of such hours will have 4 alarms

5% ofieudh hours will have 5,or more
alarms

Discuss what "x%'of hours" means

2 alarms (the average) is not even more
likely tp occur than 1 alarm

There are influences other than random
tha an make some Friday nights thspe-
cia ly busy or quiet

Weather '(e.g., brush fires)

-- Holiday (e.g., July 4).

201

Use an example that,
will "seem right" to
your-Audience

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

-tion

Mention "Poisson pro-
cess" only in response
to questions,.like
"HoW do yoti.know?"

Ddn't d
- detail
discuss
L

ss in
This is
d further in
DF

c
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Average travel distance = D
Area = A

Number of units =.N (3)

Fig. RF-1
*1

202
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Area = 4A
Average travel distance = 2D

Number of units =

Fig. RF -2



4.

Average travel distance = D
Area = 4A

Number of. units = 4N

Fig. RF -3
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A

Average tivel distance = 1/2 D

Area = A ;Is , ..

Ntimber of units = 411°.(12r

Fig. RF - 4



. , OP l

-23-

416ECTURE 0I .

INTRODUCTION AND OVERVIEW

FOR POLICE SERVICE AUDIENCES

T9. Approx. 40 minutes

Obj' tive: To provide an overview of the police patrol*resource allocation
.problems that will be discussed,in the course,_ and to provide an
introduction to systems analysis

Activit References and Notes

1. INTRODUCTION . Follows Chaiken,'
Patrol Allocation

Explain nature of course, audience; Methodology for Police
objectives , Departments -

Describe achedUle for'entire course

2. DEFINITION OFA0440L"

so Uniformed officers in-mobild vehicles who
can respondo calls for service

1

4

.2O

ro

I



Activity

3. DEFINITION OF "ALLOCATION"

-24-

QP-2

References and Notes

How many men on' duty

- -* Varies by day and time of-day

Mode of patrol

One-man cars

Two-man cars

Scooters

4

How many units, in each geographical command

Design of patrol beats for each unit

Priorities attached to dtferent types of
calls (screening)

When calls are queued (stacked, backlogged)

Number ofUnits dispatched

-- Varies with location and type of calls

Which units dispatched

-7 Type

--.1,Closest unit?

- - Beat car?

Across command boundaries?

. Redeployment as unavailabilities occur

Manpower scheduling.

}If" Scheduling of "othe?:unavailabilities
4.



Activit
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OP-3
14.

References and Rotes

4. STEPS IN "SYSTEMS.ANALYSIS"

(A systematic approach to solOing problems

Identify the problem

Select 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

5. PROBLEMS

'See Quade, Analysis,
for Public'Decisions

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

6. OBJECTIVES
May be several. Some of the most common are:

Improve pole protection levels with same
resources

Maintain police protection levels with less
resources

Improve the balance of workload among patrol
units

tl

208
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Activity

7. CRITERIA ( ERFORMANCE MEASURES)

-26-

Length cif time caller must wait until unit
is d spatched-

ravel.ti e to scene

Dispatche out of assigned area

Balance of orkload among units

Time availab e for other activities

-- Preventiv patrol

-- Meals
ti

Patrgi-init ated investigation

-- Traffic

- - Maintenance o vehicle

Interaction wi h citizens

Cost

Why not crime deterrence, apprehension of
criminal offenders, recovery of stolen
property, community sense of security?

Hard to measure

Relationship to allocation not known
precisely enough

We use proxy measures

---fAsignistrators can tell what-changes /

'1.n performance measures (up or down)
re desirable, even if they don't know
he exact benefit

8. ALTERNA VE POLICIES
1

Incl e existing policy (for totiParison)-

Take political and economicfacters into
actount'(including community and labor;
union concerns)

.

Alternatives may be Eingge4Wbypoliee
department or city persO el, or may' come

froM.mathematical-modelil -

9'

References and Notes

t.

.

Some eoubt of the
value of preventive
patrol. See _1(011ing,

et al., The Kansas
City Preventive
Patrol Experiment

Discussed next.

2 9'
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,Activity

9. MODELS

Purpose: To introduce tetminologyi not to
illustrate any particular models

Definition: abstraction of reality. Used
*t.0 gain insight into, and answer questions
about, the real world. Easier, safer, and
less costly to use than manipulating real
world

Empirical, models

Fit to data

May'hAve no explanation
.. May be mathematically complicated

Examples

.. Smooth-fir to.call,rate by time of
day

.. how longoto travel 4a given distance

, Relationship between fraction
time cars aril unavailable and
number og3calls for service

Descriptive analytical models

41,

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

-

The numbers that go into such a model
may come fronLeppirgal models

Examples .

Kn6wing number of units on duty,
estimate average travel time to an
incident

.. Knowing number of units on duty,
estimate fraction of serious emer-:
.gencies encountering,a delay before
dispatch

a -

KnOwing.the patrol area of each unit
and location of incidents, estimate
workload and #action of out-ofr
district dispatches' -for each.unit

References and Notes

9

Draw histogram and ,

curve

Draw tepreentative
curve, but don't
discus's its shape' now
Figure OF=2

Figure OF-3

---



Activit I Refersn'ces and Notes

9. MODELS (continued)

0 timization mod

Tell how to hieve the mest or the
_or \

least of so thing
/

Examples
How eh qid sector$ be designed to
minimi d average,travel time to
incidents?

.. How should a 4xed total number
of man-hours be distributed among
tours so aetO minimize the
chances that:a callermill here to
wait before ispatch of a patrol,

car?

Simulation models
s..

r- Imitate patrol operations step by step

-- -Collect all kinds of statistics

Can be extremely accurate

Don't tell you what to do

Things yOu try will be suggested by
othetmodels ,

Likely not to be useful until close to
the end of anfgyeid44out. have to start
early to collect data '

ti

r.
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LECTURE RI'

RULES'OFTHUMB

FOR POA LIOE SERVICE AUDIENCES

Time: Approx. 80 minutes,

Objective: To provide some easy to learn,
used in police patrol resource

,Activit

easy to apply formulas and rules
allocation analysis

1. AVERAGE NUMBER OF UNITS BUSY HANDLING CALLS
FOR SERVICE

(AVERAGE AVERAGE
OF CALLS x UNIT-HOURS,
PER HOUR PER CALL

AP, Give an. dxample

2 calls per hour, average
1 car handles each:
Average length of time to handle call,

30 minutes

Vt.

,

On the average, 1 car is busy
If 2 cars oh duty, each is busy * the time
If 4 cars on duty, each is busy * the time

Number of units on, duty must at least equal
(.1.everag 4 -n mbar busy

rY

21

References and Notes

This lecture continues
to follow Chaiken,
Patrol Allocation
Methodology-for Polite.
Departments



Activity. .References and Notes

2. EMERGENCIES DO NOT0CbURAT ORDERLY, PREDICTABLE
-TIMES, AND SERVICE TIMES ARE NOT.THE SANE FOR
ALL CALLS
(If they did, the analysis would be easy).

Example:

-- Calls occur on the hbur and half-hour.
,Every call t es exactly 30 minutes-

;,1 far can h dle!--nobody waits
--but car is always busy

f 2 carsr-nobody waits
--each car is free half the time
--always jne car on patrol

-- But, when average number of calls is
2. per hour

14% of. ours have no calls

27.% of hours have 1 call,

27% of hours have 2 calls

18% of hours have 3 calla

9% of hours have 4 calls

4%.ofloure have 5 calls
N'="!

1% of lours have 6 or more calls

.Considering thd'usual spread Of service
times arOuna,3bnintites

With 1 car on duty, every caller.waits

With 2 cars on duty,
1/3-of callers wait
1/3 of time no car is on patrol
Average wait until a car can be dis-

patched is 10 minutes (incl. no
wait)

17%_ of callers wait more than 20.,min-
utes:

Conclusion: Number of units on duty must be
considerably. more than average number busy

Ref.: any table of
the Poisson distri-
bution



Activit Refeliendes and Notes

. 46..\MINIMAL STANDARD.FORADEQUATEPERFORMANCE IS
NO MORE THAN 15% OF 00ORTANALLS ARE QUEUED

'. Many departments don 't achieve this
(especially during peak hours)

A goal set by soie,department: is: No more
than 5% of important calls ar queued

A few departments routinely hive less than
1% of important calls queued

Imdrpossible to guarantee that no calls will
be queued

4. CARS ARE UNAVAILABLE FOR DISPATCH
OTHER THAN RESPONSE TO PREVIOHS' C

What are these activities?

, Meals, Personal

Patrol-initiated crime or vehicle check

Notifications, warrants

Procesi arrestee

Superyiaion -:field

Supervision - station

Waiting

OR. REASONS.

LS

Travel to assigned beat
.

'Transport'(womethin0

Assigned to 'fixed location

Maintenance, auto

0

Ordinarily, at. least 39percent of each
unit's time spent on such unavailabilities

In San Fernando Valley area pf Los Angeles,
average unavailabilitieavary among
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 lees than half the
number assigned L

Ref.: Analysis of
the Lps Angeles Police .
Depa rtment's Patrol
Car Deploymellt Meth-.
ods,-.UCLA ,Sphool of

Engineering Technical
Report



Activity Referendes and Notes'

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

Example:

A command with 2 calls perchour needs
7 *kith. Thins is not twice the number
needed in a command with 1 call per hour
(namely, 5 units)

6. AVERAGE NUMBER OF MINUTES BETWEEN PASSINGS OF
A RANDOM POINT BY UNIT ON PAWL Al

6 x
NUMBER OF STREET MILES IN BEAT

FRACTION OF TIME AVAILABLE

Nobody has proved from data that preventive
patrol deters crime

Mention Kansas-City Proactive-Reactive
Patrol Experiment.

4

J
Figure RP-1

Ref.: Larion, Urban
Police PatrolAnalysis

kelling et al.,
The Kansas City Pr ven-
tive Patrol'Experim nt

Ref.: Press, Sobe
Effects of an Increase
in Police Manpower in
the 20th Precinct of
New York City

fi

-
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Activity,' References and Notes-

7. AVERAGE TRAVEL TIME Rs 2 min ifiatirl'iT73.nscime
NO. UNITS AVAIL.

Example:

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

Average travel time Rs = 2.83 min

Why this is a general principle

Total response time =

(dispatching delay)
+ (queuing delay)
+ (travel time)

Reducing,risponsetime.increases probability
of apprehending offender at the scene;but
theeffectis important only if very short
response times can.be- achieved

4

Reducing travel time can help to reduce
response time into the useful rangeAf
queuing delays are short. It s no .

sense to reduce t'rave'l times when q euing
delays are long

Ref.: KOleaar and
Blum, Spare Root
Laws fox'Fire Company

. Travel Distances

.st

Use Figures RF-1 to
RF'-.4 (see Lecture .j

for accompanying text)

Ref..: Clawson and
Chang, Relationship
Between Response Time
and Call Disposition



Activity

7347:

8: WHAT CAN YOU DO WITH .PRIORITIES?.

If qUeue forMs; dispatCh free unit to oldest
highest priority call

-- Average delay the same

-- Delay foi high-priority calls is less

Hold one or twcsunits in reserve for high- .

priority calla 1

0'

-- Regular beat car

SpeCial unit

Average delay ids more

Screen out low-priority calls when buey

"Adaptive dispatch po licy"

Schedule .ow- priority 'calls for handling
.at a more `convenient tithe b.

IWORKLOADt
9. WHAT'S WRONG WITH ) HAZARD f FORMULA?

