











Executive Summary

This study uses a REMI model to estimate the economic impact of the City of Phoenix Fire
Department’s successful intervention at eight fires, June 1 to August 31, 2012, affecting thirteen
commercial businesses or organizations.

Approximately 2,173 tatal private non-farm jobs could have been lost in the State of Arizona over
the course of one year if the City of Phoenix Fire Department had not successfully intervened at the
eight commercial fires studied.

If government and farm sector employment is included, the total impact could increase to 2,322
jobs over the course of just ane year in the State of Arizona.

Maricopa County, as the host county, could suffer most of the estimated job losses, including 495
full-time direct jobs for at least one year.

Gross state product could be lower by approximately $196 million (2012 $) throughout the State of
Arizona, and real disposable personal income by $94.6 million (2012 $), without the City of Phoenix
Fire Department’s successful interventions at these eight commercial fires.

State revenues could also fall by approximately $10.6 million (2012 $) throughout Arizona if the fires
had not been extinguished.

The City of Phaoenix Fire Department is therefore estimated to exert a significant impact on the local

ecanomy at both a state and county level.
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1. introduction

The City of Phoenix Fire Department is committed to providing the highest level of public safety service
for the community, protecting lives and property through fire suppression, emergency medical and

transportation services, disaster management, fire prevention and public education.

One of the busiest fire departments in the country, the City of Phoenix Fire Department is responsible
for a 519.1 square mile area, and the safety/well-being of almost 1.5 million people. In FY2010-11, it
attended 13,893 fires.

The City of Phoenix Fire Department currently implements a wide range of key performance indicators
(KPIs) to demonstrate its value to City officials and the wider community. However, these methods all

overlook the impact of the Fire Department’s operations on the local economy.

In August 2011, the Seidman Research Institute conducted an exploratory case study for the City of
Phoenix Fire Department, evaluating the economic impact of saving a furniture manufacturer from a
major fire. The case study suggested that up to 203 jobs could have been lost in the State of Arizona if
the property had not been saved, plus $20 million gross state product and $9 million real disposable

personal income (2011 $).

Surprised by the magnitude of these impacts, the Seidman Research Institute therefore agreed to
further assess the economic impact of successful fire interventions at commercial establishments over a

longer time horizon. The objectives of this study are to:

e Implement a three month aggregate analysis of commercial fire interventions, focusing exclusively
on any organization that could have temporarily or permanently lost their production capability
and/or operations without the successful intervention of the City of Phoenix Fire Department.

e Quantify the total employment, gross state product (GSP), real disposable personal income (RDPI)
and adjusted state/local tax revenue losses in the State of Arizona and Maricopa County if the fires

had not been successfully contained.

! This is the latest publically-available figure.




The interventions included in this analysis occurred between June 1 and August 31, 2012, and each fire

was in a post-incipient phase.?

Estimated impacts include the direct combined effects of every commercial property benefitting from a
successful Fire Department intervention, alongside the indirect and induced effects that arise when their
incomes and expenditures are recycled within the state’s and county’s ecanomy. The year of study for

this analysis is 2012, and all impacts are expressed in 2012 dollars (2012 $).

Section 2 summarizes the economic impact method and the primary data used in the calculations.
Simulation results for the State of Arizona and Maricopa County are offered in Section 3. Conclusions

and recommendations are provided in Section 4.

2. Economic Impact Analysis — Study Method and Scenario Examined

Commercial businesses and organizations exert direct, indirect and induced impacts on a state or

county’s economy.

The direct impacts are generally easy to understand and calculate. They include the initial capital
investment when a business or organization is launched, and the people directly employed to supply

their products or services.

The indirect and induced effects are additional, second round expenditures and jobs created as a result

|u

of the initial “injection” of capital expenditures and direct employment. Indirect effects arise when a
company makes purchases from suppliers to support its operation. Induced effects occur when workers
either directly or indirectly associated with commercial businesses or organizations spend their incomes
in the local economy, when suppliers place upstream demands on other producers, and when state and

local governments spend new tax revenues. The income that a company or employee spends in the

? This means that the fire had progressed beyond the incipient or ignition phase, and was either growing in intensity, or was
fully developed (the hottest and most dangerous phase of any fire).
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local economy therefore generates revenues/income for a variety of different businesses, which creates

induced effects.

