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PREFACE

This Report presents a description and the results of a research pro-
ject sponsored by the City of Yonkers and the Office of Policy Development
and Research of the United States Department of Housing and Urban Develop-
ment (HUD), and conducted jointly by The New York City-Rand Institute and
the Yonkers Fire Department. The project analyzed the deployment of fire-
fighting resources in Yonkers with the aim of improving their allocation.
It is one of a series of case studies documenting deployment analyses of
police, fire, and ambulance services in eight American cities. Future re-

ports in the series will cover the following services and cities:

Fire Services: Denver, Colorado
Wilmington, Delaware
Trenton, New Jersey
Jersey City, New Jersey
Police Services: New Haven, Connecticut
Ambulance Services: Washington, D.C.

St. Louis, Missouri

These studies (excepting the Trenton study) were supported by a con-
tract with HUD and were conducted to test the applicability, usefulness,
and transferability of mathematical models for deployment analysis developed
at the Institute and elsewhere. One or more of these models was field
tested in each city. Based on these tests, the models have been refined
and modified. Those found useful are being documented in a second series
of reports.

A third and final set of reports will present the general methodology
developed for deployment analysis for each of the three emergency services.
It is hoped that these reports, together with the case studies and the docu-
mentation of the models, will provide local government officials with methods
for systematically assessing alternative policies for providing emergency
services, and will enable them to conduct deployment analyses with little
or no outside technical assistance.

The HUD contract with The New York City-Rand Institute is one of the
efforts supported under HUD's Policy Development and Research Program. The

Program is designed to develop, field test, and provide to state and
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local officials new approaches and methods for responsive community man-
agement. The Program intends to provide alternatives to current manage-
ment techniques which, if used, would indicate the consequences of alter-
native policies and actions. Methods are tested in representative com-
munities under actual operating conditions. These methods and results
are made available to users in other communities.

This Report should be of particular interest to civilian municipal
administrators and uniformed fire department personnel responsible for
fire department planning and resource allocation activities. A report
summarizing all of the case studies will be written after all the studies
have been completed. That report will include lessons that were learned
and which can be of help to other cities in carrying out the analyses and

getting the results implemented.
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SUMMARY

This Report presents a description and the results of a study sponsor-
ed by the City of Yonkers and the Office of Policy Development and Research
of the United States Department of Housing and Urban Development, and con-
ducted jointly by The New York City-Rand Institute and the Yonkers Fire De~
partment.

The study was occasioned by the fact that the poor condition of several
firehouses in Yonkers and proposed routes for new highways through the City
meant that some firehouses would have to be vacated. This situation pro-
vided an opportunity for the City and the Fire Department to undertake a
comprehensive analysis and re-examination of their fire-fighting resource
needs and fire-deployment policies. The study focused on (1) how many
firehouses and fire companies the City needed now and 5 to 10 years hence,
and (2) where the houses and companies should be located.

Based on results of the analysis, sites for two new firehouses have
already been chosen and funds for the construction of the houses have been
allocated in the new budget.

1. Engine 8 will be moved to a site in Trevor Park at the northeast

corner of Warburton Avenue and John F. Kennedy Memorial Drive.
The new building will include room for housing a ladder company.
A new repair shop for the Fire Department will also be construct-
ed on this site.

2. Engine 10 will be moved to a site previously occupied by the
filter beds of the Department of Public Works, on the east side
of Nepperhan Avenue, just north of Lewis Street. The new build-
ing will include room for housing a ladder company, and a new
training center for the Fire Department will be constructed on

the same site.

The study also produced a set of further deployment options involving
the addition and elimination of fire companies. The costs and benefits of
implementing each option are presented in this Report. Final decisions on
these options will, of course, be made by the City and the Fire Department.

An analysis was also made of the manning levels and dispatching policies
of the Fire Department and led to the following recommendation: Consider

changing the Department's dispatching policy to:
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1. send 3 engines and 2 trucks to box alarms received between
midnight and noon;

2, send 2 engines and 2 trucks to box alarms received between
noon and midnight;

3. in either time period, if more than three of the first six
engine companies are unavailable to respond, send one engine
to a box alarm and, if two or more of the first three truck
companies on the alarm assignment card are unavailable, send

one truck company to a box alarm.

The most important methodological aspect of the study was the analysis
of alternative firehouse locations. The major steps in this analysis were
the following:

1. Data were collected for the mathematical models.

2. Current average and maximum response times were obtained for

various regions in the City.

3. Analysis of the response times showed that they did not accurate-
ly reflect the Fire Department's perceptions either of the actual
hazards in the various regions or of the level of protection they
wanted to provide. The disparities were the following:

a. Average response times were significantly different
in regions representing roughly equal hazards.
b, Maximum response times in some regions were found to
be too high.
4. The City specified possibilities for new or relocated firehouses.
5. Resulting response times were analyzed for a large number of con-

figurations of fire companies.

The recommendations contained in this Report were presented to the
City Manager, the Budget Director, and Fire Department officials at a
briefing in December 1973. Since then, some of the results of the study
have been implemented (e.g., two new firehouses have been budgeted and
the dispatching policy has been changed). The implementation of other
deployment changes will occur over a period of time as part of the City's
Capital Improvement Program and the Fire Department's long-range planning

process.
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1. BACKGROUND

1.1. Origin of the Study

As early as 1962, the annual report of the Yonkers Fire Department
(then called the Yonkers Fire Bureau) contained the statement 'Station
#10 is to be absorbed by an arterial system and new quarters will be
needed for Engine #10." Although the arterial highway has not yet reach-
ed Station #10, it soon will, and plans, under the State's TOPICS (Traf-
fic Operations Program to Increase Capacity and Safety) program, for
other roads and for changes in traffic flow, will affect the fire pro-
tection being provided by the Department.

In addition, many of the City's firehouses are approaching the point
of dilapidation. 1In fact, the house of Engine 8 has been declared unsafe
and was recently condemned by the City. Over the next several years,
these houses would have had to been renovated or replaced.

To these problems must be added the following general considerations:

1. Because of rapid growth and changing housing conditions in

several parts of the City, the requirements for fire protection
within the City have been shifting and continue to shift.

2. The sites of most of the fire stations in the City have not

been examined since their construction, 30 and 40 years ago
in some cases.

3. City Hall was planning to upgrade the fire service, turning

the Bureau into a full operating Department.

All of this led the City to recognize the need for a careful analysis
of the deployment policies of the Fire Department, including the location
and number of firehouses. The New York City-Rand Institute was asked to
perform a study (as part of the City of Yomkers' 1973-74 Capital Improve-
ment Program) of the current level of service being provided by the De-
partment and of ways in which it could improve its effectiveness by better
deployment of its resources. The Institute already had a contract with
the United States Department of Housing and Urban Development (HUD) to
assist a small number of cities in applying models developed at the In-
stitute for analyzing the deployment of emergency service vehicles. The

objective of the HUD contract was to determine the general applicability



of the models and the ease with which understanding of and ability to
use them could be transferred to City personnel. The present study was
thus performed under the sponsorship of both Yonkers and HUD.

The HUD contract required that assistance to local agencies be pro-
vided through the interaction of members of the Institute's staff with
a project team established by each agency. The Acting Chief of the
Yonkers Fire Department, James Ryan, put then Assistant Chief Wallace
Brown in charge of his project team, detailed Captain Charles Slater
to the project, and made many other members of the Department available

for consultation and help.

1.2. The Yonkers Fire Department

1.2.1. A Brief Histo;y)l Before 1852, the village of Yonkers made

no provision for putting out fires. In that year, Robert P. Getty pur-
chased the village's first fire engine. It was privately owned and man-
ned by volunteers, and it responded to fire alarms within the village
limits. In 1856, Yonkers purchased a unit of its own and began taxing
residents for its cost and operation. Manpower was still supplied by
volunteers. By the end of 1895, there were 14 volunteer fire companies
located throughout Yonkers.

Rising insurance rates and pressure from businessmen and other citi-
zens for better fire protection finally brought an end to the era of the
volunteer fireman. In 1896, a fire chief and six salaried firemen were
appointed to man two companies, to maintain a continuous watch for fires,
and to keep their horses and apparatus ready to respond to alarms.