'Description of Hazard Formula

Fj = j
th

-factor

Examples:

Number of outside violent crimes
Number vl. other Part I crimes
Number of street miles
Number of arrests 1

Number ofcoMmercial 'establishments
Number of emergency cal s

,

7-0 fij= amount of factor j n command i

F = f- + f + f +.,.. + f
j lj 2j 3j Nj

= "importance" of factor j
j

Hi
+ w it +i 1 F 2 F

21

firi
47,Fti

FM

-Manpwer proportional to Hi

a.

References ante

..1

Refs.:
Chaiken snCLarson,
Methods for Allocating
UrbanEtergency,UnitS

Kakalik-and WIldhorn,
Aids to Decisionmaking
in Police Patrol

Chaikeni Patrol
Allocation Methodology
for Police Departments



Activit References and No

IWORKLOADt.
9. WHAT'S WRONG WITH 1 HAZARD f FORMULA? .(continued

1.

Description of Workload Formula.

0

- -

= number of man- hours associated with',
factor j 1 v

H = w f + w f + + w-fi il 2 iz wilt 41'''

Manpower propOrtiftill to Hi
rit

Mathematically. the' same as Hazard Formula,
with different weights

Problems

,Apples and oranges

Interrelated

- - Proportional increase. for emergency cal1s'
.

-- No way to deteimine:"cOrrect" weights4;
fox, Hazard Formula

Workload Formula accomplishes only one
objectiVe: 'equalizing workload

Allazard.Formula does not do what it ,
appears to do

.

Example: ,Assume,precincts.vith-high num-
e '-hers of Outside crimes have itroportioh-

4 ately more unimportant daller.1 Then
increasing ut.1 for outside.criMea decreases

manpower assigned to high-crime precincts
p-:

- - No credit.dor good performance - .

A

May'be,Usefulfor manpower needs otar than
. . patrol

In theTIRAmple,
the- hazard .formula T.-

is assumed to inCludef__
the factors "outside,
crimes," . "other caflu
for servicei" and
possibly oth .

-

,..... 0
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736*

- Number of patrokunits needed so
that at most 10% of calls delayed

ti

I I I I^ I
1111

3 4 5 6 7 8 9 10

Number of calls per hour

AssuMptions: 30 minute service time per call
-50% bf each car's time spent
unavailable for reasons other than dispatch to a call



-37-

LECTURE CO

CHARACTERISTICS/6F EMERGEIIFY SERVICES .

FOR UNERAL:AUDIENCES

dr

This lecture intended for audiences of
444n the simil rities-and differences Among*
and for audiences containing a mixture of

. ambulance. service representatives.

Time: Approx. 60 Minutes
.

Objective: To describe the general characteristics of emergency services
11P that are relevant for deployment analyses

Activity

a

analysts interested
emergency services
fire, police, and

CG-1.

./0

References and Noteirbt.

INTRODUCTION '

Some models developed for one emergency .

service can be applied directly to another
service, changing only terminology. Others
are uniqud to a. particular service because
of distinct characteristic

Consid
and

ing only police patrol, fire units,
mergency medical services

0

2. FOR SERVICE

_AicrIval process

All three services:. Poisson by time and
geography. Rate varies by hour about an
order of magnitUde. Any method that
predicts demandp for one service dill`
also work foi others

Priority structure

Poorlice 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.rejection

al
/

Fire: information for distinguishing
type of call may be absent (eg.sistreet
box alarm); when present, information'
does not determineftiority; but,only
the number and tyPe(s) of units needed

220

Generally, the lec-
turer puert be =familiar

with the referenees_in
Lectures OF, OP,
and IP

In working on black-
board, this and fol-
lowing items can be
organized by heading
three columns "police,"
"firei" and "ambulance"



Abivity

3. TYPES OF UNITS'

Police: usually all patrol units are
interchangeable from the point of view Of
the functions they can perform when they
reach the ace+

Fire: at least tw types: engines and
ladders; limited in erchanieldillity

F

. mbulances:. may ha e distinguishable
capabilities: tran port-only, routine
treatment, or intensive care (medic unite,
mobile cardiac care.units)

4. MANNING

Police: 1 or 2 officers. If both types
are present in same city, two 1-man units
may be needed as an alternative to one
2 -man unit

Fire: 3 to 7 fire-fighters

Arabulance: standard is now 2 attendant;
some agencies'do not achieve this

5. LOCATION OF UNITS- v

Police: mobile. Patrol areas an in
principle be designed in any Way desired,
blit administrative constraints are ,often
imposed. Patrol areas can also change
during or between tours of duty, but this

-is becoming ;ens common with the advent of
"neighborhood teams.6 Overlap of sectors
possible, but ;lot done inmost
GeOthetvical probabill.ty models for two,br
more .randomly locaind points releviip.

Fire and' ambulance: usually- fixed loca:
tions. "Patrol" activitieeeuch as inspec-
-tion infrequent; can ignore in most citieb..
May be several units at one location. TYpe,
ofphysical structure not important for aoky--
bulances (garage, hospital, police station,:
fire station). Fixed location implies
"turnout" time

22.1

Refarincea and Notts;

/



Activit

CG-3

References' and !loins

MANY UNITS ON DUTY
fa

POlice and ambulance: flexible by day and
time

,Firs: usually not varied over th a
long -term ,planning issue

7. QUEUING OF 6AIIS,DUITO UNAVAILABILITY OP UNITS

Pollce: common in many cities. ,Wait may
:idominate travel time. Quede usually hap
priority structure in practice

t

Ainbulance: common n a few cities. 'Happens,
odcabionally in man cities

Fire:' Only and leis conditions. Not
relevant for deployment analysis

8. 1119W MANY UNITS DISPAtCHED

Police:, usually one.. For:tiatoe calls two
1-man cars are dispateled.. Ih prabtice,
more units may respond than are dispatched

Fire: usually at least two. In some cities
as many as 5-7." Traditionally preplanned
according to::

.

(a) n4ure of land use (business,-resi
dehtial, high rise)

,

(b) nature of incident .

Analysis can consider time of day, projected.
incidence ratesp'Current-unavallability
status of system, probability that incident
is serious, manning on unit

Ambulancer-,usually one. Some systems dis-
patdh two or three, having different capa-
bilities

(a) First responder has limited capabil-
ities; second has full treatment and
transport capabilities

First has full treatment capabilities
but cannot transport; second can
transport

1

.

Ignall et al.,
Improving_. the Deploy-
ment of New York City
Fire. Companies

40E111 and Urbach,
The Relationship
Between Fire-Fighting
Unit Availability
And the Number of
Units Dispatched

222
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Aotivit

CG-4

References and Notes

9. WHICH UNIT4S),DISPATCHED

Police:. usually sector car if available.
If not-available,several policies are
possible

Fire: traditionally preplanned. AlmosE
always olosest available, on initial dis-
patch

'

Analysis shows .this may not be,optimal

10. RELOCATION

Fire: traditionally prep anned for
--'*----muAiple-alarm fires. May be peeded,fdr

several simultaneous smaller fires..
Explain purpose

Police and ambulance: rarely used, but
would have same'benefits as in fire case

11. UNAVAILABILITY FOR REASONS OTHER THAN PREVIOUS
DISPATCH

Fire and ambulance: recovery from previous

incident only

4
Police: substantial-part of activity.
May amount to 35%-60% of time. Some, of

these unavailabilities could be interrupted

by highpriorifyincident

223

See MCM, SCM, etc., in
Larson, Urban Police
Patrol Analysis, or
in Larson, HypercUbe
Queuing Model: User's
Manual

Describe alarm assign;
ment.card.- Explain how
this is equivalent to
specifying a response
area for each unit:
See Lecture IF

Carter, Chaiken, and
Ignall, Response Areas
for Two Emergency Units.

See LectureMF.
i
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Activit Referencei and i4oteS

'12. PERFORMANCE CRITERIA

(a) Queuing concepts

11.

Fire: delays by dispatchers; probability
that all or most units assigned to a'sub-

.

area will busy

Police and ambulance: diapatch delays,
expeAsted time in' queue, irAability of
Waiting > T in queue, delays by ,priority
level

(b)*Travel'time
, .

Fire:t is a vector (by order of arrival and
type of unit) r'N

oir

Police and ambulance: relevant for's:ter-
tain calls

:(c) Turnout time

Fire and ambulance

(d) Workload balance

All three

(e) Dispatches 'out of usual area

Police

(f) Time available for nondispatch functions

. Police

* (g) Cost of operation
. )

All three

For other services,
this is Of interest
only by virtue of its
effect on travel time
and workload'balancgV



Time:

Objective:

DT4
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',feting DF

IWO, ANALYSIS

. TOR TIRE-SERVICE AUDIENCES

Approx. 60 minutes

To introduce students tO\thms of alarm patterns and their use-
fulness, and to suggest sproaches for analyzink data.

N

Activit

I. DEFINITION OF -'DATA ANALYSIS

A
EMphadize the' view of discovering patterns
that allow deployment to be impro ed

Indicate that variation is expected other,-
wise play it down

Give example 'of a nonuseful-pattern ( ursday
Is Tacoma, Washington's sloWest day)

Say that usual computer reports are not
suffigient for data analysis, although
possibly useful for management purposeS

2. COMMON PATTERNS - -THEIR RELIABILITY AND USE

References and N

Lecture =ti es
follow Chai Ignall,
and Walke loyment
Methodolo ire
De Artthen

Figur
blackb

Let the audience help identify and classify
them

Do ggography,,type of incident, trend, season,
day dr-week, time of day (optional.,..-weather)

Structural fires may have different patterns
than false alarms; patterns of total alarms,
structures, and false alarms will all be
illustrated

225
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1W -2

References and Notts,

3. HAZARD REGIONS -'.:

'(Also ca11ec demand regions)

indicate need foX dividing ,city into regions

Characterize .a good definition.

Start with a- description nf,.an:ideal
(fictional) region uniformity of land
useialared patterns, structures,ietc

o

Less Variation within regions than
bet een regions

En with the notion that the division
i to regions is successful if no one
feelg: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 pave eacirhazard
region be.a set of company,administra-
tive areas or census tracts

1

Displi4r alarms per
square mile and in

Trend predicti
can be predict

capita-and alarmg per
icate their use

/

n (if population trend
d)

Allocation mod .1

TIME-OF-DAY PATTERN

To illustrate a common pat ern and statistical
variability around it

Display hourly total ala
of several days. Indicate

consistency (evening always higher than
late night) ,

variation around it

over 4eriod

Optional: July 4 vs. average s. slow day,-,

ofOffer weather as a partial explanation
the variation

'Ask audience for possible uses ifferent
number of mew, on dUty at,Iliff ere t hours,

etc.. Emphasize possible- -they ma not be
Absiiable none.

Figures DF-3, ,DF-4 .

See Lecture AF

Figure DF-5

Figure DF4.-

rigure.DF-1- (may be

omitted)
yigureDF-8

d



Activity

S. TREND AND SEASON

To illustrate superposition of patterns and
'how td\untangle effects

Display a short pattern, indicate inadequacy
(total'alarms,'34 gmnths, Tacoma)

Display a long pattern '(false alarms,
:60 months, New York City)

Display detrended seasonal pattern

'-'indicate that slide shows :ratio' of
alarms in a week to the trend

Cohld calcglate the difference bet_ ween
alarms in a week and the trend as alter-
native

Stress the economy of the ratio descrip-
tion

Ask audience

6. PATTERN "SIZE"

To indicat
tern

for possible uses

e the possible e-UsefUlness of a pat-

Divideprevious patterns into 4 seasons and
4 1.x-hOur periods (divide the year and the
day into the same number of parts, in this
Case, 4)

Calculate ratio of peak period to low period

.

'for each of the two patterns
.