The rounds of expenditures are not self-perpetuating in equal measure. Through time, they become
smaller as more of the income/expenditures “leak” out of the local economy.> The cumulative impacts
of these rounds of expenditures or “ripple effects” are known as the multiplier effect in economics.
Importantly, there is no one “magic” multiplier number for every conceivable scenario. Due to the inter-
linked nature of the Arizona economy and its links to the rest of the U.S. (and the worlc  the eventual

ripple effects depend on a variety of different factors.*

If a commercial business or organization is adversely affected by fire, causing a temporary or permanent
cessation of trade or potentially even relocation, this will also affect the host state or county’s local
economy. The potential impacts of fire damage include actual physical structure impairment, falls in
sales output, or new production costs such as the purchase of replacement equipment and supplies.
This will affect key economic variables such as employment, gross state product, disposable personal

income and local/state tax revenues.

Therefore, a full understanding of the total impact that a successful fire intervention at a business will

have on the Arizona economy is rather more complex than just an extrapolation of direct impacts.

Please note that this study only considers the potential economic losses if a commercial business or
organization is forced to temporarily or permanently close down due to fire. No consideration is given
to the potential construction impacts arising from unsuccessful interventions. Residential interventions

are also excluded from the analysis.

*For example, in the form of savings, or as payments for goods and services produced outside of a state.
* In very simple terms, what matters is the size of the direct impact, where it occurs (that is, which county and which sector of
the economy) and the duration of the impacts.
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2.1. Study Method

This study makes use of an Arizona-specific version of the REMI regional forecas
the Seidman Research Institute, to produce economic estimates of comn

organizations in the State of Arizona and Maricopa County.

Through its dynamic modeling, REMI takes account of variations in the economic impact of a business
through time. These estimated impacts are the difference between the baseline economy and the
baseline economy augmented with the new enterprise. As a result, the analysis measures the economy
with and without the existence of the fire-stricken business in both the State of Arizona and Maricopa
County. The use of a county level model also enables a more detailed disaggregation of results to occur,

estimating the “leakage” of economic impacts into other counties in Arizona.

Seidman’s method for estimating the economic impacts involves four fundamental steps:

1. Prepare a baseline forecast for the state and county economy: This baseline scenario provides

a forecast of the future path of the local economies in the State of Arizona and Maricopa County

based on a combination of the extrapolation of historic economic conditions and an exogenous
forecast of relevant national economic variables. This is often referred to as the Business as
Usual (BAU) case, and assumes that the commercial businesses and organizations included in
the analysis did not require successful fire interventions to continue operating.

2. Develop policy scenario: This describes the direct economic impacts generated by the loss of
these commercial businesses and organizations for up to one year if the City of Phoenix Fire
Department had been unable to successfully intervene.

3. Compare the baseline and policy scenario forecasts

4. Produce delta results: Differences between the future values of each variable in the forecast
results estimate the magnitude of the loss of the businesses and organizations for the local

economy, relative to the baseline.




The economic impacts measured in this study are:

e Total Employment: An estimate of the total number of full-time (or equivalent) jobs in the State of
Arizona or Maricopa County, encompassing every sector and industry, including government and
farm workers. Total employment therefore includes employees, sole proprietors and active
partners, but excludes unpaid family workers and volunteers.

¢ Total Private Non-Farm Employment: An estimate of the total number of full-time (or equivalent)
jobs in the State of Arizona or Maricopa County, encompassing all sectors and industries but
excluding government and farm workers. This again includes employees, sole proprietors and active
partners, but excludes unpaid family workers and volunteers.

s Gross State Product (GSP): This is the market value of goods and services produced by labor and
property in the State of Arizona or Maricopa County. It represents the dollar value of all goods and
services produced for the state or county’s final demand, but excludes the value of intermediate
goods and services purchased as inputs to final production. It can also be defined as the sum of
employee compensation (wages, salaries and benefits, including employer contributions to health
insurance and retirement pensions), proprietor income, property income, and indirect business
taxes.

¢ Real disposable personal income (RDPI): This is an estimate of the total after-tax income received
by any person residing in the state or county, deflated by the Personal Consumption Expenditure
(PCE)-Price Index, but available for spending or saving. Technically speaking, real disposable
personal income is the sum of wage and salary disbursements, supplements to wages and salaries,
proprietors’ income, rental income of persons, personal dividend income, personal interest income,
and personal current transfer receipts, less personal taxes and contributions for government social
insurance.

s State Tax Revenue: This is an estimate of general sales tax, selective sales tax, license taxes,
individual and corporate income taxes, other taxes, miscellaneous general revenue, utility revenue,

liquor store revenue, insurance trust revenue, intergovernmental revenue and current charges.