Many of the issues confronting the Department today are the same as
those faced by its predecessors at the turn of the century; only the scale
is different. In 1896, debate in the Common Council centered on how best
to allocate the Fire Department's limited resources. Would it be better
to purchase additional equipment (two horses and a chemical pumper), to
build a new firehouse, or to hire additional men? Another issue was that
of turnout time, the time from transmittal of the alarm until fire-fighting

apparatus began to respond. In 1900, the horses were so well trained that

1 . . . . . . .
The information in this section was derived from a commemorative
journal prepared by the Yonkers Fire Department on its 75th anniversary.
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fire units were zmble to respond within 30 seconds of receipt of an alarm.
Currently, turnout time is about 1 minute.

1.2.2. Organization. The Yonkers Fire Department, formerly called

the Fire Bureau, underwent some organizational restructuring when it was
separated from the Department of Public Safety in 1973. The Department
is now an autonomous unit of the City Administration and is currently
headed by Acting Chief Wallace Brown, who reports directly to the City
Manager. The new organization chart is presented in Fig. 1-1.

The Department maintains a force of 405 uniformed personnel. Most
of this group, 379 officers and men, is assigned to one of two admini-
strative divisions, the West and East Line Divisions, which are responsible
for fire suppression and building inspection in Yonkers. The remaining
men are assigned to one of four supportive staff functions within the
Division of Fire Prevention: the Finance Office, the Training Division,
the Auxiliary Service Division, or the Communications Division.

There are nine Assistant Chiefs. An Assistant Chief is in command
of each Line Division at all times. In addition to their line duties,
the Assistant Chiefs are responsible for certain staff functions, such
as planning and research, selection of apparatus, and other special
projects. (These additional staff responsibilities are indicated by
dotted lines in Fig. 1-1.)

The Department mans a total of 21 companies (13 engines, 7 trucks,
and 1 rescue company), which are deployed throughout the City in 13 fire
stations. The West Division consists of Fire Stations 1, 2, 3, 4, 6, 8,
and 9; the East Division includes Fire Stations 7, 10, 11, 12, 13, and 14.
Table 1-1 contains a complete list of fire-station locations, the com-
panies deployed there, and the year each firehouse was constructed. The
locations are shown on a map in Fig. 1-2. Nine of the firehouses were
constructed prior to 1932, including one built before the turn of the cen-
tury. In many of these, roofs have begun to leak and the gemeral struc-
tural conditions are deteriorating rapidly.

1.2.3. Budget. How much does it cost to provide fire protection in

Yonkers? The Fire Department's current, direct operating budget is almost
$7 million per year. If fringe benefits provided to firemen by the City
are added to this figure, the cost of running the Department becomes $10.1

million per year. The cost of manpower amounts to over 90 percent of this
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Table 1-1

FIRE-STATION LOCATIONS

House Companies Location Construction Date
1 Engine 1 5-~7 New School St. 1927
Truck 1
Rescue 1
2 Engine 2 9 Vineyard Ave. 1897
3 Engine 3 Vark St. & Clinton P1. 1972
4 Engine 4 36 Radford St. 1916
Truck 4
6 Engine 6 81 Oak St. 1962
7 Engine 7 441 Central Ave. 1931
8 Engine 8 539 Warburton Ave. 1931
9 Engine 9 53 Shonnard P1l. 1932
Truck 2
10 Engine 10 485 Saw Mill River Rd. 1906
11 Engine 11 427 Bronxville Rd. 1921
Truck 3
12 Engine 12 75 Fortfield Ave. 1930
Truck 5
13 Engine 13 340 Kimball Ave. 1956
Truck 6
14 Engine 14 2187 Central Park Ave. 1958

Truck 7
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budget.

An analysis of the budget reveals that the annual cost of running
one fire company, manned by 3 men and an officer, is $464,711. This in-
cludes, not only house costs (maintenance, equipment, and debt service)
and manpower costs for round-the-clock service (4.4 men are required to
man each position 24 hours a day, 365 days a year), but also administra-
tive and communication costs. Thus, the incremental direct cost of ad-

ding a fire company would be approximately $440,000 (the total cost less

the administrative and communication costs). Table 1-2 summarizes these
results.
Table 1-2
ANNUAL COSTS PER COMPANY

No. of No. of Administrative
Fireman Manpower Officer Officer House & Communication
Positions Cost Positions Cost Cost Cost Total

3 $293,057 1 $121,716 $22,905 $27,033 $464,711



2. FIRE PROTECTION STANDARDS, MEASURES, AND OBJECTIVES

The total amount of time that fire companies in Yonkers spent working
at incidents in 1972 was less than 7,000 hours, i.e., less than the time
that a single fire company would have available to work in one year. How-
ever, the work is not spread uniformly through time. Sometimes several
companies are working, and sometimes no companies are working. In addi-
tion to having enough equipment to provide service when needed, there
must be additional equipment in anticipation of potential need. Idle
companies provide insurance against major catastrophe and loss of life.
Just as the amount of life insurance an individual should buy is a ques~-
tion that has no "correct" answer, the amount of fire-fighting capability
that a city should buy depends in part on alternative claims on its re-
sources, such as for police protection and health care. It is generally
true that the more fire-fighting resources a city has, the smaller its
losses from fires will be. However, after a certain point, each addition-
al fire company buys a progressively decreasing amount of protection.

The average cost of a fire company in Yonkers is about $440,000 per
year in direct expenses (see Table 1-2). How many companies should the
City maintain? A rational decision rule might be to continue adding com-
panies so long as the cost of each company was smaller than the dollar
amount of the losses from fire that would be incurred if the company were
not added. There are two major problems with such an approach, however:

1. The relationship between losses from fire and quantity of

fire-fighting capability is not known.

2. No one is willing to attach a dollar figure to the loss of

a life. Thus, if adding a fire company saved only one ad-
ditional life every two years, a city might still choose to

spend the extra money.

In general, therefore, when deciding how many companies are needed, a city
administrator or fire chief must weigh the perceived fire protection bene-

fits against the associated costs.

2.1. Standards of Fire Protection

There are few useful standards to help officials determine the level

of fire protection that should be provided in their cities. In the Grading
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Schedule published by the Insurance Services Office, 'standards" are given
for maximum response distances for engine companies and ladder companies [1].
These guidelines are based on the estimated fire flow (gallons of water per
minute) required for different buildings, a knowledge of the number of gal-
lons per minute each engine company can deliver, and, implicitly, on judg-
ments of the response times needed to insure timely delivery of the water
required. For truck companies, the standards are apparently based solely
on judgments of fire risks.

These standards were developed as a means of classifying municipalities
for determining fire insurance rates. Although some cities have used them
for determining the number of companies they need and their locations, we
have avoided their use in our analyses. The major problem with applying
such standards is that the actual relationship between response distance
(or response time) and fire loss is unknown and, therefore, any standards
based on response distance or response time must be set arbitrarily.

Our approach is to use mathematical models to measure the consequences
of alternative allocations of resources and allow fire chiefs and other
municipal decision-makers to combine the quantitative measures with their
informed judgments to produce the final decision. This approach is one

which is reflected in America Burning, the report of the National Commission

on Fire Prevention and Control. They wrote: "Each community has a set of
conditions unique to itself, and a system of fire protection that works
well for one community cannot be assumed to work equally well for other
communities. To be adequate, the fire-protection system must respond to

local conditions, especially to changing conditions' [2].

2.2. Fire Protection Measures

Two primary measures of the effectiveness of a fire department are the
number of fire-related fatalities and the value of property lost as a re-
sult of fire. The objective is to minimize fatalities and property losses.
It is difficult to use these criteria for detailed evaluation of a fire
department, because the relationship between deployment of fire-fighting
forces and loss of life and property is not known. In this evaluation of

the deployment policies of the Yonkers Fire Department, therefore, we em-—

2. . . . .
Figures in square brackets identify references listed at the end of
this document.
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ploy three more easily calculated measures, two of which are directly re-
lated to loss of life and property.

2.2.1. Maximum Response Time. The primary function of most fire

companies in Yonkers is to provide insurance against fire; that is,

they are available in case a fire occurs (they are performing this func-
tion over 95 percent of the time).  But it is an important function
since, if a fire occurs, the Fire Department wishes fire companies to

be available close by so that they can get to the scene as fast as pos-
sible. The degree of coverage afforded by the Yonkers Fire Department

to any given location in the City can be measured in terms of the distance
of the location from the nearest firehouse or, alternatively, in terms

of expected response time to an alarm. Locations close to firehouses are
considered well covered; those far from a firehouse are considered poorly
covered. Thus, one measure of coverage provided in a region is the maxi-
mum response time (or distance) from the nearest firehouse to any point
in the region.