Compare the ratios. A big ratio,indicates,,a
pattern
tage of

possibly worth trying to'telik
t

Achren-

Check statistical signifiCance of large
ratios'

if ratio is lArge, but the data do not
L. 'establish significance, gather more data

[if a small ratio is.statistically
significant; there may nonetheless -be
no policy 'value to the pattern]'

Reftrencesand Notes

Figure DF-9-

Figure DF-10

Figure DFL11
'

'On the blackboard,
using Figures DV-9,
DF-12
Figure DE-13.

ti



Activity Refirendea and .NOtes

7. GEOGRAPH/CAL PATTERNS--LARGE AREAS

Illustrate apprOxiMate: constancy of false
alarms as a fraction of, box,aVarmsthrough-,
out.; lew York 'City

Stresd the ecodOmy of this constancy', as
it relates to false alarms per capita or
per square mile, which vary even. ppre'.
than total alarms illustrated in Figures
DF-3, DF -4

0°

8. GEOGRAPHICAL PATTERNSSHALL AREAS

Purposk: To indicate that part of the data
should be- reserved, and used for
judging the reliability of any pat-

e- terns diecovered'and,to show a pat-
tern that was discovered because
deployMent models suggested that if
it, existed,, it would be useful

Illustrate box-to-box variability in proPor,-
doh of all alarms that are false

Not.incondistent.with large area pattern,
since no area is exclusiVely high or low
in regard to percent false4.

-- Indicate the pattern is useful only if
it 0,consistent from year to year

Pigure DP-14

rip

r

(Colored map, not-
reprodudible in these
lecture notes, is
_available from address
given on last page of
this report.. Map shows
wide range in percent
false at a box. Boxes
with high percent
'false appear isolated,
not part of .a pattern)



Activity

8. 4TOGRAP14,CAL PATTERNS -- SMALL ARBAS,(Continued)'

/

'Illustrate the finding and checking of, the
'pattern of box -to -box variations .in propor-
tion of box alarms 'that.are serious

Irhesece year-round numbers

- - Box 2277 is among the lowest in pre-
.,

dicted percent structural, box_2209 is'
. among thh highest.' But theyare not
'outliers

Indicate how risk classeSwore defined

-- Stress the tole ofrestrVing some of the,'
data.

-7. 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,
etc.

The pattern is useful when the alarm
rate is high

Indicate that season and time of day-affect
the pattern

a

Relatively mord'falsoAlarms in summer
(and evening), structural fires almost
constant.

. ,

Serious fires are a larger proportion
of structural late at night, *winter
(fewer food-on-stove-typOincidents)

Illustrate the size of the overall
effect: risky boxes, late night, winter
va.-monrisky-, summer evening

Optional: Illustrate economy "and good.
'fit of separate,multiplicative seasonal
and time-of-day factors

`22'9

Referenceig and,Notea

Figure DF-15

;Hall et 41., Idprov-''
ing the Deployment of
New.York City Fire Com-

,

paniesp Section II ,

"Carter' and' Rolph,

Ne.w7iliek City Fire
Alarm Prediction.
'Models: I. Boxy=

Reported Serious Fires,
Section 3.4

See Figure DF - 18
and Ledture,IF

Figures DF-16 DF-17

Figure DF-18

rigutas 1211%.-20



9, / Optional: THE POISSON PROCESS

"Purpose: To introduce probabiliStic.notions,
and suggest,that mathematical
models "understand" that soMetinies
the situation is Much worse than .

average

r 74(

Suggest its'nature and reasonableness. Take
a finite set of "similar" hours and a fixed
total number of alarmsL and discuss distributing
the alarms at random. ("Throwing dartS7.atthe
line")

, Example -- Jersey City. 'Very small seasonal
effect.(similar to Tacoma). In l973,'

1480 alarms in 2-4 p.m. period, which4s
365 x 2 = 730.hours. In that period,
1480/730 2 alarms per,hour-- .

Consequenceif average number,of alarms dit
'is 2 per hour between 2 and 4 p.m. in
Jersey, City, then

14% of such hours will have no alarms

27% of such hourswill have 1 alarm

27% of such

18% of such

9% of such

5% of such
alarms

hours wilL7have 2

hours will have 3

hourS'i4111 have 4

hours will have 5

Discuss what "x% of hours' means

alarma,

alarms

alarms

or more

2.alArms (the average') is hot even more-,
likelvto occur than 1 alarm

10. Optional: FIRE COMPANY. WORK TIMES

Discu company work times by alarm type

Indicate that averages may be sufficient

s.3

Ref;:, Rider and.
Hausher, An Analysis
of the :Deployment
of Fire- Fighting
leadurces in Jerseys
ity, New. Jersey

Ref.: Any table of
the Poisson distri-
bution ,

Ref.: 'Chaikert, Ignall s,
and Walker, Deployment
Methodology for Fire
Departments,



.t.

11. RECAP

Activity

Cp through-)the data analysis process

Divide the data

7- Find patterns on one part

-- Verify them on the other

.. Plot and cross-tabulate

.. Construethazard regions

Patterris should be

useful ,

simple

1

I
References and Noies

Figure.DF-21



What is it? , Discovering'and characterizing the variations and

consistencies in. incidents:

Finding patternsin time, saason, :location

Variations from the 'patterns are ofte

usefully treated
t
as randan, arid describable

by the Poisson process

Why do 1,t? TO improve the deployment of fire-fighting resources'

Fig. DF= 1



COMMON ALARM PATTERNS
I

Pattern Reliable,. Useful For Now-Much
,

Geographical

Breakdown by
-Type

Trend'

Season

Day of'Week

Time of Day.

Weather

IL

'Relativelr-

Yes

Maybe
.

Yes
ii

Yes

Yes.

Allocation

4,

-Allocation, Ini-
tial Dispatch

Allocation,_ ,

Allocation
10

. ?

' Initial Dispatch,
Allocation..

,i

Short term
allocation, for

brush fires, etc.

Very

Some

Some

Slig t)(-
f ,

. 41

Very if alarm rate
. is high; slight
otherwjse

Some

Fig. DE-2
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Fig. DE-3

HAZARD. REGION DATA
"TOTAL ALARMS PER 1000

RESIDENTS IN 1971).

NEWIYORK CITY



4-

HAZARD REGION DATA
(HUNDREDS OF ALARMS

PER SQUARE MILE IN 1972)

NEW YORK CITY

Fig. DF-4
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NEW YORK CITY
WEEKLY STRUCTURAL FIRES

( INCLUDES FOOD ON THE = STOVE - TYPE INCIDENTS )omsroos

1962

I

1903 1964

Fig . DF 7
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1903

V

190



57--

HOURLY TOTAL ALARMS IN NYC.

-40
August 14 - 20,1966

Hours with rainfall
t

30

20

10

0

40

30

20

0

1

4 1.

ll
4

July 31 August .6;1966

1

1

-tf

1

I I
Sunday Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Fig. DF-8
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VI 1

TACOMA, WASHINGTON
TOTAL ALARMS BY MONTH

Dr-16

TOTAL 400

ALARMS

300

M J S N

1972

240

.1971

Fig. DF-9
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TOTAL

ALARMS

IN
1971

300

TACOMA, WASHINGTON:
(TIME OF DAY PATTERN)

200

ioo

1,1- I 1 1 I

450.'6 8 10 12 14 16 18 20 22 .24
HOUR OF THE DAY

Fig. DF-12
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'MEASURING THE SIZE OF A PATTERNS
t

DP-20

Seasonal Pattern: Tacoma

Period AlarMs in 1971

Winter: January, Februri
December 1002

Spring: March -May 114) High to low ratio is.'

Summer: June-August 1248 1.25,= 1248/1002

4,11: September-November 1009

Time of Day Pattern: Tacoma

Time Alarms in 1971

0200 - 0800 497 *

- 0800 - 1400 1195 High ta low ratio is

1400 - 2000 1409. 2.8 = 1409/497

2000.- 0200 1139



, NEW. YORK CITY

52 HAZARD REGION DATA
(BOX FALSENALARMS AS A PERCENT
OF ALL BOX ALARMS IN 1968)

Fig. DF -14.
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STRUCTURAL FIRE PREDICTIONS FOR 71.10 ALARM BOXES

Actu 1 1970 Data
Bronx Predicted
box
number

c pervent
structural'

Al arms
Structural

fires

(157, '69 data)
\-..t

'2277 0.4 96 0

2209 31.8 94 26

0 1$

Fig. DF-15
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11

FALSE ALARMS
(NEW YORK CITY)

DE-,23

8.33 % AVERAGE
PERCEM"

_OF YEAR'S

FALSE tALARIVIS 6

MONTH

Fig. DF- 16

4

217
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12

10

PERCENT 8

OF YEAR'S

STRUCTURAL FIRES
6

2

0

STRUCTURA
'(NEW YORK

ARES
CITY)

1_11111_111
J F Nf A M* J

MONTH

Fig. DF- 17

I

pr-24

8.33 % AVERAGE
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SEASONAL AND TIME OF DAY EFFECTS IN SERIOUS FIRES
AS A PROPORTION OF STRUCTUL.

(NEW YORK CITY)

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

WORKED MORE THAN ONE LADDER

BO* WINTER

SPRING -FALL

SUMMER

PHONE W INTER

S PR ING1FALL

.SUMMER

e

V

0-8 6 16-24

33.8% 8.670 ..25,0%

32.8 25.5 23.1

32.6 .22.0 . 22.2

a

20.9 15.3 14..7

16.0 11.9 10.3

16.8 11.5 10.0

Fig. DF- 18

21
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68
nr-24

PROPORTION OF BOX -REPORTED ALARMS THAT WERE
SERIOUS FIRES, BY SEASON AND TIME OF DAY,

1964-1970, BRopix DATA

TIME OF DAY -'
WINTER

PROPORTION

SPRINGIFALL
.

PROPORTION

SUMMER

PROPORTION

OVER WHOLE YEAR

PROPORTION

.

0-8 a'.m. 0.057 0.042 0.026 , 6.038

8 a.m. 4 p.m. 0.044 0.025 0.018 0.027

.

4 p.m. midnight ,-- 0.025 0.015 . 0.011 ., 0.016

.Over Whole Day 0.031 0.021 0.016
Y

0.022'

1.4

Fig. :DF-10

250
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SEPARATING SEASONAL AVD.TIME-OF-DAY EFFECTS: SERIOUS FIRES

Relative Seriousness:

serious

Percent of box alarms in indicated
period that were serious * percent
of all box alarms that were

t

.0 - 8

8 - 16

1.7

1.2

=,

=

3.8/2.2

2.7/2.2

16. - 24 .7 = 1.6/2.2

Winter 1.4 = 3.1/2.2

Spring,'Fall 1.0 = 2.1/2.2

Summer .7 = 1:5/2.2 . (
r

Dje-27

.

,

. .

ictual Percent Serious

Percent Serious if Season
and Time-of-Day Effects
were Multiplicative

Winter

,

Spring,
Fall Summer,

.

Winter
Spring,
Fall Summer

0 - 8 5.7 4.2 2.6 5.
. *

3.6 2.8

8 - 16 4.4 2.5 1.8 3.8 2.5 2.0

16 - 24 2.5 1.5 1.1 2.3 1.5 1.2

xample: 5.4% = 2.2% x 1.7[0 = 8] x 1.4 [winter].

(7`0.

Fig. DF-20

251
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SUMMARY

DIVIDE THE AVAILABLE WA IN TWO PARTS

Use..one for finding patterns
tor Reserve the other for verifying them

PLOT THE DATA

MAKUROSS-TABULATIONS

Time of day and season
los Proportion serious and region

DIVIDE CITY INTO HOMOGENEOUS REGIQNS BY

Land use
Alarm data

WOK 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

Fig. DF-21

a

Dr-28
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.Time: Approx. 60 minutalit

Equipment: Computer. terminal with telephone coupler (if allocation
is being demonstrated)

-71-

LECTURE AF

ALLOCATION OF FIRE COMPANIES

Objective: To introduce one a
problems, and to e:

Activity

model

oach to analyzing fire company location
ain the first step in such an analysis.