2.2. Data Inputs

Between June 1 and August 31, 2012, the City of Phoenix Fire Department successfully intervened at
thirteen post-incipient commercial fires - that is, fires that were either growing in intensity or fully

developed {the hottest and most dangerous phase of any fire).

Two of the interventions were at vacant commercial premises, and therefore excluded from the current
analysis. The businesses and organizations at three commercial fire locations declined to participate in
the study. The remaining eight interventions directly affected thirteen local bu: esses. Production
capability and business operations could have been lost for at least one year at eleven of these local
businesses without the successful intervention of the City of Phoenix Fire Department. Commercial
activity at the remaining two local businesses could have been compromised for at least three months if

their fires had not been successfully controlled.

Each commercial business or organization was asked to complete a brief survey as part of a follow-up

fire incident investigation to supply the following data:

e Industry type

e Industry NAICS code/description

¢ Number of full-time (or equivalent) employees

e Annual total revenue/sales

e Average employee salary

e Extent of actual disruption to business operations

e Estimated extent of disruption without successful intervention

Anonymity was guaranteed in return for their sharing of commercially sensitive information. The
industries directly benefiting from the City of Phoenix Fire Department interventions included
construction, manufacturing, retail, finance, administrative and support services, and other services

(except public administration).
















If this three month time horizon is representative of the number and type of City of Phoenix Fire

Department commercial fire interventions for a full calendar year, it is reasonable to conclude that the
Fire Department exerts a significant impact on the local economy at both a state and county level.
Seidman therefore recommends additional economic analysis of commercial fire interventions for other
three-month time horizons to ensure the representativeness of the study sample, prior to the inclusion
of an economic KP1 to further demonstrate the Fire Department’s value to City officials and the wider

community.

The City of Phoenix Fire Department also offers much more than commercial fire interventions. The
sourcing of appropriate data inputs from successful single-family and multi-family residential fire
interventions for economic analyses poses greater challenges than commercial interventions. However,
if an appropriate solution or way forward can be found, the economic impact of the City of the Phoenix

Fire Department’s successful interventions could be even greater.
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Unlike most other regional economic impact models, REMI is a dynamic model that produces integrated
multi-year forecasts and accounts for dynamic feedbacks among its economic and demographic
variables. The REMI model is also an "open" model in that it explicitly accounts for trade and migration
flows in and out of the state. A complete explanation of the model and discussion of the empirical

estimation of the parameters/equations can be found at www.remi.com.

The operation of the REMI model has been developed to facilitate the simulation of policy changes, such
as a tax increase for example, or many other types of events — anything from the opening of a new
business to closure of a military base to a natural disaster. The model's construction includes a large set
of policy variables that are under the control of the model's operators. To simulate the impact of a
policy change or other event, a change in ane or more of the policy variables is entered into the model
and a new forecast is generated. The REMI model then automatically produces a detailed set of
simulation results showing the differences in the values of each economic variable between the control

and the alternative forecast.

The specific REMI model used for this analysis was Policy Insight Model Version PI* version 1.3.13 of the
Arizona ecanomy (at the county level) leased from Regional Economic Maodels Inc. by a consortium of
State agencies, including Arizona State University, for economic forecasting and policy an  sis.

A.3. Effects Not Incorporated into the Analysis

No major cammercial impacts were omitted.
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Measurement Uncertainty

. measurements of length, temperature, mass, moisture

ontent, smoke obscuration, and time taken in these

xperiments have unique components of uncertainty that
must be evaluated in order to determine the fidelity of the data.
These components of uncertainty can be grouped into two
categories: Type A and Type B. Type A uncertainties are those
evaluated by statistical methods, such as calculating the standard
deviation of the mean of a set of measurements. Type B
uncertainties are based on scientific judgment using all available
and relevant information. Using relevant information, the upper
and lower limits of the expected value are estimated so that the
probability that the measurement falls within these limits is
essentially 100 %. After all the component uncertainties of a
measurement have been identified and evaluated it is necessary to
use them to compute the combined standard uncertainty using the
law of propagation of uncertainty (the “root sum of squares”).
Although this expresses the uncertainty of a given measurement, it
is more useful in a fire model validation exercise to define an
interval for which the measurement will fall within a certain level of
statistical confidence. This is known as the expanded uncertainty.
The current international practice is to multiply the combined
standard uncertainty by a factor of two (k=2), giving a confidence
of 95 %.