2.2.2. Average Response Time. Another measure of the protection pro-

vided to a region is the average response time from receipt of an alarm to
arrival of equipment at the fire. There are, actually, several average
response times that need to be considered. Different types of responding
units (engines and trucks) should be treated separately, and the order in
which they arrive should be considered. 1In the analysis below, we con-
sider average response times for the first-arriving engine, the first-
arriving truck, the second-arriving engine, and the second-arriving truck.
In some of our models we use an unweighted average, i.e., one which
gives equal weight to all points in a region. In other cases, we weight
the response time to a location by the number of incidents that occurred
at that location in 1971; we thus obtain an average that reflects the re-
sponse time that the Department can expect to achieve in real situations.

2.2.3. Workload. Although there are no fire companies in Yonkers

that can be considered overworked, the Department would like to maintain
a reasonably comparable workload among all companies. Therefore, con-
siderations of workload are included in our analysis. We measure the
workload of a company in terms of the alarm rate in the area in which it

has the responsibility of first response, i.e., its "first-due" area.

2.3. Fire Protection Objectives

As a public service, a fire department has several objectives, which
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may at times conflict. Above all, of course, it must be effective, put-
ting out fires and protecting lives and property with skill and good re-
sults. Since its resources are always limited, it also should strive to
be efficient, to get the most out of what it has. And, since it is sup-
ported by local taxes, it should try to be equitable, and not serve one
group of citizens unduly better or worse than another.
How may these conflict? In deploying its engines and trucks, for
example, a fire department could choose:
1. To concentrate the units near where fires are most likely to
occur, perhaps aiming to minimize the average response time
to actual fires in the city as a whole. Such a location policy
might be justified as efficient.
2. To spread the units out more evenly around the city, providing
roughly equal coverage (e.g., equal average response times) for
all demand regions, even those where few fires occur. Such

a policy might be justified as equitable.

Figure 2-1 illustrates the conflict between these two objectives
when there are two regions of a city with significantly different fire-
alarm rates. If fire companies are placed so that the average response
time is minimized, many more companies will be assigned to the high-incidence
region than to the low-incidence region. The average response times in
the two regions will then not be equal. The high-incidence region will have
short response times and the low-incidence area will experience relatively
long response times.

By contrast, if companies are placed so that average response times
(or maximum response times) are equal in both regions, the companies in the
high-incidence region will have heavy workloads, and the city's average
response time will be higher than the minimum.

In practice, some compromise usually needs to be made between these
two objectives to obtain an appropriate balance between efficient and equi-
table allocation of fire companies. In Yonkers specifically, any reallocation
of companies probably should not equalize response times over the City, but
should leave Demand Region 1 with the shortest response times, since it is
the region of the City that has the greatest incidence of alarms and repre-

sents the most serious hazards. However, since Demand Regions 2, 3, and 4
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HIGH DEMAND LOW DEMAND
THIS SOLUTION MINIMIZES TOTAL RESPONSE

TIME TO ALL FIRES

£ LD

THIS SOLUTION EQUALIZES COVERAGE

(But Total Response Time Is Higher)

Fig. 2-1. Conflicting objectives in the placing of fire companies.
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have approximately the same levels of fire hazards and fire alarms, no
choice between objectives needs to be made. An allocation of companies
in proportion to the areas of the regions will provide equal coverage
while minimizing average response time. Additionally, such an allocation
will equalize the workload of the units located in the three regions.
(These results are derived in [3].) Therefore, for a given City-wide
level of resources, once an allocation is made to Demand Region 1, the
remaining companies (engines and trucks separately) should be more or

less uniformly distributed over the other three regiomns.
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3. COLLECTING AND ANALYZING THE DATA

Fire Department administrators have the responsibility of deciding
how best to deploy men and equipment to provide adequate coverage through-
out the City. A variety of models, which will be discussed further below,
have been developed to assist them in making these decisions. Effective
use of these models requires more and different kinds of data than are
usually collected by most municipal fire departments. Among the data re~
quired are:

(1) a division of the City into '"demand regions" having similar
demographic characteristics, and a characterization of each
region, including the location of all fire-fighting units
deployed within it;

(2) a distribution analysis of fire alarms by type, by time of
day, and by location;

(3) a plotting of the relationship between response distance and
travel time}

(4) location of every alarm box and firehouse in the City on a
coordinate grid;

(5) identification of SPecial hazards.

These data are used primarily as input to different deployment models.,
However, analysis of the data can itself be interesting and useful for
purposes of planning and fire prevention. We discuss below the manner in

which the data were collected and present some highlights of the analysis.

3.1. Demand Region Characteristics

Yonkers was partitioned into four demand regions; the basis of the
division was the perceived homogeneity of fire hazard within each region.
In order to simplify computation, the boundaries of the demand regions
were constructed to coincide with first-due engine-response boundaries.
Figure 1-2 (see page 6) is a map of Yomkers, showing the four demand re-
gions and the locations of all fire-fighting equipment deployed in each
of them.

Table 3-1 summarizes some geographic and demographic characteristics
of the four regions. Demand Region 1 includes the oldest and most dense-
ly populated part of Yonkers. Most of the structures in the region are

old and of frame construction. This region also encompasses the princi-
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pal business district of Yonkers, so that in the daytime the population
is swelled by shoppers and people whose business is downtown. These fac-
tors result in a greater fire hazard in Region 1 than in the other regions,
as well as in a higher incidence of fire alarms. Demand Regions 2, 3,
and 4 have lower population densities and are more residential than Re-
gion 1, although all do contain some commercial establishments. In de-
ploying its units, the Fire Department does recognize the disparity in
the demand for fire protection among the different regions. More units
are allocated to Region 1 than to any of the others; eight of the Depart-
ment's 21 units (including the rescue company that is located in the

same house as Engine 1 and Truck 1)--i.e., 38 percent of its total fire-
fighting equipment--is located in Demand Region 1, which comprises only
16 percent of the total area served by the Department.

The overall population of Yonkers increased by only about 6 percent
in the 10 years between 1960 and 1970. But there has been a clear pat-
tern of northward migration. More and more people are abandoning south
Yonkers for the semisuburban environment of north Yonkers. 1In the north,
Demand Regions 3 and 4 experienced a population growth of 18 percent and
19 percent, respectively, between 1960 and 1970; in the same decade, in
south Yonkers, the population in Demand Region 1 decreased by 6 percent
and rose by only 6 percent in Demand Region 2. These population shifts
mean that there will be a higher demand for fire service in the north,
and also that there will no doubt be continuing deterioration of the hous-
ing stock in Region 1 as its economic composition shifts more strongly to
lower-income families. The Fire Department will thus have to reevaluate

its protection criteria for each section of the City.

3.2. Alarm Incidence

3.2.1. Collecting and Coding the Data. In order to make specific

recommendations on the allocation and dispatching of Yonkers' fire units,

it is necessary to have a very clear picture of the demand for fire ser-
vice in the City. The gross alarm totals available in the Fire Depart-
ment's annual reports are an inadequate basis for determining such policies.
Additional information is needed on the distribution of incoming alarms

by type, by time, and by location. For example, using data from the an-
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nual reports, we can discern rapid growth in the incidence of malicious
false alarms. However, appropriate response to this growth requires de-
tailed information on the spatial and temporal patterns of the false alarms.

The form shown in Fig, 3-1 was used to collect data on all alarms
that occurred in Yonkers in 1961 and 1971. The source of the data was
the Assistant Chief's Reports (ACRs), one of which is filled out by the
responding assistant chief at every incident. A brief training course
was given to a team of coders to familiarize them with Fire Department
terminology and to detail methods for extracting and transcribing the
required information from the ACR. The main difficulty in achieving the
incidence coding was that much of the relevant information in the ACRs
is contained implicitly in the comment section rather than explicitly
in a specific location.

In order to specify locations of incidents and fire companies for
use in a computer, a coordinate grid of Yonkers was designed, and a
unique pair of x, y coordinates was assigned to each of the alarm boxes
in Yonkers. The coordinates of the nearest alarm box were used to pin-
point the exact location of an incident or of a fire company. The co-
ordinate grid was also used to calculate distances between locations
and to display aggregated annual alarm data on computer—generated maps.