1. INTRODUCTION

What makes it necessary to think about
changing thenumber and location of fire
stations?.

Urban renewal

Neighborhood changes

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/
benefit approach?

Don't know relationship between dollar
losses and travel times

Requires that a monetary value be."
placed on human life

Fire departmentia only part of the
municipal budget. This approach would
have to be applied to all agencies

Practical approach

(1) Assume a given budget level--thid de-
termines the number of fire companies

(2) Find the best way to alldbate the
companies to regions of the city

(3) Find specific. sites for each company

253

References and Notes

_Lecture follows Rider,
A Parametric Model'
for the Allocation
of Fire Companies

I.e.,add companies
until marginal benefit.
would be less than
marginal cost.

Budgetlevel can be
varied for purposes
of analysis

-'''DiScussed later in
this lecture

Discussed in Lecture LF



.Activity

2. ALLOCATION OBJECTIVES

Hypothetical examples illustrating conflict
among objectives

-- City has 2 regions of the same size
with very different alarmtates

r
Allocate to minimize average travel time
to alarms .

.High travel times in low incidence
region

Ignores fire hazards

Allocate to equalize coverage

- - Companies in high incidence region
will have high Workloads

- Higher travel times to most alarms

Conclusionl Neither of these allocations
is good:

254'

References and Notes;

Figure AF-4. The Vs
on thisligure do not
represent the loca-
tions of anything,in
particular, but simply
symbolize the relative
numbers of incidents,
in the tworegiont

Overlay Figure AF-2
on Figure AF-l.

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 Figure AF-3
on Figure AF -1

Figure AF-3 shows-an
arrangeent 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-
turew.of this arr nge-
ment:

(1) Number of sta-.
tions "in" a region
does not have to be an
integer. The north has
52 stations.

(2) The north has
more'stationsthanthe
south'because on the
average more companies
are busy in the north



Activity

2, ALLOCATION OBJECTIVES .(Cont nued)

Solution: Use compromise allocation

- - The Parametric Allocation Model
deterMines allocations for a range of
compromises between "minimum average
travel time" 'ancl "equal coverage"

3. USEFULNESS OF PARAMETRIC ALLOCATION MODEL

Provides- general picture of number of fire
companies to allocate to-different pexts
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

t15,

Determine regions to gain or lose
companies if level of resources is to
be changed

4. DATA NEEDED FOR EACH REGION

City must be divided into,hazard regions

Travel times will be weighted in each
region. Weight indicates "importance"
travel time

"EFFECTIVE"
WEIGHT = ALARM x (HAZARD)

RATE

References and Notes.

0
Model is operated
separately for engine.
Companies and for
ladder companies.
Answers provided by
the model are sugges-
tive, not preCise.
Use of the mode,].. "can

only be a first step
in 'a study of company
locations

See Lecture DF

EachfaCtor will be
described\ An turn.
This equation is' not
exactly co ect but
-gives the neral.
idea. See tem 10,
'below, for m themati-
cal formulat



Activity

5. WART IS "EFFECTIVE" ALARM RATE?

Each type of alarm is counted.in proportion
to its seriousness

If all alarms are considered of equal
seriousness, then the effective alarm rate.
ie the same as total alarm rate

Can count only structural fires, or only
firs that required more than a certain

ottnt of work,ro extinguish (e.g., one
company -hour)

is

*

Can weight each,type of alarm by the number
of company,-hours needed to extinguish it.
Then

("EFFECTIVE "

ALARM RA
-(ALARM\ (COMPANY-\
RATE / \ HOURS /

(AVERAGE NUMBER OF
COMPANIES BUSY

6. WHAT IS THE HAZARD FACTOR?

Subjective measure of the relative danier-
of a fire (potential for loss of life or
property if a firQdoes 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 regions and the
department would be willing to say equal
quality fire protection is being provided
in the two regions

This is_a,subjective management input.
When using the model, can try several
different ways of defining hazards and see
what the consequences are

256,.

References and NOtea,

4

This is unlikely to be a
desirable choice but
may be recess if no

better Aata are available

See Lecture RF

C.)
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ACtivity ReferenceS and NOte-k

7. .CITYWIDE DATA NEEDED

,,
"Constant" and "power". in the relationship
between travel time and number of companies:

( AVERAGE TRAVEL
TIME in a region

(

AREA . ,:
g. (CONSTANT) x -'-

AV. NUMBER
COMPANIES AVAIL.

(POWER)

(

8. DECISION VARIABLES

Total number of companies to be allocated,
teethe city

Tradeoff.parameter'beta (0). This accom-
plishes.the compromise between "minimum
average travel time"'and "equal coverage"

For S 1, program shows an allocation
that minimizes the average weighted
travel time

For large S (50 or more), program
shows an allocation that will make the
weighted response time equal in all
regions

[For small (3 workload is equalized]

Nowdoes the department choose its desired
value of 8? \\

Try different values'between
See"What.happena

= 3 was foundto be
York City

good"

1 and 50.

in Nev.

It often happens -that all values of
indicate that certain hazard:regions
should lose companies as compared to
the present arrangement, and pthers
should gain- companies. Such a Con-
clUsiOn is "robust," because any
11

reasonable"Aralue of -0 leads to -.a
gualitatively similar conclusion

257

5

This combines "fulea.
of thumb" 'numbered-2-
and 3 in LectureRF.
See also Kolesar,,
A Model for,redicting-
Average Fire Company
Travel Times

, May be changed in
different runs of the. .

computer program
.

The weight is dis cussed
above, in 'item 4

0

This will --be illustrated
in the demonstration

ne.,the administrators
liked the resulting.
alloCations'



ON21.7

The number of companies to be:-located in
each hazard region

The average-traveltime in 6Ch region,
given the ,IjUmber of companies allocated.

Citywide averages

10.J MATHEMATICAL FORMULATION (Optional)-
,

,M = total number of companies to be ...-
.allocated In ,,the city

n = number of, coMpanies allocated in
iegion

k

A = effective alarm rate in region i

hi = hazard rating for region i

) = average travel time in region
given ni companies there

Ai
= c

n - b

c and -.are the travel -time "constant"
and "power" .

= area of region iAi

bi = average number of companies bus% in
region i

Optitization problem:

Minimize E Ai(hiT

subject to 1 ni = M
i

f3, is the tradeoff paraMeter.

AF-6

ReferenCes and NO.tes



Activity

-77-

.7

References and-Notes:

11, LEAD-IN TO DEMONSTRATION

Jersey City will be chosen as an example
.0

Display map of city

Discuss-.

-- definition of demand regions

objective was to plan in terms of alarm
rates to be expected in the future

12. DEMONSTRATION

k.

Ref,: Rider and Hausner,
An AnalySiSof the De-
vloyment of Fire - Fighting

,Resources in Jersey City,
New Jersey

Figure AF-4'

(Same as hazard 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
report cited above.
Table numbers tha8 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



124 DEMONSTRATION (continued)

Describe'"basecase situ#,tion

Discuss response times
DifferenceabetWeen'tegiOns.

...Citywide average, noting that it
is weighted' by. regional alarm
rates

Average and percentage busy
indicate relative workloads'

DeriVe:allocations 'for different ValUes of
the tradeoff parameter

-- Interpret fractional allAations

Point out that parameter.= .25 produces
good approximation of current' allocation,

Find reallocation for parameter = .25 babe&
on 19.81 alarth.rates

Allocations for different nuMbers'of total
companies

[olitionall Comparison of different specific
allocations with the current situation

Model 1..7'.1nterpret .

printout besdings,

J if using' lidittout

Table 4 -1.'

Model. 3.^,

Tables 4'4, 4-3.
. YARNING: The

nparameteit" .this

program i

"This corresponds
to a =.4..

Tahles 4-4,

Tables 4-6,f4-7-

This is Model 2

v.:
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AP-10
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AF-2Minimum total respohse time to all fires

4



;

1

Fig. AF-3Equal coverage for both areas
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.

Fig. AF-4 -MapMap of demand regions and fire co pony locations

264

AF-12

;
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Region
Area

Sg.Miles

Alarms per Hour 4.p.n. to Midnight

All
Nonserious

False Structural.
Serious
Structural

1 1.52 .722 .403 .040 .015
2 2.82 .444 .137 .047 .009

/ .

3 0.85 .202 .088 .027 .003

4 1.98 .630 .290 .094 .013

5 2.59 .330 .127 .031 .007

L

Fig AF- 7 1972- 1973 alarm rates

267

AV-15
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LECTURE LF

LOCATING FIRE STATIONS

Time: Approx. 70 tinutes-Including demonstration of program.

Objective:

Equipment:

To discuss the general problem of locating fire Stations, and
to compare two specific approaChes to the problem.

Portable terminal with acoustic coupler fqr.demonstration.

1. INTRODUCTION

Topic is evaluation of current fire station
sites, and planning which ones to close

.

and/or where to put new ones

Activity References and otes

Discussion may be f011owed'by demonstration

wo,

NYCRI treats this question in two stages:

(a) Obtain ideas and insights from the
allocation model

(b) Ube a descriptive model to evaluate
specific configurations

, Other. approaches perform analyses in one
---stage

LeCtur follows Chapter IV
of Chaiken, Ig 11, and
Walker, De t

Methodology fo
Departmots

Demonstration is
tional. Alternatively,
copies of ,Previously

run outpUt can be
discussed. This will
cut time of lecture to
5O minutes

Refer to lecture AF.
NYCRI = New York City-
Rand Institute

Lecture covers both

et
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Activity

Z: GENERAL APPROACHES.

Minimize sum.of fire department costs and
expected fire losses (including fatalities)
A worthy objective; some studies have been
done along these lines in. Great Britain.
Problem: No 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
be within reasonable distance (or time). of.
a fire'station. Easy to apply, but too
simplistic and based on subjective
judgments

References and Notes

Expanding on Lecture .A.1"

Ref.:. Hogg, "Station
Siting in Peterborough
and Market Beeping"

ISO Grading Schedule



Activit References and Notes

3. MEASURES FOR EVALUATING ALTERNATIVES

Use surrogate measures for fire loss. Give
deeisionmaker 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
potential fire site is within a reason-
able time from a firehouse

Hazards. Want to single out some pdeen-
tial fires as more important than others
for achieving rapid response

Average regional travel times. 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

Refer to Lecture OF

Can use unweighted or
weighted averages.
Weighting can be by
total alarms or struc-
tural alarms



Activit

GENERAL DATA REQUIREMENTS,

Geographic division

Divide city into small subareas, as
small as the area coveredrby a single
alarm box (real or phantoM),'perhaps
ou or five times this size'

Ass 14 all demand for fire service in
the s barea arises at one: point.-
EstiMates of travel times to any'point
in-the subarea will be the same as to
that point

Find historical (9i-expected future)
fire incidencein 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.
hazards

Analysis will special attention
to these subareas

Must have some method for estimating
travel tide from any firehouse (existing
or proposed) to any subarea

Obtain estimates of capital construction ,,

costs;' and current costs of depreciation,4
operation, and maintenance of existing
stations

\
I "

O

.271

I

z

Referendes and otes

Common to most.
approaches to fire-
house siting

-

(A.
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References and Notes

5. ESTIMATING TRAVEL TIMES

Method 1. Developed by Public TeOhnology,
Inc. (PTI)

Describe street network.' of city in
computer7readab1e form. Street inter-
sections are identified as nods 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
guesses, traffic surveys, experimental
trips by fire companies, otsfrom previ-,

ouslY collected response -time data

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

'.focal point

Every potential or existing firehouse
and every focal point is referenced to
a node of the street network

The travel time om a fAthouse to a
focal point estiiated by finding the
set of connecting arcs that form the
minimum time path

212

igure LF-1

(

.