Length measurements of room dimensions, openings and
instrument locations were taken using a steel measuring tape with a
resolution of 0.02 in (0.5 mm). However, measurement error due to
uneven and unlevel surfaces results in an estimated uncertainty of +
0.5 % for length measurements taken on the scale of room
dimensions. The estimated total expanded uncertainty for length
measurements is + 1.0 %.

The standard uncertainty of the thermocouple wire itself is 1.1°C
or 0.4 % of the measured value, whichever is greater (Omega 2004).
The estimated total expanded uncertainty associated with type K
thermocouples is approximately % 15 %. Previous work done at
NIST has shown that the uncertainty of the environment
surrounding thermocouples in a full-scale fire experiment has a
significantly greater uncertainty (Blevins 1999) than the
uncertainty inherent with thermocouple design. Furthermore,
while a vertical thermocouple array gives a good approximation of
the temperature gradient with respect to height, temperatures
cannot be expected to be uniform across a plane at any height
because of the dynamic environment in a compartment fire.
Inaccuracies of thermocouple measurements in a fire environment
can be caused by:

Radiative heating or cooling of the thermocouple bead

Soot deposition on the thermocouple bead which change its
mass, emissivity, and thermal conductivity

Heat conduction along thermocouple wires

“low velocity over the thermocouple bead

To reduce these effects, particularly radiative heating and cooling,
thermocouples with smaller diameter beads were chosen. This is
particularly important for thermocouples below the interface
because the radiative transfer between the surrounding room
surfaces will be significantly less uniform than if the thermocouple
were in the hot gas layer. It is suggested in [Pitts] that it may be
possible to correct for radiative transfer given enough sufficient

knowledge about thermocouple properties and the environment. ‘
However, measurements of local velocity and the radiative
environment were not taken. Additionally, the probes were located
away from the burn compartment walls in order to avoid the effects
of walls and corners.

The gas measurement instruments and sampling system used in
this series of experiments have been demonstrated to have an
expanded (k = 2) relative uncertainty of + 1 % when compared
with span gas volume fractions (Matheson). Given the limited set of
sampling points in these experiments, an estimated uncertainty of
+ 10 % is being applied to the resuits.

The potential for soot deposition on the face of the water-cooled
total heat flux gauges contributes significant uncertainty to the heat
flux measurements. Calibration of heat flux gauges was completed
at lower fl: then  -apolated tohigl  iuesar his
resulted in a higher uncertainty in the flux measurement.
Combining all of component uncertainties for total heat flux
resulted in a total expanded uncertainty of -24 % to +13 % for the
flux measurements.

Prior to experimentation, ten of the wooden pallets used in the
fuel packages were randomly selected for measurement. Two
measurements were taken, moisture content and mass. Moisture
content was measured using a pin-type moisture meter with a
moisture measurement range of 6 % to 40% and an accuracy of
<0.5 % of the measured value between 6 %o and 12% n  sture
content. Mass measurements were made with an industrial bench
scale having a range of Okg to 100 kg, a resolution of 0.1 kg and an
uncertainty of + 0.1 kg.

All timing staff were equipped with the same model of digital
stopwatch with a resolution of 0.01 seconds and an uncertainty of +
3 seconds per 24 hours; the uncertainty of the timing mechanism in
the stopwatches is small enough over the duration of an experiment
that it can be neglected. There are three components of uncertainty
when using people to time fire fighting tasks. First, timers may have
a bias depending on whether they record the time in anticipation
of, or reaction to an event. A second component exists because
multiple timers were used to record all tasks. The third component
is the mode of the stimulus to which the staff is reacting: audible
(firefighters announcing task updates over the radio) or visual
(timing staff sees a task start or stop).

Milestone events in these experiments were recorded both audibly
and visually. A test series described in the NIST Recommended
Practice Guide for Stopwatch and Timer Calibrations found the
reaction times for the two modes of stimulus to be approximately
the same, so this component can be neglected. Because of the lack
of knowledge regarding the mean bias of the timers, a rectangular
distribution was assumed and the worst case reaction time bias of
120 ms was used, giving a standard deviation of 69 ms. The
standard deviation of the reaction time was assumed to be the
worst case of 230 ms. The estimated total expanded uncertainty of
task times measured in these experiments is 240 ms.