3.2.2. Alarm Type Distribution. Figure 3-2 shows the rapid in-

crease in total alarms transmitted in the years 1961 through 1972. The
number has more than doubled, going from 2,651 alarms in 1961 to 5,785
alarms in 1972, but the rate of increase has not been uniform through
all types of alarms. It is therefore useful to classify alarms by type.
We define five alarm types:

(1) structural fire: a fire occurring inside a building;

(2) transportation fire: a fire involving some form of vehicle;

(3) nonstructural fire: any outdoor fire not included in the
transportation category;

(4) false alarm: an alarm that is transmitted when the
services of the Fire Department are
not required;

(5) emergency: a nonfire incident to which fire-fighting
equipment was summoned and rendered a
service, such as first aid.
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NEEE O

4. BOX NUMBER IF BOX # UNKNOWN,ENTER STREET ADDRESS S. HOW REPORIED
[ 0 | L G
6. TYPE OF INCIDENT 7. NO. OF ALARMS 8. MAX TIME ON

FIRE GROUNDS
STOP HERE FOR ALL FALSE ALARMS.

9. lst ENGINE ON SCENE 10. NO. OF ENGINES RESPONDING 11. NO. OF ENGINES WORKING
12. 1st TRUCK ON SCENE "13. NO. OF TRUCKS RESPONDING 14. NO. OF TRUCKS WORKING
15. 1lst RESCUE ON SCENE 16. NO, OF RESCUES RESPONDING 17. NO. OF RESCUES WORKING
18. PRUPERTY OR EMERGENCY CLASS 19. DAMAGE .TO PROPERTY
20. CIV. INJURED 21. CIV. KILLED 22. UNIF. INJURED 23. UNIF. KILLED

STOP HERE FOR ALL EMERGENCIES
24, CAUSE 25. MANNER OF EXTINGUISHMENT

STOP HERE FOR ALL NON~-STRUCTURAL AND TRANSPORTATION FIRES.
26. NO. OF BUILDINGS 27. VACANCY 28. TYPE OF CONSTRUCTION
29. AREA OF ORIGIN 30. FLOOR 31. EXTENT OF FLAME

Fig. 3-1. City of Yonkers fire incident report form.
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Fig. 3-2. Yonkers total fire alarms, 1961-1972.
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Figure 3-3 shows data for these five types of incidents for 1961 to 1972.
The most spectacular increase was in the number of false alarms, which
went from 280 in 1961 (when they represented the smallest of the five
alarm categories, constituting 10 percent of the total) to 1,669 in

1972 (thus becoming the largest alarm category, with 29 percent of all
alarms). During the same period, the number of structural fires re-
mained about the same (under 400, or 9.3 percent of the total in 1961
and 8.0 percent in 1972). Nonstructural fires shows considerable annual
variation. The sharp drop in such alarms in 1967, which led to a de-
crease in total alarms, was the result of a decrease in the number of
brush fires. During 1961-1972, emergency alarms have consistently re-
presented between 25 and 30 percent of total alarms.

The alarm data from the period 1966 to 1972 were used to predict
alarm rates for 1984. It was assumed that the rate for each alarm type
would continue to grow in the same proportion as it has in the last five
years. This was done, less by way of factual prediction, and more to
test the sensitivity of the analysis to potentially high alarm rates.
The dashed lines in Fig. 3-4 show these projections. Total 1984 alarms
are projected at 10,960, almost twice the current number. The number
of false alarms is projected at 4,750, or 44 percent of total alarms in
1984, Seven hundred and ten (710) alarms of structural fires--or 6.5
percent of total alarms—-are expected in 1984.

3.2.3. Alarm Incidence by Location. Figure 3-5 is a map of Yonkers

showing the spatial distribution of fire alarms in 1971. Each small
square represents an area of about .06 square miles, and displays aggre-
gated incidence data reported from the 3 to 5 alarm boxes located in each
of these areas. It is evident that the demand for fire service is heavily
concentrated in the southwest section of Yonkers (Demand Region 1). More
than one-half of all alarms occur in this region, which comprises only
one-sixth of the total land area of the City. Table 3-2 shows the dis-

tribution of all alarms by demand region for 1971 and as projected for 1984.

Table 3-2
ALARM DATA BY DEMAND REGION
Demand Area
Region (Sq. Miles) Total Alarms 1971 Total Alarms 1984
1 2.90 2,875 5,653
2 3.80 728 1,431
3 5.36 746 1,467
4 5.96 1,225 2,409

Citywide 18.02 5,574 10,960
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False alarms and alarms of structural fires exhibit the same geographic
pattern, as is shown in Figs. 3-6 and 3-7, respectively.

Figure 3-8 reveals that, although the decade between 1961 and 1971
was one of great change in the demography of Yonkers, the spatial dis-
tribution of fire incidence remained almost constant. Even though the
overall number of alarms more than doubled, the relative number, or per-
centage, of total alarms occurring in each demand region was almost un-
changed. For example, of the 2,644 alarms that were reported inm 1961,
49 percent occurred in Demand Region 1; in 1971, when there was a total
of 5,574 alarms, 50 percent originated in that region. We conclude
that, although the total number of alarms will continue to rise in the
future, the relative demand in each region can be expected to remain the
same.

3.2.4. Incidence of Alarms by Time of Day. A total of 5,574 alarms

in 1971 means that, on the average, .64 alarms occurred in every hour
during that year. But, the incidence of alarms is not in fact evenly
distributed throughout the day; it shows great variability in the course
of a 24-hour period. As shown in Fig. 3-9, there can be an order of mag-
nitude difference between alarm rates at different hours. The average
overall alarm rate in 1971 reached a peak of 1.1 alarms per hour between
8 p.m. and 10 p.m., and was only .15 alarms per hour between 2 a.m. and

4 a.,m.

Different types of alarms exhibit different hourly patterns. False
alarms, 79 percent of which occur between noon and midnight, peak between
8 p.m. and 10 p.m. The false-alarm rate is twenty-five times higher dur-
ing this peak two-hour period (when 246 false alarms were reported in
1971) than during the low two-hour period between 6 and 8 a.m. (when only
9 false alarms were transmitted). Structural fires are more evenly dis-
tributed. The peak two-hour periocd is 4 to 6 p.m., and the low period
is 6 to 8 a.m. The rates in these two extreme periods differ by a factor
of only four. A study of seasonal and day-of-week variations in alarm

rates did not prove significant.

3.3. Response Time Data

Any evaluation of deployment alternatives requires accurate estimation

of response time, i.e., of the time it takes fire equipment to respond to
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an alarm., Yet little information was available in Yonkers to indicate
how quickly fire engires responded to fires, and how respomnse times
varied with distance and time of day.

Response time can be divided into two components: turnout time
and travel time.3 Turnout time is the elapsed time between receipt of
an alarm at a firehouse and departure of a fire company in response to
it. Travel time is the time it takes apparatus to reach the incident
after leaving the firehouse.

An experiment to estimate average turnout time in Yonkers was de-
signed and conducted by Fire Department personnel. It revealed that turn-
out time was relatively constant throughout the City; at all firehouses
but one, it was found to be 60 seconds. At the remaining station, which
houses Engine 7, turnout took about 20 seconds longer because of slow-
moving automatic doors.

In another experiment, nine fire companies measured travel time with
stopwatches, and recorded other relevant data, in order to find the re-
lationship between travel time and travel distance. This experiment was
similar to one conducted by the Fire Department of New York in 1971 [4].
The response areas of the companies selected for participation in this ex-
periment (Trucks 2, 4, 5, 6, and 7, Engines 8, 9, and 10, and the Rescue
Company) represent a cross-section of all geographic and topographic areas
of Yonkers. The information collected for each response included the lo-
cation of the incident, the travel distance as recorded by odometer, the
travel time, and weather and traffic data. The data were keypunched and
processed by computer to determine the relationship between travel time
and travel distance. Several functions relating travel time to travel
distance were then fitted to the data. The best estimates of travel time

were obtained from the linear function:

Travel time = .66 + 1.77 x Distance.

This fit is shown in Fig. 3-10.

Table 3~3 presents a summary of all the data collected by the parti-
cipating companies. For each travel distance, the table gives the number
of observations, the resulting average travel time in minutes, and the
average velocity in miles per hour.

3A third component, dispatching time (the time between receipt of an

alarm and notification of units to respond), is often included in response
time, but here we assume that dispatching time is negligible.
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Table 3-3

SUMMARY OF TRAVEL CHARACTERISTICS
FOR PARTICIPATING COMPANIES

Distance Number of Average Duration Average
Observations (minutes) Velocity
(miles/hr.)