II

4



5. ESTIMATING TRAVEL TIMES (continued)

Method 2. Developed by NYCRI

-- Run a "travel-time experiment" showing
origin and destination for each response
by fire companies, odometer distance
traveled, and the time required for the
respOnse 1p

Data can be collected an the units, or
at the dispatch center if units radio
iin when departing and arriving

)

Fit a smooth curve to data showing
actual travel time versus distance

(a) In some cities, straight line with
positive intercept provides best
fit. 4

(b) In most, a blend between straight
line and a square-root curve is best

(c) Curve may va in different parts
of the city al at different times

\ of day. But experience has shown
that neither effect is larie, and
that approximately the same curve
can -be used for any city.at,all
times of day

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
inc 'ence w' I be estimated

-7 Estima
-.sub

of and
angle distanc
of straight-line (Euclidean) dis-
tance.

distance from stations to -

ome way., e.g., as et&
ce traveled (right-

or' a modification

(
-- Parameter of fit curve are used to

esti e t avel time between any two,
paWts, using estimated distadbe

References and Notes'

figure LF-2.
Ref.: Hausner,
Deterraininl the Travel
Characteristics of
Emergency Service:
Vehicles

Ref.: Kolesar and
Walker, Measuring the
Travel Charactenktics
of New York City s
Fite Companies.

Figures LF-3, LF-4,
LF-5

Alternatively, can fit
curve to data showing
actua4vtramel time vs.
estimated distance,
and use thig curve.
See Hendrick et al.,
An Analysis of the
Deployment of Fire-
Fighting Resources

, in Denver, Colorado
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References and Votes,

5. ESTIMATING TRAVEL TIMES (continued)

Aelative adVantages of Method 1.

- - If road network has a eady been devel-
oped (by traffic deps ment, for exam-
PIO, 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

- - -Effects of changes in structure of road .

network On 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 officials may feellsore comfortable
with a method thaeactuallY imitates the
path followed by fire companies, whether'
or not method is'actually accurate

Relative advantages of Method 2

-- Elaborate data base end computer program
not needed; lower cost for analysis

-- If road network has not already been
developed, this method is.significantly I
faster

-- If travel times have already been .

,dglected (e.g., by UFIR8), this method
id very fast

-- Parameters for fit curve have beeri so '

close to, the same values far many cities
that it maybe possible to proceed with-
out collecting, any travel-time data

- - Method has been validated against actual
travel-time data and has }been. found

accurate.epough for site selection

-- In case of irregular4,1y shaped areas,

ad hoc adjustments-to method are easily.
addomplished

The travel-tite.estimates produced by Methods
land 2 have never been directly co pared

,274,

.4

MRS = Uniform.Fire
Incident. Reporting
System, developed by
the National Fire Pro-
tection Association
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. GENERATING POSSIBLE SITE CONFIGURATIONS TO
EVATATE

Method.l. Developed_by PTI

-- Still dd developmental stage; requires
PT's aaaistance

A maximum travel ..time is specified for
each focal point

A set of existing and potehtial fire-
house sites is specified

A computer prograk determines whether
any' collection of potential station
locations can meet the'travel-time
requirements. If so, it.prints out
a solution that requires the smallest
possible number of sites '

Advantages of Methpd 1

Procedure is very well defined. ocu-
mentation provides step -b7 -step guide
to th' teaks that must be tarried out

Nitol use the program and provides lows.
Or collecting,and organizing required

china

O

Method is potentially ery.powerful
If maximum trive), ti es can be'deter-
mined, can generate, among the'large
number of possible configurations, the
onehat me ts all requirements with
the fewest nmber of fire cbmpadies

I

,..
it

Y' "

oy

0.

o

a.

MI

J

41"

14F-43

References and Notes

.Ref.: "PTI Fire Sta-
tion Locationyackage"

0

at.

O

O
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LP-9

J

References and Notes

6. GEgERATINGePOSSIBLE,SITE CONFIGURATIQNS TO
EVALUATE.Icontinued)

Difficulties with Method 1

eA

-- No accepted standards for travel-time
constraints

-- Once fire officials agree on a set of
requirements, the resulting number
'stations needed may exceed any reason-
ably,foresebable budget. Constraints
must then be relaxed

Travel-time requirements corresponding
to existing numbeof stations may be
hard to determine

.

PTI program may fail to operate, leadr,....
ing to no solution.

Recommended station configuration may
involve A'Aiving many stations, while
another equally acceptable configura-
tion (not known) involves moving fewer
stations. Other acceptable solutions
(also not knbwn) may be preferable in
regard to average travel time or other
characteristics

Method'lM. Modification developed by Uni-
versity of Colorado

Same approach as PTI's

Computer prograft-findsAa configuration
that meetetthe requirementeandhas
the°minimalnumbercof stations. This
configuration inclUdes the largest
,possible number of existing'station
sites

0o

,276
,4.

at

Ra.

Hendrick et al.,
"\An Analysis of. the

Deployment of Fire-
Fighting Resources
in Denver, Colorado

I

V



Activit

. GENERATING POSSIBLE SITE COPIGURATIONS TO
EVALUATE (continued) eA.

Method 2.. Usedby-NYeRT, ".

.

Use allocation model to determine deffiand
regions riteciping more or fewer stations

From a map of the city showing ixisting
and potential sites, select several,
possible configurations that approxi,
mate* match desired allocations by
region .

-96-'

References and Notes

Use siting model (to be described next)'
to compert the trial configurations:
Develop improved tr al configurations,
-by looking at the re ults for others,

Virtues and- difficulties with Method 2

Easy' to use; fast ti' implement:

42A

7- 'Process of choosing configurations
requires judgment and 'map sense

- May overlook ,good configurations

. . 277

Discussed in Lecture
AF

_lettuiresdipcusSion .

with policymakers.--
No computer program ,

is involved

.4

.1
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References and Notes

7.- EVALUATING TRIAeCONFIGURATIONS.

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 programs,
differing only in details

'(e) Calculations are baied on a number of
assumptions"P

A

All units are always available in
their firehouses to respond to an. .

incoming alarm (reasonable assumption
for most cities)

The. closest units are,always dis-
patched to an alarm

Calculations are performed separately
for each type of fire- fighting
mept

Travel distances are estimated by
right-angle or "modified" Euclidean
distance

Travel times are estimated from
empirically determined curve

,11

Ref.: Dormant, .

Hausner, ind Walker,
Firehouse Site Eval-
uation Model:' De-
scription'and User's
Manual

If Di is Euclidean
distance, k x l is
"modified" Euclidean

Discussed above,
item :s -

ti
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Activit Referencesand Note

7. EVALUATING TRIAL CONFIGURATIONS (continued)

(b) Performance measures

For each demand region, citywide, iden- "Demand region"' is
tified target hazards, and/or region the same as "hazard
affected by chmge: average travel time region"
and average travel distance

weighted by expected incidence and "Incidence" can 112 all
unweighted (each subarea given equal alarms or structural
weight) fires

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

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

For each company's first-due espohae
area: average travel time, m imum.

travel time (to farthest subaitj.,--,
.workload (incideiats /year), and list

of the subareae.(alarm boxes), that con-
stitute the response area (this'infor-
mation is also availablefor second-due
areas,. etc.) kOt

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

tget hazaid"

A list of the subareaaNdose first-due
travel times are improved bye the change,
and those whose first-due travel times
are worse,, plus the alarm incidence at
each group of bbles and average travet-7
,times withinaeach grodp, both'before and
after the change

a

"t

9

N-3

,

1



Activit

.8. DATA REQUIREMENTS FOR FIREHOUSE SITE EVALUATION
MODEL

(Aside froth general data requirements described
earlier)

List of subareas containing target hazards

Purpose: to h4re programspecifically
indicate the travel times to these sub-
areas , 7-'

Effect of changes in -travel times to
these subareas is important

.4.: 7 e
(x -y) codinates for every subarea,, exist' -'
ing station, and potential Station

-90-

LF-13

References. and Notes

0
A list of subareas included in each conr.
pang's current response areas

Parameters of the curve relating travel
time to travel-distance

E

11,

J

a

p

c.

//

Basically, the current -

running cards .

Haudher, Determining
the Travel Character,.
istics of Emergency
Service Vehicles.

$ /,

cr".



I

Activit

-100-

LF-.14

References.andlotes

ollows fthlsner and

alker, An Analysis
of,the Deployment
of .Fire-Fighting:

Resources. it Trenton,
New Jersey. ,Section
numbers below refer
to this report

9.. DEMONSTRATION OF'MODEL

Be sure to make some change in station
locations before running program. Other-
wise the "old" and "new" columns will be
the same, and there will be no "affected
region".

Preferably, the changes should not. be
elaborate; the point is not toshOw
what the biggest posstble performance
change would be in one city...$uitable
tests are

Q

Trenton engines

M E3-8431,
M El-2232'
M E8-2432
0 C=(E)

v

Maddersladders

M. L1-2232

0 C =(L)

or
M L1-2432
0 C= (L)

$

281

A

Section 4.2.2

Section 4.2.1 provides
an analysis of these
two options

To test other changes,
you need a map showing
Trenton's keno boxes



Activity

- .DEMONSTRATION OF MODEL (continued)

Command language

(E can be replaced by L)

M Enn-mmmm

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

D Enn.

Delete engine nn
[ag.-, A E12-3510]

A E7mmmm

Add an engine at box mmmm

C*

Clear stack of-commands

Cn

* Clear last f 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 0;
defaults are underlined; use paren-
theses as shown

.0 company type: engines or ladders
or both

D - response level; up to nth-due

L -.box listings, Yes or No

W 7 weight by structural (S) or ail
alarms (A)

R - which regicons to produce output-for

C - by Company

D.7 by Demand region

A for Affected region-

T - Target hazards

E

' Exit frxim program

to. Siting model prints results side -by -side
for "current" and "proposed" config4rations

.

Facpitiesoonparisons

282

Referendes and'Notes

Dormont,'
Ilausner, and. Walker;

Firehouse Site
'Evaluation Model:
Description and
.Userls Manual

,ft

N..
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LECTURE SF

SIMULATION

FOR FIRE SERVICE, AUDIENCES

Apprdi..,50 minutes.
1 .

ve: To:describe what a simullAtion model does, .that kifi 4,Of questions
it can l'anawer,.:wheivto use, it, and what-resOurcgs are needed to
use it. '

1. DEFINITION

FoilOw

Activity:(

each-incident sttp-bystepy

From occurrence

to report to fire departmeof

to dispatch of companies

to their arrival at scene and work
there

to, their return to availability

'Do till's for a large number of incidents

ti

actual incidents, or

-- imaginary incidents generated' by the
'computer to match average st)rLatics
or alarm rates, etc.

Viewpoint df an "all-knowing" dispatcher who
keeps track of the location of all\inciAnts
and companies at all times, but is not con-,
cerned with fire-fighting tactics at the
scene

Computer collects statistics on response
times, coverage, workloads

es

288

References and,No.tes

Lecture, followa Carter,
Chaikeh, and Ignall,
Simulation Model of Fifre
Department Opeations:,-
Executive Summary'

Ste also,-_Carttr and
ignaili A Simulation
Model'of Fire,Depart-*-
meot Operations: 7
Design and Preliminary,
Retults



2. WHY SIMULATE?

Activi't

7.1.013- .

SF-2 \

. Accuracy compared to other models (at a
price) ,

-2 brahes approximations present in every
simple model..