An additional component of uncertainty exists for the time
measurement of the application of water on the fire. In order to
measure this time, timing staff were required to listen for radio
confirmation that suppressing water had been applied by the
interior attack crew. This process required a member of the interior
crew to find and manipulate their microphone, wait for the radio to
access a repeater, and transmit the message. Because of the lack of
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Sequence of Events for the Standards
Development Process

As soon as the current edition is published, a Standard is open

Jfor Public Input

Step 1: ™ Hut Stage

¢ Input accepted from the public or other committees
for consideration to develop the First Draft
¢ Committee holds First Draft Meeting to revise Stan-
1 (23 weeks)
Committee (s) with Correlating Committee (10 weeks)
* Committee ballots on First Draft (12 weeks)
Committee(s) with Correlating Committee (11 weeks)
» Correlating Committee First Draft Meeting (9 weeks)
e Correlating Committee ballots on First Draft (5 weeks)
e First Draft Report posted

Step 2: Comment Stage

¢ Public Comments accepted on First Draft (10 weeks)
e JfStandard does notreceive Public Comments and the
Committee does not wish to further revise the Stan-
dard, the Standard becomes a Consent Standard and
is sent directly to the Standards Council for issuance
¢ Committee holds Second Draft Meeting (21 weeks)
Committee (s) with Correlating Committee (7 weeks)
* Committee ballots on Second Draft (11 weeks)
Committee(s) with Correlating Committee (10 weeks)
¢ Correlating Committee First Draft Meeting (9 weeks)
* Correlating Committee ballots on First Draft (8 weeks)
* Second Draft Report posted

Step 3: Association Technical Meeting

¢ Notice of Intent to Make a Motion (NITMAM) ac-
cepted (5 weeks)

e NITMAMs are reviewed and valid motions are certified

for presentation at the Association Technical Meeting

Consent Standard bypasses Association Technical

Meeting and proceeds directly to the Standards Coun-

cil for issuance

* NFPA membership meets each June at the Association
Te Meeting and acts on Standards with “Ceru-
fied Amending Motions” (certified NITMAMs)

* Committee(s) and Panel(s) vote on any successful
amendments to the Technical Committee Reports
made by the NFPA membership at the Association
Technical Meeting

Step 4: Council Appeals and Issuance
of Standard

* Notification of intent to file an appeal to the Standards
Council on Association action must be filed within 20
days of the Association Technical Meeting

e Standards Council decides, based on all evidence,
whether or not to issue the Standards or to take other
action

Committee Membership
Classtfications'>**

The following classifications apply to Committee mem-
bers and represent their principal int st in the activity
of the Committee.

1. M Manufacturer: A representative of a maker or
o ter of a product, assembly, or system, or
portion thereof, that is affected by the standard.

2. U User: A representative of an entity that is subject
to the provisions of the standard or that volun-
tarily uses the standard.

3. IM Installer/Maintainer: A representative of an en-
tity that is in the business of installing or main-
taining a product, assembly, or system affected
by the standard.

4. L Labor: A labor representative or employee con-
cerned with safety in the workplace.

5. RT Applied Research/Testing Labor.  y: A representa-
tive of an independent testing laboratory or in-
dependent applied research organization that
promulgates and/or enforces standards.

6. E  Enforcing Authority: A representative of an agen-
cy or an organization that pr  ulgates and/or
enforces standards.

7. I Imsurance: A representative of an insurance
company, broker, agent, bureau, or inspection
agency.

8. C  Consumer: A person who is or represents the ul-
timate purchaser of a product, system, or ser-
vice affected by the standard, but who is not
included in (2).

9. SE Special Expert: A person not representing (1)
through (8) and who has special expertise in
the scope of the standard or portion thereof.

NOTE 1: “Standard” connotes code, standard, recom-
mended practice, or guide.

NOTE 2: A representative includes an employee.

NOTE 3: While these classifications will be used by the
Standards Council to achieve a balance for Technical
Committees, the Standards Council m  ietermine that
new classifications of member or unique interests need
representation in order to foster the best possible Com-
mittee deliberations on any project. Ir this connection,
the Standards Council may make su  appointments
as it deems appropriate in the public  terest, such as
the classification of “Utilities” in the National Electrical
Code Committee.

NOTE 4: Representatives of subsidiaries of any group

are generally considered to have the same classification
as the parent organization.
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