0.10 4 1.88 4.61
0.20 8 1.50 13.65
0.30 19 1.17 20.78
0.40 18 1.17 23.06
0.50 21 1.25 25.80
0.60 32 1.52 27.02
0.70 20 2.14 21.71
0.80 25 2.23 22.52
0.90 19 2.34 25.15
1.00 36 2.40 26.66
1.10 18 2.87 24.90
1.20 21 2.69 28.04
1.30 15 2.93 27.58
1.40 22 3.28 26.43
1.50 26 3.42 28.80
1.60 15 3.46 28.27
1.70 8 3.52 29.52
1.80 7 3.44 31.84
1.90 8 3.72 31.73
2.00 12 3.66 33.52
2.10 1 4.05 31.11
2.20 2 5.20 25.39
2.30 2 4.77 30.30
2.40 2 5.77 27.18
2.50 1 5.50 27.27
2.60 1 5.20 30.00
2.80 2 4.78 35.33
3.00 3 5.89 30.64
3.10 2 5.12 37.30
3.20 1 7.25 26.48
3.30 1 5.00 39.60
3.40 1 7.20 28.33
3.50 1 6.83 30.73
4.20 1 8.55 29.47
4.40 1 11.13 23.71
4.50 1 11.78 22.91
5.30 1 8.38 37.93
*
All runs 1.13 378 2.66 26.00

KA

This distance is an average over all observations.
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The response data were also analyzed to determine what effect time of
day had on response velocity and, hence, on travel time. We found that
such effects do exist, but that they are less significant than we expected
and that they can therefore be ignored for many planning purposes. Table 3-4
displays the velocity data grouped into 12 two-hour time periods. The
average response velocity was 26.0 miles per hour, with no practical dif-
ferences in travel velocity apparent between daylight hours and nighttime

hours, or even between rush hours and nonrush hours.
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Table 3-4

SUMMARY OF RESPONSE VELOCITIES
BY TIME OF DAY

Time of Day Number of Average
Observations Velocity

(m.p.h.)

0000-0200 25 28.42
0201-0400 18 25.81
0401-0600 6 25.75
0601-0800 6 24.79
0801-1000 22 27.82
1001-1200 29 25.51
1201-1400 47 27.36
1401~-1600 36 23.48
1601-1800 31 28.47
1801-2000 53 26.46
2001-2200 61 24.43
2201-2400 44 24.84

All runs 378 26.00
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4. DEPLOYMENT OF FIRE COMPANIES IN YONKERS

The Fire Department's performance in protecting lives and property
is reflected by its ability to respond to fires quickly. This ability
is in turn determined by how fire-fighting resources are deployed. Stra-
tegic decisions concerning the allocation of resources--i.e., where to
locate fire companies for maximum effectiveness--thus require careful
analysis.

The average response time of first-arriving fire-fighting units ean
often be reduced significantly by changes in the location of firehouses.
Several alternatives were investigated, each involving relocation, elimi-
nation, or addition of companies. We chose some of these for further con-
sideration, according to the following process:

1. Current average and maximum response times were obtained for

various regions in the City.

2. Analysis of the response times showed that they did not accurate-
ly reflect the Fire Department's perceptions either of the actual
hazards in the various regioms or of the level of protection they
wanted to provide. The disparities were the following:

a. Average response times were significantly different in
regions representing roughly equal hazards.

b. Maximum response times in some regions were found to be
too high.

3. The City specified possibilities for new or relocated firehouses.

4, Resulting response times were analyzed for a large number of con-
figurations of fire companies.

The following seven redeployment possibilities were selected as the

best ways of solving the response-time problems:

1. Move Engine 10 to a site previously occupied by the filter beds
of the Department of Public Works, on the east side of Nepperhan
Avenue, just north of Lewis Street.

2, Comnstruct a new firehouse for Engine 8 at the northeast corner
of Warburton Avenue and John F. Kennedy Memorial Drive, ad-
jacent to its current location.

3. Disband Engine 1.
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4. Locate an engine company at Kimball Avenue and the Cross County
Parkway, by
(a) creating a new engine company, or
(b) moving Engine 1 to this location.
5. Locate a truck company at the house being built for Engine 10, by

(a) creating a new truck company,

(b) moving Truck 5 to the house being built for Engine 10, or
(c) converting Engine 1 to a truck company and locating it at

the house being built for Engine 10.

6. After locating an engine company at Kimball Avenue and the Cross
County Parkway (by implementing option 4a or option 4b), move
Engine 14 and Truck 7 to a new location in the vicinity of Cris-
field Street and Scarsdale Road, and move Engine 11 to a new lo-
cation in the vicinity .of Rosedale Road and Underhill Street.
Truck 3 would remain in its present location.

7. Move Engine 14 to a new location in the vicinity of Rosedale Road
and Underhill Street, and move Engine 11 to a new location at

Kimball Avenue and the Cross County Parkway.

All of the above options assume that the portion of Yonkers' annual
Budget currently allocated to the Fire Department is fixed at approximately
its current level. Our deployment options involve the addition of, at
most, one fire company. Capital costs necessary for the construction of
new firehouses are not restricted in this manner, however. The only con-
straint on new firehouse locations is that the site be on property already

owned or easily purchasable by the City.

4.1. Current Protection Levels

The first step in the analysis is to determine the level of service
now being provided in each of the four demand regions of the City. A sit-
ing model [5], which stores in the computer the grid locations of every
alarm box and firehouse in the City, was used to estimate the response times
resulting from the current configuration of fire companies. If the grid
coordinates of an alarm box are (xl,yl), and the coordinates of the house
of a company responding to an alarm at that box are (xz,yz), then the travel

distance is estimated by
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_ / 2 2 3
D=1.15 (xz xl) + (y2 - yl) .
Based on the response-time experiment described above, the travel time

is estimated by
T= ,66+ 1.77D,

where D is in miles and T is in minutes. To obtain response times, one
minute is added to T as an estimate of the time required for a company to
"turn out" after receipt of an alarm.

By calculating these relationships for the closest engine company and
the closest ladder company to every alarm box in the City, average and maxi-
mum response times can be obtained for boxes in every company's first-due
area, for every demand region, and for the whole city. The results of the
calculation represent estimates of the actual response times and are pre-

sented in Table 4-1.

The table shows that average response times for all engine companies
lie within the same range, except for significantly lower average response
times for engines located in Demand Region 1. This reflects the Fire De-
partment's perception of the relatively greater hazards in Demand Region 1,
which contains the central business district, compared to the more resi-
dential sections of the City. Within the residential regions, the average
response time in Region 4 is generally better than in Regions 2 and 3. The
same general results hold true for the average response times of truck com-
panies,

Current maximum first-due response times for engine companies exhibit
considerable variation, but all are below 5 minutes, except for Engines 9
and 10 in Demand Region 4. Maximum first-due response times for truck com-
panies located in Demand Region 4 are also high. A glance at the map in
Fig. 1-2 (see page 6) provides the explanation. The four engine companies
and two truck companies in Demand Region 4 are all located in the southern
half of the region. Response times to fires in the northern section must,
therefore, be fairly long. Changing the firehouse configuration in this
region could do much to improve coverage.

We consider below seven deployment options that address the problems
of reducing maximum response times and balancing average response times in

the primarily residential regioms.

3The constant multiplier in this relationship was estimated using re-
sponse data collected by the Yonkers Fire Department.
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Table 4-1

ESTIMATED CURRENT FIRST-DUE ENGINE AND TRUCK
RESPONSE TIMES (IN MINUTES)

Engines Trucks
Average Maximum . Average Maxiumum
Demand Response Response Response Response
Region Company Time Time Company Time Time
1 El 2.4 2.9 T1 2.7 3.5
E2 2.5 3.5 T4 3.0 4.9
E3 2.3 2.9
E4 2.9 4.2
E6 2.3 3.2
Region 1 2.7 4,2 3.0 4.9
2 E7 3.3 4.6 T6 3.6 4.9
E13 3.4 4.9
Region 2 3.4 4.9 3.8 4.9
3 Ell 3.2 4.7 T3 3.1 4.5
El4 3.5 4.9 T7 3.4 4.9
Region 3 3.4 4.9 3.4 4.9
4 ES8 3.1 4.5 T2 3.4 5.3
E9 3.1 5.3 T5 3.7 6.1
E10 3.2 5.1
El12 2.9 3.8
Region 4 3.2 5.3 3.5 6.1
Citywide 3.0 5.3 3.4 6.1
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4.2, Redeployment Options

Use of the siting model allows us to determine quantitatively the
effects on both average and maximum response times resulting from a change
in deployment. It is difficult to evaluate the full impact of a particular
redeployment option by calculating average response times over large areas
(such as demand regions or even first-due areas), as was done in the pre-
ceding section. The true magnitude of the change may be masked by the
size of the region. For example, a 5-second increase in average response
time within a demand region may indicate a l-minute increase in a small
part of the region with no change at all in the rest of the region.