-- Account's for interrelationship among
policies that can be Individually
studied with simple mod4s

Safety as opposed.to real-world test

. -
No operational or capital investment

No lives or:property risked:

Th6 model can imagine that alaiM.rates
"stay the .same" aftei policy changes,
tutiu the real world alarm rate's-will
change

3. /DRAWBACKS

Simulation is, -expapsive to run on the
computer

Ektensive,data.collection needed

Simillation does not suggest any particular
policy as desirable

1

User must be technically skilled

289

References and Notes

"Policy" sig location

of stations, dispatch
policy, relocation
policy, etc.

I.e., changes in real-
wOrld data may refldct
changes in alarm rate,
'changes' in policy, or
both together

DiscusSed in detail
later in this lecture

O

ONO



Activity
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4. WHEN TO USE A SIMULATION MODEL

Detailed comparison of complicated'deploy--
tent policies

0

-- Number of companies on duty

-- Where located L.

-- Number of units d. patched to particu-
lar types of alar s

-- Which unit(s) dispa hed

When units are relocated (moved up)

-- Which units are moved and where they go

Validation of simpl

-- Cheaper to use

-- Easier to interpret

gels, which are

Instill confidenke in administrators that
final'recOmmendations will work as planned,
especially under adverse circumstances

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

Fire department administrators

Planhing personnel

Simpler models

290

References and Notes

4

Ref.: Carter, Ignall,
and Walker, A Simulation
Model of the New York
City Fire Department:
Its Use in Deployment
Analysis .

Ref.: Ignall, Kolesar,
and Walker, Using Simu-
lation to Develop and

. Validate Analytical Em-
ergency Service Deploy-
ment Models

See Tomesides quote in
Carter,. Chaiken., and

Ignall, Simuldtion
Model of FiresDepart-

. ment Operations: Ex--
ecutive Summary, and Y
Hendrick et al., An
Analysis of the De-.
ployment of-Fire-
Fighting Resources
in Denver, Colorado

Lectures OF, AF, LF,
IF



Activity

6. HOW 60ES THE NYCRI SIMULATION MODEL WORK?

Discuss flow chart

7. WHAT INFORMATION IS I

Response times

Averag and distribution

- - By i cident type

B geography

SIMULATION OUTPUT

CoMpany workloads

-- Total

By company

Coverage

291

References'and Notes

Develop the flow chart
on the blackboard,
writing down each
event as the incident
progresses. The final
result is 'Figure SF-1.
Ref.: Carter, Simu
lation Model of Fire
Department Operations:
Program Description

Stress the detailed
breakdowns available.
Example output is
shown on pp. 172-189
of Carter, Simulation
Model of Fire Depart-
ment Operations:
Program Description

5\

.
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Referentes and Notes

DATA AND RESOURCEWNEEDED

, Geographical representation of the part of
'the city to be simulated -

Incident locations

Company loCations

Parameters for estImiating travel time of
every response

Work timeaAt different types of incidents

An input stream of incidents,

-- Actual incidents from the past

-- or, incidents generated from detailed
data about alarm rates by type and
location

0
.Deployment policy

Detailed decision rules for dispatching.
and relocation

Access to a SIMSCRIET I,5 compiler

Stress the detail
required, as' compared.
to other models

I.e., a complete math-
ematical specification
of the curves in Fig-
ures LF-r3 to. LE-5.

These may vary in
different parts of the
city

w.

Analysts whp can'smocilify the computer pro-
.

gram and interpret he output
-:. a.

-.

9. VALIDITY (Optional)

Detail and structure haVe-to, be sufficient
to sioport insights and conclusions

At matters is'the Accuracy dg comparisons,.
t faithfulness to the real wo'ild

Example% If all travel times are 10 percent
high, this shouldnot make any difference.
(Onthe other hand; It Mould, be easy to.fix)

292

e,
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10. RECAP

Computer's job: do the bookkeeping

User's job
t.

Build model: specify how the: system
works

Activit

Analyze data: specify the kind of data
needed (and get it)

Select criteria: specify what is to be
measured

Find alternatives: specify the policies
to be tried out in the simulation

29

a

Reference's and. Notes
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If too many sent
-m--Triggers

dispatch fire
and relocation

Relocation
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LECTURE ME

RELOCATION OR MOVE-UP

FOR FIRE SERVICE AUDIENCES

Time: Approx. 4O minutes (demonstration extra)

8

Objective: To indicate difficulties with a system of preplanned relocations
and demonstrate a method for resolving the difficulties. ,

Equipment: Portable terminal with acoustic coupler for demonstration.

Activity .., References and Notes

INTRODUCTION: RELOCATION ISSUES

When should fire companies 'relocate (move up)?

How many, should relocate?

Which ones?

To where?

2. PREPLANNED RELOCATIONS

Problems at high alarm rates

4e.

Several "all hands" ffres 'in one part of
the city can create a "hole" in coverage
as big as if there were one second-alarm
or third-alarm fire

Company designated 'to relocate may
-already be budy at a fire.

Company designated to re ocate may be
available, but moving it would create
another big holein coverage

295

Figure MF-1

as
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Activity References and Notes

3. NYCRI APPROACH

Answer the sour questions posed in the
.Introduction, one at a time

Separate (but same) calculations for
engines and ladders use ladders ad
an example)

Question 1: When should lire companies
relocate?

Answer: Relocate whenever some locatioein/
city has.both its first-due and /

second -due ladders unavailable,
and they will be unavailable for /
J period of tim

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

7- If both are unavailable, and will befor
awhile, the RN is "uncovered",

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

This criterion maintains relative

NI
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,
fill dm/ minimum number .of houses.
needed to remedy the situation

.* (

I

296

<El

Follows Kolesar and
Walker, An AlsOrithm
for the, Dynamic
Relocation of Fire
Companies

. Figure MF -2

Figure MF -3 .w

N



Activity f

3. NYCRI APPROACH (cO+nued)

Question 3: Which companies should move ?..

Answer: 6loose companies to satisfy four
general principles

(a) Don't relocate a company that will
create a new uncovered RN

.(b) Don't relocate a company. that is
"too busy"

First-due areas the same size'
More alarms, around #2
Same distance to X

-- If move #1, second.hdue unit will
be the first-arriving Unit in .

the first-due area of #1

- - 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 large a region

First-due area of, #1 larger
Same number of alarms in both
Same distance to X

-- Average first due tralel time
already higher area of #1

- - If move #1, average travel

time fdi second-due company to
respond to egion #1 will be
much hig r than in region #2

Frefnrao.move #2

297

' - /

References and Notes

Figure ME' -4

Figure MF -5

A
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Activity

// ^

418-

3. NYGRI APPROACH (continued)

Question 3 (continued)

(d) Doh't relocate a company "too far"

Firt-due areas of #1 and #2.
the same size

Same alarm ;ate,.
#2 is farther

-- If 'reld'Oted, 12 would be 04 of
its region longer than #1 would°.
be

Therefore, chance of missing an
alarm in its regionwould be
higher for #2 than for #1

-- Prefer to move #1
4

Note: Real cases are a mixture of differ-,
ent alarm rates, different sized
af-eas,-and different, relocation
distances. Developed a "cost"
function that,,blendsall these..
things.

Represents the expected average
travel time for first-arriving
unit to alarms in-the area
fected by the moves (areas-whose
first -due travel times will be
changed) during the duration of
the moves

Objective: Choose units to move
that minimize this "cost"

Note: The cost -function assumes
that whi the Companies argre-
locating t ey are not protecting
*either thei own area or-their
destination rea

Question 4: Where do the companies move?

Answer: Assign relocating companies to the
houses being filled'sp as to.mini-
'haze the total travel time of the
relocating companies.

"Cost" will be higher than minimum, but
only slightly

Relocitions will "look better"

References' and Notes'

'Figure MF46'

N

4



Activity

DATA NEEDED

(a) For each firehouse

Number and identity of units stationed
there

List of RNs associated with each'of the
campanie6

Size:of each first-due area, in square
miles

4 o

Alarm rate in each first -due area
A

(b) For each RN

Size of area in which each of the two.
units is first-due

Alarm rate in eackof the two areas

(c.) For each pair oJ, houses

Travel time from one to the othet

(d) Parameters for' relating travel time and
area, so that travel times in each region
can be estimated from their areas

4

Azt-

.5...N,APPLOMILT

Method requires a re-al-time computer to
make calculation'baspd on the actual status
of all fire companies

Method. an be used to gener to relocatio4ns
to be A cified'on running ardp, in whi h
case it not operated in real time.. (But
not all ituations:requiring a relocation
are han led well by running cards)

299

'ReferenceSand Notes
M.

..Shandsy, An'On-line
Program for Fire
dosiliany Relocation

'RN = response neighborhood

a.

Refer to' Lect e RF

/4)
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Activity

6. DEMONSTRATION OF ON -LIRE RELOCATION PROGRAM
SCENARIO 1

tlig.demonstration compares manually developqd
relocations with what the program does reveal-1P

ing that neither way is perfect. Geography
corresponds to Ore borough of the Bronx in Re'w

'Yobrk\City

MILS
0

M=NOVERIFY
E=MNE,MNL,QNE,QNL

1:R=E63,E62,109,L32
,S=1

(CR)

2NE38,E79,E48,E97,L51

C=EW,LW

DEP2P:D=EW,LW

3:S=175,E90,E 1,L46

C=EW,LW

Q= 3

U=DEP2P

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

(CR)

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

300,

V

References. and Notes

Ansequence of commands
to the program is shown.
Interpretation of the
commands is given in
Shanesy, An On-Line
Program for Fire Company
Relocation

1 I

Otherwise you need
larger maps

First line of AAC
(Figure MF-7)*

P.

Second alarm

Situationtis shown
on Figures Mill-=8,MY-9.'

Compared. -to running card
(Figures MF-1 -11)
the nuT46.9nr of gine_
relocations is Smaller

This is a refer; able
variant on AAC third
alarm

Recommendations shown on
Figures MF712, M -13.
Note that a previously
empty house is filled

Let's go back to second
alarm

itoliow the AAC

All RNs are covered

Needs only onesmore
engine relocation:
The AAC "anticipated"
a third alarm

Exit

*
AAC and 'maps were

current in 1973.
4
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References and Notes'

7. SCENARIO 2.

Invent a sequenci of small fires that leads
to a need for relocation

a

/

301

Use blank maps for. the
Brorix (FigUrea

IHF-IS) or maps for a
city familiar. to mem-
bers of the audience,

If lectUrer has access
to on-line relocation
program, it will rec-'
ommend'reiocatiOns
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O

I
._ t

Response neighborhoods
-shaded

Legend: 47-54 meansladder 47 is first-due
and ladder 54 is second-clue. A
response neighborhood corresponds.
to two ladders, independent of
their arrival order.

4

I

.M 2 Ladder response neighborhoods in the Bronx

003 "
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Empty house

Full house
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X

Fig !y,MF- 3

3o4

rr

a

FillitV two is unneccessary
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. ;126-

Same numtper
of alarms/

I

Alarms per square
mile .lower here

-*

House to be filled

Fig. MF- 5

306,

.4r
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V.+

r127-
/ 4

Same number
of alarms

rtp

\...
4.6

%

0,'

\

?Q:

. A

a

.40

Fig. MF,6

0

... \... .. \......
... \. %. \...

House to
be filled

-21Y.4.3
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Program after
2nd alarm

ENGINES

95

41

41-2
0

60
0

297
2740

272
0 0 273

0316

262
0

312
0 0 263

0289

307

0

0

Cx

LEGEND

Fire station with all cbmpanies available

Company has just been dispatched to a fire
One company remains in a station which

usually has two companies
Station is vacant by virtue of a previous dispatch

LEGEND :

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

-1110 Dispatch
g

z---4- Relocation
II Location of afire

Fig. MF- 8



LADDERS

130.of

Program after
.2nd alarm

144
0

26
026.2

0

LEGEND:-

0 Fire station. with all Companies available
Company has just been dispatched -to a fire

0 One company remains in a station which
usually has two Apanies

Station is vacant by virtue of p previous dispatch

.

R
0 Station. is occupied tiy a relocated unit'

Station levacant by virtue of a previous reloCation

164

-LEGEND

Fig . MF- 9

Dispatch

Relocation

1111 Location of a fire

D



Running card after
%1I2nd alarm

0274

7 360 0
35

47 0

3120 0 0 2 0307
262

0

LEGEND :
LEGEND :

320

0 Fire station with alrcompanies available ,
RO

Station is occupied by a relocated unitCompany has just been dispatched to a fire ® Station is vacant by virtue of a previous relocation0 One company remains in a station which. OPP Dispatch
usually has two companies ---411. Relocation

Station is vacant by virtue of a previous dispatch I Location of a fire

Fig. MF- 10

0



LADDERS

Running card after
2nd, alarm

LEGEND:

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

0 One company remains in estation which I

usually has two companigs ,

0

"-"'"1111P'

StatioA is vacant by, virtue of a previous dispatch

Fig . 1 1

LEGEND :

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

Dispatch

Relocation
Location of a fire



02%

320

0

59

Q

0274

272.
0 273

36
0

47
35
0

0 316

LEGEND :

262
0

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

0 One company remains in a. station which
usually has itovo companies

lb Station is vacant by virtue of a previous dispatch

312
0 f 0 263 0307

0289

,fig. MF- 12

LEGEND :
R

0 Station is occupied bsca relocated unit .

Station is vacant by virtue of a previous relocation
Di
Re cation .

patch

111 Location of a fire

r1



134

30

140

26.2

117

0

LEGEND:

40 7 Fire station with.all tompanies available
-)1( Company has just been dispatdhed to a fire
16 One company remains in a station which

usually has two companies ,

1/0 Station is vacant'by virtue of a previous dispatch,

LEGEND
R0 St on is occupied by a relocated.imit
9 "Station is vacant vitue-of a previous rel ocation

Dispatch

Relocation

Location of a fire

Fig. MF 13
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295

320

0

0274

272'

0 273

O
91
91.2

312
0 .0263

LEGEND

O Fire station with all companies available
.Comps as. just been dispatched to a fire

0 One company remains in(a station which
-usually has two companies

Station is vacant by virtue of a previous dispatch

LEGEND :

AO Station is occupied by a relocated unit
Station is vacant by virtue of a previous relocation
Dispatch

----O. Relocation

Location of a flre

Fig. MF- 14



LADDERS

136

}IF -.22

kT,

144
O

34

45
0

25
O

35
0

130
O

30
O

25 ,
026-2

LEGEND :

0 Fire statiork with all companies available
X Company has just been dispatched to a fire
)11 'One company remains iri'stition which

usually has two,companies
Station is vacant by virtue of a previous dispatch

1

117
O

154

O

LEGEND :
R

O Station is occupied by a.relocated unit
Station is vacant by,virtue of a previous relocation

--O. Dispatch
Relocaticin

Location of a fire

F -15
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LECTURE IF

INITIAL DISPATCH

FOR FIRE SERVICE AUDIENCES

Time: Approx. 40 minutes

ObActive: To showrthe students (a) that the history of alarms at en alarm
box can provide valuable information for determining the number
of units to be dispatched to A, box alarm, and (b) that `sometimes.
the closest unit may not be the beat to send.

16

1. INTRODUCTION

Activit *References andNotea

How many should be sent?

Different cities have different policies
,

When alarm rate iSligh, city might want
io reduce its normal response to con-
serve resources

There is a way' to do this rationally

Which 'ones should be sent?

Always send closest when alarm 'r ate is
low

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

Lecture follows Chapter
V Of Chaiken, Ignall,
and Walket,.Deployment
Methodology for Fire
Departments

See also Carter, Ignall,
. and Hider, An Algorithm
for the Initial Dispatch
of FireCompanies

General ref.:. Swersev,
Model for Reducing Fire
Engine Response Times

\

a
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-138-'

.1 HOW MANY?

(a) Objfictivea

Try to send whatis needed

Get all units needed to, the scene as
rapidly as possible

r.

Don't have units make too many unrieces
sary responses

(b) How alarm is received is important

Telephone - receive information that
helps dispatcher decide

Box - little. information to go on
- therefore, will restrict discus-
sion to how many to send to box

o alarms

(c) When is there a decision?
A

May want to hold back resources (not
send full response) if alarm rate in
region of incoming alarm ishigh enough
so that the chance of having two alarms
in progress-at one time is not negli-
gibIe'(say 25%)

(d) The tradoff: Use send 1 ladder versus
send 2 ladders as'example

Send 1 and need 2:

-- second ladder delayed

-- increased loss at fire

Send 2 and need

-- second 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 response

318

References and Notes

Ref.: ;pall et 414*
Improving the DeploY-,
ment of New York City,
Fire Companies

Figure IF-1

is

7
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HOW MANY? (continued)

(e) Approach: Considers u0 to four factors

(i) The probability that the into0 ng alarm
is perioUe

-- the greater the probability, the more
.

units dispatched

.111.11.10

there. are usually predictab e box-to-
box variations in probabilit

. erious,
e.g., boxes. 2277 and 2209' in B onx ..

this-is thelaost important fac r to
consider 7"

- using this factor,.can. dify T-
ing cards -;add to manual diapa ch-
ing system (e.g., NYC's:adapti e
response)

k,(4WThe expected alarm rate in 'the ',area ur-
roundinrthe alarm r ..

-- the greater the alarm rate, the
units dispatched

" implies thatdispatch policy'to th
.same- location might vary by time o
day

(iii) The number of units available. in the
area surrounding the alarm

-- the more units thailable,".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

(f) Method: Use a "cost" function to blend all
` the factors, then (for example)

,

send 2 if cost is less than coat to
sendl.

-- send- rif cost is lower than for
send 2

Referentes.and Notes

'Figure IF-2. These
. are extreme( cases,

but near each other
on the samestreet

O'Hagan and
Blum, lechnology Aids
Fire Service

Figure IF-3. If the
department-usually
sends three units, if
available, that would
be a bad _idea in this
example
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2. MOW MANY? (continued).

O

(g). Data needed if use)all 4.factors in making
decision

(i)
For each alarm box

Ordered list of closest engine and
ladder companies

Estimate of the pkobability that an
incoming alarm from the box signals
a serious fire (estimation procedure
takes into account alarm history of
box and alarm history of neighboring
boxes)..

(ii) For each fire-fighting company

Expected alarm rate in its first-due
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, '4,4 4

.

320

References and Notes

Ref.: Carter and
JRolph, New York City.
Fire Alarm Prediction

_Models: I. 'Box-

Reported Serious
Fires

Refer to Lecture RF



'3. WHICH?

.0

Activit

e -141-

`Sending closest not always best. Not
sending closest can

./

-- balance workload among companies

-- provide faster response to alarms

Overly simplified example:

City with 2 companies and a send I dispatch
policy

Region A - high alarm rate

Regi n B . low alikm rate

F:

.11

e 1: closest company policy Would
spatch company a .

-- Suppose Fire 2 while Company a,L.s busy:
Company b must respond

-- If send b to Fire 1 (near boundary),
then a is available to respond to Fire 2.
Net reduction in total response time
(also, better-balance in workload)

Note: this policy appropriate only when
overall alarm rates are high

A

References, dlietea

Ref.: Carter,-, Chaiken,
and Ignalli-Response
Areas for TwO:Emergency
Units
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Activity

4, SCENARIO

illustration otthe circumstances under_
which analysis will suggest different
choices,for initial.dispatch. The actual
lOcations of ladder companies And alarm
rates'in various parts',of the Bronx were
used in constructing this scenario.

At the start of the scenario, ladder compa-',
nies 48, 42, and 44 have been statched
to serious fires

An incident tpreported 4 s x alarm at box
2267. Recomiended dispatch i two.ladders.
Ladders 17 and 55 are dispatc d

Another incident is reported, by box farm
at box 2224

Now, beeituse of mnavailabilities in the
area'and a low probability of a serious
fire at box 2224; the recommended dispatch
is acne ladder

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

Now a box alarm occurs atAidic 2574. Al--
though the 'closest ladder company is-busy
es 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-
4

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 reported by box alarm at box
2276, which is near box 2267. If reloca-
tions have not been made, one ladder should
be dispatChed. If relocations have been
made, two ladders should be dispatched

a t

322

References and Notes

Bronxborough of
New York City

Figure IF-5
*

Figure IF-6

Not'shOwn on.asps

Figure IF-7 .

, 1

See Lecture MF

Figure IF a8

The maps were
current in 1973.

a
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; Fig :1 F-°1
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AVAILABLE

0 UNAVAILABLE

LOCATION
OF FIRE



Bronx
box

number

,

Predicted
4,

percent
structural

Actual 1970 Data"

/
Alantis Structural

fires ,
(167°69 data) 1

2277 0:4 96 0

2209 31.8 94 25

Fig. IF-2 Structural \f471epredictions for two alarm boxes

O

O
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0

AVAILAbLE

O UNAVAILA9LE
;0,

.

* LOCATION
OF FIRE

Fig. IF-3 A problem with the traditional dispatching policy

325

fr
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REGION A
High Alariii Rate

REGION:0 ,

Low AlarM Rate

411

Company "a

X Fire .2

11

x
Fire 1

Company "b"

c

Fig. IF-4
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O33
27
272

LEGEND :

0 Fire station with all companies available
)81 Company has just been dispatched to a, fire
0 One company remains in a strion which

usually has two companies

Station is vacant by virtue of a previous dispatch

LEGEND

Station is occupied by a relocated unit.
Station is vacant by virtue of a previouk relocation
Dispatch,

Relocation

Location of a fire

Fig. IF-5 Status of Bronx ladder companies at, the start of the scenario



LEGEND :\

0 Fire station with all companies available
)1? Company has just been dispatched to a fire;

One company:remainsin istation which
usually' has two .compantes

Station is vacant by virtue of a previous dispatch'

LEGEND :

0 Station is occupidd by a relocated unit °
Statiol11,0atiant by virtue of a previoUs rel

Dispatch

Relocatioil
Location of a fire

9

Status of Bronx ladder companies after B'ox 2267 is dispatched
M.
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4497

LADDERS

S

r,

144

LEND :

164

0

LEGEND :

0 Fire station with all 'companies ayailable R
0 Station is occupied by tvelocated unit

X Company has just- been disPatched to a fire StatiOn'is vacant by virtue of a previous relocation
0 One compony remainsdin a station which : --10. Dispatch

usually has two companies ----I. Relocation ,./V)
Station is vacant by virtue of a previous dispatch Location of a fire

L.

. I f 7 Status' of Bronx ladder companies after Box 2574 is dispatched

.329
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LADDERS

'

"C

150
5

I 4

Running card after
2nd alarm..

317.4):,tr;,.
CA.4.4411

O

rogoo,t;';'-,

co,4'

35
= li4if 25), ill -

.141. 0
.1.

30
A 0

!
40 r

Li / 14
V

'O

0

26.
02&2

LEGEND :

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

0 One company remains in a station which
usually has two companies

Station Is vacant by virtue.of a 'previous dispatch

I./
Fig. IF-8 ---Statui of Bronx ladder companies 'at time of relocation
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LECTURE AP

-ALLOCATION OF,POLICE PATRO

Time:* App ox. 40 minutea

Objective: To provide an approackto answering the question of how many
patrol cars'tolkseign to rash command by. hour or .tour.