It is therefore necessary to focus directly on the affected region,
i.e., on the set of alarm boxes that show a different first—due response
time as the result of redeployment. The size of an affected region (de-
fined by the number of alarm boxes it encompasses), the magnitude of the
change in response time within it, the number of alarms in the region,
and the hazards in the region are used in comparing the alternative de-
ployment options. Two numbers derived from this information are particu-
larly useful for making these comparisoms: (1) the number of alarm boxes
in the affected region multiplied by the change in response time (a measure
of the change in coverage); and (2) the change in response time multiplied
by the number of fires (a measure of the change in response time to fires).
Table 4-2 summarizes information on the affected region for each of the
seven options.

4,2,1, Option 1. Move Engine 10 to the east side of Nepperhan Avenue,

just north of Lewis Street (A).4

The location of Engine 10 has to be changed, because an arterial high-
way is to be constructed through the present location of the firehouse.
Among the available alternative sites evaluated, a location formerly oc-
cupied by the filter beds of the Department of Public Works was chosen as
potentially yielding the greatest improvement in response time. Also, this
site is large enough to accommodate the Department's proposed new training
center.

The affected region contains 104 alarm boxes, which reported a total

of 435 alarms in 1971. It consists of the area formerly served by Engine 10

4A letter in parentheses following a proposed firehouse location
identifies a location on the map in Fig. 4-1.
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at its old location, plus an area containing 24 alarm boxes to which En-
gine 9 previously responded, but which would now be part of Engine 10's
first-due area. As a result of the move, Engine 12 would respond first
to 14 alarm boxes formerly served by Engine 10,

By implementing this option, at the cost of constructing a new fire-
house, the average response time in the affected region would drop from
3.4 minutes to 3.2 minutes. The maximum response time would be reduced
by almost a full minute, from 5.3 minutes to 4.4 minutes.

Changes in the first-due regions of neighboring companies are given
in Table 4-3. The changes result in better and more balanced response

times in Demand Region 4.

Table 4-3

ESTIMATED FIRST-DUE ENGINE RESPONSE TIMES FOR COMPANIES
AFFECTED BY REDEPLOYMENT OF ENGINE 10

Company Average Response Time Maximum Response Time
Current After Move Current After Move

E9 3.0 2.8 5.3 3.7

E10 3.2 3.1 5.1 4.3

E12 2.9 3.0 3.8 4.4

Region 4 3.2 ‘ 3.0 5.3 4.4

4.2.2, Option 2. Comstruct a new firehouse for Engine 8 at Warburton

Avenue and John F. Kennedy Memorial Drive (B).

Engine Company 8 has first-due responsibility in a long narrow corri-
dor, running north and south along Warburton Avenue. The boundaries of
the area are determined by certain physical and geographic characteristics
peculiar to this section of Yonkers. Except for the fact that its quarters
are scheduled for demolition, Engine 8 is almost perfectly placed.

Several alternative sites were evaluated; the one selected, in Trevor
Park adjacent to Engine 8's current location, has ample space for construc-
tion of a repair shop as well. This site provides easy and quick access
to Warburton Avenue, which is a major north-south thoroughfare.

This option does not significantly change any of the response times

in the area, but maintains them at their current levels. The funds for
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construction of the new firehouse have already been allocated in the
City's current Capital Improvement Plan. Under this option, Engine 8 can
continue to respond from its current quarters while its new house is being
built, which would not be possible if the new firehouse were to be built

on the old site.

4.2.3. Option 3. Disband Engine Company 1.

As mnoted previously, fire-protection levels in Demand Region 1 are
much higher than in any other region of the City. This differential may
be justifiable in view of the greater risks to life and property existing
in this area. But the Department must decide how much better protection
it wishes to deliver to this region. What would happen to response times
if one engine company were removed from Demand Region 17

The siting model shows that the best company to remove would be En-
gine 1. The affected region, consisting of 46 boxes, which transmitted
a total of 503 alarms in 1971, is simply Engine 1's old first-due area,
which must now be absorbed by the surrounding companies: Engine 2, En-
gine 3, and Engine 6. Assuming Engine 1 is disbanded, the average re-
sponse time in the region increases substantially, from 2.4 minutes to
2.9 minutes. The maximum response time increases from 2.8 minutes to
3.4 minutes.

Table 4-4 shows how these changes in the affected region compare to
the response-time levels currently being provided in the first~due areas
of the surrounding companies. Also shown are the resulting response times
in the first-due areas of each of the surrounding companies after the re-

moval of Engine 1.

Table 4-4

RESPONSE TIMES FOR OPTION 3: AFFECTED REGION
AND SURROUNDING COMPANIES

Area Average Response Time Maximum Response Time
Current Without E1 Current Without El

Affected region 2.4 2.9 2.8 3.4

E2 2.5 2.6 3.5 3.5

E3 2.3 2.6 2.9 3.4

E6 2.3 2.3 3.2 3.2




—bly—

The removal of Engine 1 (whose response area reported 503 alarms in
1971) results in an equitable sharing of its workload among the remaining
companies, so that no one company becomes too busy. If any other company
in Region 1 is taken away, either the workload is shared disproportionately
or some of the response times in the area are increased even more.

The removal of Engine 1 results in a dollar saving of about $450,000
per year, but at the expense of a significant increase in response time in
the affected region. The question (to which there is no clear answer) is
whether the savings are worth the increase in response time. This alter-
native, which may not be acceptable by itself, is, however, an important
component of some options discussed below.

4.2.4, Option 4. Locate an engine company at a new firehouse on

Kimball Avenue and the Cross County Parkway (C).

Two alternatives are presented for this option.

a. Create another engine company and locate it at the new firehouse.
The response area served by this company (the affected region)
consists of sections of the old first-due response areas of En-
gine 7, Engine 11, Engine 12, and Engine 13. The average re-
sponse time to the 56 boxes in this region, in which 226 alarms
occurred in 1971, would be reduced from 4.2 minutes to 2.8 min-
utes. The maximum response time would be reduced from 4.9 min-
utes to 3.6 minutes. Placement of the new company near Kimball
Avenue would also provide easy access to the west via the Cross
County Parkway. This alternative would require construction of
a new firehouse, acquisition of a new pumper, and hiring addi-
tional personnel to man the company.

b. Move Engine 1 to the above location. This alternative is a com-
bination of options 3 and 4a. It would not require acquisition
of new equipment or hiring additional personnel, although con-
struction of a new firehouse would still be necessary. The
decision facing the Fire Department is whether the improvement
in performance to 56 boxes in Regions 2 and 3 (from 4.2 minutes
to 2.8 minutes) is worth the sacrifice in performance to 46 boxes
in Region 1 (from 2.4 minutes to 2.9 minutes).

4.2.5. Option 5. Locate a truck company in the house being recom-

mended for Engine 10.
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Preliminary analysis indicated that truck service in Demand Region 4
needed improvement. The current maximum first-truck response time in Re-
gion 4 is 6.1 minutes. The new house being built for Engine 10 will con-
tain room for a truck company. There are three alternatives for this
option.

.a. Create a new truck company and locate it in the new firehouse.

The affected region, the first-due response area of the new truck
company, is presently served by Trucks 2 and 5, and consists of
90 boxes, which reported a total of 359 alarms in 1971. Imple-
mentation of this alternative, which would require acquisition
of equipment and manpower, would reduce average response time in
the region by over one minute, from 4.3 minutes to 3.1 minutes,
and would reduce the maximum response time by almost two minutes,
from 6.1 minutes to 4.3 minutes. Current average first-due re-
sponse times for the neighboring companies, Trucks 2 and 5, are
3.4 minutes and 3.7 minutes, respectively. Under this option,
the average response time of Truck 2 in its new first-due area
would be reduced to 3.2 minutes, and that of Truck 5 would de-
crease to 3.5 minutes. Even more dramatic are the reductions of
maximum response times. The maximum response time for Truck 2
would go from 5.3 minutes to 4.1 minutes, and for Truck 5 from

6.1 minutes to 4.4 minutes.

b. Move Truck 5 to the above location. Moving Truck 5 would serve
to balance truck response times in the City, but the overall im-
provement would not be nearly so attractive as in option 5a.
However, this alternative would not require addition of a new
company.

The region affected by this change consists of 146 boxes, which re-
corded 917 alarms in 1971. Under the option, average response time in
the region decreases from 3.7 minutes to 3.4 minutes. Maximum response
time is reduced by almost one minute, from 6.1 minutes to 5.2 minutes.

By moving Truck 5, however, the maximum response times of Trucks 3 and
6 are increased to over 5 minutes. The results of this move are summarized
in Table 4-5 below.
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Table 4-5
CHANGES IN RESPONSE TIME AS A RESULT OF MOVING TRUCK 5

Average Response Time Maximum Response Time

Current Move T5 Current Move T5
Affected region 3.7 3.4 6.1 5.2
T2 3.4 3.4 5.3 5.1
T3 3.1 3.2 4.5 5.2
T5 3.7 3.2 6.1 5.2
T6 3.6 3.7 4.9 5.1

c. Convert Engine 1 to a truck company and locate it in the new house.

This alternative, which combines options 3 and 5a, assumes that
engine men can be trained to perform the duties of truck men. As
in option 5b, addition of a new fire company is not required. To
evaluate the benefits of this option, we ask: How does an average
.5>-minute increase in engine response time to the 46 boxes in De-
mand Region 1 compare to the 1.2-minute reduction in average truck
response time to 90 boxes in Demand Region 4? In section 4.3, we
discuss the evaluation in detail.

4.2.6. Option 6. After locating an engine company at Kimball Avenue

and the Cross County Parkway (by implementing option 4a or option 4b), move
Engine 14 and Truck 7 to Scarsdale Road and Crisfield Street (D), and move
Engine 11 to Rosedale Road and Underhill Street (E).

This option is designed to reduce maximum first—engine and first-
truck response times in northeast Yonkers by redistributing companies.

Its implementation would require construction of two new firehouses, in
addition to the house at Kimball Avenue and the Cross County Parkway.
The Fire Department would be able to relinquish the house and property
currently occupied by Engine 14 and Truck 7.

The region affected by the movement of the engine companies encom-
passes 226 boxes, which reported a total of 749 alarms in 1971. Maximum
response time is reduced considerably under this option, going from 4.9
minutes to 4.1 minutes. Average response time decreases from 3.3 minutes
to 3.1 minutes. The region affected by moving Truck 7 contains 130 boxes,

which registered 424 alarms in 1971. The improvement in first-due truck
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times is not as dramatic as in first-due engine times, but it does provide
for balanced coverage. Maximum truck response time is reduced by .2 min-
utes, from 4.9 minutes to 4.7 minutes. Average truck response time would
be 3.3 minutes, compared to an average of 3.4 minutes prior to the move.

4,2.7. Option 7. Move Engine 14 to Rosedale Road and Underhill Street,

and Engine 11 to Kimball Avenue and the Cross County Parkway.

This option is designed to reduce average response time of the first-
arriving fire-fighting unit (engine or ladder) in Regions 2 and 3 by spread-
ing out the units in these regions. It assumes that an appropriate measure
of performance in these regions is the first-unit response time. This is
the time that is given for this option in Table 4-2. Implementation of
this option would require construction of two new firehouses. Engine 11,
Engine 14, Truck 3, and Truck 7 could then be located in four separate
houses, spread almost uniformly throughout the northeast section of Yonkers.
The region in which the first-unit response time would change encompasses
120 boxes, which reported 935 alarms in 1971. Average first-unit response
time would be reduced by over a minute, going from 3.9 to 2.8 minutes. Maxi-

mum first-unit response time would go from 4.9 to 4.2 minutes.

4.3. Evaluating an Option

Some options are easy to evaluate using the information given in Table 4-2.
The consequences of other options are not so clear, requiring more sophisti-
cated analysis to compare costs and benefits. In this section, we show by
example one procedure for evaluating a complex optiomn.

In considering option 5c¢, we are faced with the question of whether the
benefits that derive from having another truck company in Region 4 are greater
than the disadvantages that result from removing an engine company from Re-

gion 1. We consider three aspects of fire protection:

(1) travel time to alarms,
(2) coverage, and

(3) hazards.

4.3.1. Travel Time to Alarms. The addition of a truck company improves

average travel time in the affected region by 1.2 minutes (travel time is re-
sponse time minus the one minute turnout time). From a travel time point of

view, the importance of this improvement depends on the number of alarms that
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will receive this improved travel time. Since there were 359 alarms in

the affected region in 1972, the total decrease in travel time to alarms

is the product of these two numbers (1.2 x 359 = 430.8 minutes). Remov-

ing Engine 1 results in an increase in average travel time of .5 minutes

in the affected region. The total increase in travel time to alarms in this

region, which experienced 503 alarms in 1972, is .5 x 503 = 251.5 minutes.
However, since there are fewer truck companies than engine companies

in the City, the addition or removal of a truck company will generally

have a greater effect on travel time than the addition or removal of an

engine company, so that the changes in travel time are not directly com-

parable. In comparing the travel times of engines and trucks, we note

that the average first-engine travel time in Yonkers is 2.0 minutes,

while the average first~truck travel time is 2.4 minutes. Assuming

that these travel times approximate the relative importance of the travel

times of the two kinds of units, we can adjust engine travel times by the

factor 2.4/2.0 = 1.2 to make engine travel times roughly comparable to

truck travel times. Therefore, the total adjusted increase in travel time

as a result of removing Engine 1 is 1.2 x .5 x 503 = 301.8 minutes. Thus, im-

plementation of option 5c results in a net decrease of 430.8 - 301.8 = 129

adjusted minutes.

4.3.2. Coverage. From a coverage point of view, the more boxes that

receive an improved travel time the better, and the fewer that receive a
downgraded response the better. One way to measure the magnitude of the
change in coverage, therefore, is to compute the product of the change in
average travel time and the number of boxes in the affected region. As

a result of the addition of a truck company, coverage in the affected region
improves by 1.2 minutes x 90 boxes = 108 minutes. The removal of Engine 1
results in an adjusted loss in coverage of .5 minutes x 1.2 (adjustment
factor) x 46 boxes = 27.6 minutes.

4.3.3. Hazards. The results presented in the above two sections show

that converting Engine 1 to a truck company and moving it from Region 1 into
Region 4 yields substantial improvements in both average travel time and
coverage. However, the hazards in Region 1 are greater than those in Region 4.
The question of whether the difference in hazards is great enough to offset

the improvements in coverage and average travel time has no clear answer.
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Therefore, the determination of whether option 5c¢ should be implemented
includes a subjective evaluation of the relative hazards in the two re-
gions and consideration of the political constraints that enter into such

a policy decision, as well as the quantitative measures calculated above.
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5. OTHER RECOMMENDATIONS

5.1. Dispatching Policy

The question of how many fire-fighting units to dispatch to an alarm
is of great tactical importance. Ideally, the Fire Department would like
to dispatch exactly the number of units of each type (engines and trucks)
required to work at each incident. 1In the case of a telephone or radio
alarm, where a verbal communication link to the alarm location can provide
some useful information on the type and severity of the incident, the
dispatcher has some basis for deciding how many units to dispatch. For
alarms from alarm boxes, however, the dispatching decision must be made
without benefit of additional information. The present section is con-
cerned with dispatching policy to alarms from boxes.

5.1.1. Key Issues. In formulating an initial dispatching policy,

several important issues need to be addressed:

1. Company workload and availability. As the incidence of alarms-—
and particularly of malicious false alarms (MFA's)--increases,
there is a tendency to reduce initial fire-company response to
box alarms in the regions where most of the MFA's originate.
This reflects an attempt to decrease company workload and in-
crease availability of resources in the event of a real fire.
Any dispatching policy must ensure an adequate response to
alarms without overburdening the fire companies.

2. Penalties for a reduced or delayed response. A dispatching
policy that sends a reduced number of companies to certain
alarms carries with it the risk of initially dispatching an
insufficient number of units. In the case of a serious fire,
rescue and fire-suppression activities are delayed until the
arrival of additional equipment. The effect of such delayed
responses must be compared to the value of rums saved under
such a policy.