Activi

1, INTRODUCTION

Topic is haw many patrol daxe to assign to
each,commaad by hour or tour

4

References and Notes

WON

iN2. PRIORITY STRUCTURE

"Command" is a general term for an
administratively separate geographical
a *ea of the city. Variously called
precinct, division, district, tMit,
or area

A single patrol beator sector is not a
,"command.' command .can be.Character-
ized by the fact that if all its patrol
carsvere busy,' a. low-priority call for
service would be queued

Follows Cheikeni
Patrol Allocation
Methodology for Police
pepartments,,Chapter%
III )

Forioveral hypotheti-
.cal examples!' of policy

iss related to.al-
loc onk. sea Chaiken
and nt, Patrol
Car location Model:
User *a Manual

Find out what types of calls are actually
handled by dispatchers as high priority
'(every effort will be made tolt6te a car
to send immediately; even a supervisor or
out-of-command car)rmedium priority (if.
in queue, will be dispatChed astfast as
possible), and low priority (can wait for
dispatch)

It doesn't help to thiiik abouvilhich calls
should fall in each priority level, unless
the intention is to change the practices
of'dispatChers

IL

Ar.

Low- priority Calls
sometimes referred to
as "nonemergencies"



tee

,, 3. ESTIMATIP CALL- FOR- SERVICE WORKLOAD
$ .

.

Need to -know how many car-hour twill be
required to serve calls for service in
each priority class in each lour of OW
Ilay.("workload")

s-k).

This Can be done'by estimating the number
orcalls in each class and the service
times separately, and multiplying these
together. Or estimate workload directly
from workload data

Possible estimation methods

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

average over past,, few weeks, adjust
for seasonal trend,

graph and.extrapolattv-,

'Estimates don't have to be super7-accurate
to be useful: Doh't get wound up in.try-:
'ing to improvvicduracy of predictions:

Collect data,from dispatcher's positiont

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

- '332.

"Service time" is how
long the car is out
of service handling
the call

I
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Activit R0ferances and Notes

G. ESTIMATE "EXTRA" UNAVAILABILITIES

*yarne fraction .of a car's tour that
he car is unavailable for dispatch for
mobile other than dispatbh to * previous
011

includes meals' maintenance, patrol-7
initiated activities, arrest process
ing, etc. A4A
include tirie in court if this
part of a tour.

ak

S. SET LIMIT ON QUEUING

1/1001%

f may vary by command. In a given comm
f may vary wit call- for - service workload.

Collect data at' ispatCher's position

Draw graphs, calculate averages

Fraction of all calls queued

-Average waiting timein queue for

;47 middle priority

low priority

Overall average waiting time

J - :4

1
s

Refer to Lecture RP

If these are reason-
ably 00'411, high-1
priority. calls will
be handled fast

333
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AP-4

References and Notes

NUMBER OP CARS NEEDED TO PREVENT QUEUING FROM.
EXCEEDING LIMIT

Consider 'a particular command and a partic-
ular- hour of the day

N .; number of care to be.fielded.(we will
try differenV values of N until we find the
right one

(1-f)N.! effective number of cars fielded

ust at least equal the estimated
call-fox service workload in Car-hours

Start with N . next integer bigger than
(workload)/(1-f)

See if queuing is below specified lipiis
with (1-f)N cars

nedd graphs, table's, formulas; or a
-computer program

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

7. EXAMPLE

How many cars are needed to assure. that less
than 14 of calls are delayed in a command
having'30 car-hours of work per,hour.and 30%
of each 6r's time spent unavailable for rea-
sons other than calls for service?

To do the steady-state
ialcul tion, there7raul3t4.

actuall be an integer
between (workload)' and

AT ON

There are some details
like averaging over a
tour, but this is;the
general idea

Figure AP-1.
Answer if 11 units
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8. CRITERIA OTR R THAN QUEUING
.

See if the value of N chosen above is big
enough no that (1-ON affective cats give
reasionable value(' for

average travel time

average patrol frequency

11
patrol per outside crime

(whatever you care about)

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

9.. COMPARE WITH THE SIZE OF THE PATROL FORCE .

Add the 'values. of V (found above) across
commands, or across hours of.the. day, or
both

Do you have enough men to field that many
car- hours?

if no, some constraints must be .relaxed,
or some categories of calls must be
screened out (no unit *All respond),
or the "extra" unavailabilities must be
reduced by administrative change-

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

IF extra cars can be assigned to special
activities

AP-5'

References and No ea

See Leottite RP for
formulas. Average num:-

. berjof.units aveildble
is TI.-ON - (workload).

A

This just an
examp. e. .You might-
want to minimize
average probability.
of aidelay or average
response time (queu-,,
ing * travel)

[

H
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10. CO MUTER PROGRAM

p

-156-

Computer program is available to perform

these calculations

Descriptive mode. User decides how many
patrol care are to be on duty in each'com-
mend during, each tour. Program displays

-- Percent of time cars are busy on call-

for-service work

Preventive patrol frequency

Average travel time

Percent of calls queued

Average waiting time in queue, by
priority level

Average total response time

011,1110

Prescriptive mode

(a) User sets limit on any of the measures

listed abovi. 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

336

AP-6

References and N tis

Ref,ri Chaiken and
Dormont, Patrol Car

AllOcation'Model

Program permits three
priority 2,evels

Queuing + travel

4
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0-7

Refererices and Notes

11.. DATA NEEDED FOR PROGRAM

V
Hours of the day at which tours begin. One
tour can be an overlay

Call rates and service times, by hour

Responae and patrol epe$da of cars

Number- of outside crimes

Unavailability Iiarameters

12. TYPES OF POLICY ISSUES THAT CAN BE ADDRESSED

Number of patrol officer sjlOeded to meet
standards of performance

Which calla.to "screen out" to improve
performance levels with fixed resources

Allocation bytime of day within each coM-
mand

Possible benefits of an over)ay tour

Where to assign new 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

Inexpensive to run on the computer

14. 'DRAWBACKS

-Calculations are approximate

User must estimate call rates and service
times for the future

e. No,information about variations within a
command

Call rates broken
down by prioritY

TO calcUlate..nUMber -
of crimes that_41.11
be intercepted by
cars on: patrol

These are used tcx,calr
culite.f (see

Foi detailed hypo...*

tetical examples% see
Chaiken and. Dormours
Patrol Cat Allocation
Model: User's Manual .

See. Lecture BP



f = .30

1-f -

Workload = 3.9

Workload/(1 -4) = 5.57

Next integer

Effective

number of
cars

'Percent
of calls
delayed*

4.2 86

7 4.9 56

8 5.6 36

9 6.3 - 22

10 7.0 12.1

'11 7.7 '7.3

Stop.

From tables, graphs, or computer pro-
gram:

Fist AP- 1 --- Example of al location calculation
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LECTURE BP.

BEAT DESIGN

FOR POLICE SERVICE ARIFNCES
t,

This is an optional"added topic for-Lecture AP

{Time: Approx. 15 minutes

Objective: To describe an approach to designing police patrol beats or
sectors

ACtivit

INTRODUCTION

Topic is how to design patrol beats' or
patrol sectors: the areas covered by a
single patrol car'

The number of patrol beats in a command
determined from the allocation analysis

Generl refs.; .tarann,,
-,,Hyperenbe:(Natant146461:'
Uber'santial;' Chaiken,,
HYpercubeQueuitig:Model.:.
EjtecutiVeSuannery.:1`. '

is That Cair,
'i.Allocation,Model',before

designing beats ,'
Therefore, beats may change by time of day

2. RULES OF THUMB

Shape
as

sector doesn't matter much, as
long as it's compact

If travel speeds differ in two directions,
the ling dimension of the sector should; e
in the direction of the higher speeds

4e
If beats don't overlap, 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

Burden of central location

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 is very busy because
it is the dispatcherla iiecond choice for
all the busy beats.

Ref.: Larson, Measuring
the Response Patterns
of New York City Police
Patrol Cars

Because of interdistrict
dispatches

Figure BP-1

336



3. HYPEACUBODDEL

'Permitaisalculationcf performance char-
acteristics for trial beat designs. YOU
have to workout the trial deSighs4 program .

doesn't help .

ReqUired data

Divide city, into small
than a beat)_

Call- for - service data for the small
areas

Some way' to estimate travel titles:
between small areas -

coordinates of centers
..,experimental trips
.. estimates of local, officers

domputerised'road network

areas (smaller

Performance measures calculated for each
beat deSign

1111

Regionwide averagetravel-tite

Regionwide woAlOad imbaldnce

Fradtionof dispat hes that are inter7
district

Workload of each p trol car

Average travel tim to particular loca-
tions

Average travertim in each beat

Average travel time of each patrol

Fraction of responsSs in each beat
handled by the beat's aspignedtar

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

4. EXAMPLE OF APPLICATION

First map and table show original design,'
of beats (called sectors).

Second set shows final -design

-4

3

l.

Later versions of
'prograt are being' .

designed to recotL,
mend "optimal" beat
designs.

Frot Larson,
"TllUatrative Polide
,Sector Redesign in
District 4 in Roston"

Figures BP-2 to BP -5



ADVANTAGES

Easy to use, after'data,bave been collected

611 haudl 9verlapping:beittss-hergeanei
cars, fairly domplicatectAispatching,Ooli-
dies

45

References and Notes

Inexpens4Ve to-:run Ona computer

DISADVANTAGES

Assumes one zar dispatched-to each intident

Not welisulted to bandlepriorities

g
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ximum workload imbalance= 264

Region-wide average travel time 3.402 minutes

Average travel time for queried calls . 5.1/8 minutes

Fraction of dispatches that '`are cross-sector r: 0.485

Profile of Patrol Unit Operations

..r

Patrol

Unit No. Workload
% of
Mean

Fraction, of Dispatches
Out of Sector.

% of.

Mean

Average
Travel.

Timm"

1 0.519' i 103.8 0.539 1.11.3 - 3.432

2 0.559 111.7 0.576 1183'
4

3.378

3 0.496 99.2 0.477 98.5 3.090

4 0.490 98.0 , 0.426 . 87.9 , 3.180

5. 0.428 85.7, 0.373 77.0 3.978

6 , 0.507 101.5
.._

0.487 100.4 3.414

Profile of Sector Operations

Sector
Number

Fraction of
District's
Total Workload

% of
Mean

,Fraction of
Dispatches that are

'Cross-Sector, a

Average
Travel
Time

1 0.160 96.2 0.503 3.312

.2. 0.172 103.6 0.542 3J go

3 '0.155 99.7 0.480 3.324'

.
4 0..178 106.9 0'.474 -- 3.258

5 . 0.152 '91,3 0.412 4.218

C- 0.170 102.4 0.491 .--'' 3.20580,44.0

Fig. BP-3

314
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Maximum workload imbalance m 5.48%

Region wide average travel time P 1.46 minutes

Average travel "time for queued calls m%,178 minutes ,

Fraction of dispatches that ar cross-sector%m 0.483

Profile f Patrol Unit Operations
-

Patrol j

Unit No. Workload

.

% of
Mean

,

FraCtion ofDispatches
NOut of Sector.

'

% of

Mean

Average
Travel
Time

0.499 99.7 0.495 102.5 3.222

. 0.512
l
102.4' , 0.611 126.6 3..3/8

3 0.497

I

i 99.4 0 7914 99.3 3.192

4 0.502 %100.4 0,453 93.7 3.174

5 0.485 97.0 1 -0.398 82.3 4.074

6 0.505 100.1 0.466 . 94.5 3.612

Profile of Sector Operations

Sector
Number

Fractiop of
Distriqt's
Total Workload

% of
Mean

Fraction of
Dispatches that are
Cross-Sector

Average
Travel
Time

1 0.162 97.3 0.482. .2.958- .

2 0,132 79.0 0.496 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

0.179 107.3 0.488 , 3.534

31(3
Fig. BP-5
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