3. Minimum manning requirements. In all instances, first-arriving
companies must have sufficient manpower to prevent extension
of the fire and added losses prior to the arrival of any ad-

ditional units that may be required.
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5.1.2. A Proposed Dispatching Policy. The current dispatching policy

in Yonkers was designed primarily to combat the dramatic increase in false
alarms the City has experienced during the last few years. Between the
hours of noon and midnight, when false alarms are most frequent, box alarms
receive an initial response of one engine and one truck. If the first-
arriving unit detects smoke or any indication of a real fire, the officer
in command generally requests that the response be filled out to a total

of three engines and two trucks. At other times of the day, the initial
response is by three engines and one truck.

This appears to be a rational policy at first glance. Between noon
and midnight 79 percent of all false alarms are reported, the great major-
ity of these by box. Unfortunately, all types of alarms peak during this
time period. Therefore, a sizable percentage of real fires reported by
box, including structural fires, will initially receive a reduced response.

There are several other réasons for changing the dispatching policy.
First, the "false alarm problem" is actually an illusion. Although the
incidence of false alarms has increased substantially in the last few years,
Yonkers still experiences an average of fewer than five false alarms per
day. Second, there is no workload problem for the reduced response policy
to relieve. The busiest fire company in Yonkers (Engine 2) made 1,120 runs
in 1972, i.e., an average of three responses per day. Finally, because of
the low alarm rate, there is no reason to reduce a response in expectation
that the units held back will be needed soon at another alarm.

Therefore, the reduced response merely reduces fire protection and per-
mits fire companies to spend more time in their firehouses. Table 5-1 shows
a proposed new dispatching policy fer box alarms and compares this proposed

policy to the current one.

Table 5-1
INITIAL DISPATCH TO BOX ALARMS

Current Policy Proposed Policy
Midnight - Noon 3 Engines 3 Engines
1 Truck 2 Trucks
Noon - Midnight 1 Engine 2 Engines

1 Truck 2 Trucks




-

The primary change in the proposed dispatching policy is the ad-
dition of a second engine to box alarms between noon and midnight, and the
addition of a second truck at all times. This results ih greater operat-
ing efficiency at the fire scene.

Warren Kimball, a noted authority on municipal fire departments, states
that a single responding engine, with an officer and three men, can deliver
250 gallons of water per minute [6]. Two pumpers, manned by eight men, can
provide 1000 to 1200 gallons per minute almost immediately after arrival.

While pumpers are concerned mostly with fire suppression, trucks are
responsible for rescue and support operations. A larger response of truck
companies provides more men and tools to assist engine-company members
and to perform rescue work during the early, critical stages of a fire.

5.1.3. Evaluating the Proposed Dispatching Policy.
5.1.3.1. Workload and Availability.

An immediately visible result of the proposed policy is a substantial in-
crease in the number of runs made by fire companies. The two most important

questions we must answer are:

1. Will the new policy increase individual company workloads
to the point where the companies become overworked and lose
some of their effectiveness?

2. Will these added runs reduce the availability of fire com-

panies, and thus result in delayed responses to real fires?

In 1972, Yonkers fire companies made over 13,000 responses to 5,785
alarms. Engine 2, located at 9 Vineyard Avenue, made the most responses
(1,120); Truck 7, located at 2187 Central Park Avenue, made the fewest
(203).

Table 5-2 summarizes the effect of the new dispatching policy on work-
load within each demand region based on the 1971 incidence of alarms.

Since only responses to box alarms are affected, we show the number of box
alarms that were transmitted during each time period within each demand re-
gion. All box alarms received between midnight and noon would result in
one additional truck response, while all box alarms received between noon
and midnight would require one additional engine and one additional truck.
Thus, we have an estimate of the total number of additional runs that would

be made in each demand region and the distribution of these runs among the
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companies located in that region.

Table 5-3 compares the number of runs made by each fire company in
1972 with the expected number of runs under the new policy. As expected,
the greatest increase in responses is experienced by truck companies.
Even so, the busiest company under the new policy, Truck 1 with 1,391 re-
sponses, would still average less than 4 runs per day. Engine companies
would average 743 responses under the nmew policy, as compared to 637 re-
sponses under the current policy. Truck-company runs would increase from
an average of 572 to 832,

Implementation of the new dispatching policy would have only a negli-
gible effect on company availability. If a unit responds to an incident
where its services are not required, that unit becomes available for dis-
patch by radio almost immediately. Therefore, a company is unavailable
only during the relatively short time interval in which it is actually
traveling to the scene of an incident.

5.1.3.2. Penalties for A Reduced Response.

Revision of the current dispatching policy would not place an undue strain
on the fire-fighting resources in Yonkers. What would be gained as a re-
sult of the new policy to justify the increased workload? Generally,

the first-due company will arrive at the same time, irrespective of dis-
patching policy. It is the response time of the often critical second
company that is affected most. Under a policy that dispatches only one
unit initially, the second unit will not be sent out until the first unit
arrives at the scene and reports evidence of a fire. If two units are
required, the response of the second unit is delayed.

Figure 5-1 is revealing in its comparison of second-engine response
times under the two different policies. If two engines are dispatched
initially, the second engine arrives in 3.5 minutes; if only one engine
is sent initially, the second engine does not arrive until 6.1 minutes
after receipt of the alarm, a difference of over 2.5 minutes. Figure 5-2
shows a similar result for second-truck response times. The second truck
arrives in 4.4 minutes if two trucks are dispatched initially; if only
one is sent initially, the second truck doesn't arrive until 7.2 minutes
after. receipt of the alarm. In the early stages of a fire, when rescues
must be made and a great deal of water applied to the fire, it is these

few minutes that can be most critical. Thus, the new dispatching policy
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Table 5-3

Engines Trucks
Expected Expected
1972 Runs Under 1972 Runs Under
Unit  Runs New Policy Unit Runs New Policy
Region 1 El 1059 1212 T1 866 1391
E2 1120 1273 T4 550 1075
E3 819 972
E4 733 886
E6 682 835
Region 2 E7 383 457 T6 423 617
E13 498 572
Region 3 E1l 498 563 T3 313 394
El4 385 450 T7 203 284
Region 4 ES 481 562 T5 656 863
E9 609 690 T2 992 1199
ElO 519 600
E12 501 582
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results in a considerable improvement in second~unit response time.

To what types of alarms does this second unit get sent?

Table 5-4 breaks down the 1,819 box alarms transmitted in Yonkers
in 1971. For each alarm type, the table shows (1) the number of box
alarms transmitted between midnight and noon and between noon and mid-
night, (2) the total number of box alarms of each type transmitted by
all methods (box, phone, other), and (3) the percentage of all alarms
of each type transmitted by box.

At first glance, the Fire Department's reduced response policy appears
to have been justified. Of a total of 1,152 malicious false alarms, 1,046,
or 91 percent, were transmitted by box. Under the reduced response policy
(dispatching only one engine and ome truck between noon and midnight),
fire companies could thus be expected to save a total of 1,648 engine runs
and 1,046 truck runs. This reduction in runs is offset, however, by a
less effective response to structural fires. Forty percent of these
(118 of 443) are transmitted by box. If a second engine were dispatched
to these immediately, it would arrive almost 3 minutes sooner, on the
average, which would be a tremendous gain, since a structural fire is
among the most serious in terms of danger to life and property. An anal-

ogous argument can be made to support sending a second truck immediately.

Table 5-4
DISTRIBUTION OF ALARMS

Alarm Type Box Alarms Total Alarms
Midnight - Noon - Box, Phone, Percentage

Noon Midnight Total Other Box
Structural 59 118 177 443 .40
MFA 222 824 1046 1152 .91
Emergency 41 100 141 1787 .08
Other 131 324 455 2192 .21
Total 453 1366 1819 5574 .33
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Also worthy of note is the percentage of nonfire emergency calls trans-—
mitted by box. Generally, such emergencies can be attended to by a single
company, and, since most calls for assistance arrive by phone, the dis-
patcher will know when no more than one company is needed. Only 8 percent
of nonfire emergency alarms in Yonkers come in by box; therefore, the
new dispatching policy for box alarms would not result in many useless
runs to incidents of this type.

5.1.3.3. Minimum Manning Requirements.

Since any dispatching policy depends, not only on the number of units re-
quired, but also on how many men are assigned to each unit, the question
of manning level is of primary importance. Kimball holds that, although
a five-man company is ideal, an individual unit of four men (including

an officer) can still be considered an effective company that can per-
form all its assigned duties at the cost only of slightly more time than
a five-man company would require [6]. Yonkers fire officials agree with
Kimball on this point. Thirteen engine companies and seven truck com-
panies in Yonkers are sach manned by three men and an officer. Given
current manpower constraints, the Department would rather have more 4-

man companies than fewer 5-man companies.
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